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ľlpeAMCJiOBMe peflaKTopa nepeBOfla 


ľlepBoe H3AäHHe khhtcí BeH^aMHHa JlbioHHa «IeHbi» yBH- 
fle;io CBeT b 1983 r. A b 1987 r. KHura CTaaa /jocTynHa Ha 
pyccKOM a3biKe. C Tex nop aHi7ion3biHHaa Bepcna «ľeHOB» 
nepexawa BoceMb nepen3AaHHH, nepeBOfl nooie^Hero H3 
KOTopbix — /jeBaToro — pemnjio onyô^HKOBaTb H3AaTe^b- 
ctbo «BHHOM. JlaôopaTopna 3HaHHH». 

B coBpeMeHHOM HH(J)opMauHOHHOM MHpe, Koryja y 
Kaxc/joro b KapMaHe HaxoflHTcn npaKTHHecKH Becb 3anac 
HaKoruieHHbix nejiOBenecTBOM 3HäHHH (c xoporno paôo- 
TaiomuMH cucTeMäMH ôbicTporo noHCKa Jiioôoro onpe- 
AejieHHn, 3HaneHHn hjih (J)opMy^bi), niaBHOH ijeHHOCTbio 
TaKHX H3£aHHH, KaK «ľeHbI» CTaHOBHTCa 3(J)(J)eK™BHOe 
CTpyKTypupoBaHne orpoMHoro oô^eMa HayHHbix /jaHHbix 
h hx no/jana b ynoôHOú /ym HHTaTejín (})opMe h nocne/jOBa- 
TejibHOCTH. CTpyioypa KHurn c pa3BepHyTbiM onucaHneM 
coflepxcaHHfl Kaxc/jOH maBbi no3Bo;ineT óbicTpo copneHTH- 
pOBaTbCH B TeKCTe. 

He cexpeT, hto n3biK coBpeMeHHoro OTenecTBeHHO- 
ro MOJieKyjiapHoro 6no;iora npaKTHnecKH nojmocTbio 

COCTOHT H3 aHrJIOfl3bIHHbIX TepMHHOB, flJIH ÔOJIblIIHHC- 


TBa H3 KOTOpblX fla)Ke He npH/jyMaHbl pyCCKOa3bIHHbie 
aHajiorn. 

npn nepeBOfle h peflaKTHpoBäHHH HacbimeHHoro Hayn- 
HbiMH TepMHHaMH aHnion3biHHoro TeKCTa Bcema cjioxcho 
onpe/jejíHTb Ty rpaHb, ro kotopoh hx euje HyxcHO 3aMemiTb 
OTenecTBeHHbiMH aHaaoraMH, a noaie kotopoh — upnt- 
C006pa3H0 J\a BaTb JIHIIIb KHpHJUIHHeCKyiO TpaHCKpHniíHK). 
Mbi nocTapajiHCb yra/jaTb 3 tot pyôexc, xoth cpe/jH HHTäTe- 
jien pa3Hbix noKOJieHHH, 6e3yaiOBHO, HaH^yrcn kphthkh 
K aK HeflOpyCH(J)HĽiHpOBaHHOCTH, TaK H KOHCepBaTHBHOCTH 
nepeBO/ja. YnoTpeôaeHHe b pn#e caynaeB TepMHHOB, otjih- 
naiomHxca ot Hcno;ib30BaHHbix b nepBOM oTenecTBeHHOM 
H3AäHHH «ľeHOB» (no# pe/jaKijneH ľ. n. ľeopraeBa), Bbi3Ba- 
ho nocToaHHbiM H3MeHeHneM a3biKa npaKTHnecKOH HayKH, 
ôopoTbca c KOTopbiM Ha Haní B3r;nm Heyeaecoo6pa3HO. 

KHHry nepeBOAHaH H. A. Ko^Ha^H (r ji. 1-7), H. K). Yc- 
MaH (rji. 8,14-22,25,27-31, cnoBapb TepMHHOB), M. A. Typ- 
naHHHOBa (rn. 9-13, 26) h A. M. CaBmiOBa (rn. 23, 24). 

PeôpuKoefl. B. 



ľlpeAncjiOBMe 


Hayxa — yflHBHTejibHO yBJíexaTejibHa h oflHOBpeMeHHO 

pHCKOBäHHä. KaXCAOe HOBOe H3fläHHe 3TOH KHHľH AOnOJI- 
HfleTCfl HHTepeCHeňniHMH OTKpblTHflMH, H TO, KOTOpoe Bbl 
flepacHTe b pyxax, BKjnonaeT oÓHOBJíeHHbie AäHHbie hc- 
cjieflOBaHUH b oójiacm MOJieKyjiapHOH ónojiornn. CrpyK- 
Typa /jaHHoro H3AaHna 6buia nepepaôoTaHa TaK, htoôm 
cooTBeTCTBOBäTb cTpyKType H3^oxceHHa MaTepnajia b 
KH ure «He3aMeHHMbie reHbi», oôjiernafl Hcno;ib30BaHHe 
OÔeHX KHHľ B CBH3Ke. ľlOCKOJIbKy H CTapaJICfl H3ÔeXCaTb 
cymecTBeHHoro yBejiHneHHa oô^eMa h 6e3 Toro HeMa- 
JieHbKOH KHHľH, B flaHHOM H3AaHHH 32 CMCT COKpaiIje- 
hha niaB, noBecTByiomHx o oieACTBHax paôoTbi reHOB h 
UHTOJ iornMecKHX acneKTax crpoeHHa kjictkh, MaTepna;i 
cc})OKycHpoBaH Ha coôctbchho reHax h hx 3Kcnpeccnn. 
HanOoTibiiiHe H3MeHeHHa npoH3om;iH. b nepBOH nacra 
khhth, onncbiBaiomeH CTpoeHne reHOMOB, hto aBHjiocb 
OTpaxceHHeM ôypHoro pa3BHraa nojiHoreHOMHoro ceKBe- 
HupoBaHHa. BaxcHOCTb PHK K 2 K reHeTHnecKoro peryjia- 
Topa cra;ia eme 6o;iee ohcbhahoh, pacnpocrpaHHBiiiHCb 
Ha Bce ypoBHH 3Kcnpeccnn reHOB K2K ajib npo-, Tax h Rím 
3yxapHOT. flBJIflflCb B HeKOTOpOM poAC «He ( a,OCTaiOmHM 
3 BeHOM 3 bojhoľ[hh», PHK npo;iHBaeT CBeT Ha TO, KaK COB- 
peMeHHbíň annapaT 3KcnpeccHH reHOB mo r B03HHKHyTb 
H3 ApeBHeHUIHX PHK-OnOCpeAOBaHHblX XCHBblX CHCTeM. 

Moa cTpaTer™ npn HanncaHHH AaHHOH KHHľH coctoh- 
Jl a B IJHTHpOBaHHH OpHľHHa^bHblX nyÔJIHKäUHH H 0Ô30p0B, 
AOcrynHbix HHTäTejiio. npeAnoHTeHne oT/jaBa^ocb craTbflM, 
BbixoAHiAHM b CBOÔOAHbiH Aocryn nepe3 no;iroAa nooie 
nyóJíHKauHH, a TaM, r^e 3TO He y/jaBa^ocb, oTónpa^ Hanóo- 
Jiee AOCTynHbie nyôjíHKaijHH. 

Bbipaxcaio ô^aroAapHocTb oieAyiomHM mohm Ko;me- 
raM, BbicrynHBiiiHM b KanecTBe KoppeicropoB h KOHcyjibTaH- 
TOB AäHHOľO H3AaHHH: 

3juihott ľo^bAnieHH YHHBepcHTeT niTaTa Apn30Ha, 

T3Mne; 

,J]^coce^HH Kpsôc YHHBepcHTeT niTaTa A/racKa; 

AHKOpH/pC; 

KSTJIHH M3TbK)3 YHHBepcHTeT PaHCa, XblOCTOH. 

BeH^aMHH JIblOHH 

flHBapb 2007 


CipyKTypa khH ru 

HoBaa opraHH3auHH H3AaHna ľEHbl IX no3BOJiaeT npeno- 
AäBäTejmM h cTy/jemaM AeTa^bHee c(£>OKycHpoBaTboi Ha re¬ 
Hax h hx SKcnpeccHH 3 a cneT 6o;iee rnnpoKO paccMOTpeHra 
KjnoneBbix acneicroB. Hhqio niaB h nooieAOBaTejibHOCTb 
pa 3 fle;iOB ocTa^HCb npexcHHMH, OAHaKO HeKOTopbie rjiaBbi 
ôbuiH noApa3Ae^eHbi Ha ABe hah 6o;iee rjiaBbi. nepennoiHM 
otjihhhh AäHHoro H3R2HWÄ ot npeAbiAymero: 

DiaBa 1 ľEHbl VIII («ľeHbi — 3to J\HK») b TeicymeM 

H3 ( D,äHHH pa3ÔHTa Ha ABe niaBbi. PÍH(})opMauHH no CTpyKType 
,I[HK, pemíHKauHH h MyraijHOHHbiM npoueccaM ocTa^acb b 
niaBe 1, b to Bpem K2K paccMOTpeHne (J)yHKUHH reHOB K2K 
3^eMema HacjieACTBeHHOCTH BbiHeceHO b HOByio («ľeHbi 
KOAnpyioT 6e;iKH»). 

r^aBa 3 mwmvi ľEHbl VIII («CoAepxcHMoe reHOMa») pa3ÔH- 

Ta B AäHHOM H3AaHHH Ha T^aBbL 

DiaBa 4 AäHHoro H3AaHHa («CTpyKTypa reHOMa») BKJnonaeT 
HH(})opMauHK) o noc^eAOBaTe^bHOCTax ,I[HK, xaprapoBa- 
hhh reHOMOB h J\UK opraH aui. 

Yj\2B2 5 («IlocjieAOBaTejibHOCTH reHOMa h hhoio reHOB») Te- 
nepb BKJnonaeT AäHHbie o pa3Mepax tchomob h sxcnpeccHH 
reHOB ajm MHorax opraHH3MOB, a Taxxce HOBbie AäHHbie o 
reHax Y-xpoMOCOMbi. 

HoBaa rn2B2 12 («OnepoH») BKjnonaeT b ce6a rmBy 10 H3A,aHHa 
ľEHbl VIII , a Taioxe HH^opMau.Hio no peryjiai^HH TpaHCKpnn- 
u,hh h TpaHCjmu,HH H3 maBbi 11 («PeryjmTopHbie n,HKJibi»). Ma- 
Tepnajibi no peryjmTopHbiM PHK nepeHeceHbi b rmBy 13. 

MäTepnajibi niaBbi 13 H 3 AäHHa ľEHbl VIII («PenjiHKOH») 
pacninpeHbi ao Tpex r^aB. DiaBa 15 («PennnKOH») TeKynj,e- 
ro H3AaHra onncbiBaeT crpyKTypy h (J)yHKi^HH peruíHKOHa h 
ophaxchhob pennHKauHH. Ť^aBa 16 («BHexpoMOCOMHbie pen- 
jiHKOHbi») coAepxcHT HH(J)opMaijHK) o TepMHHajibHbix 6en- 
xax, peruíHKaijHH no Tnny xaTameroca KO^bii,a, ruia3MHAaM h 
T-flHK HH(})opMaiiHH o B3aHMOCBa3H ôaKTepnajibHOH pen- 

JIHKaU[HH C KJieTOHHbIM U.HKJIOM M05KH0 HaHTH B T^aBe 17. 

ľ^aBa 15 H3AaHra ľEHbl VIII («PeKOM6nHaijHfl h penapa- 
u,Hfl») Tenepb pa3ÔHTa Ha ABe maBbi. r^aBa 19 onncbiBaeT 
roMOJiorHMHyio h caHT-cneijH(f)HHHyK) peKOMÔHHaumo, a 
r^aBa 20 — cncreMbi penápaunn, Biononaa paôoTy chctcm 

3KCI1H3HOHHOH penapai^HH B KJieTKaX MJieKOnHTaiOIAHX. 



DiaBa 23 mnamw ľEHbl VIII («KoHTpo;ib CTpyKTypbi xpo- 
MaTHHa») Tenepb no# HOMepoM 30, onncbiBan B3aHMO- 
CBfl3b CTpyKTypbl XpOMaTHHa H 3KCnpeCCHH reHOB. 

DiaBa 31 («3nHreHeTHMecKHe 3(})4)eKTbi Haaie,oyK)Tca») 
onHCbmaeT ocoôeHHOCTH MexaHH3MOB anHreHeTHHecKoro 
HacjieflOBaHra h hx nocjie^cTBHa. 

H/l/lKDCTpaUMM M flM3aMH 

H3flaHHe ľEHbl IX BbirjMflHT no-HOBOMy. flHaaHH h hji- 
juocrpaijHH 6bijm oÔHOBJíeHbi h /tonojmeHbi, MTOôbi 
oô^erMHTb noHHMäHne MaTepna;ia CTy/jeHTäMH. KpoMe 
Toro, CTHjib h p, H3aňH H3/taHHa ľEHbl IX opneHTHpoBaH 
Ha HOByiO BepCHK) KHHľH «IOieTKH» (B. JlblOHHa), n03- 
bojdm CTy^emaM h npeno,o,aBaTe;raM Hcno;ib30BaTb o6e 
KHHľH b xanecTBe e/tHHoro MO^yjia. 

ripM/IO>KeHMfl 

JJpm cmydenmoe 

CneuHa^bHO co3/taHHbiH b paMKax Bbixo/ja /teBAToro H3- 
AäHHa KHHra PiHTepHeT-caHT (http://biology.jbpub.com/ 
book/genes) co/jepxcHT mhoxccctbo pecypcoB, noMoraio- 
iijhx JiyHine pa3o6paTbca b TaKOH o6;iacTH 3HäHHH, xax mo- 
jieKyjmpHaa ÔHOJiornfl. 

JlaôopamopHue uccjiedoeanm e MOJieKympuou 6uo- 

jiobuu (BnjibflMC, OiaTKO h MaKKeppn) co/jepacaT niHpoKO 


Hcno^b3yeMbie b HcaieflOBaTejibCKHx jiaôopaTopHax mo- 
jieKyjmpHO-ÔHOJiorHHecKHe npoTOKOJibi. npeAcraBJíeHHbie 
SKcnepHMeHTbi ciuiaHHpoBaHbi Tax, htoôh #aTb cryfleHTaM 
ontynteHHe Hacroamero Hay^Horo npoem, BbinojiHaeMoro 
Ha coBpeMeHHOH Hcaie/tOBaTe^bCKOH 6a3e. 

Jpm npenodaeamejieú 

CoBMecTHMbíň c Windows h Macintosh «Ha6op npenofla- 
BaTe;m» (CD-ROM) (b aHDiHHCKOM BapnaHTe mmim. — 
npurn. ped.) AaeT B03M0>KH0CTb jieicropy npHMeHHTb b npo- 
itecce oôy^eHHa oieflyiomHe ajieivieHTbi: 

• EaHK TecTOB AOCTyneH b bh/ je BbmepeHHbix TexcroBbix 
(})aŕuiOB. 

• JleKijHOHHbie aiaň/tbi, Bbino;iHeHHbie /yw nporpaMMbi 
PowerPoint, co/jepacaT HJuiiocTpaijHH k Kaxcflon maBe 
H3/taHHH ľEHbl IX Jleicropbi, Hcnojib3yiomHe Microsoft 
PowerPoint, Moryr caMOcroaTe/ibHO onTHMH3npoBaTb co- 
AepxcaHHe, o(J)opMjieHHe h noaieAOBaTe/ibHOCTb oiaň^OB 
npe3eHTau,HH. 

• KojuieKijHfl H3o6paxceHHH coflepxcHT louoHeBbie hjijiioc- 
TpaitHH h TaôjiHijbi, npeflCTaBjíeHHbie b TeKcre KHHľH 
(Ha KOTopbie H3AaTe^bCTB0 Jones and Bartlett Publish- 
ers coxpaHaeT npaBa Ha nyôJíHKaijHK) hjih ijH(f)poBoe 
BOcnpoH3BeAeHne). EHÔJiHOTeKa H3o6paxceHHH no3BO- 
jmeT jieKTopy /tCMOHCTpnpoBaTb HjuuocrpaijHH, npHBe- 
/jeHHbie b KHHre, b ay/tHTopHH, p oôaBjum hx b npe3eH- 
TaitHK). 


npeflMC/ioBMe 7 



CoKpauieHMíi 


06o3HaMeHne 

KpaTHOCTb 

Mera (M) 

10 6 

Km/io (k) 

10 3 

fleu n (fl) 

10- 1 

CaHTM (c) 

10" 2 

Mm/ijim (m) 

10- 3 

Mmkpo (nik) 

io - 6 

HaHO (h) 

10' 9 

ľlMKO (n) 

10 12 


A 

AfleHMH MJ 1 M afleiH03MH 

AflO 

AfleH03MHflMCt)0CCl)aT 

AMO 

AflCH03MHM0H0(f)0C(f)aT 

UAMO 

IjMK/lMHeCKMM AMO 

AT<D 

AfleH03MHTpMC()0C(J)aT 

ATOa3a 

AAeH03MHTpMc()occt)aTa3a 

nH 

ľlapbi HyK/ieoTMflOB 

u 

IjMTMAMH MJIM UMT03MH 

KflHK 

KoMn/ieMeHTapHa/i flHK 

MA# 

l4MTMflMHAM(})OC4)aT 

LJMO 

l4MTMAMHMOHO(f)OCC|)aT 

LJTO 

l4MTMAMHTpM(J)OCC|)aT 

flHK 

fle30KCMpM60HyK/ieMH0Ba/1 KMC/IOTa 

flHKaaa 

fle30KCMpMÓ0HyKnea3a 

r 

ľyaHMH mjim ryaH03MH 

W 

ľyaH03MHAM(})0C(})aT 

GlcNAc 

N-aueTMJi-D-r/ii0K03aMMH 

TMO 

ľyaH03MHM0H0C()0CCl)aT 

no 

ryaH03MHTpM(j30CC()aT 

AG 

l/l3MeHeHMe cboďoahom SHeprMM 

TľlH 

TbicflHM nap HyK/ieoTMAOB 

MnH 

MM/i/iMOHbi nap HymieoTMAOB 

mPHK 

l/lH(})opMaAMOHHaB PHK 

MW 

Mo/ieKy/iBpHaB Niacca 

Pi 

HeopraHMHecKMM (})oc(})aT 

Ppi 

HeopraHMnecKMM nMpo(J)occ[)aT 

PHK 

PMÓOHyK/ieMHOBafi KMcnoia 

PHKa3a 

PM6oHyK/iea3a 

pPHK 

PMÓocoMa/ibHaB PHK 

tPHK 

TpaHcnopTHaB PHK 

T 

Tmnimh mjim tmmmamh 

y 

YpaAMJi 

m 

YpMAMHAMC[)OCC[)aT 

m<x> 

YpMAMHMOHOCl)OCCl)aT 

y to 

ypMAMHTpMífjOCCj/aT 


EAMHMUbl 

A 

AHľCTpeM 

fla 

fla/lbTOH 

r 

ľpaMM 

H 

Hac 

M 

Mo/iBpHaB KOHuempaAMfl 

M 

Meip 

MMH 

MMHyia 

N 

HblOTOH 

S 

Eamhmaw CBeAÔepra 

c 

CeKyHAa 

V 

BOJIbT 


AMMHOKMC/lOTbl 


A 

Ala 

A/iaHMH 

C 

Cys 

ĽlMCTeMH 

D 

Asp 

AcnaparMHOBaa KMcnoia 

E 

Glu 

ľ/iyTaNiMHOBafl KMc/ioia 

F 

Phe 

OeHM/ia/iaHMH 

G 

Gly 

Tjimamh 

H 

His 

ľ MCTMAMH 

I 

íle 

1/130/ieMAMH 

K 

Lys 

JIM3MH 

L 

Leu 

JleMAMH 

M 

Met 

MeTMOHMH 

N 

Asn 

AcnaparMH 

P 

Pro 

ľlpO/lMH 

Q 

Gin 

ľjiyiaMMH 

R 

Arg 

AprMHMH 

S 

Ser 

CepMH 

T 

Thr 

TpeOHMH 

V 

Val 

Ba/i m h 

W 

Trp 

TpMnTO(j)aH 

Y 

T vr 

TMP03MH 






ľeHbi — 3to flHK 


KPATKOE COflEPWAHME ľ/lABbl j 


■D BBeAeHMe 

09 flHK — reHeTMHecKMÍí MaiepMa/i óaKTepnŕí 

• ľlepBbiM flOKa3aie/ibCTBOM Toro, hto reHeiMnecKMíí 
MaiepMa^ 6aKTepMM npeAcraBAAeT co6oŕí flHK, craAO 
OTKpbiTMe 6aKTepMa/ibHoíí TpaHC(j)opMauMM. Bbmo 
noKa3aHO, hto nepeHOC flHK ot oflHoro ujTaMMa k 
ApyroMy npMBOAMT k nepeAane reHeTMnecKMx npM3HaK0B. 

09 flHK — reHeTMHecKMÍí MaiepMaA BMpycoB 

• floKa3aie^bCTBO Toro, hto flHK — 3 to reHeTMnecKMM 
Maiepna/i HeKOTopbix BMpycoB, 6biA0 noAyneHo b 
pe3y/ibiaie M3yHeHMA npouecca MH(j)MUMpoBaHMA 
6aKTepnŕí (JjaraMM. Ecam noMeTMTb pa3HbiMM 
paAHoaKTMBHbiMM MeTKaMM flHK m 6eAKM 6aKTepno(j)ara, 
MO>KHO OÓHapyJKMTb, HTO AOHepHMM (j)araM, 
npoAyuupyeMbiM MH(j)MUMpoBaHHOM 6aKTepMeíí, 
nepeAaeTCfl mnbKO flHK. 

■B■ flHK — reHeTMHecKMM Maiepna/i K/ieTOK >KMBOTHbix 

• flHK MOXÍHO MCn0Ab30BaTb AAA npMflaHMfl HOBblX 
ľipM3HaK0B KaK OTAe^nbHblM KAeTK3M >KMBOTHblX, TaK M 
UeAbIM OpraHM3M3M. 

• ľeHeTMHecKMM MaiepMaA HeKOTopbix BMpycoB 
npeACTaB^eH PH K. 

■SI no/i mH yK/ieoTM ah bie uenM coctoat m 3 a30TMCTbix 

OCHOBaHMM, CBB3aHHblX c caxapoc})oc(})aTHbiM 

OCTOBOM 

• HyKJie03MAbl COCTOAT M3 nypMHOBblX M/IM 

n M pM M MAM HOBblX OCHOBaHMM, CBA3aHHblX B nepBOM 
no3MUMM c n/iTMyr/iepoAHbiM caxapoM (neHT030ŕí) 

• Hio6bi pa3/iMnaTb no3MUMM 3 tomob yr/iepoAa, bxoa/uamx 
B COCTaB a30TMCT0r0 OCHOBaHMfl M neHT03H0r0 KO/lbUa, 
aTOMbi caxapa o6o3HanaiOT ujtpmxom Q 

• flHK m PHK OT/iMHaiOTCfl xMMMnecKoŕí rpynnoŕí b 
no/io>KeHMM 2' caxapHoro KOAbua: b flHK — 3 to 
boaopoa (hto AaeT Ae30KCMpM6o3y), a b PHK — 
rMApoKCM/i (no/iynaeM pM6o3y). 

• HyK/ieOTMA COCTOMT M3 HyK/ie03MA3, CBfl3aHHOrO 
c (J)occ|)aTHOM rpynnoŕí b 5' m/im b 3' no/io>KeHMM 
(Ae30KCM)pM6o3bl. 

• Ka/KAaa noc/ieAyiomafl cy6-beAMHMua 
no/iMHyK/ieoTMAHoŕí uenM coeAMHaeTCA CBoeŕí 5'- 
no3MUMeŕí nepe3 4)OC(()aTHyio rpynny c 3'-no3MUMeŕí 
npeAbiAymero caxapa. 

• Oamh M3 kohuob uenM Ha3biBaiOT 5'-K0Heu, a 
npoTMBono/io>KHbiM -3'-K0Heu. 

• flHK coAep/KMT HeTbipe ocHOBaHMA — aAeHMH, 
ryaHMH, umto3mh m tmmmh; b PHK BMecTO 
TMMMH3 — ypaUM/1. 
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CrpyKTypa flHK npeACTaBAeHa abomhom 
cnMpaAbio 

• B-(j)opMa flHK npeAdaB/ieHa abomhom cnMpa/ibio, 
cocTO/uueM M3 Aeyx aHTMnapa/i/ie/ibHbix 
no/iMHyK/ieoTMAHbix ueneŕí. 

• A30TMCTbie 0 CH 0 B 3 HMA K 3 )KA 0 M UenM flHK COCTOAT 
M3 n/lOCKMX nypMHOBblX M/IM n M pM M MAM HOBblX 
KO/ieu, oópameHHbix Apyr k Apyry m coeAMHeHHbix 
BOAOpOAHbIMM CBA3AMM B napbl A-T M/1M G-C. 

• flMaMeip abomhom cnMpa/iM — 20 Á. ľlo/iHbm o6opoi 
cnMpa/iM BK/nonaeT 10 ocHOBaHMÍí m npoMexoAMT Ha 
npoMe>KyTKe aamhoíí 34 Á 

• flBOM^aa cnMpa/ib (JjopMMpyeT ocHOBHyio ( 6 o/ibiuyio) m 
BTopocreneHHyio (Ma/iyio) 6opo3AKM. 

ľlpouecc penAMKauMM flHK no/iyKOHcepBaTMBeH 

• BKcnepMMeHT Me3eAbcoHa-Cranfl, ocHOBaHHbiŕí Ha 
MeneHMM flHK M30TonaMM, A0Ka3a/i, hto b peaKUMM 
pen/IMKaUMM KOHCepBaTMBHbIM 3/ieMeHTOM flHK C/iy)KMT 
OAHa M3 no/iMHyK/iMOTMAHbix ueneŕí. 

• Ka/KAaa uenb flHK-Ayn/ieKca c/iy>KMT MaipMueŕí aaa 
CMHT e3a AOHepHeíí uenM. 

• ľloC/ieAOBaTe/lbHOCTb HyK/ieOTMAOB, COCTaBAflIOmMX 
AonepHioio uenb, KOMn/ieMeHTapHa noc/ieAOBaie/ibHocTM 
MaiepMHCKoŕí uenM. 

IjenM flHK pacmen/ifliOTCfl b Mecre, Ha 3 biBaeM 0 M 

penAMKaTMBHOMBMAKOM 

• PenAMKauMio flHK kohtpoam pyeT KOMnAexc (JjepMeHTOB, 
pa3AeA/uoiAMX MaiepMHCKMe uenM m CMHTe3MpyiomMX 
AonepHMe. 

• PenAMK3TMBHafl BMAK3 — 3T0 MeCTO, rj\G pa3AeAAI0TCfl 
UenM MaiepMHCKoŕí flHK. 

• OepMeHTbi, ocymecTBA/uoiAMe CMHTe3 flHK, Ha3biBai0T 
flHK-noAMMepa3aMM, a (})epMeHTbi, CMHTe3Mpyioi4Me 
PHK, Ha3biBaiOT PHK-noAMMepa3aMM. 

• Pa3pyiueHMe HyKAeMHOBbix kmcaot ocymecTBn/uoT 
(JjepMeHTbi HyKAea3bi; HyKnea3bi npMHATo AeAMTb 
Ha flHKa3bi m PHKa3bi, oónaAaiomMe 3 hao- mam 
3K30HyKAea3H0M aKTMBHOCTblO. 

ľeHeTMHeCKaA MHC()OpMaUMfl MO/KeTÓbITb 

3 aKOAMpOB 3 Ha B flHK MAM PHK 

• EOAbUJMHCTBO reHOMOB npeACT3BAAI0T C 060 M flHK, 0AH3K0 
reHOMbi BMpycoB m bmpomaob Moryľ cocTOATb M3 PHK. 

• ľlepeBOA MH(J)opMauMM M3 flHK b PHK npoMexoAMT b 
npouecce TpaHCKpMnuMM, a M3 PHK b flHK — b xoAe 
OÓpaTHOM TpaHCKpMnuMM. 

• TpaHCAAUMA PHK b 6 eA 0 K OAHOHanpaBAeHHa. 





IKIili 
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HymieuHOBbie kmc/ioth rn6pnAM3yiOTCA 

B COOTBeTCTBMM C npMHĽlMnOM KOMľUieMeHTapHOCTM 

• HarpeBaHMe npHBOflMT k pa3AeAeHMio ueneŕí flHK- 
AyrvieKca. 

• TeMnepaiypa rmaBAeHMA — 3 to TeMnepaiypa 
pa3Ae^eHMíi ueneíí Ayn/ieKca. 

• KoMn^eMeHTapHbie OAHOuenoneHHbie MO/ieKy/ibi flHK 
npw noHM>KeHMM TeMnepaiypbi MoryT peHaiypnpoBaTb 
(c o6pa30BaHMeM AyrrneKca). 

• ľlpouecc ACHaiypauMM (n/iaBjíeHMfl) m peHaTypauMM 
(rn6pMAM3ai4MM) MO)KeT npOMCXOAUTb KaK Me>KAy 
OAHOTMnHbIMM MOAeKyA3MM, TaK M Me>KAy MOJieKy/iaMM 
pa3Horo TMna. ľlpM 3 tom MoryT 4)opMMpoBaTbCA 
Ayn/ieKCbi flHK-flHK, PHK-flHK m PHK-PHK. 

• CnocoÓHocTb Aeyx OAHouenoneHHbix HymieuHOBbix 
KMCAOT rM6pMAM30BaTbC51 33BMCMT OT CTeneHM MX 
KOMn/ieMemapiHocTM. 

MyiauMM M3MeH5UOT nocneAOBaTe/ibHOCTb flHK 

• Bce MyTaUMM — 3TO M3MeHeHMA 
b noc^eAOBaie^bHocTM flHK. 

• MyrauMM MoryT B03HMKaTb cnoHTaHHO mam MoryT 6biTb 
cnpoBOUMpoBaHbi MyiareHaMM. 

MyiauMM MoryT 3aiparMBaTb OTAeabHbie napbi 
ocHOBaHMÍí mam óoaee A-nnHHbie 

noaieAOBaiejibHOCTM 

• ToneHHbie MyTauMM m3mchaiot OTAe/ibHbie napbi 
OCHOBdHMM. 

• ToneHHbie MyrauMM MoryT 6biTb pe3ynbTaTOM 
XMMMHecKoro npeBpameHMfl OAHoro ochob3Hma b 
A pyroe mam MoryT B03HMK3Tb b pe3yAbTaie oujm6ok 
penAMKauMM. 

• 3aMeHy napbi G-C Ha A-T (mam HaoóopoT) Ha3biBatOT 
TpaH3MUMeŕí. 
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• 3aMeHy nypMHa Ha nMpMMMAMH (HanpMMep, A-T Ha T-A) 
H33blB3K)T TpaHCBepCMeií. 

• MHcepuMM (bct 3 bkm) — caMbiŕí pacnpocTpaHeHHbiŕí tmíi 
MyrauMíí — npoMexoAAT b pe3yAbTaie nepeMemeHMA 
MOÓMAbHblX 3AeMeHTOB. 

3(})cl)eKTbi MyTauMíí MoryT óbiTb oópaTMMbi 

• ľlpAMbie MyrauMM MHaKTMBMpyiOT reH, a oópaTHbie 
MyrauMM (peBepcMM) cnocoÓHbi KOMneHCMpoBaTb 
3TM 3(})(})eKTbl. 

• 3 (J)(J)eKT ot MHcepuMM MoxíeT 6biTb oópameH AeAeuMeŕí 
BdaBAeHHoro ynacTKa, TorAa kbk AeAeuMA npaKTMnecKM 
Heo 6 paTMMa. 

• KorAa MyTauMA b oahom reHe cboamt Ha HeT 3 (})(})eKT 
ot MyrauMM b ApyroM reHe, roBopAT 06 3 (})(})eKTe 
noAaBAeHMA (cynpeccMM). 

MyTauMM HaMÓOAee nacTbi b «ropaHMx TOHKax» 

reHOMa 

• Ha 6 oAbmeM nacTM reHOMa BepoATHOCTb 
B 03 HMKH 0 BeHMA MyTaLJMM ľipMMepHO OAMHdKOBd, OAH 3 KO 
B «ľOpAHMX TOHK 3 X» 3 Ta BepOATHOCTb MOXíeT B 03 paCTaTb 
Ha nopAAKM. 

BoAbiiJMHCTBO «ropAHMx TOHeK» MyTareHe3a 

nOABAAeTCA B pe3yAbTaTe MOAMCl)MKaUMM OCHOB3HMM 

• CnoHTaHHoe A 63 aMMHMpoB 3 HMe, b pe 3 ynbTaTe 
KOToporo npoMexoAMT npeBpameHMe 5 -MeTMAUMT 03 MHa 
B TMMMH, — OAHa M 3 HaMÓOAee HaCTblX ľipMHMH 
B 03 HMKH 0 BCHMA «ľOpAHMXTOHeK». 

HeKOTopbie 3 AeMeHTbi HacAeACTBeHHocTM 

Hpe3BbinaMH0 MaAbi 

• HeKOTopbie oneHb MaAeHbKMe 3AeMeHTbi 
HaCAeACTBeHHOCTM He KOAMpyiOT COÓCTBeHHblX ÓeAKOB, 
OAH3KO, npeACTaBAAA COÓOM PHK MAM ÓeAOK, OÓAaAaiOT 
HaCAeACTBeHHbIM nOTeHI4M3AOM. 

Pe3K)Me 


ESI BBefleHMe 

CnocoÓHOCTb nepeflaBaTb npn3HaKH no HaaieflCTBy aBJía- 
erca ecTecTBeHHbiM cbohctbom jhoóoto acHBoro opraHH3- 
Ma. HacAeflCTBeHHaA un0opMai^m , HeoôxoAHMaa fljia co- 
3flaHna noBoro opraHH3Ma, coflepacHTca b HyioieHHOBbix 
KHCJIOTaX, COBOKynHOCTb KOTOpblX Ha3bIBaiOT reHOMOM. 
Mbi Hcno;ib3yeM TepMHH «HH(}x)pMai] 1 Ha», nocKOAbKy re- 
hom Kax TaKOBon He npnHHMaeT HenocpeflCTBeHHoro 
ynacTna b nocTpoeHHH opraHH3Ma; TOHHee 6yneT CKa3aTb, 
mto oh npeflcraBJíaeT coôoh HeKyio noc;ieflOBaTe;ibHOCTb 
CyÔ'beflHHHfl (OCHOBaHHH), (})OpMHpyK)IflHX HyiOieHHOBbie 
KHCJioTbi, KOTopbie onpeflejiaioT HaoieflCTBeHHbie npn3Ha- 
kh. B pe3y;ibTaTe pa#a oioacHbix B3aHMOfleHCTBHH 3Ta noc- 
jieflOBaTeabHOCTb npnHHMaeT ynacTne b (J)opMHpoBaHHH 
Bcero pa3HOo6pa3na 6e;iKOB opraHH3Ma, CHHTe3npya hx b 
HyxcHoe BpeMa h b HyxcHOM MecTe. EeiiKH, b cboio onepeflb, 
jihôo cjiopMHpyioT coôcTBeHHO CTpyKTypy K/ieTKH h opra- 
HH3Ma (cTpyKTypHbie 6eaKH), an6o npHHHMaioT ynacrae 
b MeTaôojiHnecKHx peaKflnax, HeoôxoflHMbix pjm noflfle- 
pxcaHna xch3hh opraHH3Ma. 

ľeHOM aioôoro xchboto opraHH3Ma coflepxcnT HCHep- 
nbiBaiomyio HH^opMaflHío o npn3HaKax, nepeflaioiflHX- 
ca no HaoieflCTBy. On3HHecKH reHOM coctoht h 3 Haôopa 


HymieHHOBbix khcaot, a (J)yHKflHOHaabHO oh coctoht h3 
reHOB. Kaa<flbiH reH npeAcraBJíeH nocaeflOBaTeabHOCTbio 
HymieoTHflOB HeKOToporo ynacTKa HyK/ienHOBOH khcjioth 
h KOflnpyeT HH(})opMaflHK) 06 oahom 6cakc. OTfleabHaa mo- 
jieKyjia HymieHHOBOH khcaoth h 3 oôiflero pa3HOo6pa3na, 
cocTaBjíaiomero reHOM, MoaceT coflepacaTb 3HanHTeabHoe 
KoannecTBO reHOB. Pa3Mepbi tchomob xchbmx opraHH3MOB 
BapbnpyioT b iimpoKOM flnana30He. TaK, HanpnMep, reHOM 
ôaKTepnn Micoplasma coctoht Bcero H3 500 reHOB, a reHOM 
neaoBeKa H3 6oaee hcm 25 000. 

B stoh nacTH khhth Mbi nonbiTaeMca npoaHaaH3npoBaTb 
CBOHCTBa reHa, ocHOBbmaacb Ha 6a30Bbix npeflcraBaeHHax o 
ero MoaeKyjiapHOH opraHH3aijHH. Ha p n c. 1.1 npnBefleHbi 
ocHOBHbie HcropHHecKHe STanbi pa3BHTHa KOHflenu,HH reHa, 
Ha^HHaa c nepBbix TeopeTHnecKHx B033peHHH h 3aKaHHHBaa 
coBpeMeHHbiMH AaHHbiMH o CTpyKType reHOMa. 

KaacflbiH oTfleabHO B3aTbiň reHOM npeflCTaBaeH noaHbiM 
HaôopoM xpoMOCOM AaHHoro opraHH3Ma. TaKHM oôpa30M, 
reHOM coctoht H3 pa3Hbix MoaeKya flHK (no oahoh Ha Kaac- 
Ayio xpoMOCOMy), Kaacflaa H3 KOTopbix, b cboio onepeflb, co- 
AepacHT MHoacecTBO reHOB. Ecan nonbiTaTbca flaTb reHOMy 
ôyKBaabHoe onpefleaeHne, to sto ôyfleT COBOKynHOCTb noc- 
aeflOBaTeabHOCTeH Bcex MOJieicyji flHK, H3 KOTopbix cocToaT 
XpOMOCOMbl. 


10 ľJIABA 1 TeHbi — 3to flHK 










TeH — sto (})parMeHT nocjie,n,OBäTejibHOCTH flHK, b ko- 
TopoM 3äKOAHpoBäHä HHcjpopMauMa o cTpyKType flpyroň 
HyKJieuHOBOH KHCJiOTbi — PHK. flHK — flByxijenoHeHHaa 
HyKjieuHOBaa KHCJioTa, Tor/ja ok PHK, KaK npaBHJio, 
npeflcraBjíeHa oahom ijenbio. noc/ieflOBaTejibHOCTb PHK 
onpeflejiaeToi nocjieflOBaTejibHOCTbio flHK ((})aKTHHecKH, 
PHK HfleHTHHHa OflHOH H3 IjeneH flHK). B ÔOJIblIIHHCTBe 
cjiynaeB (ho He bo Bcex) PHK npMHHMaeT Henocpeflc- 
TBeHHoe ynacme b npoH3BOflCTBe óejiKa. Tcikum oôpa- 
3 om, zen — 3M0 nocjiedoeamejvbHOcmb flHK, Komopan 
Kodupyem PHK; PHK\ e ceo?o ouepedb, necem unfiopMa- 
u í uk> o ôejiKe (ecnu , Konenuo, ona nejmemcR npodyicmoM 
žena, Kodupywinezo denon). 

Ot HJunocTpauHH Toro, hto reH npeflcraBjíaeT coóom 
(}) parMeHT JX HK, a xpoMOCOMbi — sto ^yiHHHbie ijenH flHK, 
coflepxcamne mhoxccctbo tchob, Mbi nepeňfleM k paccMOT- 
peHHio oômen opraHH3aflHH reHOMa, ho yxce c no3Hu,HH 
noc;ieflOBaTe;ibHOCTH flHK. B TpeTbeň niaBe («npepbiBHC- 
Tbiň reH») mh 6o;iee ^eTa^bHO paccMOTpnM crpoeHHe reHa 
h ero ynacrae b CHHTe3e 6e;iKa. B neTBepTOH niaBe («CocTaB 
reHOMa») Mbi paccMOTpnM Bce pa3HOO(5pa3Me tchob, h, Ha- 
kohoj, b rnecTOH niaBe («IOiacTepbi h noBTopbi») oócyflMM 
jipyrm KOMnoHembi reHOMa h MexaHH3Mbi no/wepxcaHMa 
P M C. 1.1 KpaTKaa McropMfl reHeTMKM ero ijeJlOCTHOCTH. 


1850 


1900 


1950 


2000 


BawHeHuiHe coobiTMU b reHeTMKe 


-1865 ľeHbi - 3 to AMCKpeTHbie (JjaKTopbi 

-1871 OTKpbITMe HyK/ieMHOBblX KMCJIOT 

-1903 XpOMOCOMbl - 3TO eAMHMUbl HaC/ieACTBeHHOCTM 

-1910 TeHbi pac n oji owe h bi Ha xpoMocoMax 

-1913 TeHbi pac n oji owe h bi Ha xpoMocoMax jiMHeiíHo 

-1927 MyTaUHH Bbl3BaHbl 4)M3MHeCKMMM M3MeHeHMflMM reHOB 

-1931 PeKOMÓMHauMfl - sto pe3y/ibTaT KpoccMHroBepa 

-1944 flHK - 3to reHeTMHecKMM MaTepnaji 

-1945 ľeH KOAMpyeT 6ejiox 

-1951 nojiyneHa aMMHOKMCJiOTHafl nocneAOBaTe/ibHOCTb 
nepBoro óejixa 

-1953 flHK MMeeT AByuenoHeHHyio criMpajibHyio cipyKTypy 

-1958 PerviMKauMfl flHK nojiyKOHcepBaTMBHa 

-1961 TeHeTHHecKafl MHtJjopMauMfl saKOAMposana 
Tpnn/ieTaMM HyxjieoTMAOB 

-1977 ľeHbi ayKapMOT MMeioT npepbiBMcryío CTpyKTypy 
-1977 flHK MO)KHO OTCeKBeHMpOBaTb 
-1995 OTceKBeHMpoBaHbi 6aKTepMajibHbie reHOMbi 
-2001 OTceKBeHMpoBaH reHOM nejiOBexa 


nepBoe npeflcraBJíeHHe o reHe Kax o (})yHKiiHOHajib- 
hoh eflHHHije noaBHjiocb noaie flOKa3aTe;ibCTBa toto, hto 
K axcflbiH OTflejibHO B3aTbiň reH oTBeTCTBeHeH 3a npon3- 
boactbo onpeflejieHHoro 6e;iKa. Pa3JiHHMa b xhmhhcckoh 
CT pyKType JX HK, H3 kotopoh coctoht reH, h xhmhhcckoh 
CT pyKType 6e;iKOB nocjiyxcMjiH pa3BHTHio KOHiienu,HH 
reHeranecKoro KOfla. 3 to, b cboio onepeflb, npHBejio k 
OTK pbiTHio oioxcHoro annapaTa, ocymecTBJíaiomero ne- 
peBOA nocjie/i.OBaTejibHOCTH JX HK b noc;ieflOBaTe;ibHOCTb 
äMHHOKHCJioT nojiHnenTMflHOH uenn 6e;iKa. 

C noHHMaHHeM npoijecca SKcnpeccMM reHa, npefl- 
CTaBJíeHHa o ero CTpyKType h cfíyHKíj.Hax cTann 3HanH- 
Te^bHO 6o^ee nojiHbiMH. Ha P M c. 1.2 npofleMOHCTpH- 
poBaH ochobhoh npeAMeT oôcyxcAeHHa ^aHHOH KHHrn. 


reH - KOAupyioiuafl eAMHHna 


TeH 

XMMMMeCKMŇ CMblC /1 

1 

flHK 

- - 1 | 

l 

floc/ieAOBaTe/ibHocTb 

HyKJieOTMAOB 

PHK 

♦ 

VX/'v/ 

l 

noc/ieAOBaTe/ibHocTb 

HyKJieOTHAOB 

t 

Be/ioK j&jfoý 

ílOC/ieAOBaTe/lbHOCTb 

aMMHOKHCBOT 


PMC. 1.2 ľeHbi KOAupyiOT PHK, KOTopa^, b cbokd onepeAb, MO>KeT ko- 
AMpOBdTb 6eAOK 


IB flHK — reHeTHMecKMÍí MaTepna/i 
6 aKTepnŕí 


KAiOHeBbie noHímifl: 


• ľlepBbiM AOKa3aieAbCTBOM Toro, hto reHeTMHecKMM MaiepMaA 
6aKTepMŕí npeflCTaBAfleT co6oŕí flHK, armo OTKpbITMe 
6aKTepnaAbHoŕí TpaHCctJopMauMM. Ebi/io noKa3aHO, hto nepeHOC 
flHK ot oflHoro ujíaMMa k ApyroMy npuBOflMT k nepeflane 
reHeTMHeCKMX npM3HdKOB. 

OTKpbiTHe npoiiecca óaKTepna^bHOM TpaHC(})opMa- 
flMM b 1928 r. nocjiyxcHjio pa3BMTMio Hflen o tom, hto 
HyKjieMHOBbie khcjiotm c^yxcaT reHeTMHecKMM MaTe- 
pnajiOM. EaKTepna Pneumococcus Bbi3biBaeT y Mbimen 
nHeBMOHHio. Bnpy^eHTHOCTb stom ôaKTepnH oóyc^OB- 
jieHa KancyjibHUM nonucaxapudoM. 9tot KOMnoHem 
KJieTOHHOH cTeHKM no3BOJiaeT ôaKTepMH M36eraTb 
B03fleHCTBHfl 3äIflMTHOM CMCTeMbI opraHM3Ma. Pa3Hbie 
THnbI nHeBMOKOKKOB (I, II M III) COflepXCaT pa3^MHHbie 
Kancy^bHbie no^McaxapMflbi. Ohm o6pa3yiOT rjiaflKMe 
kojiohmm, o6o3HaHaeMbie ôyKBOM S (ot anzn. smooth — 

«niaflKMM»). 

KaXCflbIM nHeBMOKOKK S-TMna MOXCeT npOM3BOflMTb flO- 
nepHMe ôaicrepMM, b KOTopbix MexaHM3M npoM3BOflCTBa 
no^McaxapMfla oôojiohkm HapynieH. 3tm ôaicrepMM 0603 - 
HanaioT 6vkbom R (ot ohzji. rough — «rpy6biM») m mmoot 
inepoxoBaTyio noBepxHOCTb (cocToaiflyio M3 MaTepMa^a, 
pacnojioxceHHoro noA no^McaxapMflOM oôojiohkm). 3tm 
nHeBMOKOKKM aBHpyjieHTHbi. Ohm He cnocoÔHbi Bbi3BaTb 
3a6o^eBaHMe, nocKo^bKy HeflOCTaTOK no^McaxapHfla fle;iaeT 

MX ya3BMMbIMM. 
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TpaHcýopMaMHH 6aKTepMŇ 


' 


6e/ioK ^ 
(S-Tnn) 

lUepoxo- 
BaTbie / 
KOJIOHMM, 

He HecymMe- 
Kancy/ibHbiíí 
6eJioK (R-Tnn) 


TMnbI nHeBMOKOKKOB 

ľ/ia^KMe kojio- 
h m m, coflepwa- 
u\v\e Kancy/ib- 
Hblíí \ 


HH-beKUMB K/ieTOK 
HÍMBbie S 

TepMMHeCKM MH- 
aKTMBMpOBaHHbie S 

>KnBbie R 


Pe3y/ibTaT 


í/mm 


>Kmb 


Wmbvt, 


TepMMHeCKM MH- 
aKTMBMpOBaHHbie S 
M JKMBbie R 


yMMpaiOT 


PMC. 1.3 Hm TepMMHeCKM MHaKTMBMpoBaHHbie 6aKTepMM S-TMna, hm 
>KMBbie R-TMna He MoryT yÓMTb Mbiwb, oflHaKO mx oflHOBpeMeHHaa 
MH-beKUMíi yÓMBaeT Mbnueŕí TaK >Ke atjjíJjeKTMBHo, KaK >KMBbie 6aKTe- 
pMM S-TMna 


TpaHcc|>opMai4HK> ocyiuecTB/iaeT AH K 


MblllJb, KOTOpOÍÍ BBe/lM 
TepMMHeCKM MHaKTMBM¬ 
poBaHHbie 6aKTepMM 
S-TMra m >KMBbie R-TMna 




\ >KMBbie 6aKTepMM 
' S-TMna, no^yneHHbie 
M3 MepTBOM MbllUM 

y Bbi^eneHMe 
\flHK 


BaKTepMfl R-TMna 


TpaHcc})opMauMfl 


BaKTepMfl S-TMna 


PMC. 1.4 flHK 6aKTepMŕí S-TMna MO>KeT TpaHC(})opMMpoBaTb 6aKTe- 
pMM R-TMna b S-TMn 


Ecjih noABeprHyTb ôaicrepHH S-THna TeMnepaTypHOMy 
B03AeHCTBHK), OHH rHÔHyT H TepflIOT CnOCOÔHOCTb npHHH- 
HaTb MbirnaM Bpefl. O^HaKO noraôniHe S-6aKTepHH BMecTe c 
HenaToreHHbiMH xchbhmh R-6aicrep™MH AeMOHCTpnpyioT 
coBceM HHbie CBoňcTBa, hokcjih Ka^aa m hhx no oT/je- 
jibHOCTn. Ha PMC. 1.3 noKa3aHO, hto npn HHTeKijHH CMecn 
TaKnx ôaKTepnn xcHBomoe BCKope noraôaeT ot nHCBMO- 
hhh, a nooie CMepra H3 Mbirnen moxcho Bbme;iHTb naToreH- 
Hbie ôaKTepnn S-Tnna. 

B oahom H3 SKcnepuMeHTOB HCCJie/jOBaTejiH no/j- 
Bepran nHeBMOKOKKOB III Tnna TeMnepaTypHOMy B03- 
AencTBHio, a acnBbix R-6aKTepnn nonymum m nHeBMO¬ 
KOKKOB II rana. OKa3aaocb, hto naToreHHbie ôaKTepHH, 
Bbi^eaeHHbie H3 MepTBbix MbirneH, noABeprmnxca B03- 
AeHCTBHK) TaKOH CMeiIIäHHOH HH(j}eKIJHH, OKa3aaHCb 

noKpbira oôojiohkoh, co/jepacamen nojincaxapHAbi, 
xapaKTepHbie jyw III Tnna. TaKHM o6pa30M, HHäKTHBH- 


poBaHHbie naToreHHbie nHeBMOKOKKH III Tnna mpanc- 
(popMUpoeanu (H3MeHHjin) xchbmx ôaKTepnn II Tnna, 
Ha/jejíMB hx cnoeoÔHOCTbK) npoH3BOAHTb nojincaxapn- 
#bi III Tnna. 

Ha PMC. 1.4 noxa3aH npouecc BbmejieHHa KOMnoHeHTa 
HHaKTHBHpOBaHHblX ÔaKTepHH, OTBeTCTBeHHOľO 3a TpaHC- 
(})OpMailHK). 3TOT KOMnOHeHT 6bIJl Ha3BaH TpaHC4>Op- 
MHpyioii^HM (JmKTopOM. Oh ôhji onnnj,eH ôjiaro^apa 
CO3,0,aHHK) ÔeeiOieTOHHOH CHCTeMbI, B KOTOpOH (})aKTOp, Bbl- 
AeaeHHblH H3 HHaKTHBHpOBaHHOH ÔaKTepHH S-THna M05KH0 
6buio AOÔaBaaTb k xchbmm ĎaicrepnaM R-Tnna ao BBe/jeHna 
b Mbinib. B pe3yabTaTe ohhctkh TpaHC(f)opMHpyK)mero cjm- 
Topa b 1944 rofly 6buio noKa3aHO, hto sto ac30kchph6o- 
HyKJieHHOBan KHCJioTa (flHK). 


CO AHK — reHeTMHecKMM Maiepnaji 

BMpyCOB 


K/noneBbie noH^TMB: 


• floKa3aTe^bCTBO Toro, hto flHK — 3to reHeTMHecKMM 
MaTepMa/i HeKOTopbix BMpycoB, 6buio no/iyneHo b pe3y/ibTaTe 
M3yneHMB npouecca MH(j)MUMpoBaHMfl 6aKTepMM (})araMM. Ecjim 
nOMeTMTb pa3HblMM paflMOaKTMBHbIMM MCTK3MM flHK M 6e/lKM 
6aKTepMO(j)ara, mo>kho o6Hapy>KMTb. hto flonepHMM (jjaraM, 
npoflyuMpyeMbiM MH(J)MUMpoBaHHOM čaKTepMeíí, nepeflaeTCfl 
TOJlbKO flHK. 


nocae SKcnepnMeHTä c ĎaicrepnaMn, noKa3aBinero, hto hx 
reHeTnnecKHH MaTepna^ npeACTaBJíeH flHK, nccaeAOBaTe- 

Jl H npOACMOHCTpHpOBaJIH, HTO flHK CayXCHT HCTOMHHKOM 
reHeTHHeCKOH HH(f)OpMan,HH H B COBepmeHHO hhoh chc- 
TeMe. Oar T2 — sto Bnpyc, cnocoÔHbiH 3apaxcaTb 6aKTe- 
pHio Escherichia coli. Upu AOÔaBjíeHHH c})ara (Bnpyca) b 
K yjibTypy E. coli ero MacTHU,bi aACopônpyioTca Ha BHeniHeH 
noBepxHOCTH ôaKTepnH, nacTb BnpycHoro MaTepna^a 
npoHHKaeT BHyTpb kjictkh, nocae nero, npHMepHO nepe3 
20 mhh, ôaKTepna nornôaeT (aH3npyeTca), BbiCBOôoxc/jaa 
orpoMHoe KoannecTBO AonepHHx (})aroB. 

Ha pmc. 1.5 noKa3aHbi pe3yabTara SKcnepHMeHTa no 
3apaxceHHio E. coli (})aroM T2, npoBeAeHHoro b 1952 r. B 
SKcnepHMeHTe pa3Hbie KOMnoHeHTbi c{)ara 6bim noMene- 
hh pa3JiHMHbiMH paAHoaKTHBHbiMH MeTKäMH. flHK 6bma 
noMeneHa H30TonoM 32 P, a ôejiKH — H30TonoM 35 S. CMecb 
ôäKTepnH npn noMomH u,eHTpH(})yrHpoBäHHH pa3Ae^miH 
Ha ABe (£>paKijHH. O^Ha (J)paKi^HH co^ep^ca^a nycTbie (f>aro- 
Bbie oôojiomkh c noBepxHOCTH E. coli , a Apyraa co/jepaca^a 

HH(})HllHpOBaHHbIX ÔaKTepHH. 

MeTKa 32 P (MeTKa flHK) ôonbuim nacTbio OKa3a^acb bo 
(£>paKijHH c HH(})HiiHpoBaHHbiMH ôaKTepnaMH. flonepHHe 
(})arH coAepxca^H okojio 30% ot ncxoAHoro KO^nnecTBa 
MeTKH 32 P h MeHee 1% ot hcxoahoto Ko^nnecTBa MeneHoro 
ôe^Ka. TaKHM oôpa30M, SKcnepHMeHT npoAeMOHCTpnpo- 
Ba^, hto b Oaicrepnio nonaAaeT To^bKO flHK MaTepHHCKoro 
4>ara, KOTopaa 3aTeM cTaHOBHTca nacTbio AonepHHx (Jwob. 
3Ta MO^e^b npoAeMOHCTpnpoBa^a nepe^any reHeTHnecKO- 
ro MaTepnajia c})aroB no HacJie/jcTBy. 


12 TJ1ABA 1 feHbi — 3 to flHK 

















floMepHMMM c|)araMH HacjieAyeTCfl To/ibKO AH K 


HHCjjMLlMpOBaHMe óaKTepMM 
MeneHbiMM cJjaraMM 


l 32 P b flHK 


| ■ 35 S b óejwe 

Pa3Ae/ieHne (JjaroBbix oóojioneK 

M MHCjjM LJMpOBaHHblX ÓaKTepMÍÍ 


A 


Oóojiohkm (j)ara 
coflep>KaT 80% 

MeTKM S Bbifle^eHne AonepHMx 
(JjaroBbix nacTMu 


MH(J)M4MpOBaH- 
Hbie óaKTep mm 
C coflep>KaT 

/ 70% MeTKM 32 P 


flonepHMe (JjarM 
coflep)KaT 
30% MeTKM 32 P 
M <1% MeTKM 35 S 


I ' 


PMC. 1.5 ľeHeTMHecKMÍí MaTepna/1 cf>ara T2 ripeflcraB/ieH flHK 


3BaHa TpaHc4)eKi^Heň, ee MexaHH3M b ije;iOM aHajiorn- 
neH ôaKTepnajibHOH TpaHCcjjopMaiiHH. flHK, npoHHKaa b 
KJieTKy-peuHnueHT, craHOBHToi nacTbio ee reHeTHnec- 
Koro MaTepnajia, h npnBHeceHHaa HHíJjopMaijHfl nepe- 
flaeTca no HacJie^CTBy TaK xce, KaK sto nponcxoflHT c 
juo6oň Apyron nacTbio flHK. SKcnpeccna hoboto ynac- 
TKa flHK npH/jaeT KJieTKaM HOBbie CBoncTBa (b cjiynae, 
H3o6paxceHHOM Ha pne. 1.6, sto cnocoÔHOCTb chhtc- 
3npoBaTb THMHAHHKHHa3y). CHanajia Taxne sxcnepn- 
MeHTbi y/jaBajincb TOJibxo c HH/jHBHflyajibHbiMH íoieTxa- 
MH, BbipameHHbIMH B KyjIbType. OflHaKO BnOCJie/ICTBHH 
yo,a;iocb BBecTH flHK b aňiieioieTKH MbirneH h AOÓHTboí 
toto, HToôbi BBeAeHHaa flHK cTajia nacTbio hx reHeTH- 
necKoro MaTepnajia. 

Ha ocHOBaHHH TaKHx SKcnepnMeHTOB 6bmo AOKaaaHO, 
hto flHK — reHeTHHecKHH MaTepnaji syKapnoT h hto npu 
MeMeudoeoM nepenoce nyKJieunoeue mcjiomu Mozym co- 
xpammb cnocoônocmb eunojimmb ceou (pyuKupiu. 

KaK mh yxce BbiacHHjiH, flHK — sto reHeTHnecKHH Ma- 
Tepnaji Bcex H3BecTHbix x/ieTOHHbix opraHH3MOB h mhothx 
BupycoB. O^HaKO y HeKOTopbix BupycoB reHeTHnecKHH Ma- 
Tepnaji npeflcraBjíeH puôonyKJieunoeoú Kucnomou (PHK). 
TaKHM o6pa30M, ochobhoh npnHijHn npnpoAbi reHeranec- 
koto MaTepnajia coctoht b tom, hto sto Bcer/ja HyKjieuHO- 
Baa KHCJioTa; a TOHHee — sto Bcer/ja fl HK, 3a HCKjnoneHHeM 
PHK-coAepxcamnx BupycoB. 


Pa3MHOxceHne (})ara nponcxoAHT 3a cneT pecypcoB 
KJieTKH xo3aHHa. Oar o6jia,zjaeT reHeTHnecKHM MaTepnajiOM, 
aHajioruHHbiM reHeTHnecKOMy MaTepnajiy kjictkh: ero oco- 
ÓeHHOCTH TOHHO BOCnpOH3BOflflTCfl H nO^HHHHIOTCfi TeM 7KC 
yHHBepca^bHbiM npaBHjiaM. SxcnepnMeHT c (£>aroM T2 no/j- 
TBepx^aeT ochobhoh nocryjiaT: fl HK — sto reHeTHnecKHH 
MaTepnaji, BHe 3aBHCHMOCTH ot toto, aBjmeTca OHa reHO- 
MOM ECJieTKH HJIH BHpyCa. 


AH K — reHeTMMecKMÍí MaTepuaji 

KJieTOK >KMBOTHblX 


K/noneBbie noH8TM8: 


• flHK MO>KHO MCn0Jlb30BaTb flilfl npMflaHMfl HOBblX ľipM3HaKOB KaK 
OTfleJlbHblM K/ieTK3M )KMBOTHblX, TaK M LjeJlblM OpraHM3M3M. 

• TeHeTMHecKMM MaTepnaji HeKOTopbix BMpycoB npeflCTaBjíeH 
PHK. 


Ecjih AOÔaBHTb flHK k KyjibType syxapHOTHHecKnx loieTOK, 
HyioieHHOBbie khcjioth Moryr npoHnxaTb BHyrpb kjictok 
H B HeKOTOpblX H3 HHX MOľyT BbI3bIBaTb CHHTC3 HOBblX 

6oikob. Ecjih npn stom ncno;ib30BaTb (JjparMeHT flHK, 
HecymHň KOHKpeTHbiH reH, ero npoHHKHOBeHHe b loieTKy 
npHBOAHT k CHHTe3y 3aKOAnpoBaHHoro ôejiKa. Ha pmc. 1.6 
H3o6paxceHa o^Ha H3 Tarax chctcm. 

HecMOTpa Ha to hto no hctophhcckhm npnnnHaM 
npoueAypa BBe^eHna flHK b kjictkh synapnoT 6buia Ha- 


B peayjibTaTe TpaHC(J)eK 4 MM b K/ieTKy 
nonaftaeT hob3b AHK 

K^eTKM, AecJjMUMTHbie no reHy TK He cnocoÓHbi 

j npOAyUMpOBaTb TMMMflMHKMHa3y M nOrMÓaJOT 

npM OTCyTCTBMM B Cpefle TMMMflMHa 

V i 



MepTBbie 

floóaB/ieHMe r/CflHK 

KJieTKM 

\ 

>KMBbie 

KJieTKM 

Ko^ohmp — 

T K* KJieTOK 


ľeH TK MHTerpMpyeT b HeKOTopbie k^ctkm; noTOMKM 

TpaHCíJjeUMpOBaHHblX KJieTOK (JjOpMMpyiOT KOJIOHMK) 


PMC. 1.6 npn Ao6aBjieHMM flHK b Ky^bTypy 3yKapnoTMHecKMx K/ie- 
TOK npOMCXOflMT TpaHCtJjeKUMíl, B pe3y/lbTaTe KOTOpOÍÍ K/ieTKa MO)KeT 
npMoópecTM HOBbiŕí (J)eHOTMn 


1.4 


1.4 flHK — reHeTMHecKMíí MaiepMa/i KJieTOK >KMBOTHbix 13 



















CO rioiiMHyKiieoTMAHbie lienu 

COCTOflT M3 a30TMCTblX 
0CH0B3HMM, CBB3aHHblX 
c caxapoc|)oc(|)aTHbiM octobom 


KmoneBbie noHHTMfl: 


• HyK^e03Mflbl COCTOflT M3 nypMHOBblX M/IM ľlMpMMMflMHOBblX 
OCHOBdHMM, CBfl3aHHblX B nepBOÍÍ n03MLlMM C nflTMyr/iepOflHblM 
caxapoM (neHT030M). 

• Hľo6bi pa3/iMHaTb no3MiiMM aTOMOB yrnepoAa, bxoaalamx b cociaB 
a30TMdoro ocHOBaHMíi m neHT03Horo KO/ibua, aTOMbi caxapa 
o6o3HanaiOT ujtpmxom ('). 

• flHK m PHK OT/iMHaiOTCfl xmmmhgckom rpynnoM b no/io/KeHMM 
2' caxapHoro KO/ibiia: b flHK — 3 to boaopoa (hto flaeT 
Ae30KCMpM6o3y), a b PHK — tmapokcm/i (AaBaa pM6o3y). 

• HyK/ieOTMA COCTOMT M3 HyK/ie03Mfla. CBfl3aHHOľO C (})OC(j)aTHOM 
rpynnoM b no/io>KeHMM 5'- m/im 3'- (fle30KCM)pM6o3bi. 

• Ka/Kfla/i noc/ieflyiomafl cy6"beflMHMLia no/iMHyK/ieoTMAHOM uenM 

coeAMHfleTCíi CBoeŕí 5'-no3MLiMeM nepe3 c|)oc(t)aTHyio rpynny c 
3'-no3MUMeM npeAbiAymero caxapa. 

• Oamh M3 kohliob uenM Ha3biBaiOT 5'-KOHeu, 
a npoTMBono/iOKHbiií — 3'-KOHeu. 

• flHK cc>Aep>KMT neTbipe ocHOBaHM* — aAeHMH, ryaHMH, limto3mh 
m tmmmh; b PHK BMedo tmmmh 3 — ypauM/i. 

OCHOBHOH COCTäBHOH MäCTbK) HyKJieHHOBOH KHCJIOTbl HBJIH- 

eTcn HyKJieoTHA- HymieoTHA coctoht h 3 Tpex KOMnoHeHTOB: 

• a30THCT0e OCHOBäHHe; 

• caxap (neHTcm) h 

• (£>oc(})aT. 

A30THCToe ocHOBaHne coAepxcHT nypHHOBoe hjih nnpn- 

MHAHHOBOe KOJlbUP H CBH3aHO rJIHK03HAH0H CBH3bIO (nepe3 

N 9 y nypHHOB h N j y nnpHMHAHHOB) c 1 '-nojioxceHHeM rorra- 


FlojiMHyKiieoTMAHafl iienb MMeet noBľopn 1014 y 1001 crpyKiypy 


5 ; 



P M C. 1.7 ľlo/iMHyK/ieoTMAHaíi uenb coctomt M3 cepMM 5'-3' caxapo(})oc- 
(})aTHblX CBfl3eM, (})OpMMpyiOlAMX OCTOB, M3 KOTOpOrO «TOpHaT» OCHOBaHMfl 


yraepoAHoro caxapa. Hto 6bi H3ÔexcaTb HeacHOCTeň c HyMe- 
paunen aTOMOB reTepouHKJimecKHx kojioi h aTOMOB caxa¬ 
pa, no3HiiHH neHT03Horo KOJibija OTMenaioT impHXOM Q. 

Tnn caxapa, BKjnoneHHoro b cocTaB HymieoTrma, onpe- 
AejiaeT Hä3BäHne HymieuHOBOH khcjiotm. B HyKJieoTrmax, 
cocTaBJíniomHX flHK, co/jepacHTCH 2'-fle30KCHpn6o3a, a b 
PHK — pn6o3a. Pa3HHija Mexc^y pn6o30H h 2'-ac30kchph- 
6030H coctoht b tom, mto b nojioxceHHH 2' y pn6o3bi Haxo- 
Ahtch OH-rpynna. Caxap MOxceT 6biTb CBH3aH c cf)oc(f)aTHOH 
rpynnoH b 5'- hjih 3'-noJioxceHHH. 

HyKJienHOBaa KHCJiOTä coctoht h3 ajihhhoh ijenn Hyx- 
jieoTHAOB. Ha P M c. 1.7 noKa3aHO, mto octobom nojiHHyKjieo- 
thahoh ijenn cjiyxcHT HepeAyiomaaca nocjieAOBaTejibHOCTb 
naTHyraepoAHbix caxapoB h cf)oc(f)aTOB. 3 tot octob cjiop- 
MnpyeTca nyTeM cocahhchhh 5'-no3HijHH o/jHoro caxapa h 
3'-no3HflHH Apyroro caxapa nepe3 (})oc(j)aTHyio rpynny. Ta- 
khm o6pa30M, caxapocf)oc(})aTHbiH octob coctoht h3 3-3' 
(})OC(})OAH3(})HpHbIX CBH3CH. A30THCTbie xce OCHOBaHHH 06- 
pameHbi b cTopoHy ot ocTOBa. 

Kanc^an HyKjieHHOBan KHCJiOTä coctoht h 3 neTbipex th- 
nOB OCHOBaHHH: 2 nypHHOBblX H 2 nnpHMHAHHOBblX. nypH- 
HOBbie OCHOBaHHH — aflCHHH H ľyaHHH npHCyTCTByiOT H b 
flHK h b PHK. Hto xce KacaeTca nnpHMHAHHOB, to b cocTaB 
flHK BXOflHT I1HT03HH H THMHH, a B PHK BMCCTO THMHHa CO- 
AepxcHTca ypau,Hji. EflHHCTBeHHoe pa3JiHHne Mexc^y ypaun- 
HOM H THMHHOM B TOM, HTO y ypaflHJia B n03HU,HH C 5 HaXO- 
AHTCfl MeTHJibHaa rpynna. OCHOBaHHH oôhmho o6o3HanaioT 
no nepBbiM 6 yKBaM hx Ha3BaHHH: b flHK — A, G, C h T; b 
PHK — A, G, C h U. Y KpaňHero HyKneoTH^a c oahoh cto- 
poHbi uenn HaxoflHTca CBOĎOflHaa 5'-rpynna, a y KpaňHero 
c Apyroň cTopoHbi — 3'-rpynna. 3anncbiBaTb nocie/jOBa- 
TeJIbHOCTb HyKJieHHOBblX KHCJIOT npHHHTO b HanpaBJíeHHH 
ot 5'- k 3'-KOHiiy, npn stom pacnojiaraa 5'-KOHefl cjieBa, a 
3'-KOHeu, cnpaBa. 


KQ CrpyKTypa AH K npeACTaB/ieHa 
Abomhom cnupa/ibio 


K/HoneBbie noH/iTMíi: 


• B-(J)opMa flHK npeACTaB/ieHa abomhoíí cnMpa/ibK), codo/uiieM 
M3 Aeyx aHTMnapa/uie/ibHbix no/i mH yK/ieoTM ah bix iieneíí. 

• A30TMCTbie OCHOB3HMÍ1 K3)KAOM LieriM COCTOÍ1T M3 n/ 10 CKMX 
nypMHOBbix m/im nMpMMMAMHOBbix KO/ieu očpameHHbix Apyr 

K Apyry M COeAMHeHHblX noepeACTBOM BOAOpOAHblX CBÍ13eM B 
napbi A-T m/im G-C. 

• flMaMeip abomhom cnMpa/iM — 20 Á. ľlo/iHbm oóopoT cnMpa/iM 
BK/iiOHaeT 10 OCHOB3HMM m npoMCxoAMT Ha npoMe>KyTKe ajimhom 
b 34 Á. 

• flBOMHa/i cnMpa/ib (J/opMMpyeT ocHOBHyio ( 60 /ibUjyK)) m 
BT opodeneHHyio (Ma/iyio) 6opo3AKy. 

y pa 3 JIHHHbIX BHAOB XCHBblX CymeCTB OCHOBaHHH, BXOflHmne 
B COCTaB HyKJieHHOBblX KHCJIOT, npeACTaBJíeHbl B pa 3 HbIX 
cooTHomeHHHx. 3 to HäôjnoACHHe npHBejio k ph 3 bhthio 
KOHI ienflHH, B COOTBeTCTBHH C KOTOpOH reHeTHHecKaH 
HH(J)opMaiiHH onpeAejineTCH noaieflOBaTejibHOCTbio ocho- 
BaHHH. B 1950 -x ro/jax 3 Ta KOHiieni^HH Hanuia noATBepxc- 


14 ľJlABA 1 ľeHbi — 3to flHK 
















ABOMHan cnnpa/ib HMeet nocroflHHyto iunpnHy 



PMC. 1.8 flBOMHaa cnnpajib coxpaHaeT nocTOflHHyio wkipkíHy, nocKO/ibKy b KOMn/ieMemapiHbix napax 
A-T m G-C nypMHbi Bcer^a npoTMBOCTOBT nkipHMHflHHaM. Ha pucyHKe ripeflcraB/ieHa nocneflOBaie/ib- 
HOCTb TCAG 


AeHHe: pa3pa6oTaHHaa Mo/jejib cTpyKTypbi REK oďmchu- 
jia, KaK nocjieAOBaTejibHOCTb ocHOBaHHH REK MoxceT on- 
pe/jejiuTb nocjie/jOBaTejibHOCTb aMHHOKHCJiOT b óejixe. 

npeftJio^ceHHaa b 1953 r. Yotcohom h KpHKOM Mo^eub 
REK, cocToanjaa H3 AByx ijeneH, npHHHMajia b pacneT pe- 
3yJIbTaTbI TpeX HaÓJIIOAeHHH: 

• flaHHbie no npejioivLJieHHK) pemreHOBCKHx jryneň noxa- 
3aun, hto RRÍK HMeeT (J)opMy npaBmibHOH cnnpam Cnn- 
paub coBepmaeT nojiHbin oóopoT Kax^bie 34 Ä (3,4 hm), 
a ee /jnaMerp paBeH 20 Ä (2 hm). ľlocKOJibKy paccrouHne 
MOK/iy coceAHHMH HyKJieoTH/iiaMH cocraBjmeT 3,4 Á, Ha 
o/jhh nojiHbiH oôopoT cnnpajiH aojdkho npnxoflHTbca 
10 HyKJieOTH^OB. 

• ľLíioTHOCTb MOJieKyjibi REK no3BOJweT npeflnojioxcHTb, 
HTO CnHpa^b COCTOHT H3 A,ByX nOJIHHyiOieOTH^HblX u,e- 

neň. Cnnpaub Ha bccm cbocm npoTJDKeHHH HMeeT noc- 

TOUHHblH AHaMeTp. 3TO MOXCHO OÔ'bflCHHTb TeM, HTO 

ocHOBaHra Kax^oň ijenn oôpameHbi /jpyr k /jpyry h 
pacnojioxceHbi Tax, hto nypHH Bcer/ja jiokht HanpoTHB 
nHpHMH^HHa. ľlapbi nypHH-nypHH cjihiukom bcjihkh, 
/yw Toro HToóbi oóecnenHTb nocrouHCTBO AHaMcrpa, a 
napbl nHpHMH^HH-nHpHMH/liHH — CJIHIUKOM MaUbl. 

• BHe 3aBHCHM0CTH ot aôcojuoTHoro pa3Mepa Kax^oro 
ocHOBaHra, ppm G Bcer/ja paBHa /jojie ocHOBaHHa G To 
xce cnpaBe/yiHBO pjm cooTHomeHHa A h T. TaKHM oôpa- 
30 m, cocraB R HK moxcct óbiTb onHcaH aojich ee ocHOBa- 
hhh: G+C. OHa BapbHpyeT b HmepBaue ot 26% jip 74% y 
pa3Hbix BH/JOB. 


Yotcoh h KpHK npeAnojioxcnuH, hto /jBe nojiHHymieo- 
TH^Hbie ijenn b abohhoh cnnpauH coeAHrouoTOi boao- 

pO/JHblMH CBU35IMH MOK^y HX a30THCTbIMH OCHOBaHHflMH. 

G MoxceT CBU3biBaTbca tojibko c C, a A tojibko c T Tanoe 
B 3 aHMOfleHCTBHe Ha3bmaioT cnapHBaHneM ocHosamiH, a 
cnapeHHbie TaKHM o6pa30M ocHOBaHHa npHHHTo Ha3bmaTb 

KOMIUieMeHTapHblMH. 

B cooTBeTCTBHH c npefluoxceHHOH MOAejibio ABe nojiH- 
HyioieoTHAHbie ijenn npoTHBonojioxaio HanpaBJíeHbi (aH- 
THnapajuiejibHbi) (pmc. i. 8). Ha npoTuxceHHH Bcefi cnn- 
pauH OAHa H3 u,eneH jiokht b HanpaBjíeHHH ot 5'-Komja k 
3'-KOHiay, Tor^a xax KOMiL/ieMCHTapHaa en ijenb HanpaBjíeHa 
b npoTHBonojioxcHyio CTopoHy. 

Caxapo(J)oc4)aTHbiH octob pacnojioxceH c BHeuiHeH 
CTopOHH cnnpauH h HeceT oTpHuaTejibHbie 3apaAbi Ha 
(}) 0 C(J)aTHbix rpynnax. B pacTBope in vitro OTpnijaTejibHbie 
3apaAbI HeHTpaJIH30BaHbI HOHaMH MeTaJUIOB, B ÓOJIbUIHHC- 
TBe cjiynaeB Na + . B KjieTKe HeHTpauH3yK)iijyK) (JjyHKíjHio 
BbinojiHaioT nojioxcHTejibHO 3apaxceHHbie 6cjikh. 3th 6eji- 
KH HipaiOT BaXCHyiO pOJIb npH (J)OpMHpOBaHHH CTpyKTypbl 
R HK b KjieTKe. 

OcHOBaHHa HanpaBjíeHbi BHyrpb cnHpauH. 3to mocme 
CTpyKTypbl, pacnojioxceHHbie nonapHO nepneHAHKyjiapHO 
och cnnpauH. npeACTaBbTe ce6e ABOHHyio cnnpaub R HK 

B BHAie BHHTOBOH JieCTHHU,bI, y KOTOpOH CTyneHbKH — 3TO 

napbi ocHOBaHHH (pmc. i. 9). noAHHMaacb BAOJib cnnpa- 
jih, ocHOBaHHu yioia^biBaioTca oaho 3a ApyrHM xax cronKa 
TapejioK. 
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n/10CKMe fiapbl OCHOBaHHH COeAHHBIOT Lienu flHK 



I \y 3 ' 

Caxap OcHOBaHne OocíjjaT 


PMC. 1.9 ľl/lOCKOCTb, B KOTOpoŕí Jie)KaT napbl OCHOBaHHH, pacnojio- 
meHa nepneHflMKyABpHO caxapo(j)oc(j)aTHOMy ocTOBy 


Kaa^aa napa ocHOBaHHň noBepHyTa Ha 36° BOKpyr 
och cnnpajiH oTHOCHTejibHO cjie/iyiomeň napbi. TaKHM 06- 
pa30M, 10 nap ocHOBaHHň /jejiaioT nojiHbíň oôopoT b 360°. 
flBe u,enH, 3aKpynHBaacb upyr othochtcjibho ^pyra, (J)op- 
MHpyiOT Majiyio 6op03AKy (okojio 12 Á b nonepenHHKe) 
h ôojibmyio 6op03AKy (okojio 22 Á b nonepenHHKe) 
(pmc. í.io). flBoňHaa cnnpajib 3aKpyneHa snpaso, to ecTb 



PMC. 1.10 flBe 4 enn flHK (JjopMkipyiOT flBOHHyio cnnpa/ib. Ooto 
® Photodisc 


ee xoa cooTBeTCTByeT xopy nacoBOň ctpcjikh, ecjiH B3nia- 
HyTb Bjjpnb och cnHpajiH. ŕlpHBeAeHHbie Bbirne napaMeTpbi 
cooTBeTCTByiOT B-(J)opMe flHK. 

BaxcHO noHHMaTb, hto B-cjjopMa OTpaacaeT Hexoe yc- 
peAHeHHoe npe/jcraBJíeHHe o CTpyKType flHK. Ee crpyK- 
Typa MOXceT H3MeHaTbca ot ynacTKa k ynacncy. flHK 
MoxceT co^epxcaTb ôojibiuee hhcjio nap ocHOBaHHň Ha 
oôopoT cnHpajiH, h Tor/ja roBopaT, hto OHa nepeKpy- 
neHa; ecjiH ace hhcjio ocHOBaHHň Ha bhtok cnHpajiH 
MeHbiue 10, roBopaT, hto OHa HeflOKpyneHa. 3th oco- 
ôeHHOCTH MoryT óbiTb pe3yjibTaTOM npocTpaHCTBeHHbix 
H3MeHeHHH b CTpyKType abohhoh cnHpajiH HJIH MoryT 
ôbiTb CBa3aHbi c npHKpenjieHHeM óejiKOBbix MOJieKyji k 
HeKOTopbiM ynacTKaM flHK. 


IQ ľlpouecc pen^MKaiiMM flHK 

nojiyKOHcepBaTMBeH 


K/noneBbie noHBTHfi: 


• 3KcnepnMeHT Me3ejibcoHa-Ciajifl, ocHOBaHHbin Ha MeneHHH 
flHK M30TonaMM, AOKa3aji, hto b peaxuHH pen/íHKaLjHH 

KOHCepBaTMBHbIM 3/ieMeHTOM flHK Cny>KMT OflHa H3 
noaMHyKaeoTMflHbix ueneíí. 

• Kawflaa uenb flHK-flyrmeKca cnywHT Maipm^eíi ajib CMHTe3a 
AOHepHeŕi uenn. 

• nocaeflOBaieabHOCTb HymieoTHflOB, cocraB/ifliomHx 
AonepHiOK) Ljenb, KOMn/ieMeHTapHa nocneflOBaTe/ibHOCTH 
MaiepMHCKOíí LjenM. 

BaacHbiM cbohctbom reHeTHnecKoro MaTepnajia aBJía- 
eTCa B03MOXCHOCTB erO TOHHOrO BOCnpOH 3 BOflCTBa. flBe 
nojiHHyKjieoTHAHbix u,enH CBa3aHbi jiHiub BO/jopo/jHbiMH 
CBa3aMH, a 3HanHT, hx mojkho jierxo pa3'be/jHHHTb, noc- 
KOJibKy jyia 3Toro He TpeóyeTca pa3pymeHHa npoHHbix 
KOBajieHTHbix CBa3eň. CneijHcjjHHHOCTb cnapHBaHHa oc¬ 
HOBaHHň no3BOJiaeT c/jejiaTb npe/jnojioaceHHe, hto Kaac- 
r aa H3 pa3/jejieHHbix ijeneň MaTepHHCKoň flHK MoaceT 
cjiyacHTb MaTpHi^eň /yia CHHTe3a KOMnjieMeHTapHoň 
flOHepHeň u,enH. Ha pmc. i.i i noKa3aH npHHijHn, b co- 
OTBeTCTBHH c KOTopbiM Kaac^aa HOBaa /jonepHaa ijenb 
coÔHpaeTca Ha MaTepHHCKoň LjenH. nocjie/jOBaTejib- 
hoctb AOHepHeň ijenn onpeflejiaeTca MaTepHHCKoň ue- 
nbio. A^eHHH b MaTepHHCKoň ijenn npHBO/jHT k Bcrpan- 
BaHHio THMHHa b /jOHepHioio ijenb, a ryaHHH onpe/jejiaeT 
BCTpaHBaHHe b /jonepHioio u,enb u,HT03HHa h t. n. 

B BepxHeň nacra pne. 1.11 H3o6paaceH MaTepHHC- 
KHň (HepemiHijHpoBaHHbíň) flHK-^ynjieKc, H3HanajibHO 
cocToan^Hň H3 rbjx MaTepHHCKHx ijeneň. Ha HHacHeň 
nacTH pncyHKa H3o6paaceHbi rb a AonepHHx /jymieKca, 
noaBHBiuHeca b pe3yjibTaTe npncoe/i.HHeHHa KOMnjie- 
MeHTapHbix ocHOBaHHň. Kaac^bíň H3 AonepHHx ^ynjieK- 
cob H^eHTHHeH nocjie/i.OBaTejibHOCTH HcxoAHoro MaTe- 
pHHCKOľO H COCTOHT H3 OflHOň MaTepHHCKoň IienOHKH 

h 0 /j.Hoň BHOBb CHHTe3HpoBaHHoň. CmpyKmypa JIHK 
no360jmem coxpammb ee nocjiedoeamejibnocmb npu 
pemiUKaUfUu. 
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ripaBM/io cnapMBaHM* ochob 3 hmm onpeAe/ineT 
cnet4M()}H4HOCTb pen/iMKauMH 



PMC. 1.11 Pen/iMKa4M5i flHK ocymecTB/ineTcn b cooTBeTCTB u m c npa- 
BM/IOM CnapMBaHMfl OCHOBaHMM 


Pe3yjibTaT TaKoro cnocoôa peruíHKaijHH H3o6paxceH Ha 
pmc. 1 . 12 . MaTepHHCKHH AyiuieKc pemiHiiHpyeTca, a aBaa 

flBa JjpHtpUUX flyiUieKCa, KaJKAblH H3 KOTOpblX COCTOHT H3 
OAHOH MaTepHHCKOH IjenH H OAHOH (BHOBb CHHTe3HpOBaH- 

hoh) AOHepHeň ijem. Koncepeamuenou eduHuufiú, nepe- 
dcmmeúcH om odnozo noKOJienun dpyzcmy , nejmemcn odna 
U3 deyx i^eneu, cocmammompx MamepuncKuu dyruieKC. 
TaKHM o 6 pa 30 M, pen/íHKau,™ flHK hocht nojiyKOHcepBa- 
thbhmh xapaicrep. 


OTAeiibHbie uen u AHK 
BB/IBiOTCB KOHCepBaTHBHbIMM eAMHMAaMM 


PoAmejibCKafl AHK 


ľlepBoe 

noKO^eHne 


PenjiMunpyeTCfl 

I b cpefle Majioíí w/Y /Y/ 
ľlJlOTHOCTM I \X/\X/\X/ 



VVV 

TÍIKE/IAÍI 


AHaJlM3 ľUlOTHOCTM 


• JlerKaa 

•rnôpnAHafl 

■Tflwejiafl 


TMBPMA 


riiEPMfl 


-JlerKan 

ľnópuAHaB 
— -■ Tflwe/iafl 


Biopoe 

noKoneHMe 

TMEPMA 

V/W/ 

JIEľKAfl 

V\A// 

JlEľKAfl 

TMEPHfl 

»-■ JlerKaa 
• ľnópuAnafi 
--■Tflwejiafl 


PMC. 1.12 Pen/iMKauMfl flHK nonyKOHcepBaTMBHa 


Ha pne. 1.12 noKa3aH SKcnepHMeHT, noATBepacAaiomHH 
cocTOHTejibHOdb a^hhoh moacjih. Ecjih BbipacTHTb opra- 
hh3m b cpeAe, coAepjKameH noAxoAfliAHH H30Ton (Hanpn- 
Mep, N 15 ), MaTepHHCKaa flHK 6yn,eT Hecra TíDKejiyio MeTKy. 
npn nepeHoce opraHH3Ma b HOByio cpe/iy, coAepxcamyio 
óojiee jierKHe H30Tonbi, ijenn MaTepHHCKOH flHK c tjdkcjioh 
M eTKOH M05KH0 OTJIHHHTb OT BHOBb CHHTe3HpOBaHHbIX (C 

jierKOH mctkoh) no hx Macce. 

MaTepHHCKaa flHK coctoht H3 AyruieKca AByx TíDKejibix 
uenen (oTMeneHbi KpacHHM libctom). B nepBOM noKOJie- 
hhh, BbipameHHOM b JierKOH cpeAe, flHK npeAcraBJíeHa th6- 
PHAHBIM AynJieKCOM H3 OAHOH TJDKeJIOH MaTepHHCKOH U,enH 
(KpaCHOH) H OAHOH JierKOH AOHepHeH (CHHeň). Bo BTOpOM 
noKOJieHHH ABe ijenH kxkroto rnópHAHoro AyruieKca pajb- 
eAHHHioTca, h KajK^aa H3 hhx oôpeTaeT HOBoro jierKoro 
napraepa. B pe3yjibTaTe nojiOBHHa AyrmeKcoB ocraeTca 
THÓpHAHOH, a nOJIOBHHa CTaHOBHTCa nOJIHOCTbK) JierKOH 
(o6e u,enH rojiyôbie). 

BMecme c meM omdejihnue i^enu amux dyruieKcoe 
jiuôo nojmocmbK) rrmotcejiue , jiuôo nojinocmbK) Jiezme. 
3to yTBepxcAeHHe 6 hjio AOKa3aHO b 1958 r. sKcnepn- 
MeHTOM Me3ejibcoHa-CTajia. B 3KcnepHMeHTe HaÔJiio- 
AajiH nojiyKOHcepBaTHBHyio penjíHKaijHio R HK b Tpex 
noKOJieHHax E. coli (KaK onncaHO Bbirne). Kor/ja H3 6aK- 
TepHH BbiAejiHjiH R HK h npn noMOiAH u,eHTpH(})yrHpo- 
BaHHa H3MepHjiH ee njioTHOCTb, BbiacHHjiocb, hto Jl HK 
C())OpMHpOBaJia nOJIOCbl B COOTBeTCTBHH c njIOTHOCTblO: 
TJDKeJIbie RJlfi. pOAHTeJIbCKHX ÓaKTepHH, THÓpHAHbie B 
nepBOM noKOJieHHH h CMecb rnôpHAHbix h jierKHx bo 
BTO pOM noKOJieHHH. 


1.8 


Aenii AHK pa3Ae/ifuoTCfl 
b Mecre, Ha3biBaeM0M 
peiUIMKaTMBHOM BMJ 1 K 0 M 


KAiOHeBbie noHflTMíi: 


• PenAMKaumo flHK ko mpon m pyeT KOMľiAeKC (JiepMeHTOB, 
pa3fleABiomMx MaiepuHCKMe uenu m CMHie3npyioiAMx 
AOHepHkíe. 

• Perín MKaTMBHafi BkinKa — 3to tohk3, b KOTopoŕi pa3flennK)Tcn 
uenu MaTepuHCKOíí flHK. 

• OepMeHTbi, ocymecTBnnioiAMe cuHTe3 flHK, Ha3biBaiOT flHK- 
nonuMepa3aMM, a (fjepMeHTbi, CMHie3npyioiAMe PHK, Ha3biBaioT 
PHK-nonnMepa3aMM. 

• Pa3pymeHue HyKneuHOBbix kmcaot ocyiuecTBnniOT 
(fiepMeHTbi HyKnea3bi; HyKnea3bi npMHmo flenmb 
Ha flHKa3bi n PHKa3bi, oónaflaioiAMe 3 hao- mam 
3K30HyKnea3H0ÍÍ aKTMBHOCTblO. 


Jlnn Toro hto6h Hanajiacb penjíHKaiiHa, i^enn MaTepHHC- 
Koro flHK-AynjieKca aojdkhbi pa3'beAHHHTbca. O^HaKo Ha- 
pymeHHe abohhoh cnnpajiH hocht BpeMeHHbiH xapaKTep. 
CTpyioypa MOJieicyjibi BoccTaHaBJíHBaeTca 3a cneT (J)opMH- 
poBaHHa HOBoro, AonepHero AynJieKca. B oTAejibHO B3H- 
thh MOMeHT b HUK pacnjieTeH jinnib MajieHbKHH yqacTOK 
Abohhoh cnnpajiH. 
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PenjíHKaTMBHaji b mína npoABMraeTca Bflo/ib flHK 



PeruiMKaTMBHafl BM/iKa 


PMC. 1.13 PemoH flHK, b kotopom pacn/ieTeHHbm poAMTe/ibCKUM 
AyrvieKC nepexoAm bo BHOBb CMHie3upoBaHHbie AOHepHue Ayn/ieKCbi, 
Ha3biBaeTC5i peruiMKaTMBHOíí bmjikom 


CnHpajibHaa crpyicrypa MOJieicyjibi flHK, BOBJíeneHHOH 
b peruíHKaiiHK), H3o6paxceHa Ha p ne. 1 . 13 . PeraoH MOJieicy- 
jibi, enje He BOBJíeneHHbiH b peruíHKaijHK), coctoht H3 Ma- 
TepHHCKoro flymieKca, a b peraoHe, ryje h fleT penjíHKaijHfl, 
(J)opMHpyeTca ABa flonepHHx AyruieKca. CTpyKTypy flHK, 
B03HHKaioiflyK) Ha npoMe^cyroHHOM ynacTKe MeacAy sthmh 
pernoHaMH, Ha3biBaioT peiuíHKaTHBHoô bhjikoh. no 
Mepe CHHTe3a AonepHHx MOJieKyji penjíHKaTHBHaa bhjik3 
npoflBHraeTca baojib MaTepHHCKoň flHK, b pe3yjibTaTe nero 
MaTepHHCKHe uenn nojiHocrbio pacmieTaiOTai, (jjopMHpya 
flonepHHe flymieKCbi. 

Chhtc 3 HymieHHOBbix khcjiot KaTajiH3HpyeTCíi cneijH- 
a^bHbiMH (J)epMeHTaMH, pacno3HaiomHMH MaTpHiyy h o6ec- 
neHHBaioiiiHMH BCTpaHBaHHe MOHOMepoB b CHHTe3HpyeMyio 
nojiHHyKjieoTH^Hyio ijenb. B cootbctctbhh c thhom BHOBb 
CHHTe3HpyeMOH u,enH (})epMeHTbi, ynacTByiomHe b CHHTe3e, 


pa3AejwioT Ha fl[HK-nojiHMepa3M (cHHTe3HpyiOT flHK) h 
PHK-no;iHMepa3M (cHHTe3HpyiOT PHK). 

Pa3pymeHHe HyKjieHHOBbix khcjiot Taioxe TpeóyeT 
yqacTHa cneijHajibHbix (JjepMemoB: fle30KCHpHÓ0HyK- 
Jiea3 (fl,HKa3), KOTopbie pa3pymaioT flHK h pHÔOHyK- 
jiea3 (PHKa3), pa3pymaiomHx PHK. HyKjiea3bi npHHjrro 
flejíHTb Ha ABa ochobhhx Kjiacca: 3HfloiiyKjiea3M h sk- 

30Hymiea3bi 

3HAOHyioiea3bi pa3pymaiOT HeKOTopbie cbh3h b mo- 
jieicyjiax flHK h PHK, (JjopMHpya OTflejibHbie (JjpanvieHTbi. 
HeKOTopbie flHKa3bi bhocht pa3pbiB b o6e ijenH AynjieKca 
flHK, a HeKOTopbie — jiHiub b o/jHy H3 ppyx ijeneH. Ha 
pmc. 1.14 noKa3aHO, KaK 3HAOHyKJiea3bi ocymecTBjíaioT 
pacnienjieHHe flHK. 

9K30Hyioiea3bi y/jajmioT ocHOBaHra c kohijob MOJieicy- 
Jlbl OAHO 3a APyTHM, npHBOAH K BblCBOÔOXCACHHIO MOHOHyK- 
jieoTHAOB. Ohh Bceífla paôoTaioT Ha oahoh ijenH HymieH- 
hoboh KHCJiOTbi h b cneuH(J)HHHOM jym HHX HanpaBJíeHHH: 
HanHHaa c 5'- hjih 3'-KOHu,a. Ha pmc. 1.15 noKa3aH npHHijHn 
paôoTbi 3K30Hyioiea3. 


EO ľeHeTMMecKafi MHtJjopMauMB 

MOJKeT 6bUb 3aK0flHp0BaHa 
BflHKM/iM PHK 


K/noHeBbie noH^THB: 


• EoJlbUJMHCTBO reHOMOB ľipeflCTaBJlfllOT COÓOÍÍ flHK, OAH3KO 
reHOMbl BMpyCOB M BMpOMflOB MOryT COCTOflTb M3 PHK. 

• ílepeBOfl MHcJ)opMaL|inM M3 flHK b PHK npoucxoAm b pe3y/ibTaie 
TpaHCKpunAMM, a M3 PHK b flHK — b xofle oópaTHoíí 
TpaHCKpunAMM. 

• TpaHaiflAMfl PHK b 6e/ioK oflHOHanpaB/ieHHa. 


3HAOHyK/iea3a aiaHyet BHyrpeHHwe cbhsh 



PMC. 1.14 3HAOHymiea3a pa3pe3aei CBB3b b npefle/iax HymieMHOBOŇ 
KMC/iOTbi. Ha piicyHKe M3o6pa>KeH (JjepMem, aiaKyioiuuM oflHy m i\e- 
neŇ flHK-AynjieKca 


3K30HVKJiea3bl OTKyCblBaiOT OCHOBaHMB C KOHLIOB 
no/iMHyKiieoTMAHOH uenn 



F MC. 1.15 3K30Hymiea3a yAa/ifleT ocHOBamifl oaho 3 a ApyruM nyieM 
pa3pe3aHMB noc/ieAHeŇ cbb3m b no/iHHymieoTMAHOM uenu 


napaflHľMy MOJieicyjiapHOH óhojioi™ onpeAejmeT ee 
u,eHTpajibHaa AiorMa. TeHeTHHecKaa HHcJjopMaiiHa 3a- 
nHcaHa b nocjieAOBaTejibHOCTax HyioieHHOBbix khcjiot 
b BH^e reHOB, a 3a BbinojiHeHHe 3aK0AHp0BaHHbix b re- 
Hax (JjyHKíiHH OTBenaioT óejiKH. PenjiHKau,HH oTBenaeT 3a 
nepe^any reHeTHnecKOH HHcJjopMaiiHH no Hacjie^CTBy, a 
TpaHCKpHmiHH h TpaHCJiaiiHa oTBenaioT 3a nepeBOA stoh 
HH cJjopMaiiHH H3 o^hoh (JjopMbi b Apyryío. 

PMC. 1.16 /JCMOHCTpHpyeT pojib penjiHKau,HH, TpaHC- 
KpHnU,HH H TpaHCJmilHH C TOHKH 3peHH3 U,eHTpaJIbHOH flOľ- 
Mbl MOJieKyjIÍIpHOH ÔHOJIOľHH: 

• renemmecKuu Mamepucui coxpamemcn e nyKJieuno- 
6bix Kucjiomax — JIJtíK unu PHK. B KjieTKax aj m xpa- 
HeHra reHeTHnecKoro MaTepnajia Hcnojib3yeTca tojibko 
flHK. HeKOTopbie BHpycbi Hcnojib3yiOT jijm sthx uejieň 
PHK, a peruíHKaijHtf BHpycHOH PHK npoHexoAHT b hh- 
(J)HIlHpOBaHHOH KJieTKe. 

• npoi^ecc peajiusaufjiu zenemmecKOu unfpopMat^uu 
oôuhho odnonanpaejien. TpaHCKpHmjHfl flHK 
npHBOAHT k nonBjíeHHio MOJieKyji PHK, KOTopbie 
B AäJIbHeHlueM HCnOJIb3yiOTOI A^ CHHTe3a aMH- 
HOKHCJIOTHblX nOCJieAOBaTeJIbHOCTeH ÓeJIKOB; KaK 
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UeHTpajibHaa floma onucbiBaeT noTOK HHtjjopMauHu 


(Q \A/ a hk 


Pen^MKauMH 


PenjiMKauMfl 


|^TpaHCKpnnun5ij 

~v~ 

PHK --- 

í TpaHCJlflLlMfl J 

BenoK 


OópaTHafl 

TpaHCKpnnun5i 


PMC. 1.16 ĽleHTpajibHaa florna r/iacm, hto MH(j)opMa 4 Mfl MOweT 
coxpaHflTbca mam nepeHOCMTbCíi Mexífly HyoeuHOBbiMU KMCAOTa- 
mm, oflHaKO nepeHoc MH^opMaumí b 6 e/iOK hocmt HeoópaTMMbm 
xapaKTep 


npaBHjio, PHK He MoryT 6biTb Hcnojib30BaHbi b Ka- 
necTBe AOJirocpoHHoro xpaHHJiHma reHeranecKOH 
HH(J)opMaiiHH. TpaHCJiaiiHa PHK b ócjikh Bcer/ja 
HeoópaTHMa. 

OnHCbiBaeMbie MexaHH3Mbi oôJia/jaioT o/jHHaKOBOH 
3(J)(J)CKTHBHOCTbK) KaK /yifl reHeTHHeCKOH HH(J)OpMa- 
U.HH IIpOKapHOT H SyKapHOT, TaK H flJIÄ HH(J)OpMaiJHH, 
co/jepacameHca b BHpycax. TeHOMbi Bcex KJieTOHHbix 


Pen/iMKauMfi HymieHHOBbix khcjiot ocyujecTBJíneTcu 
nyreM cnmesa KOMnjjeMemapHbix ueneM 


flByxuenoMewHafl 
Maipnua . 


yA/V Crapafl uenb 
J- HoBbie uenu 
V/Vyy CTapafl uenb 


Pen/iMKauMB npuBOAm k (JjopMupoBaHMK) Aeyx AonepHnx 
Ayn^eKCOB KawAbíň M3 Koiopbix coAepwm OAHy 
poAmejibCKyK) uenb m OAHy BHOBb CMHTe3MpoBaHHyio 


OAHOuenoMeMHaB 

Maipnua 

w\—».WWÍ 

vw — w\ 

OAMHOMHaB poAMTe^bCKaB KoMnjieMeHTapHaa Lienb 
Lienb ncnoAb3yeicfl aaa cmh- ncnojib3yeTCfl aaa cMme3a 
Te3a KOMnjieMeHTapHoŕí uenn KonMM poAme^bCKOŕí uenM 


PMC. 1.17 M AByxijenoHeHHbie, m OAHOLjenoHeHHbie HymieMHOBbie 
KMCAOTbi penA m 14 M py iotcb nyieM CMHTe3a KOMnAeMemapHbix LjeneM, 
cyneTOM npMHUuna cnapMBaHMA ocHOBaHMM 


opraHH3MOB npeflCTaBjíaioT coôoh flHK-AynjieKCbi. Te- 
HOMbl BHpyCOB MOryT COCTOflTb H3 REK hjih PHK, npn- 
neM He3aBHCHMO ot rana HyioienHOBon khcjiotbi reHOM 
Bnpyca MoxceT ôbitb KaK AByx-, TaK h OAHOuenoneHHbiM. 
fleTajín MexaHH3Ma penjiHKau,HH HyioieHHOBbix khcjiot 
B apbHpyiOT B pa3JIHHHbIX BHpyCHblX CHCTeMaX, OAHaKO 
Bce ohh 6a3npyioTca Ha npHHijHne KOMnjieMeHTapHoc- 
TH (PMC. 1.17). 

lOieTKH BOcnpoH3BOAa r k cbok) reHOMHyio REK no 
MexaHH3My nojiyKOHcepBaraBHOH pemíHKaijHH. flByxije- 
noneHHbie reHOMbi PHK- h flHK-coAepxcaninx BHpycoB 
Taicxce penjinijHpyioTCfl c ncnojib30BaHneM oTflejibHbix 
u,eneH AymieKca B KanecTBe MaTpnu,bi rjik cnmesa kom- 
njieMeHTapHOH u,enn. 

Bnpycbi, Hecymne OAHOu,enoHenHbie reHOMbi, ajih 
cnmesa KOMiuieMeHTapHon i^enn ncnojib3yiOT cboio 
eAHHCTBeHHyio u,enb b KanecTBe MaTpniibi. A yxce HOBaa, 
KOMnjieMeHTapHaa HCxo/jHOMy reHOMy, ijenb, b cboio 
onepeAb, ncnojib3yeToi ajm cnmesa MOJieicyji, HAeHran- 
Hbix opnrnHajibHOH MaTpnu,e. B npoijecce BnpycHon 
penjíHKaiiHH Ha HeKOTopbix cTaAHax MoryT (J)opMHpo- 
BaTbca CTaÔHjibHbie hjih BpeMeHHbie AByxu,enoneHHbie 
HymieHHOBbie khcjiotm. 

OrpaHHneHHe, Kacaiomeeca OAHOHanpaBjíeHHOcra 
nepeHoca HH(J)opMaiiHH ot REK k PHK, He HBjíaeTca 
aôcojnoTHbiM. Oho HapymaeTca peTpOBHpycaMH, nbH 
reHOMbi coctoht H3 OAHOU,enoneHHbix MOJieKyji PHK. B 
npoijecce xcH3HeHHoro u,Hioia PHK peTpoBHpycoB nepe- 
BOAHTca no MexaHH3My oSparaoH TpaHCKpnm^HH b 
OAHO u,enoHenHyio MOJiexyjiy flHK, a Ta, b cboio onepeAb, 
nepeBOAHTca b AByxu,enoneHHyio flHK. 3 tot flHK-Ayn- 
jiexc cTaHOBHTca nacTbio reHOMa 3apaxceHHOH peTpo- 
BHpycoM KjieTKH h Hacjie^ycTca KaK jiioôoh Apyron reH. 
TaKUM o6pa30M, oôpamnm mpancKpurmm no3eojinem 
eoccmanoeumb nocjiedoeamejibHOcmb RHK na Mampu- 
i^e PHK u ucnojib3oeamb ee e Kmecmee dojizocpounozo 
xpanujiuma zenemmecKOu un(popMa / u í uu. 

CymecTBOBaHHe MexaHH3MOB oôparaon TpaHCKpHn- 
U.HH h penjíHKaiiHH PHK ycTaHaBJíHBaeT BaxcHbin npHHiiHn: 
un(popMau i m J codepotcamancn e nymemoebix mcnomax 
moôozo muna, Mootcem 6umb nepeeedena m odnou <pop- 
MU e dpyzyn). B caMOM pacnpocrpaHeHHOM cjiynae KJieTKa 
Hcnojib3yeT npoueccbi penjíHKaiiHH flHK, TpaHCKpHniiHH n 
TpaHCJiaijHH. O^HaKo b peAKHx cjiynaax (Bepoarao, onoc- 
peAOBaHHbix PHK-coAepxcaniHMH BHpycaMH) HH^opMauna 
KjieTOHHOH PHK nepeBOAHTca b REK h BCTpaHBaeTca oópaT- 
HO b reHOM. 

HecMOTpa Ha to hto oôparaaa TpaHCKpHniiHa He nr- 
paeT 3HanHTejibHOH pojiH bo BHyTpHKJieTonHbix npoLjeccax, 
OHa npHOÔpeTaeT 3HanHMOCTb npH paccMOTpeHHH Bonpoca 
3BOJIIOI1HH reHOMa. 

Te xce npHHu,Hnbi coxpaHeHHa reHeranecKOH HH(J)op- 
Mau,HH cnpaBeAJiHBbi h jyw ôojibiuhx reHOMOB pacTeHHH 
h aM(J)H 6 HH, h atiä cpaBHHTejibHO Heôojibnioro reHOMa 
MHKonjia3Mbi, h .zym eii^e MeHbniHx no pa3Mepy reHOMOB 
REK- h PHK-coAepxcaniHx BHpycoB. Ha híu i.u 0606 - 
uieHbi HeKOTopbie npHMepbi, HjunocTpHpyioiiiHe pa3HO- 
o6pa3He ranoB h pa3MepoB pa3JiHHHbix tchomob. 
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1.10 


Bo BceM pa3Hoo6pa3HH opraHH3MOB, co/jepacamHx 
BapbHpyiomHe b cothh tbichm pa3 no pa3Mepy reHOMbi, 
ochobhoh npHHij.Hn ocTaeTca oôiahm: JJHK Kodupyem 
ece ôejiKU, Komopue dojutcnu cunmesupoeamb KJiemKu 
opzauuma. EejiKU npRMO wiu onocpedoeanno eunojinn- 
K)m (fiyHKUiUu, neoôxoduMue dm euMueanun opzanm- 
Ma. rioxoacHH npHHijHn onncbiBaeT h cyTb reHeTHnec- 
XOH HH(J)OpMaiJHH BHpyCOB (BHe 3aBHCHMOCTH OT TOTO, 

co^epxcaT ohh AHK hjih PHK): nyKJieunoeue Kucnomu 
KodupyTom ôejiKU, neoôxoduMue dm ynaKOBKu zenoMa 
u dm eunojinenuR jitoóux dpyzux, donojinumejibnux (k 
eunojimeMUM ôejiKOMU KJiemKu xo3huho), 0yHKi^uu, 
cjiyycautfUX i^enu penpodyKi^uu eupyca na npomnotce- 
nuu ezo uHtfieKUfUOHHozo UfUKJia. B /jonojiHeHHe cjie- 
AyeT ynoMAHyTb, hto HeKOTopbie Bnpycbi (HanpnMep, 
caTejuíHTHbin Bnpyc HeKpo3a Taôaxa STNV) He MoryT 
penjinijHpoBaTbCfl 6e3 noMonjH Apyrnx BnpycoB. Tax, 
caTejuíHTHOMy Bnpycy Hexpcm Taôaxa HeoôxoAHMO or- 
HOBpeMeHHoe npncyTCTBHe b xjieTxe BcnoMoraTejibHO- 
ro Bnpyca — Bnpyca Hexpcm Taóaxa TNV, — xotopmh 
caM no ceôe aBJíaeTca HopMajibHbiM HHcJjexijHOHHbiM 
BHpyCOM. 


TeHOMbi CM/ibHO pa3jnmaioTCfl no pa3Mepy 


ľeHOM Hncno reHOB ľlap ocHOBaHnň 


OpraHMSMbi 


PacTeHMB 

<50000 

<10 u 

MjieKonmaioiAMe 

30000 

~3 x 10 9 

HepBM 

14000 

~10 8 

Myxw 

12000 

1,6 x 10 8 

ľ pMÔbl 

6000 

1,3 x 10 7 

BaKTepMM 2000-4000 

<10 7 

MnKoruia3Mbi 

500 

<10 6 

Bwpycbi, coAep>Kai 4 Me AByxuenoHeHHyio AHK 

KopoBbB ocna 

<300 

187000 

ľlanoBaBMpyc (SV40) 

~6 

5226 

Oar T4 

-200 

165000 

Bnpycbi, coflep>KaiuMe oflHouenoweHHyio AHK 

ľlapoBOBMpyc 

5 

5000 

0ar c|)X174 

11 

5387 

Bnpycbi, coflep>Kai 4 Me AByxuenoMeMHyio PHK 

PeoBMpyc 

22 

23000 

Bnpycbi, coflep>Kai4Me oflHouenoHewHyio PHK 

KopoHaBMpyc 

7 

20000 

rpwnn 

Bnpyc TaóaHHoŕí 

12 

13500 

M03anKn (TMV) 

4 

400 

(Par MS2 

CaTejinmHbm Bnpyc 

4 

3569 

HeKpo3a TaóaKa (STNV) 1 

1300 


B m po HA bi 

BMpOMfl BepeTeHOBMflHOCTM 
miyÓHeň KapTO())ejifl 

(PSTV) 0 359 


P A C. 1.18 Pa3Mep cocraBjíaiomnx reHOM HymienHOBbix kuc/iot Bapb- 
npyeT b mu po kom Anana30He 


HyKiieMHOBbie KHC/lOTbl 
rn 6 pMAM 3 yK)TCB 
B COOTBeTCTBMM C fipHHIJHnOM 
KOMlUieMeHTapHOCTM 


K/noneBbie nonnim: 


• HarpeBaHkíe npnBOAm k pa3fle/ieHnio uenen flHK-AynneKca. 

• TeMľiepaiypa n/iaB/ieHna — 3to TeMľiepaiypa pa3fle/ieHHfl 
ueneň Ayn/ieKca. 

• KoMnneMeHTapHbie OAnouenoMeMHbie MO/ieKynbi flHK 
npn noHkDKeHMM TeMľiepaiypbi MoryT peHaiypnpoBaTb (c 
o6pa30BaHneM Ayn/ieKca). 

• ľlpoLjecc AeHaTypaAMM (ruiaB/ieHna) n peHaiypaunn 
(rn6pnAH3aunn) Mowei nponcxoflnTb xax Me>KAy oflHOTnnHbiMn 
MO/ieKy/iaMn, tbk >i Mewfly MO/ieKy/iaMn pa3Horo Tuná. lipu 
3 tom MoryT (J)opMMpoBaTbCB AynneKCbi flHK-flHK, PHK-flHK n 
PHK-PHK. 

• CnocoÓHOdb flByx OflHOLjenoHeMHbix HyK/ienHOBbix kuc/iot 
rn6pMAM30BaTbCB 33BHCHT OT CTeľieHM HX KOMľl/ieMeHTapHOCTM. 


CnocoÔHOCTb pa3AejiaTbca Ha jxbc ijenn 6e3 pa3pymeHHa 
KOBajieHTHbix CBa3en aBJíaeTca BaacHbiM cbohctbom aboh- 
hoh cnnpajin. 3to, b onpeAejieHHbix (J)H3HOJiorHHecxHx 
ycjiOBnax, no3BOJiaeT ijenaM pa3T>eAHHaTbca h CHOBa boc- 
coeAHHaTbca c oneHb bmcoxoh cKopocTbio, hto Heoôxo- 
Ahmo rjw oôecneneHHa reHeTHnecxHx cjjyHXijHH Hyxjie- 
HHOBbix khcjiot. Cneu,H(J)HnHOCTb (tohhoctb) npoijecca 
AeHaTypau,HH h peHaTypaunn onpeAeJiaeTca xoMinieMeH- 
TapHblM CnapHBaHHeM OCHOBaHHH. 

Kom^ermm KOMruieMeumapnozo cnapueanm ocno- 
eanuú nememcn ocnoenou dm ecex npoijeccoe, npo- 
ucxodniUfUX c uyKJieunoebLMU Kuaiomcmu. KjiToneeuM 
acneKmoM $yHKUfUOHupoeanm deyxi^enoneHHou MOJie- 
KyjiunememcR eo3MOMHocmb epeMennozopa3pymenm 
nap ocnoeanuú c coxpanenueM (y o6pa3oeaeiuuxcH od- 
noi^enoHeHHbix nyKJieunoeux kucjioyyí) cnocoÔHoanu k 
I popMupoeanuTO dyruieKca. Ha p m c. 1.19 noxasaHO, hto 
cnapHBaHne OCHOBaHHH no3BOJiaeT KOMnjieMeHTapHbiM 
OflHOIjenOHeHHblM HyiOieHHOBblM KHCJIOTaM (J)OpMHpO- 
BaTb Aynjiexcbi: 

• BHyTpnMOJieKyjiapHbin /jynjieKC moxcct cc})opMHpo- 
BaTbca nyTeM cnapnBaHra OCHOBaHHH Mexc^y AByMa 
KOMnjieMeHTapHbiMH ynacTKaMH OAHOu,enonenHon 
MOJiexyjibi. 

• OAHoaenoneHHbie MOJiexyjibi MoryT cnapnBaTbca Apyr 
c ApyroM, (J)opMHpya MexcMOJieKyjmpHbin Aynjiexc. 
OopMHpOBaHne BHyTpHMOJieKyjiapHbix AynJiexcoB 

name Bcero peaan30BaH0 juín PHK, o/jHaKO oAHOu,enoneH- 
Haa ,QHK Taxace BcrpenaeTca b npnpoAe (HanpnMep, xa k 
(J) opMa BHpycHbix reHOMOB). CnapnBaHHe OCHOBaHHH Meac- 
Ay AByMa He3aBHCHMbiMH xoMnjieMeHTapHHMH oahhohhh- 
mh 4enaMH He orpaHHHHBaeTca (J)opMHpOBaHHeM Aynaex- 
cob /(HK-^HK hjih PHK-PHK, a MoaceT B03HHxaTb h MeacAy 
MOJiexyaaMH Jl HK h PHK. 

OTcyTCTBHe xoBaaeHTHbix CBa3eň MeacAy xoMnjie- 
MeHTapHbiMH u,enaMH ACJiaeT yAOÔHbiMH MaHHnyjiau,HH 
c Jl HK in vitro. HexoBajieHTHbie CBa3H, cra6HjiH3Hpyio- 
iAHe ABOHHyio cnnpajib, MoryT ôbitb Jierxo pa3pymeHbi 
nyTeM HarpeBaHHa hjih noMeujeHHa JIHK b pacTBop c 


20 TJIABA 1 TeHbi — 3T0 AH K 













M AH K, h PHK MoryT (|}opMHpoBaTb AyruieKCbi 

CnapuBaHne 
h meň flHK 

X/A/A/A/A/A// 

flHK 

^•3 

BHyrpuMO^eKy^flpHoe 

cnapMBaHne PHK 

PHK 

Me>KMO^eKy^BpHoe 

flflMHHas PHK 

cnapMBaHne 

KOpOTKOM 

\/\X KopOTKaa PHK 

m AnnHHOň PHK 



PMC. 1.19 KpoMe flHK Ayn/ieKCOB, ochobbhmb MoryT cnapMBaTbCB u 
npu Me>K- m BHyTpMMOJieKyjiapHbix B3anMOAeíícTBMflx oflHOLienoHeH- 
Hbix PHK (min flHK) 


noHH^ceHHoň KOHiiempaiiHeH cojieň. Ecjih boaopoa- 
Hbie CBa3H Mexc^y yemiMH flHK pa3pymeHbi, u,enH pa3T>- 
eflHHfllOTCfl. 

ripoiiecc pa3AejieHra u,eneň hocht Ha3BaHHe ^CHaTy- 
paujin, hjih (nanje ynoTpeójweMoe b pa3roBopHOH penn) 
nnaejieHUH. (TepMHH «fleHaTypau,Ha» Tanúce Hcnojib3yeTca 
pjm onncaHna npoyecca noTepn 6e;iKOM CBoeň hcxo/jhoh 
CT pyicrypbi; sto ochobhoh TepMHH, OTpaxcaiomHH nepeXOA 
eCTeCTBeHHOH KOHCjlOpMaiJHH MaKpOMOJieKyjIbl B KaKyiO- 
jih6o HHyio (J)opMy.) 

fleHaTypau,™ flHK npoHcxo/jHT b cpaBHHTe;ibHO He- 
óojibiuoM TeMnepaTypHOM #Hana30He h npHBO/j,HT k ce- 
pbe3HbiM H3MeHeHraM ee (J)H3HHecKHx cbohctb. Cpe/jrow 
TOHKa TeMnepaTypHoro £Hana30Ha, b kotopom npoHcxo/jHT 
pa3AejieHHe ijeneH flHK, Ha3bmaeTca mmnepamypoú ruiae- 
jienm (T m ). OHa 3aBHCHT ot cooraomeHHa b MOJieKyjie nap 



PMC. 1.20 fleHaiypupoBaHHbie L^enu flHK MoryT peHaiypupoBaib 
(BOCCoeflMHflTbCfl), BHOBb o6pa3ya Ayn/ieKC 


G-C h A-T. IIocKOJibKy Kaxc/jyio G-C napy CBa3biBaiOT TpH 
BOAopoAHbie CBa3H, ohh 6ojiee craÓHJibHbi, HeM A-T napbi, 
COeflHHeHHbie JIHIIIb flByMfl BOflOpOflHbIMH CB5I35IMH. HeM 

óojibine G-C nap co/jepacHTca b flHK, TeM óojibiuee kojih- 
necTBO SHeprHH HeoôxoflHMO pjw pa3^ejieHHH ee ijeneH. B 
pacTBope c onpeAe^eHHbiMH (j3H3HOJioimecKHMH ycjioBHH- 
mh PJŕíK m 40% cocToanjaa H3 G-C nap (THnHHHoe /yra re- 
homob M/ieKonHTaioiyHx cooTHomeHHe) /jeHaTypHpyeT npn 
Tm okojio 87 °C. TaKHM o6pa30M, b #Hana30He (f)H3HOJiorH- 
necKHx TeMnepaTyp AymieKc J\ HK craÔHJieH. 

fleHaTypauHa HK oôparaMa npn coôjnoAeHHH 
onpeAejieHHbix ycjiOBHH. CnocoÔHOCTb pyyx pas'be/jH- 
HeHHbix KOMnjieMeHTapHbix yenefí Boccoe/i.HHaTbca 
b ABOHHyio cnnpa^b hocht Ha3BaHHe peiiaTypaijHÄ. 
npouecc peHaTypaijHH 3aBHCHT ot cneu,H(J)HHHoro (no 
nocjieflOBaTeJibHOCTH) cnapHBaHHa ocHOBaHHH b KOMn- 
jieMeHTapHbix yenax. PeaKyna npoHCxo/jHT b flBe cra/jHH 
(pmc. 1.20). Ha nepBOM 3Tane o/jHHOHHbie ijenn flHK cjiy- 
naHHO côjiHxcaioTca ppyr c /jpyroM b pacTBope; ecjiH hx 
nocjieAOBaTejibHOCTH KOMnjieMeHTapHH, p,Bt ijenn (J)op- 
MHpyiOT KopoTKHH ynacTOK abohhoh aiHpam no Mepe 
cnapHBaHHa ocHOBaHHH stot ynacTOK yBejiHHHBaeTca 
(3 tot npoyecc moxcho cpaBHHTb c 3acTerHBaHHeM moji- 
hhh), b pe3yjibTaTe (})opMHpya ajihhhmh MOJieKyjiapHbiH 
/jynjieKc. PeHaTypau,™ abohhoh cnnpa^H J\ HK Boccra- 
HaBjíHBaeT ncxoAHbie CBOHCTBa MOJieKyjibi, noTepaHHbie 
bo BpeMa AeHaTypayHH. 

PeHaTypaura oTpaxcaeT peaiajHio MOKjxy RByMn. kom- 
njieMeHTapHHMH nocjieAOBaTejibHOcraMH, KOTopbie paHee 
6buiH pa3'beAHHeHbi b pe3yjibTaTe ACHaTypayHH. TeM He 
MeHee Aynjiexc MoryT o6pa30BaTb flBe jnoébie KOMnjieMeH- 
TapHbie MOJieKyjibi (^axce He HaxoAHBniHeca paHee b flyii- 
jieKce). MHor^a 3to Ha3bmaioT otmchtom. O^HaKo naiye, 
Kor/^a b peaiojHio BOBjíeneHbi HymieHHOBbie khcjiotbi H3 
pa3Hbix hctohhhkob, npoyecc o6pa30BaHHH Aynjiexca Ha- 
3bmaioT rH6pn^H3au,HeH (Kax, HanpHMep, b tom cjiynae, 
Kor/^a o/jHH npenapaT coctoht h3 HK, a flpyron — H3 
PHK). CnocoÔHoanb deyx npenapamoe nyKJieunoebix 
menom zu6pudu3oeambCH nmnemcn yyiohhum mecmoM 
na ux KOMľuieMenmapHOcmbj noacojibicy toubko Kcmruie- 
MeHmapHue noaiedosamemnocmuMOzym 0opMUpoeamb 
dyruieKcu. 

MeTOflHKa rH6pH/JH3ai],HH COCTOHT B CMeiUHBaHHH 
AByx OAHoaenoHeHHbix HyiuieHHOBbix khcjiot ^pyr c 
/jpyroM (b onpeAejieHHbix ycjiOBHax) h H3MepeHHH 
nojiyHeHHoro b pe3yjibTaTe peaKyHH AByxyenoHeHHO- 
ro MaTepnajia. Ha pmc. 1 . 2 i H3o6paxceHa npoyeAypa, b 
KOTopoň npenapaT HK AeHaTypnpyioT h aflcopÓHpyioT 
OAHHOHHbie yenn HyioieHHOBOH khcjioth Ha cneynajib- 
hom (J)HjibTpe. 3aTeM ^oóaBjíaioT BTopoň o6pa3eu, AeHa- 
TypnpoBaHHOH flHK (h^h PHK). Ohjibtp oôpaôaTbiBaiOT 
TaKHM o6pa30M, nToôbi BTopoň npenapaT 3aKpenHjica 
Ha HeM TOJibKO b tom cjiynae, ecjrn ero ocHOBaHHH cna- 
pHjmcb c yxce a/jcopôHpoBaHHOH Ha (J)HJibTpe JX HK H3 
nepBoro npenapaTa. OÓbinHO BTopoň npenapaT mctht 
paAHOaKTHBHOH MeTKOH, H nOCJie rH6pHAH3an,HH MOXC- 
ho npOH3BecTH H3MepeHHe KOJiHnecTBa oceBiuen Ha 

(J)HJIbTpe pa/JHOaKTHBHOH MeTKH. 
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rH6pMAM3ailHfl Ha <|)MJ1bTpe n03B0/lfleT OAeHMTb 
CTeneHb KOMn/ieMeHTapHOCTH 


flHK AeHaiypnpyK)T PadBop c AeHaTypw- 

m aACop6npyiOT poBaHHoň flHK 

Ha 4)n^bTpe^ 



ľlorpyweHMe cJwAbTpa b pacTBop 

\ 



H3MepeHne flHK CBA3aBiueiícA c (JwAbTpoM 

\ 

v y 


F*MC. 1.21. rn6pnAM3a4Mfl Ha (J)MAbTpe no3BOAAeT onpefleAMTb, 
coflep>KMT am pacTBop AeHaiypMpoBaHHOM flHK (mam PHK) nocAe- 
AOBaTeAbHOCTM, KOMľlAeMeHTapHbie LieľlAM, MMM06MAM30BaHHblM Ha 
C|)MAbTpe 


npoTJDKeHHOCTb ynacnca rH6pHflH3au,HH Mexcfly flByMa 
OflHOijenoHeHHbiMH HyKjieHHOBHMH KHCJiOTaMH onpefle- 
jiacrca hx KOMiuieMeHTapHOCTbio. 3aMeTHM, hto /yia Toro, 
htoóbi 3(JxJ)ckthbho rH6pnjiH30BaTbC5i, uBe nocjieflOBaTe;ib- 
hocth Heo6a3aTejibHO flOJDKHbi ôbitb nojiHOCTbio KOMiuie- 
MeHTapHbl. ĽCJIH OHH He HflCHTHHHbl, HO OHeHb nOXOXCH, 
(J)opMHpyeTCfl HeHAeajibHbíň flymieKC, b kotopom b Mecrax 
HecoBna^eHra flByx noaie/iOBaTejibHOCTeH c^opMHpyioTca 
HecnapeHHbie ynacTKH. 


1.11 


MyTaUHM M3MeHflK)T 

nocAeAOBaieAbHOCTb AH K 


KAiOHeBbie noHATMA: 


• Bce MyiaiiMM — 3 to M3MeHeHMA b nocAeAOBaieAbHOCTM flHK. 

• MyTailMM MOryT B03HMK3Tb CľlOHTaHHO MAM MOryT 6blTb 
cnpoBOUMpoBaHbi MyTareHaMM. 


MyTau,HH HaniflflHO fleMOHCTpHpyioT, hto flHK — sto 
reHeTHnecKHH MaTepnaji. Pa3 H3MeHeHHe b nocjieflo- 
BaTeJIbHOCTH flHK npHBOflHT K H3MeHeHHK) b nocjie/io- 
BaTejibHOCTH óejixa, 3HanHT, 3Ta nocjieflOBaTejibHOCTb 
flHK KO/jHpyeT /jaHHbiH óejiox. KpoMe toto, H3MeHeHHH 
b c})eHOTHne opraHH3Ma no3BOJunoT HaM onpeflejíHTb 


(JjyHKíiHK) 6ejiKa. Ecjih b HeKOTopoM reHe BcrpenaeT- 
Cfl HeCKOJIbKO pa3HbIX MyTailHH, STO MOXCeT BeCTH K 
(J)OpMHpOBaHHK) (B nOnyjIflllHH) HeCKOJIbKHX BapHaH- 
tob óejiKOB. CpaBHHBaa h fleTajibHO aHajiH3Hpya sth 
B apHaHTbl, MOJKHO BblflBHTb peTHOHbl ÔeJIKOB, OTBCTC- 
TBeHHbie 3a oTflejibHbie (JjepMeHTaTHBHbie (hjih HHbie) 
4)yHKU,HH. 

Bce opraHH3Mbi noflBepxceHbi MyTaiiMM, B03HHKa- 
loiflHM KaK b pe3yjibTaTe BHyTpHKjieTOHHbix npoueccoB, 
Tax h no jx BjiraHHeM oxpyxcaiomeH cpenbi. Taxne MyTa¬ 
ilHH Ha3bIBaiOT CnOHTaHHbIMH; CKOpOCTb, C KOTOpOH 
ohh B03HHKai0T, cneiiHcjjHHHa fljia Kaxcfloro OTflejib- 
ho B3aToro opraHH3Ma h HHor/ja Ha3biBaeTca 4>oho- 
bmm ypoBHeM MyrapoBaHHa. Bo3HHKHOBeHHe MyTa¬ 
ilHH — flOBOJIbHO peflKOe COÓbITHe. BflOÓaBOK, MyTailHH, 
cepbe3HO HapymaioiflHe crpyKTypy KOflHpyeMoro reHOM 
ôejixa, 3JiHMHHHpyioTca b npoiiecce sbojiioiihh. B stoh 
CB5I3H flOBOJIbHO CJIOJKHO nOJiyHHTb HJIfl HCCJie/JOBaHHH 
3HaHHTeJIbHOe HHCJIO CnOHTaHHblX MyTaHTOB H3 eCTeCT- 
BeHHbix nonyjiaiiHH. 

HaCTOTy B03HHKH0BeHH5I CnOHTaHHblX MyTailHH MOXC- 
ho noBbiCHTb, B03fleHCTBya Ha opraHH3M onpeflejieHHHMH 
BeniecTBaMH. Taxne BeniecTBa Ha3bmaioT MyTareHaMH, a 
H3MeHeHHa, KOTOpbie OHH BbI3bIBaiOT, — HHflyilHpOBaH- 
HblMH MyTai^HHMH. EOJIblIIHHCTBO MyTareHOB ACHCTByiOT 
Ha a30THCTbie ocHOBaHHH (H3MeHaa hx crpyxTypy) hjih bjih- 
aioT Ha flHK nyTeM BCTpaHBaHHa b HymieHHOByio KHCJioTy 
flonojiHHTejibHbix ocHOBaHHH. 06 3(J)(})eKTHBH0CTH Myrare- 
Ha cyflaT no TOMy, HacxojibKo oh noBbimaeT nacroTy B03- 
HHKHOBeHHa MyTailHH OTHOCHTeJIbHO (JjOHOBOľO ypOBHH. 
Hcnojib3ya MyTareHbi, mojkho cnpoBOíiHpoBaTb mhojkcctbo 
H3MeHeHHH bo Bcex reHax. Y óaKTepHH h 6axrepHO(J)aroB 
cnoHTaHHbie MyTailHH, cnocoÔHbie HHaxraBHpoBaTb (j)yHX- 
iihk) reHa, B03HHKai0T c ôojiee MeHee nocroflHHOH nacro- 
toh 3-4 x 10 -3 Ha reHOM 3a ouho noxojieHHe. A nocxojibxy 
pa3Mepbi reHOMa 6axrepHO(J)aroB h óaxrepHH cymecTBeH- 
HO OTJIHHaiOTCfl, 3T0 OÔyCJIOBJIHBaeT pa3JIHHHH B HaCTOTe 
B03HHKH0BeHHa MyTailHH b nepecHeTe Ha napy ocHOBaHHH. 
Taxaa Koppejiaiina no3BOJiaeT npeflnojioxcHTb, hto oôiflaa 
nacTOTa B03HHKH0BeHHa MyTailHH Haxo/j,raacb no/i, bo3- 
ZieHCTBHeM ecTecTBeHHoro OTóopa, kotopbih no/mep>KHBaji 
óa^aHC Mexcfly HeraTHBHbiM 3(})4)eKTOM óojibniHHCTBa My¬ 
TailHH H nOJIOXCHTeJIbHHM 3(J)(f)eKT0M HeKOTOpblX H3 HHX. 
3tot BbiBOfl noflTBepxcflaeT enie oaho Haójno/ieHHe: y ap- 
xeôaicrepHH, xcHByiflHx b cypoBbix ycjiOBrax noBbimeHHOH 
TeMnepaTypbi h khcjiothocth (Kor^a flHK noBpaKflaeTca 
nanie, neM b «o6biHHbix» ycjiOBHax), He OTMenaeToi noBbi- 
rneHHa nacTOTbi MyTailHH, a flaxce HaoóopoT, oóniaa nacroTa 
HaxoflHTca HHXce cpe^Hero ypoBHH. 

Y ôaxrepHH nacTOTa MyTailHH cocTaB^aeT 10 _6 Ha jioxyc 
3a noxojieHHe (hjih, b cpeflHeM, 10 _9 -10 _10 Ha napy ocho- 
BaHHH 3a noxojieHHe). HacroTa MyTHpoBaHHa OTj\aibHbix 
nap ocHOBaHHH BapbHpyeT b orpoMHOM flHana30He (okojio 
neTbipex nopaflKOB). Mbi He oôJiaflaeM flocTaTOHHO tohhbim 
HHCT pyMeHTOM H3MepeHHH HaCTOTbl B03HHKH0BeHHa My¬ 
TailHH y syxapHOT, oflHaxo CHHTaeTca, hto OHa npHMepHO 
paBHa TaxoBOH y ôaxrepHH npn oiieHKe nacTora Ha jioxyc 
3a noxojieHHe (pmc. 1 . 22 ). 


22 TJIABA 1 ľeHbi — 3T0 flHK 










BepoflTHOCTb B03HMKH0BeHMfl MyraAHM B03pacraeT 
nponopMwoHajibHo yBe/iHMemiio pa3Mepa MMiiieHM 
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PMC. 1.22 ľlapa ocHOBaHMM MyTupyeT co CKopocrbio 10~ 9 -10~ 10 Ha 
noKOAeHMe, reH ajimhom b 1000 nap HymieoTMflOB (nH) MympyeT co 
CKopocTbK) ~10 -6 Ha noKOAeHMe, a 6aKTepMaAbHbiíí reHOM MyTupyeT 
co CKopocTbK) 3 x 10~ 3 Ha noKO^eHMe 


1.12 


MyraiiMM Moryr 3aiparnBaTb 
OTfleabHbie napbi OCHOBaHMÍÍ 
hjih 6ojiee A/iMHHbie 
nociieAOBaieiibHOCTH 


KntOHeBbie fiohatma: 


• ToMeMHbie MyTauMM M 3 MeHAiOT oTfle^bHbie napbi OCHOBaHMÍÍ. 

• ToneHHbie MyTaLjMM MoryT óbiTb pe 3 ynbTaTOM xMMMnecKoro 
npeBpameHMA oflHoro ocHOBaHMA b Apyroe mam MoryT 
B 03 HMK 3 Tb B pe 3 y/lbTaTe OUJMÓOK penAMKaAMM. 

• 3 aMeHy napbi G-C Ha A-T (mam HaoóopoT) nasbisaiOT TpaH 3 Mi 4 MeM. 

• 3 aMeHy nypMHa Ha fimpmmmamh (HanpMMep, A-T Ha T-A) 
Ha3biBaiOT TpaHCBepcMeM. 

• HHcepAMM (bct 3 bkm) — caMbiM pacnpocTpaHeHHbm TMn 
MyTauMM — npoMexoAAT b pe 3 yAbTaTe nepeMemeHMA 
MOÓMAbHblX 3 AeMeHTOB. 


Jboôan napa ocnoeanuú e RHK MOMem Mymupoeamb. To- 
neHHwe MyTai^HH h3mch5iiot tojibko OAHy napy ocHOBa- 
HHH H MoryT ÓbITb BbI3BaHbI /JByMfl COÔbITHflMH: 

• xHMHHecKon MOAHC^HKaijHeH R HK, npnBOAflmen k npe- 
BpameHHio oahoto ocHOBaHna b /jpyroe; 

• OniHÓKaMH peiLJIHKaiJHH, npHBOAamHMH K BCTpaHBa- 
hhk) HenpaBHJibHoro ocHOBaHna b nojiHHyicjieoTHAHyio 
u,enb bo BpeMa cnmesa RHK. 

TonenHbie MyraiiHH mojkho pa3/jejiHTb Ha /jBa Kjiacca b 
3aBHCHMOCTH ot rana H3MeHaiomeroca ocHOBaHna. 

• Hanóoaee oôoiHpHbiH Kjiacc — sto TpaH3mpra, npn- 
Bo^amne k 3aMeHe nnpHMHAHHa Ha Apyroň nnpHMH- 
Ahh hjih nypHHa Ha Apyroň nypHH. Ohh 3aMeHaioT G-C 
napbi Ha A-T hjih HaoóopoT. 


• MeHee npeACTaBJíeHHbiH KJiacc — TpaHCsepcnn, b ko- 
Topbix nypHH 3aMeHaerca nnpHMHAHHOM hjih Haoôo- 
poT. TaKHM o6pa30M A-T napa npeBpamaeTca b T-A hjih 
C-G napy. 

3(J)4)eKT ot B03AeHCTBHa a30THCTOH KHCJiOTbi npe/j- 
CTaBaaeT coôoh KJiaccHnecKHH npHMep TpaH3Hn,HH, 
BbI3BaHHOH XHMHneCKHM npeBpaiIjeHHeM OAHOTO OCHO- 

BaHHa b Apyroe. Ha p M c. 1.23 nonasaHO, hto a30THcraa 
KHcaoTa Bbi3biBaeT oKHCJíHTejibHoe /je3aMHHHpoBaHHe, 
KOTopoe npeBpamaeT ijhto3hh b ypai íha. Bo BpeMa 
penjíHKaijHH, npoHcxo/yimeH nooie AG3aMHHHpOBaHHa 
u,HT03HHa, U cnapHBaeTca c A, a He c G (xax sto 6bijio 
6bi 6e3 HapymeHHa u,HT03HHa). TaKHM o6pa30M, napa 
C-G 3aMeHaeTca napoň T-A (thmhh noaBaaeTca b RHK 
Ha cjie/jyiomeM ijHKJie penjiHicaijHH). A30THCTaa khcjio- 
Ta Taicace /je3aMHHHpyeT a/j,CHHH, npHBO/yi k oôpaTHOH 
TpaH3HiiHH A-T Ha G-C. 

KpOMe TOTO, TpaH3HU,HH MOTyT 6 bITb pe3yjibTaTOM 
HenpaBHjibHoro cnapHsaHHA ocHOsaHHH, Korjui 
BonpeKH mo/jcjih YoTCOHa-KpHKa (J)opMHpyioTca jipy- 
rne napbi. HenpaBHJibHoe cnapHBaHHe ocHOBaHHH, xax 
npaBHao, aBaaeTca cjie/jCTBHeM BCTpaHBaHHa b RHK oc- 
HOBaHHa C HeOAH03HaHHbIMH CBOHCTBaMH. Ha PMC. 1. 24 
npOACMOHCTpnpoBaH npHMep c ĎpoMypaijHjiOM (BU) — 
aHajioroM THMHHa, co/jepjKamHM aTOM 6 poMa Ha Mecre 
MeTHAbHOH rpynnbi THMHHa. BU BcrpaHBaeTca b RHK 
BMeCTO THMHHa. O^HaKO npH CnapHBaHHH HyKJieOTHAOB 
OH OÔJIäAaeT HeOAH03HaHHbIMH CBOHCTBaMH, nOCKOAbKy 
HaJIHHHe ÔpOMa MOXCeT npHBOAHTb K H3MeHeHHIO CTpyx- 
Typbi a30THCToro ocHOBaHna c kcto (=0) (J)opMbi Ha 
eHOJibHyio (-OH) (J)opMy. ĽHoabHaa (J)opMa MoaceT 06 - 
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PMC. 1,23 MyTai4MM MoryT 6blTb Bbl3BaHbl XMMMHeCKOM MOAM(J)MKa- 
AMeM OCHOBaHMA 
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P MC. 1.24 MyTaLjMM MoryTÓbiTb Bbi3BaHbi BcrpaMBamieM b flHK aHa- 
JlOľOB OCHOB3HMM 


pa30BbiBaTb napy c ryaHHHOM, hto npHBOAHT k 3aMeHe 
hcxo/jhoh A-T napbi Ha G-C napy. 

HenpaBHjibHbie napbi MOiyr noaBjMTbca KaK bo BpeMa 
HexoAHoro BCTpaHBaHHa BU, Tax h bo BpeMa nocjie/jyioiiiHx 
iihkjiob penjiHKau,HH AaHHoň MOJiexyjibi. HH/jyiiHpyeMafl 
BU TpaH3HU,Ha C nOBbHIieHHOH BepOflTHOCTbK) B03HHKaeT 
Ha xaxc^OM u,Hioie pemiHxaiiHH oflHaac/jbi «moah(J)hiihpo- 
BaHHOH» MOJiexyjibi R HK. TaxHM o6pa30M, BCTpaHBaHHe 
BU oxa3biBaeT lyíHTejibHoe BjiHaHHe Ha noaienoBaTejib- 
HOdb penjiHu,HpyeMbix MOJiexyji HK. 

flojiroe BpeMa 6biJio npHHHTo CHHTaTb, hto ToneHHbie 
MyTailHH — 3TO OCHOBHbie npHHHHbl H3MeHCHHH reHOB. 
O/jHaxo Tenepb mbi 3HaeM, hto HHcepijHH (BcraBKH) 
ynacTKOB /jonojiHHTejibHoro reHeTHnecxoro MaTepnana 
Taoce BCTpenaioTca aobojibho nacro. Hctohhhxom «/jo- 


6aBJiaeMoro» MaTepnana nauie Bcero cjiyxcaT mo6hki>- 
Hwe 3JI6M6HTU, npeucTaBJífliomHe coôoh noaienoBa- 
TejibHOCTH Jl HK, cnocoÔHbie nepeMeniaTbca H3 o/jHoro 
MecTa reHOMa b npyroe (cm. m. 21 «TpaHcno30Hbi» h 
tji. 22 «PeTpoBHpycbi h peTpono30Hbi»). HHcepiiHH oômh- 
ho HapymaioT HopMajibHoe (JiyHXiiHOHHpoBaHHe reHa. 
B MeCTax HHCepilHH MOryT BnOCJie/JCTBHH B03HHXaTb 

Aejiei^HH (y^ajieHHa) nac™ hjih Bcero paHee AOÔaBJíeH- 
Horo MaTepnajia, a Taxxce npHJieraioiiiHx peraoHOB. 

BaxcHoe otjihhhc ToneHHbix MyTailHH ot HHcepiiHn/ 
AeJieiJHH COCTOHT B TOM, HTO HaCTOTa TOHCHHblX MyTailHH 
MoxceT 6biTb yBejiHneHa c noMouibio MyTareHOB, Tor/ia xax 
Ha HaCTOTy B03HHXH0BeHHfl H3MeHeHHH, BbI3BaHHbIX MO- 
ÓHjibHbiMH sjieMeHTaMH, npH noMonjH MyTareHOB noBjíH- 
HTb Hejlb3a. OflHaKO B03HHKH0BeHHe HHCepilHH H RCJ\CĽ}lPl 
ynpaBJíaeTca h npyrHMH MexaHH3MaMH (HanpHMep, oiiihô- 
xaMH penjiHKau,HH h pexoMÔHHaiiHH). no Bceň bh/jhmoc- 
th, TaKHe BapHau,HH BCTpenaioTca cpaBHHTeJibHO pe/jxo. 
Taxxce otmcthm, hto onpenejieHHbiH x/iacc MyTareHOB, Ha- 
3bIBaeMbIX axpHflHHaMH, MOXCeT npHBOAHTb X B03HHXH0Be- 
hhk) oneHb MaaeHbXHx HHcepiiHH h /jejieiiHH. 


3(J)(J)eKTbi MyiauMÍí 
MoryT 6biTb oópamMbi 


XniOHeBbie noHjmifl: 


• ľlpBMbie MyiauMM MHaKTMBMpyiOT reH. a oópaTHbie MyTaumí 
(peBepcmi) cnocoÓHbi KOMľieHCkipoBaTb 3 tm a^eKTbi. 

• 34)(|)eKT ot MHcepLjMM MO>KeT 6biTb McnpaB/ieH Ae/ieuneií 
BCTaB/ieHHoro ynacTKa, Torfla KaKfleaeAMB npaKTkmecKM 
HeoópaTMMa. 

• Korfla MyiauMfl b oahom reHe cboamt Ha HeT acfrcfreKT 

ot MyTauMM b ApyroM reHe, roBopflT 06 3(J)(t)eKTe noA3B/ieHHB 
(cynpeccmi) 

Ha p M c. 1.2 5 noxa3aHO, hto B03HHXH0BeHHe pesep- 
TaHTOB HBjíaeTca BaxcHOH xapaxTepHCTHXoň, no3BO- 
junoiiieH oTjmnaTb ToneHHbie MyTailHH h HHcepiiHH ot 
A ejieijHH: 

• ToneHHaa Myraiina MoxceT ôbiTb HcnpaBJíeHa b pe3yjib- 
TaTe BoccTaHOBjíeHHa hcxoahoh nocjie/iOBaTejibHOCTH 
BCJieACTBHe B03HHXH0BeHHa XOMneHCaTOpHOH (OÔpaT- 
HOH) MyTailHH. 

• PiHcepijHa AonojiHHTejibHoro MaTepnajia moxcct óbitb 
H cnpaBJíeHa acjioihch BCTaBJíeHHoro MaTepnaaa. 

• flejieu,™ nacTH reHa He MoxceT óbitb HcnpaBaeHa. 
MyTailHH, cnocoÔHbie HHaxTHBHpoBaTb reH, Ha3bi- 

BaioT npHMbiMH. 3(J)(J)exT ot npaMbix MyTailHH MoaceT 
ÔbITb XOMneHCHpOBaH OÔpaTHbIMH MyTailHHMH, XOTO- 
pbie ôbiBaioT AByx THnoB: hcthhhbic peBepcHH h bto- 
pHHHbie peBepcHH. 

ToHHoe HcnpaBjíeHHe hcxoahoh MyTailHH Ha3biBaioT 
hcthhhoh pesepCHeň. HanpHMep, ecjiH napa A-T ôbuia 
3aMeHeHa napoň G-C, to MyTaiiHa, B03BpaniaioiiiaH A-T 
napy, npHBencT x TOHHOMy BoccTaHOBjíeHHio nocjieAOBa- 
TejibHOCTH HcxoAHoro (AHXoro) THna. 


1.13 
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HeKOTOpbie MyTdiiMM oôpaTHMbi 
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PMC. 1.25 ToneHHbie Myiai 4 MM n MHcepi 4 MM oôpaTHMbi, a flejiei 4 MM — 
HeT 


BTopoň 'mn oôpaTHbix Myranmi — t 3 k Ha3biBaeMbie 
BTOpHHHbie peBepCHH — MOryT B03HHKaTb B flpyrOM 
MecTe reHa, KOMiieHCiipy>i npii stom acjxjjeicr ot hcxo/ihom 
M yTauHH. HanpHMep, neKaa BapiianMH b reHe npmicyiHT k 
3aMeHe aMHHOKHOiorbi h HapyuieHHK) cbohctb ôoikz, a 
flpyraa Myraura KOMneHCHpyer 3({)(J)eKT nepBoň h coxpa- 
HHCT aKTHBHOCTb OC/IKIl. 

npaMaa MyraiíHH — sto jnoôoe H3MeHeHne, hh3k- 
THBHpyiomee reH, Torfla xax oôpaTHaa MyTau,™ aojdk- 
Ha B03BpaTHTb ôejiKy (JjyHKíjHio, HapymeHHyio npaMoň 
MyrauHeň. nosTOMy qacTOTa bo3hhkhobchhh oóparabix 
MyTaUHH 3H3MHTeJIbHO HH/KC, MCM npKMblX (npil6jII13Il- 
TejibHO Ha nopaflOK) 

riOMHMO 3TOrO, KOMneHC3TOpHbIH 3(J)(J)eKT Ha HCXOfl- 
hhh reH Moryr OKa3biBaTb Myranmi, no3HHKaiomne b flpyrax 
reHax. 3 tot 3(J)(J)eKT Ha3biBaiOT noflaBJíeHHeM (cynpec- 
CHeň). JIoKyc, Myrai íiih b kotopom KOMneHCHpyeT MyraiíHio 
ňpyroro jiOKyca, H33biBaiOT cynpeccopOM. 


1.14 


MyTaiuni HaMÓo/iee nacibi 
B «ropBHMX TOHKaX» 
reHOMa 


KjjtoneBbie noHBTMfl: 


• Ha 6ojibUjeií nacm reHOMa BepoflTHocrb B03HMKH0BeHMfl 
MyiauMíí npMMepHO oflMHaKOBa, oflHaKo b «ropaHMx tohk3x» aia 
BepOBTHOCTb MOWeT B03paCTaTb Ha nopBflKM. 


,11,0 HacToamero BpeMeHH Mbi paccMaTpHBajiH Myraunn K2K 
HH^HBH/iyajibHbie H3MeHeHHa b noaieAOBäTe^bHocTH flHK, 
cnocoÓHbie BJinaTb m aKTHBHOCTb reHeTmecKOH eAHHHijbi, 

B KOTOpOH OHH B03HHK2I0T. ĽCJIH TOBOpHTb O MyTaiAiflX, HH3- 
KTHBHpyiOmHX reH, TO MäCTOTä HX B03HHKH0BCHTW OÓHäpy- 
xcHBaeT 3äBHCHM0CTb ot pa3Mepa reHa. OieAOBaTejibHO, reH 
MOXCHO paCCMaTpHBaTb KaK MHUieHb AJIH MyTälJHH, H Jlioóoe 
ero HapymeHHe MOxceT bccth k HapynieHHio c^yHKíjHH. B pe- 
3ynbTaTe npeflpacnojioxceHHOCTb k MyrauHH npaMO nponop- 
UHOHajibHa pa3Mepy reHa. Ho 3a^a^HMca BonpocoM: Bce jih 
napbi 0CH0B2HHH oflHHaKOBO npeApacnojioxceHbi k MyrauH- 
hjih HeKOTOpbie H3 hhx MympyioT name ApyTHX? 

Hto no^yHHTca, ec;iH b OKcnepHMeHTe npoc^eAHTb 
3a B03HHKH0BeHHeM MyTaijHH b HeKOTopoM reHe nOA 
B03AOHCTBHeM MyrareHOB? Mbi nojiyHHM 6o;ibmoe hhcjio 
M yTaHTOB, KaXCflblH H3 KOTOpblX 6yn,eT pe3y^[bTaT0M HHflH- 
BHflya^bHoro MyTauHOHHoro nBiitmm. OnpeAe;iHM Mec- 
TonojioxceHHe KaxcAOH MyTaijHH: 6o;ibmHHCTBO MyrauHH 
6y^eT HaxoAHTbca b pa3Hbix MecTax HCCJieAyeMoro reHa, 
OAHaxo HeKOTOpbie MecTa óy^yT noABepraTbca H3MeHeHH- 
am Hame ppyľux. flBe He3aBHCHM0 H30^HpoBaHHbix Myra- 
iíhh, pacno^oxceHHbie b oahom h tom xce MecTe flHK, mo- 
ryr npeACTaB^aTb coóoh ^íh6o o^Hy h Ty xce 3aMeHy (Tor^a 
moxcho yTBepxcAaTb, hto OAHHaKOBaa MyrauHa B03HHK/ia 
6o^ee neM b oahom c^ynae), ;ih6o pa3Hbie 3aMeHbi (noc- 
KO^ĺbKy AJIfl KaXCAOH napbl OCHOBaHHH B03M0XCHbI TpH pa3- 
JIHHHblX TOHeHHblX MyTauHH). 



PMC. 1.26 y E . coli cnoHTaHHbie Myiaumí B03HMKai0T Ha BceM npoTB- 
>KeHMM reHa LacI, OflHaKo Han6o.nbiuafl mx KOHi4eHTpai4MB Ha6.nK)AaeT- 
Cfl B «ropBHeŕí TOHKe» 
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Ha racTorpaMMe (P u c. 1.26) noKa3aHbi nacroTbi, c xo- 
TopbiMH MyTaiiHH oóHapyxcHBaxľrai b xaxcAOH nape ocHOBa- 
hhh reHa lacl E. coli. CraTHCTHnecxH BepoflraocTb Toro, hto 
b AaHHOM MecTe bo3hhxhct 6o;iee neM OAHa MyTauna, on- 
peAejiaeTCfl TaK Ha3biBaeMOH xhhcthxoh cjiynaHHbix 3aMeH 
(random-hit kinetics) (b cootbctctbhh c pacnpeAe;ieHHeM 
nyaccoHa). TaKHM oépa30M, Ha HeKOTopbix ynacrxax óy^yr 
B03HHKaTb OAHa, ABe HJIH TpH MyTaijHH, TOTAa KaK B Apy- 
rnx hx He óyAcr B03HHKaTb BOBce. B onpeAe^eHHbix Mecrax 
nacTOTa B03HHXH0BeHm MyraiiHH 3HanHTejibHO Bbirne, neM 
oxcHAaeMaa nacroTa no aiynaňHOMy pacnpeAe;ieHHK): 3Aecb 
MyrauHH MoryT B03HHKaTb b 10 hjih Aaxce b 100 pa3 name, 
neM moxcho oxcHAaTb hcxoah H3 khhcthkh cjiynaHHbix 3a- 
MeH. TaKHe MecTa Ha3biBaioT «ropHHHMH TOHKaMH». «ľo- 
panne tohxh» MoryT óbiTb oóyaiOB^eHbi xa k cnoHTaHHbiMH 
MyrauHflMH, Tax h achctbhcm pa3;iHHHbix MyrareHOB. 


1.15 


EOJIblUIIHCTBO «rOpBHMX T0MeK» 
noflBJífleTCfl b pe3yjibTaie 

MOflM(|)MKaUMM OCHOBaHMÍÍ 


KiitoneBbie noHAT m: 


• CnomaHHoe fle3aMW-wpoBaHMe, b pe3y/ibTaTe KOToporo 
npoMcxoflm npeBpameHne 5-MeTmmMT03MHa b tmmmh, — oflHa 
M3 Hawóojiee nacrbix npmm B03HMKH0BeHMfl «ropflHMXTOHeK». 


OCHOBHaB npHHHHa B03HHXH0BeHHfl CnOHTaHHblX My- 
TailHH — 3TO CymeCTBOBaHHe HeOÓblHHblX OCHOBaHHH 
b flHK. BAOÓaBOx x nerapeM maBHbiM ocHOBaHMM (h 3 
xoTopbix crpoHTca Mo;iexy;ia), HHorAa b J \HK oÓHapy- 
xcHBax)T MOAi«J)nii,npOBaHHbie OCHOBaHHH. Ha3Ba- 
HHe «MOAH(})HiiHpoBaHHbie» OTpaxcaeT hx npnpoAy: ohh 
noaBjnnoTCfl b pe3y;ibTaTe xhmhhccxoh MOAH(J)HxauHH 
OAHoro H3 neTbipex OCHOBaHHH, cocTaBJunomnx flHK. 
CaMoe nacTO BCTpenax)meecfl MOAH(})HUHpoBaHHoe oc- 



PHC. 1.27 fle3aMMHnpoBaHMe uMT03MHa npMBOflm k cfjopMupoBa- 
hmk) ypaLjmia, a Ae3aMMHMpoBaHMe 5-MeTMjmMT03MHa — k cfjopMM- 
pOBaHMK) TMMMHa 


HOBaHHe — 5-MeTHJIUHT03HH, B03HHXaK)IAHH 3a CHCT AO- 
ôaBJíeHm MeTHJibHOH rpynnbi x HexoTopbiM UHT03HHaM 
b onpeAe;ieHHbix MecTax nooieAOBaTejibHOCTH JXEK noA 
AeHCTBHeM c})epMeHTa MeTH;ia3bi. 

MecTa, coAepxcaiAHe 5-MerajmHT03HH, bbjibk)tcb 
«rop^[HHMH TOHXaMH» RJIR CnOHTaHHblX MyTaijHH y E. coli. 
B xaxcAOM TaxoM aiynae MyTauHa npHHHMaeT (})opMy 
TpaH3Hi;HH G-C Ha A-T. Y urraMMOB E. coli , He cnocoó- 

HblX MeTHJIHpOBaTb IJHT03HH, OTCyTCTByiOT «ropflHHe 
TOHXH» AäHHOrO THna. 

06'bacHeHHe cymecTBOBaHra Taxnx «ropanHx Tonex» 
coctoht b tom, HTO uHT03HHbi BecbMa nacro noABepxceHbi 
cnoHTaHHOMy Ae3aMHHHpoBaHHio. AMHHorpynna b stom 
cjiynae 3aMemieToi Ha xeTorpynny. Kax 6buio cxa3aHO Bbirne, 
Ae3aMHHHpoBaHHbiH uhto3hh npeBpamaeTca b ypaijHJi (cm. 
pne. 1.23). P M c. 1.27 npHBOAHT cpaBHeHHe stoh peaxijHH 

C AC3aMHHHpOBaHHeM 5-MeTHJIllHT03HHa, npHBOAHIAHM X 
(J)OpMHpOBaHHK) THMHHa. B J\ HK 3TO npHBOAHT X 0Ópa30- 
BaHHK) nap G-U h G-T, rAe napTHepbi b nape OCHOBaHHH He 

cosna^aioT. 

Bce opraHH3Mbi HMex)T CHcreMw penapaijHH, HcnpaB- 
jw K)iAHe HecnapeHHbie OCHOBaHHH nyreM yAajieHHa h 3 a- 
MeHbi. PaóoTa sthx chctcm ocHOBaHa Ha pacno3HaBaHHH 
HecnapeHHbix OCHOBaHHH (THna G-U h G-T), cnocoÓHbix 
npHBOAHTb x oópa30BaHHK) MyTaiiHH npn pen^HxauHH. 

Ha p mc. i,28 noxa3aHo, hto AC3aMHHHpoBaHHe 3-Me- 

THJIUHT03HHa H lJHT03HHa npHBOAHT X pa3J!HHHbIM nOC- 
jieACTBH^M. ,He3aMHHHpoBaHHe BecbMa peAxo BCTpenax)- 
meroc^í 5-MeTRTllHT03HHa npHBOAHT X B03HHXH0BCHHK) 

MyTaiiHH, a AC3aMHHHpoBaHHe 3HanHTe^bHO óojiee nacTo 
BCTpenax)iAeroc^ uHT03HHa — HeT. 3to nponcxoAHT noTo- 
My, hto penapauHOHHbie chctcmh pacno3Hax)T napbi G-U 
jiynme neM G-T. 

Y E. coli yAajieHHe ypaun^a H3 noc^eAOBaTejibHocra 
flHK ocymecTBJweT (J)epMeHT ypaiiHJi-flHK-rjiHxosraa- 
3 a (cm. pa3A. 20.3 <<MeTH^a3bi h mHX03HJia3bi BbiHHMax)T 
OCHOBaHHH H3 ( D,HK»). YAajieHHe ypaun^a npHBOAHT x no- 
ABJíeHHK) HecnapeHHoro ryaHHHa, xoTopoMy penapaun- 
OHHaa CHCTeMa noAÔnpaeT xoMnjieMeHTapHbin uhto3hh. 
KoHenHOH ue^bK) othx peaxiiHH c^xcht BoccraHOBjíeHHe 
hcxoahoh nocjieAOBaTejibHOCTH flHK. OnncaHHaB chctc- 
Ma npH3BaHa 3aiAHmaTb Jl HK ot nocjieACTBHH cnoHTaHHO- 
ro Ae3aMHHHpOBaHHfl llHT03HHa (XOT^Í OHa H HeAOCTaTOH- 
HO aXTHBHa AJM TOTO, HTOÓbl nOJIHOCTbK) npeAOTBpaTHTb 
nOBbimeHHOe AC3aMHHHpOBaHHe, BbI3BaHHOe a30THCT0H 
XHCJIOTOH; CM. pHC. 1.23). 

3aMeTHM, HTO AC3aMHHHpOBaHHe 5-MeTrailHT03HHa 
npeBpamaeT ero b thmhh, hto npHBOAHT x (})opMHpoBa- 
hhk) ynacTxa c HecnapeHHbiMH ocHOBaHraMH G-T. Eoih 
3Ta HexoMnjieMeHTapHocTb He 6yAeT HcnpaB^eHa ao c^e- 
Ayiomero unx^a pen^nxauHH, to noaie CHHTe3a flHK b 
A2hhoh no3Hu,HH B03HHXHeT MyTaura. Bo BpeM^ pen^Hxa- 
Uhh OCHOBaHHH b nape G-T pa3Ae;iflK)TCfl h o6pa3yx)T napy 
C HOBbIMH «napTHepaMH», npHBOAH x (J)OpMHpOBaHHK) OA- 
hoh napbi ahxoto THna (G-T) h oahoh MyTaHTHOH napbi 
(A-T). 

fle3aMHHHpOBaHHe 5-MeTH^U,HT03HHa — 3TO OAHa H3 
caMbix HäCTbix npiiMHH B()3HHKHOBCHn>i nap G-T b nocjie- 


26 ľJIABA 1 ľeHbi — 3 to flHK 
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PMC. 1.28 fle3aMMHMpoBaHne 5-MeTMJiuMT03MHa npMBOflMT k cf)op- 
MMpoBamiK) TMMMHa (nyieM 3aMeHbi C-G Ha T-A), a Ae3aMMHMpoBa- 
HMe I4MT03MH3 npMBOflMT K Cf)OpMHpOBaHMK) ypaUMAa (KOTOpblíí OÓblH- 
HoyflaABeTCB n 3aMemaeTca ljmto3mhom) 


/i; 0 BaTejibH 0 CTH flHK. npnopuTeT penapaijHOHHbix chc- 
TeM, HcnpaBJíaiomHx HecnapeHHbie G-T, CABHHyT b cropo- 
Hy 3aMeHbi T Ha C (a He G Ha A). 3to no3BOJiaeT CHH3HTb 
MaCTOTy B03HHKH0BCHH5I MyTailHH (CM. pa3fl. 20.7 «Koht- 
pojib HanpaBjíeHHfl penapaijHH HecoBepmeHHbix nap»). 
OAHaKO 3TH CHCTeMbI He TaK 3(j)(j)eKTHBHbI, Kax Te, HTO 
HcnpaBJíaiOT napbi G-U. TaKHM oópa30M, Ae3aMHHHpoBa- 
HHe 5-MeTHJIlJHT03HHa Hame npHBOAHT K MyTaUHHM, HeM 
Ae3aMHHHpOBaHHe IJHT03HHa. 

Otmcthm TaoKe, hto 5-Me™^uHT03HH AaeT «ropa- 
MHe tohkh» b Jl HK syxapHOT. Ohh nacro BCTpenaiOTca b 
M ecTax KOHijeHTpauHH CpG AHHyKJieoraAOB (Tax Ha3bi- 
BaeMbix CpG ocTpoBKax (cm. pa3A. 24.19 «CpG ocrpoB- 
kh aBJíaiOTca MHineHflMH Rjm peryjumHH»)). HecMOTpa Ha 
to hto b Jl HK HejiOBeKa Ha aojiio 5-MeTHjiijHT03HHa npn- 
xoahtcb okojio 1% ocHOBaHHH, aojia ynacTKOB, coAepaca- 
IAHX 3TH MOAH(})HIÍHpOBaHHbie OCHOBaHHfl, COCTaBJUieT 

okojio 30% ot Bcex ToneHHbix MyTauHH, hto AejiaeT 5- 

MeTHJIIJHT03HH KJIIOMeBbIM (J)aKTOpOM B03HHKH0BCHH5I 
MyTaiJHH B KJieTKaX >KHBOTHbIX. 

Pojib penapaijHOHHbix chctcm Kax MexaHH3Ma 
CHHXCeHHH HaCTOTbl B03HHKH0BCHH5I MyTaiJHH MOJKHO 
oueHHTb, HaóJnOAaa nocjieACTBHa ójiOKHpOBaHHa Mbi- 

uiHHoro (JjepMema MBD4. 3tot (JjepMeHT npeACTaB- 


jiaeT coóoh rjiHK03HJia3y, cnocoÓHyio yAajmTb T (hjih 
U), ctohiahh HanpoTHB ryaHHHa. B pe3y;ibTaTe HHaK- 
THBaqHH (JjepMema nacroTa bo3hhkhobchh5i MyTauHH 
Ha CpG ynacTKax B03pacTaeT b TpH pa3a. (3cJ)(J)eKT He 
CTOJIb 3HaHHTeJieH, KaK MOJKHO ÓbIJIO 6bl OJKHAaTb, noc- 
KOJibKy MBD4 — Jinrnb oahh H3 npeACTaBHTejien chc- 
TeMbi (JjepMemoB, cnocoÓHbix HcnpaBjmTb G-T napbi. 
MoacHO npeAnojiojKHTb, hto HapymeHHe Bcen chctcmm 
(J jepMeHTOB npHBejio 6bi k 3HanHTejibHO óojibineMy yBe- 
JIHHCHHK) MaCTOTbl B03HHKH0BCHHfl MyTaUHH.) 

PaóoTa onHcaHHoň Bbirne cncreMbi no3BOJiaeT no- 
HOBOMy B3rjiaHyTb Ha Hcno;ib30BaHHe b Jl HK hmchho th- 
MHHa (a He ypaijHJia, KaK b PHK). Bo3mo>kho, sto CBjmHO 
c noBbimeHHbiM TpeóoBaHHeM k MOJieKyjie Jl HK b nac™ 
CTaÓHJibHOCTH ee nocjieAOBaTejibHOCTH. Hcnojib30BaHHe 
T npeAnojiaraeT, hto jnoóbie AC3aMHHHpoBaHHa C He- 
MeAJieHHO pacno3HaiOTca, nocKOJibxy npHBOAflT k (})op- 
MHpoBaHHio HecTaHAapTHoro AJia Jl HK ocHOBaHHH (U), 
HTO CymeCTBeHHO yBeJIHHHBaeT 3(})(})eKTHBHOCTb paÓOTbl 
penapaijHOHHbix chctcm (no cpaBHeHHio c pacno3HaBa- 
HHeM nap G-T, b KOTopbix o6a ocHOBaHHH aBjíaiOTca Hop- 
MajibHbiMH rjir flHK). KpoMe Toro, (})0C(})0AH3(})HpHaa 
CBa3b b nape G-U óojiee noABH^CHa. 


1.16 


HeKOTopbie 3/ieMeHTbi 
HaCJieACTBeHHOCTM 
Hpe3BblHaŕÍHO Ma/lbl 


KAtoHeBbie noH^TMí?: 


• HeKOTopbie oHeHb MaAeHbKMe 3AeMeHTbi HacneACTBeHHOCTM He 
KOflHpytOT coódBeHHbix 6eAKOB. oflHaKO, npeACTaB/iíifl co6oíí 
PHK mam 6e/iOK, oÓAaflaioT HacAefldBeHHbiM noieHUMaAOM. 


BnpOH^bl — 3TO HH(})eKIÍHOHHbie (JjaKTOpbl, BbI3bIBaiO- 
iAHe 3a6o;ieBaHHa BbicuiHx pacTeHHH h npeAcraBjmiomHe 
coóoh HeóojibuiHe MOJieKyjibi PHK. B otjihmhc ot BHpycoB, 
y KOTopbix HH(J)eKij,HOHHbiH areHT npeACTaBJíeH BHpno- 
HOM (C0CT05HAHM H3 3aKJIK)MeHHOrO B ÓeJIKOByiO OÓOJIOM- 
Ky reHOMa), eupoudnan PHK ccma no ceôe nejinemcR un- 
(peKttfUOHHbiM azenmoM. Bhpoha coctoht tojibko h3 PHK, 
oópa3yiomeH AByxuenonenHyio crpyKTypy c HeóojibniHMH 
HecnapeHHbiMH ynacTKaMH (p n c. 1 . 29 ). MyTauHH, Hapy- 
maioiAHe CTpyKTypy PHK, yMeHbinaiOT HHcJjeKiiHOHHbie 
CBOHCTBa BHpOHAa. 

BnpoHAHaa PHK coctoht H3 OAHoranHbix MOJieKyji, 
cnocoÓHbix aBTOHOMHO pen^HiiHpoBaTbca b hhcJjhijhpo- 
BaHHbix KJieTKax pacTeHna. Ee nocjieAOBaTejibHocTb tomho 
BOC npOH3BOAHTCa B nOKOJieHHflX BHpOHAa. BnpOHAbl pa3AC- 
jiaioT Ha HecKOJibKO rpynn no nooieAOBaTejibHocTH hx PHK. 
Bhpoha othocht b Ty hjih HHyio rpynny no CTeneHH cxoac- 
TBa ero PHK c PHK ocrajibHbix npeACTaBHTejien rpynnbi. 
HanpHMep, neTbipe BHpOHAa hmciot ot 70 ao 83% cxoACTBa 
no nocjieAOBaTejibHOCTH PHK c poactbchhhm hm PSTV (bh- 
Poha BepeTeHOBHAHOCTH KJiyÓHen KapTocJjejia). Pa3JiHMHbie 
H30JiaTbi onpeAejieHHoro uiTaMMa bhpohaob OTjinnaiOTca 
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P M C. 1.29 PHK PSTV npeflCTaB/ifleT co6oíí KOJibLjeByio MO/ieKy/iy, cfjopMMpytomyK) npoTfDKeHHyio 
flByxL^enoHeHHyio cipyKTypy, npepbiBaeMyto MHO>KecTBOM BHyipeHHMx neie/ib. OopMbi severe m mitd 
pa3/iMHaioTCfl no TpeM caííTaM. 


Apyr ot Apyra, h sth otjihhha MOiyr OKa3biBaTb Bmmuut m 
(J)eHOTHn HH(})HUHpOBaHHOH KJieTKH. HanpHMep, UITaMMbl 

milá h severe PSTV OTJiHnaiOTai Tpem HyiuieoTHAHbiMH 3a- 
MeHaMH. 

BupoHAbi HanoMHHaiOT BHpycbi, nocKOJibicy hmciot He- 
óojibmne reHOMbi, cocToámne H3 HyK/ieuHOBbix khcjiot, h 
yAOBJíeTBopaioT KpuTepnaM HaoieAOBaHHa reHeTHnecKOH 
HH(})OpMaUHH. O^HaKO BHpOHAbI, KOTOpbie TaiOKe HHOTAa 
Ha3biBaiOT cyÔBHpycHbiMH naToreHaMH, OTjmnaiOTai 
ot BupycoB h no CTpyKType, n no (JjyHKíjHH. PHK BHpoHAa 
He TpaHc^npyeTca b ócjikh n, TaKHM o6pa30M, KaK 6bi He 
HeceT HH(})opMaijHH, cnocoócTByiomeH ero BbDKHBaHnio. B 
cbb3h c 3 thm B03HHKaeT ABa Bonpoca: KaK pen^nqnpyeTca 
BHponAHaa PHK n KaK OHa BJiraeT Ha (J)eHOTnn hhc})hijh- 
pOBaHHOH KJieTKH? 

PenjíHKauHa, no Bceň bhahmocth, peajiH3yeTca 3a 
cneT (JjepMeHTOB kjictkh xo35iHHa. CnocoÓHocTb nocjie- 
AOBaTejibHOCTH BHpoHAHon PHK nepeAaBaTbca no Ha- 
cjieACTBy CBHAOTejibCTByeT o tom, hto PHK BbicTynaeT b 
POJIH MaTpHIJbl. 

Bhpohah ycjiOBHO naToreHHbi, nocmjibicy hx BMe- 
maTejibCTBo b HopMajibHbie KJieroHHbie npoijeccbi hocht 
c^ynanHbin xapaicrep. TaK, HanpHMep, ohh MOiyr 3aAenc- 
TBOBaTb BaxcHbie KJieTonHbie c})epMeHTbi pw uejieH co6c- 
TBeHHon peruíHKai^HH hjih BMeuiHBaTbca b npoijecc npo- 
H3BOACTBa HeOÓXOAHMblX KJieTKe PHK C Apyron CTOpOHbl, 
ohh Moryr BecTH ce6a KaK oTK/ioraioiAHeoi ot HopMbi pe- 
iyjurropHbie MOJieicyjibi, ocymecTBjía lomné onpeAejieHHbie 
(jjyHKU.HH B KJieTKe, BUJIOTb RO peryJIHI^HH SKCnpeCCHH OT- 
Ae^bHbix reHOB. 

Eme 6ojiee HeoóbiHHbiH (Jjaicrop — sto CKpann — npn- 
HHHa HenpoAereHepaTHBHoro 3a6ojieBaHHii ko3 h OBeu. 
flaHHoe 3a6o;ieBaHHe poactbchho 3a6ojieBaHHio Kypy h 
CHHA poMy KpoHi;(})e^bAa-^Ko6a, Hapyinaiom™ (JjyHKíjHO- 
HHpoBaHne rojiOBHoro M03ra y jiioach. 

Cxpanu onocpedoeano ne nymeunoetiMU Kuaioma- 
mu. YAHBHTe;ibHbiH (JjaKTop, Bbi3biBaioiAHH CKpsnn, 6bui 
Ha 3 BaH npHOHOM (óejiKOBbiH HH(J)eKiiHOHHbiH areHT, 


proteinaceous infectious agent), no xHMHnecKOH CTpyK¬ 
Type — sto THApo(J)o6HbiH rjíHKonpoTeHH PrP Maccoň 
28 Kfla. PrP KOAHpyeTca HAcpHbiMH reHaMH MjieKonHTa- 
ioiahx, b HopMe 3KcnpeccnpyioiAHMHOi b M03re. 3tot 
6e;iOK npeACTaB^eH AByMa c})opMaMH: nepBaa Ha3biBaeTca 
PrP c h npeACTaB^aeT coóoh npoAyKT, b HopMe BCTpena- 
lomHHca b M03re h 3(})(})eKTHBHO pa3pymaeMbiH npoTe- 
a3aMH; BTopaa Ha3biBaeTca PrP sc h, b otjihhhc ot nepBOH 
(JjopMbi, aB^aeTca npe3BbinaHHO ycTOHHHBbiM k pa3py- 
uiaiomeMy achctbhio npoTea3 óe^KOM. PrP c nepexoAHT b 
c})opMy PrP sc nyTeM HeAOCTaTOMHo H3yneHHoro MexaHH3- 
Ma MOAH(J)HKaUHH HJIH KOHCjjOpMaUHOHHOTO H3MeHCHHB, 

Aejiaiomero 6e;iOK ycTOHHHBbiM k achctbhio npoTea3. 

MH(})eKIJHOHHbIH areHT, BbI3bIBaiOIAHH CKp3nH, AOJDKeH 
KaKHM-TO 0Ópa30M H3MeHHTb MexaHH3M CHHTe3a HOpMa^b- 
Horo óejiKa TaK, htoóh oh craHOBHjica ycTOHHHB k npoTe- 
a3aM (cm. pa3A. 31.12 «npHOHbi KaK npHHHHa 3a6o;ieBaHHH 
MJieKonHTaiomHX»). Mbirnn, Aec})HijHTHbie no reHy PrP, He 
noABepxceHbi CKpsnn, hto ACMOHCTpnpyeT icnoneByio pojib 
óejiKa PrP b pa3BHTHH 3a6o;ieBaHHa. 
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yTBep»yieHHe o tom, hto ^HK hb^hctch reHeTHnecKHM 
MaTepna^oM, flOKa3biBaioT flBa SKcnepHMeHTa. flHK, 
H 30 JiHpoBaHHaa H3 oflHoro uiTaMMa ôaKTepHH Pncutno- 
coccus , cnocoÔHa nepeflaBaTb CBOňcTBa stoto niTaMMa 
ApyroMy niTaMMy. KpoMe toto, flHK — sto eflHHCTBeH- 
Hbíň KOMnoHeHT, nepeaaBaeMbíň no Hac^eflCTBy ot 
M aTepnHCKHx (JjaroB k flonepHHM. flHK moxcct ôbiTb 
ncnojib30BaHa npnflaHna hobhx cbohctb syKapno- 

THHeCKHM KJieTKaM. 

flHK npeACTaB^aeT coôon flBoňHyio cnnpa^b, cocto- 
>UT;yK) H3 aHTnnapajuiejibHbix nerieň, cocTaBHbie nac™ 
KOTopbix — HyioieoTHflbi — coeflHHeHbi 5'-3'-c})oc(})OflH- 


28 I7IABA 1 ľeHbi — 3 to flHK 








3 (j)HpHbiMH cbh 3 hmh. Kapxac MOJieKyjibi o 6 pa 3 yeT caxa- 
pO(J)OC(})aTHbIH OCTOB; nypHHOBbie H nHpHMHAHHOBbie 
ocHOBaHra coeAHHeHbi napaMH, b KOTopbix A KOMruie- 
MeHTapeH T, a G KOMruieMeHTapeH C. B peaKijHH no- 
jiyKOHcepBaTHBHOH peruíHKaijHH ijenH flHK cnocoÓHbi 
pas^eAMnaTbca h, b cootbctctbhh c npaBHJiOM KOMruie- 
MeHTapHOCTH, AOCTpaHBaTbca c o 6 pa 30 BaHHeM Aonep- 
hhx ijenen. npaBHjio KOMruieMeHTapHOCTH ocHOBaHHH 
Taioce BbinojmaeTca h npH TpaHCKpHmiHH PHK, koto- 
paa cooTBeTCTByeT oahoh H 3 ueneň flHK-Ayn/ieKca. 

YnacTOK R HK MoaceT KOAHpoBaTb óe/iOK. reHeTHHec- 
khh ko a onpeAe;iaeT CBH3b MOKAy noaieAOBaTejibHOCTbio 
HK h nocaeAOBaTeabHOCTbio óe/iKa. To/ibKo OAHa H3 
AByx ueneň flHK KOAHpyeT noaieAOBaTejibHOCTb aMH- 
HOKHCJIOT ÔtJIKX KOAOH COCTOHT H 3 Tpex HyKJieOTHAOB, 
COOTBeTCTByiOIAHX OAHOH aMHHOKHCJlOTe. KOAHpyiOIAaa 

óejiOK nocaeAOBaTeabHOCTb Jl HK coctoht H3 cepnn ko- 
AOhob, CHHTbiBaeMbix ot onpeAejieHHOH tohkh. OóbiHHO 
JIHIIIb OAHa H3 Tpex B03M0HCHbIX paMOK CHHTbIBaHHfl MO- 
aceT 6biTb TpaHCJiHpoBaHa b óe/iOK. 

MyTauna npeAcraBJíaeT coóoh H 3 MeHeHne b nocjie- 
AOBaTejibHOCTH A-T h G-C nap flHK. MyTaijna b KOAHpy- 
lomen nocjieAOBaTeabHOCTH mohcct H 3 MeHHTb nocjieAO- 
BaTeabHOCTb aMHHOKHCJiOT b cooTBeTCTByiomeM óe/iKe. 
BcTaBKa hjih AcaeuHa HymieoTHAa MoaceT npHBOAHTb k 
c 6 ok) paMKH CHHTbiBaHHa, H 3 MeHaa nocneAyiomHe ko- 

AOHbl; 3 TO npHBOAHT K (J)OpMHpOBaHHK) CepHH HOBblX 
aMHHOKHCJiOT, 3 aKOAHpoBaHHbix Ha ynacTKe Jl HK, cjie- 
AyiomeM 3 a MyTaijHeH. ToneHHbie MyTaijHH hsmchhiot 
eAHHCTBeHHyio aMHHOKHCJiOTy (KOAHpyeMyio Myrapo- 
BaBuiHM koaohom). OópaTHbie MyraijHH iiphboaht k hc- 
npaBJíeHHio paHee B 03 HHKiiieH MyTaijHH h BOCCTaHOBJíe- 
hhk) H 3 HanaabHOH nocjieAOBaTejibHocTH J\ HK. 3 cJ)(})eKT 
OT HHCepiJHH MOaceT ÓbITb OÓpaiIjeH BCJieACTBHe nOTepn 
paHee BCTaBJíeHHoro b flHK AonojiHHTejibHoro MaTe- 
pnajia, OAHaxo ACJieu, hh HeoópaTHMbi. MyTaijHH MoryT 
6 biTb KOMneHCHpoBaHbi onocpeAOBaHHO, HanpHMep 
KorAa MyTauHa b oahom reHe cboaht Ha HeT 3 (})(})eKT ot 
M yTauHH b ApyroM reHe. 

HacTOTa B03HHKHOBeHHa MyTai^HH MoaceT óbiTb yBe- 
nmtm MyTareHaMH. MyraijHH name B03HHKai0T b «ro- 
paHHx TOHKax». Hame Bcero «ropanaa TOHKa» HBjuieTCfl 
CJieACTBHeM AC3aMHHHpOBaHHa MOAH(J)H4HpOBaHHOrO 
OCHOBaHHfl — 5-MeTHJIUHT03HHa. 

ľlpaMbie MyTauHH B03HHKai0T c nacTOTOH 10 _6 Ha Jioicyc 
Ha noKoaeHHe; oópaTHbie MyrauHH BCTpenaioTca cymecT- 
BeHHo peace. He Bce MyTaijHH 0Ka3biBai0T bjihhhhc m c})e- 
HOTHn. 

HecMOTpa Ha to hto bch reHeTHMecKaa HHcJjopMaijHfl 
KjieTOHHbix opraHH 3 MOB npeAcraBjíeHa AByxuenoneH- 
hoh flHK, y BHpycoB reHOMbi MoryT óbiTb npeACTaBaeHbi 
AByxijenoneHHOH h^h OAHOuenoneHHOH flHK hjih PHK. 
BHpycHbie naToreHbi — BHpOHAbi — coctoht h 3 Heóojib- 
uihx KOJibijeBbix MOJieicyji PHK, He noxpbiTbix 3 amHTHOH 
oóojiohkoh. Hx PHK He KOAHpyeT óejiKOB, a cnocoó na- 
ToreHe 3 a h coxpaHeHHa reHeTHnecKoro MaTepnajia 
hhx HeH3BecTeH. Cxponn npeACTaBJíaeT coóoh óejixo- 

BblH HHCjjeKI^HOHHblH (JjaKTOp. 
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ľeHbi KOAupyioT 6e/iKM 


KPATKOE COflEPWAHME ľ/IABbl j 


Éŕbm BBefleHMe 

WŕMrMk OflMH reH KOflMpyeT oamh no/iMnemufl 


• rnnoTe3a «oamh reH — oamh cf)epMeHT» cocraB/iaeT 
ocHOBy coBpeMeHHoíí reHeTMKM: reH — sto ynacTOK 
flHK, KOAMpyioiAMM OAHy no/iMnenTMAHyio Ljenb. 

• MyraAMfl MO>KeT HapyiuMTb cfjyHKAMto reHa. 

mSM MyľauMM b oahom reHe He MOiyr Aono/iHflTb Apyr Apyra 

• MyraAMfl b KOHKpeTHOM BapnaHTe reHa (a/me/ie) B/iM/ieT 
TO/ibKO Ha 6e/ioK, 3aKOAMpoBaHHbiM AaHHbiM a/uie/ieM, 

m He B/iMfleT Ha BapMaHTbi 6e/iKa, 3aKOAMpoBaHHbie 
ApyrMMM a/i/ie/iBMM reHa. 

• Ecjim ABe MyiaAMM b reiepo3MroTHOM coctobhhm He 
KOMneHCMpytoT Apyr Apyra (He cfjopMMpytOT amkmm 
( fjeHOTMn), 3TO 03HaHaeT, HTO OHM AB/lfllOTCfl HaCTbK) 
OAHoro reHa. 

WUM MyiauMM MoryT OKa3biBaTb KaK no/io>KMTe/ibHbiM, TaK 

M OTpMUaTe/lbHblM 3(J)C))eKT 

• PeAeccMBHbie Myiai4MM npeACTaB/i/HOT coóoíí 
HapyiueHMB (JjyHKAMM 6e/iKa. 

• floMMHaHTHbie MyiaAMM BeAyr K yCMJieHMK) (fjyHKAMM 
6e/iKa. 


• OnpeAe^eHMe B3aMM0CBB3M reHa m cfjeHOTMna bo3mo>kho 
H epe3 B03HMKH0BeHMe Hy/lb-MyTai4MM (MyTaAMM, 
no/iHOCTbio 3/iMNiMHMpyiomeM (jjyHKAMK) reHa). 

• Mo/inamne MyraLjMH He OKa3biBaiOT acfjcfjeKTa Ha 
(JjeHOTMn, nocKO/ibKy M3MeHeHMe HyK/ieoTMAHoro 
codaBa He n3MeHaeT noc/ieAOBaTe/ibHOCTb m/im 
K o/iMHecTBo 6e/iKa /im6o, nocKo/ibKy M3MeHeHMe 
aMMHOKMc/ioTHOM nocneAOBaiejibHocTM He OKa3biBaeT 
3(f)cf)eKTa Ha cfjyHKAMto 6e/wa. 

• HeKOTopbie MyrauMM b/imbiot Ha cfjyHKUMto 6e/iKa, 

OAH3KO ľipaKTMHeCKM He B/1M5UOT Ha (fjeHOTMn, 
nocKO/ibKy 6e/ioK coxpaH/ieT AOcraTOHHyio aKTMBHocTb. 


JloKyc MO>KeT MMeTb pa 3 ^MHHbie MyiaHTHbie a/i/ie/iM 


• CymecTBOBaHMe MHo>KecTBa a/uie/ieií onpeAe/iaeT 
cymecTBOBaHMe reTepo3MroT, coAep>KamMx /no6yio 
kom6mh3I4mk) AByx a/uie/ieií. 


JloKyc MO>KeT MMeTb 6 o/iee OAHoro a/i/ie/ia 

AMKOľO TMľia 


• JloKyc Mo>KeT6biTb npeAdaB^eH HecKO/ibKMMM nacro 
BCTpenaiomMMMCB a/i/ie/iaMM, b 3tom c/iynae cpeAM hmx 
C/10)KH0 BblAe/lMTb eAHMCTBeHHbIM AMKoro TMna. 

EQk PeKOMÔMHaUMfl — 3 TO pe 3 y^bTaT (J)M 3 MHeCKMX 

nepedpoeKflHK 

• PeKOMÓMHaAMíi — 3to pe3y/ibTaT npoLjecca, 
Ha3biBaeMoro KpoccMHroBepoM; oh npoMcxoAMTC 
o6pa30BaHMeM cneLjMa/ibHbix cipyKTyp — xm33m m 
BOB/ieKaeT ABe M3 neibipex xpoMaTMA. 
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• ľlpouecc peKOMÓMHaAMM BK/HonaeT pa3pbiB m 
BO ceoeAMHeHMe Aeneií flHK c cf)opMMpoBaHneM 
ynacTKOB mópMAHOM flHK. 

ľeHeTMHecKMM koa TpMruieieH 

• ľeHeTMHeCKMM KOA CHMTbIBaeTCfl TpMn/ieiaMM 
HyK/ieOTMAOB (koaoh 3 mm). 

• Tpnn/ieTbi He nepeKpbiBaioTCfl m HaHMHatOT cHmbiBaTbCB 
c onpeAejieHHoií CTapTOBOíí tohkm. 

• MyraAMM, npeACTaBjíatomMe co6oíí BdaBKy m/im 
yAa/ieHMe OTAe/ibHbix HyK/ieoTMAOB, npMBOAflT k c 6 oio b 
CHMTbiBaHMM TpMn/ieTOB Ha ynacTKe flHK noc/ie MyramiM. 

• ConeiaHMe MyraAMM, npMBOAfliMMx k Ao6aB/ieHMio m/im 
yAa/ieHMK) cpa3y Tpex (m/im KpaTHoro TpeM HMC/ia) 
HyK/ieoTMAOB, Ao6aB/i/ieT m/im yÓMpaeT OAHy (HecKO/ibKo) 
3MMH0KMC/10T B 6e/lKe, HO He MeHfleT paMKy CHMTbIBaHMfl 
TpMruieTOB noc/ie Mečia pacno/io>KeHMfl MyraAMM. 

CyiAeCTByeTTpM B03M0)KHblX paMKM CHMTbIBaHMB 

Ka>KAOM noc/ieAOBaie^bHOCTM 

• Kax n pa b M/i o, TpaHC/iMpyeTca To/ibKo o ah a n 3 Tpex 
paMOK CHMTbIBaHMfl, OCTa/lbHbie 3a6/10KMp0BaHbl 
CMTHa/iaMM TepMMHaAMM TpaHC/lflAMM. 

ľlpoKapMOTMHecKMe reHbi KO/iMHeapHbi mx 6e/iKaM 

• ľlpoKapMOTMHecKMM reH BK/uonaeT ynacTOK M3 3N 
HyK/ieOTMAOB, KOAMpytOlAMX N aMMHOKMC/lOT. 

• reH, mPHK m 6e/iOK KO/iMHeapHbi Apyr Apyry. 

CMHTe3y 6e/iKa npeAwecTByeT paA npoueccoB 

• ľlpoKapMOTMHecKMM reH 3KcnpeccMpyeTCB nepe3 
TpaHCKpMnAMK) (CMHTe3 mPHK) M TpaHC/l/lAMK) (mPHK) c 
o6pa30BaHMeM 6e/iKa. 

• y ayxapMOT reH mo/kct coAep>KaTb BHyrpeHHMe perMOHbi, 
He npeACTaB/ieHHbie b 6e/iKe. 

• BHyTpeHHMe perMOHbi yAa/i/uoTC/i m ayKapMOTMnecKoro 
PHK-TpaHCKpMnTa nocpeACTBOM PHK-cn/iaMCMHra. B 
MTore 3yKapM0TMHecK3B MPHKTaK>Ke 0Ka3biBaeTCB 
Ko/iMHeapHa 6e/iKy. 

• Mo/iexy/ia mPHK coAep>KMT KOAMpyioiMMÍí perMOH m 
H eTpaHc/iMpyeMbie 5'-perMOH m 3'-perMOH. 

Pery/iBTopHbie 6e/iKM — wpaŕ/c-AeMCTBytoiAMe, 
a pery/iBTopHbie ynacTKM flHK — ^c-AeíícTByioiAMe 

• PHK m 6e/iKM /iB/i/noTC/i mpoHc-AeíícTByioiMMMM 
areHTaMM, TO eCTb MOryT B03AGMCTB0B3Tb Ha /uo6yio M3 
KonMíí pery/iMpyeMoro mmm reHa b ashhom K/ieTKe. 

• yi/c-AeíícTByiomMe MyTaiiMM no3BO/i/uoT onpeAe/iBTb 
n0C/ieA0B3Te/lbH0CTM flHK, AB/lfllOmMeCfl MMLUeH/lMM 
A/i/i mpoHc-AeíícTByioiuMx PHK m/im 6e/iKOB. B ot/ihhmc 
ot PHK m/im 6e/iKOB ^i/c-AeíícTByioiMMe MyrauMM He 
nepeMemaioTca b npocTpaHCTBe m MoryT OKa3biBaTb 
B/iM/iHMe TO/ibKO Ha AaHHyto Mo/iexy/iy flHK. 

Pe3tOMe 
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BBeAetwe 


TeH — sto cpyHKUHOHajibHaa eflHHHija HaaieflCTBeHHoc- 
th. Kaxcflbin reH — sto noc;ieflOBaTe;ibHOCTb HyKJieoTH- 
AOB, Hecymaa HH^opMaijHK) o KOHKpeTHOM npoAyicre 
(PHK hjih óejiKe). K/noneBbie cbohctb 3 reHa 6biJiH ycra- 
HOBJíeHbi eme MeHfle;ieM 6o;iee BeKa Ha3afl. 3 th CBOHCTBa, 
cc})opMy^HpoBaHHbie hm b flByx 3aKOHax, npeflcraBJunoT 
reH KaK AHCKpeTHbin (})aKTop, nepeflaBaeMbin b HeH3MeH- 
HOM BHfle OT pOAHTeJieň K nOTOMCTBy. ľeH M02CCT 6bITb 
npeACTaBJíeH HecKOJibKHMH a^bTepHaTHBHbiMH BapnaH- 
TaMH, KOTopbie Ha3biBaioT a^jiejiaMH. 

B AHn^OH^Hbix opraHH3Max, hmooiahx b K/ieTKe no flBa 
Haóopa xpOMOCOM, ot Ka>Kfloro H3 poflHTejien nOTOMCTBy 
nepeflaeTca no oahoh KonHH KaxcAon xpoMOCOMbi, aieAO- 
BaTe^bHo, h 3anHcaHHbix b Hen reHOB. OAHa H3 AByx Haxo- 
Ahiahxcb b íoieTKe KonHH reHa aBjmeTca a^rejieM, yHacne- 
AOBaHHbiM ot oTua, Apyraa — yHacjieAOBaHHbiM ot MaTepH. 
CxOACTBO B nOBeAeHHH reHOB H xpOMOCOM n03B0J!HJI0 HC- 
cjieAOBaTejmM npeAnojioxcHTb, hto reHbi pacno;io>KeHbi Ha 
xpoMocoMax. 

XpoMocoMa coAepxcHT jiHHenHO pacnojioaceHHbie Ha 
Hen reHbi, npnneM KaxcAbin reH 3aHHMaeT Ha xpoMoeoMe 
CTporo onpeAejieHHoe nojioxceHne. MecTonojioxceHne reHa 
(})opMajibHO npHHaTo Ha3biBaTb reHemnecicHM jioKycoM, a 


Ka>«Aafl XpoMocoMa coctomt H 3 AH K, coAepJKameíí MHo>KecTBO reHOB 



XpoMocoMa coflep>Km 
MHO>KeCTBO reHOB 


ajuiam reHa — sto cjierKa OT^Hnaiomneca BapHaHTbi noc- 
jieAOBaTenbHOCTH, HaxoAflmneca b a^hhom reHeranecKOM 
AOKyce. 

KjIIOHOM K (J)OpMHpOBaHHIO nOHflTHH 06 OpraHH3aflHH 
reHOB b xpoMocoMax nocjiyacHjio OTKpbiTHe cuenjieHHoc- 
th reHOB — TeHAeHijHH HexoTopbix reHOB (KaK no3^ce bh- 
acHHJiocb, HaxoAHiAHxca Ha oahoh xpoMoeoMe) ocraBaTb- 
Cfl CBa3aHHbIMH npH HCGJieAOBaHHH, XOTfl B COOTBeTCTBHH 

c 3axoHaMH MeHAe^a ohh aojdkhu 6hjih KOMÓHHHpoBaTb- 
ca He3aBHCHMO. ľlocKOJibKy eAHHHua pexoMÓHHauHH (ne- 
peMeuiHBaHHa) reHeTHnecKOH HH(})opMauHH 6buia Bbipa- 
TKtm nepe3 3HaneHHe cijemieHHOCTH, CTajio B03MoacHbiM 
C03AaHHe reHeTHnecKHx KapT (pacnojioaceHHa reHOB Ha 
xpoMocoMax). 

Pa3pemaiomaa cnocoÓHOCTb KapT peKOMÓHHaijHH Bbi- 
cuihx syxapnoT orpaHHneHa HeóojibuiHM mhcjiom noTOM- 
KOB, KOTOpblX M02CH0 nOJiyHHTb OT OAHOrO CKpeiAHBaHHa. 
MexcAy 6 jih3ko pacnojioaceHHbiMH MecTaMH xpoMOCOMbi 
peKOMÓHHauna nponcxoAHT KpaHHe peAKO (HanpHMep, hc- 
nojib3ya b KanecTBe reHeTHnecKHx MapxepoB ABe MyTaijHH 
b oahom reHe, Ha6;noAaTb peKOMÓHHauHio hcbo3mo>kho). 
TaKHM o6pa30M, KJiaccnnecKHe Kap™ cijeiLJieHHa pjw xpo- 
mocom syxapHOT noMoraiOT paccraBjraTb reHbi no nopaA- 
Ky, ho He Moryr OTpaacaTb B3aHMOCBa3H b npeAe;iax reHa. 
Bo3HHKHOBeHHe peKOMÓHHai^HH b npeAejiax OAHoro reHa 
MoacHO npOAOMOHCTpnpoBaTb b óaicrepHajibHbix CHCTeMax, 
rAe Ka^CAoe CKpemHBaHHe npHBOAHT k noaBJíeHHio ropa3AO 
óojibiuero nncjia noTOMKOB. 

MyTauHH b reHe Taioxe opraHH 30 BaHbi b jihhchhom no- 
paAKe, AčMOHCTpnpya, hto caM no ce6e reH HMeeT Taxyio ace 
jiHHeHHyio CTpyKTypy, hto h coBOKynHOCTb reHOB Ha xpo- 
MocoMe. TaKHM o 6 pa 30 M, reHeTHnecKaa KapTa xpoMOCOMbi 
jiHHenHa (KaK b npeAejiax jioKyca, TaK h MOKAy JioKycaMH); 
OHa coctoht H 3 HenpepbiBHOH nocjieAOBaTejibHocTH HyK- 
neoTHAOB, Ha KOTopon h pacno;io>KeHbi reHbi. 3tot bmboa 
cooTBeTCTByeT coBpeMeHHbiM npeACTaBJíeHnaM 06 ycrponc- 
TBe reHeTHnecKOH HHC^opMauHH, b oómeM bhac npHBeACH- 
HbiM Ha P M c. 2.1, — reHeTHnecKHH MaTepna^ xpoMOCOMbi 
COCTOHT H 3 MOJieKyJIbl flHK, Ha KOTOpOH OAHH 3 a APyTHM 
pacno^o>KeHbi reHbi. 


Ka>KAbiM reH 
npeflCTaB/ifleT coôoíí 
4)parMeHT 

noc^eflOBaie^bHOCTM AHK 

WWW 

t I 

Hana^o reHa KoHeu reHa 


2.2 


Oamh reH KOAHpyeT 
oamh nojiMnenTMA 


K^toneBbie noHATMa: 


• rnnoie3a «oamh reH — oamh cf)epMeHT» cociaBaaeT ocHOBy 
coBpeMeHHoíí reHeTMKM: reH — 3 to ynacTOK flHK, koampyioiamm 
oAHy noaMnenTMAHyto uenb. 

• MyiaAMa MO)KeT HapyiuMTb cJjyHKUMto reHa. 


CATATAAGGTGAGGTAGGATCAGTTGCTCCTCACAATGC 

GTATATTCCACTCCATCCTAGTCAACGAGGAGTGTTACG 

PUC. 2.1 KawAaa XpoMocoMa coctomt M3 A-nnHHoíí MO/ieKy/ibi flHK, 
b npeAeaax KOTopoíí pacno/io>KeHbi nocaeAOBaTeabHocTM OTAeabHbix 
reHOB 


ľlepBbie nonbiTKH accouHHpoBaTb reHbi c (J)epMeHTaMH no- 
Ka3a;iH, mto KaTajiH3npyeMaa (J)epMeHTOM craflHa HeKOTopo- 
ro MeTaôojiHnecKoro nyTH moxcct ôbiTb ôjiOKnpoBaHa Myra- 
ilHen b reHe SToro (})epMeHTa. TaK ccj)opMHpoBajiacb rano- 
Te3a odm zen — odun (fiepMenm. Ka^Abin mar MeTa6ojiH3Ma 
KaTajiH3HpyeTca onpefle^eHHbiM (J)epMeHTOM, 3a npoflyKii,HK) 
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KOToporo OTBeTCTBeHeH oahh reH, h Myrauna b stom reHe 
Bjmncľ m amiBHOCTb 3aKOAnpoBaHHoro (^epMema. 

3Ta rnnoTe3a TpeóyeT HeKOToporo yronHeHHa 
({)epMeHTOB, cocroamHx 6o;iee neM h3 oahoh cyô'btRu- 
HHU,bI. ECJIH BCe CyÓ'beAHHHUbI OAHHaKOBbl, TO TaKOH cj)ep- 
MeHT — rOMOMyjIbTHMep — ACHCTBHTeJIbHO KOAHpyeTCfl 
oahhm reHOM. Ecjih ace cyó'beAHHHijbi pa3JiHnaioTca, cf>ep- 
MeHT Ha3bmaeTca reTepOMyjibTHMepOM. .Ztyia reTepo- 
MyjibTHMepoB THnoTe3a «oahh reH — oahh cJ)epMeHT» aB- 
jiaeTca HeAOCTaTOHHO oómeH, TOHHee 6yn,eT cKa3aTb odun 
zen — odua nojiunemudHan i^enb. 

floBOJibHO cjio)kho óbiBaeT onpeAejíHTb, KaKOH hmchho 6 e- 
jiok KOAnpyeT AäHHbíň reH. MyraijHfl, KOTopaa b onbiTax MeH- 
APIfl npHBOAHJia K (J)OpMHpOBaHHIO ľOpOXa C MOpmHHHCTbIM 
(J)eHOTHnoM, 6buia onncaHa kzk Bapnauna, HHaKTHBHpyiomaa 
reH (JjepMenra pa3BeTBjieHHa KpaxMajia, Jiniiib b 1990 ro/iy! 

Baaano noMHHTb, mto reH cjjopMHpyeT óejiOK He Hanpa- 
Myio. Kax 6buio noKa3aHO Ha pne. 1.2, c reHa CHHTbiBaerca 
PHK, KOTopaa, b cboio onepeAb, ynacTByeT b CHHTe3e 6eji- 
Ka. EOJIblIIHHCTBO reHOB HeCyT HHCpOpMaiíHIO O CTpOeHHH 
6e;iKOB, OAHaKo HeKOTopbie H3 hhx KOAHpyioT PHK, He CBa- 
3aHHbie c CHHTe30M óejiKOB. 3 th PHK MOiyr 6bm> crpyKTyp- 
hhmh KOMnoHeHTaMH annapaTa, OTBeTCTBeHHoro 3a chhtc3 
ócjikob, hjih Moryr HrpaTb pojib b npouecce peryjiaijHH skc- 
npeccHH reHOB. Ochobhoh npHHi^Hn coctoht b tom, hto 
reH — sto nocaeAOBaTejibHOCTb HK, KOTopaa onpeAejiaeT 
CTpyKTypy HeKOToporo He3aBHCHMoro npoAyKTa. ľlpoijecc 
SKcnpeccHH reHa MoaceT 3aBepuiHTbca (JxjpMHpOBaHHeM 
KOHenHoro npoAyKTa Kax b bhac óejixa, Tax h b bhac PHK 


PeuecciiBHbie ajuiejín 

He yttaCTByiOT B (j)OpMMpOBaHMM aKTMBHblX 6e/lKOB 

r0M03Mr0Ta 
AHKoro Tuná 

reiepo3MroTa 

AMKMÍÍ TMn/MyTaHT 

ľ0M03Mr0Ta 

no MyTaqMM 

06a annenp 
npOM3BOAflT 
aKTMBHblíí 6e/10K 

Oamh m 3 a/uie/ieíi 

(AOMMHaHTHblíí) 
npOM3BOAMT 
aKTMBHblíí 6e^OK 

Hm oamh 

M3 anneneu 

He npOM3BOAMT 
aKTMBHblíí 6e/10K 

t 
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1 

f\mm TMn 

1 

Amkmíí TMn 

MyTaHT 

f\mm TMn 

1 

MyTaHT 

MyTaHT 

T 



Amkmíí 

(JjeHOTMn 

Amkmíí 

(JjeHOTMn 

MyTaHTHbiíí 

(JjeHOTMn 


PMC. 2.2 ľeHbi KOflMpyioT 6e/iKM; AOMMHMpoBaHMe oóbflCHfleTCfl 
CBoíícTBaMM MyiaHTHbix 6ejwoB. PeLjeccMBHbiM a/uieab He bhocmt 
BKJ iafla b (J)opMMpoBaHMe cfjeHOTMna, nocKO/ibKy oh He ynacTByeT b 
c()opMMpoBaHMM 6eaKa (mam ynacTByeT, ho cMHTe3npyeMbiíí 6e/iOK 
flBJlfleTCfl He(J)yHKI4MOHa/lbHblM) 


MyTaijna — sto cjiynaHHoe coóbirae, CBa3aHHoe c H3- 
MeHeHHeM crpyKTypbi reHa. GieAOBaTejibHO, BepoaTHOCTb 
Toro, hto MyTauna HapyniHT hjih Aaace aHHyjinpyeT cjjyH- 
KIJHK) reHa, AOCTaTOHHO BblCOKa. EOJIbUIHHCTBO MyTaUHH, 
BjinaiomHx Ha (JjyHKu.Hio reHOB, peueccHBHbi. Onu ceH3anu 
c napymenum Kodupymou zenoM (pyuKupu (Mymaumnuu 
zen ne MOMem oôecnemmb napaôormcy nopMcuibnozo 6eji- 
Kd). PMC. 2.2 RJUIIOCTpHpyeT B3aHMOAeHCTBHe peueCCHBHblX 
aajiejien h aajiejien AHKoro THna. KorAa K/ieTKa coAepaorr 
oahh a juitjib AHKoro rana h oahh MyraHTHbiH ajuiejib (re- 
Tepo3nroTHoe cocroaHHe), ajuiejib AHKoro THna cnocoéeH 
oóecnenHTb npOAyKU,Hio HopMaabHoro (J)epMeHTa. B stom 
cjiynae roBopaT, hto a;niejib AHKoro THna aBJíaeTca aomh- 
HaHTHbiM (t. e. eAHHCTBeHHbin aaaeab AHKoro THna oóec- 
nennBaeT HapaóoTKy AOCTaTOMHoro KoannecTBa aKTHBHoro 
óeaKa). Eam ace KoannecTBO 6eaxa, npon3BOAHMoe cahhc- 

TBeHHblM C})yHKIJ,HOHaJIbHbIM 2 LJUICJICM , HeAOCTaTOMHO JlJVi 
coxpaHeHHa ahkoto c})eHOTHna, roBopaT o (J)opMHpoBaHHH 
npoMexcyTonHoro c})eHOTHna (h nacranHO AOMHHaHTHOM 
a juitjit b reTepo 3 nroTe). 


2.3 


MyiauMM b oahom reHe 
He MOiyr AonojiHHTb Apyr Apyra 


KatOMeBbie noHHTMH: 


• MyiauHH b KOHKpeTHOM BapnaHie reHa (a/uie/ie) BaMHeTToabKO 
Ha 6eaoK, 3aKOAMpoBaHHbiíí flaHHbiM aaaeaeM, n He BaMHeT Ha 
BapnaHTbi óeana, 3aKOflnpoBaHHbie ApymMM a/uie/iaMM reHa. 

• Ecaii flBe MyTaLjMM b reTepQ3nroTHOM coctobhmm He 
KOMneHCMpytoT Apyr Apyra (He cJjopMMpyiOT f\mm c()eHOTMn). 
3 to 03HaHaeT, hto ohm flB/iflioTCfl nacTbK) oflHoro reHa. 


Kax onpeAeaHTb, aeacaT n h ABe Myrai^HH, npHBOAamne k 
cJ)opMHpOBaHHio OAHoro h Toro tkc cJ)eHOTHna, b npeAe;iax 
OAHoro reHa? Ecah reHemnecKHe KapTbi MyraHTHbix reHOB 
cxoxch, ohh Moryr 6 biTb ajiaejiaMH. OAHaxo sth MyrauHH 
Moryr HaxoAHTbca h b AByx pa 3 nux reHax, npoAyKTbi koto- 
pblX BbinOJlHaiOT OAHHaKOByiO (JíyHKI^HK). fljia TOTO MTOÓbl 
noHaTb, HaxoAaTca MyrauHH b oahom reHe hah b pa 3 Hbix, 
HCnOJIb 3 yiOT KOMIUieMeHTai^OHHblH Tecr. TecT 3 aKJIIO- 
naeTca b tom, hto nojiynaiOT reTepo 3 HroTHoe no oóenM My- 
TaqnaM noKoaeHHe opraHH 3 MOB (AJia SToro CKpemHBaioT 
poAHTeaeň, roM 03 HroTHbix no KaacAOH Myraunn). 

Ecjih Myraunn HaxoAaTca b oahom reHe, reHoranbi tomo- 
3HroTHbix poAHTejieň 6yjjyr BbirjiaAeTb cjieAyioiAHM oópa30M: 


nepBbiH poAHTeab nepeAaeT no HacjieACTBy oahh My- 
TaHTHbíň aaaejib (m^, a BTopon poAHTeab — Apyron (m 2 ), 
TaKHM oópa 30 M, reTepo 3 nroTy moxcho 3 anncaTb Ka k: 


nocKOJibKy reH AHKoro rana y noTOMKa OTcyrcTByeT, oh 
óyAcr HMeTb MyraHTHbiH (JjeHomn. 
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Ecjih tkc MyTäu,HH HaxoAaTca b pa 3 Hbix reHax, to reHO- 
ranbi poAHTeaeíí mo>kho 3 anncaTb Tax: 

m. + + m 

—— m - 

+m 2 

Ka^aa xpoMOCOMa b TaxoM cjiynae óy^cr HMeTb OAHy 
KonHio reHa Anxoro rana (o6o3HaneHHyio 3HaxoM ruiioc) 
h BTopyio — MyTaHTHyio — KOnHIO. TeHOTHn nOTOMKa OT 
CKpemnBaHHa npHBeAeHHbix Bbirnc poAHTeaen mo>kho 3a- 
nHcaTb xax: 


B AaHHOM cjiynae reTepo 3 HroTHbiH noTOMOK yHacaeAy- 
er no oahoh (J)yHKi;HOHajibHOH Konnn xaacAoro reHa (+) h 
6 yAcr HMeTb ahxhh (JjeHOTHn. npHHaTO roBOpHTb, hto Ta- 
Kne reHbi KOMiuieMeHTapHbi. 

Eoaee noflpoÓHO TecT Ha xoMnjieMeHTan.Hio noxa3aH 
Ha pmc. 2 . 3 . npocTeHuiHH TecT npeAcraBjíaeT coóoh cpaB- 
HeHHe, H3o6paaceHHoe b BepxHen nacra pncyHxa. Ecjih rbc 
MyTau,HH HaxoAHTca b oahom h tom ace reHe, mm bh/jhm pa3 - 
jihhhh b cJ)eHOTHnax mpanc- h í^c-xoHcjDHrypaijHH. Tpanc- 
KOHcJjHrypauHa MyraHma, nocxojibxy xaa<AbiH ajuiejib HeceT 
MyTai^Hio. OflHaxo v^uc- xoH(})HrypauHfl AaeT ahxhh (JjeHOTHn, 
nocxojibxy oahh ajmejib HMeeT Afie MyraijHH, a Apyron ajmejib 
MyTaqHH He HeceT. B hkdkhch nacra pncyHxa noxa3aHo, hto 
ecjiH Aee MyTau,HH HaxoAATca b pa3Hbix reHax, cJ)opMHpye- 
Mbíň cJjeHOTHn BcerAa 6yn,eT AHKoro rana. B jik) 6 om cjiynae 
b KjieTKe oxaaceTca oahh ajuiejib AHKoro rana h oahh MyraH- 


Liuc mpaHC Tecr onpeAe^rieT pacnoiiomeHHe Myiai^HM b reHax 

MYTAUMM, PACnoaO)KEHHblE B OAHOM TEHE 

mpowc-KOH(t)MrypauMfl 

4t/c-KOHí|)Mrypa4Mfl 

MyraHT 1 , A BOt1HO M MyraHT 

t t 

! 1 

KoMniteMeHiauMM HeT v/v/vAv/ 

MyiaHTHbiH 4>eH0Tnn ’ r / / 

1 

v/ v/v v/ °A MH reH 

' AMKoroTHna 
■ A mm (JjeHOTMn 

T 

MyraHT 2 

T 

AAw A MkMŇTMn 

MYTALIMM B PA3HblX TEHAX 

(mpo/yc-KOH4>Mrypai4M5i) 

MyTaHT 1 

AnKMMTMn 

Ko^nneMeHTaL(MB 

(AMKHM (JjeHOTIin) yf\J\I yj 

ÔftHa koíihb Ka>KAoro t / r r 

reHa AHKoro th na . 

1 

ww 

ww 

1 

T 

▼ 

MyiaHT 2 

PH C. 2.3 /Vifl onpefleaeHM^ LjMCTpoHa Mcnoab3ytOT KOMnJieMeHTaLiM- 
OHHbiíí TecT. ľeHbi npeflCTaBAeHbi b BMfle cnMpaaeíí. KpacHbie 3Be3- 


flOHKM onpeflejiflioT MecTO pacncmo>KeHMfl MyiauMíí 


THbiH ajmejib fljm xaacAoro H3 AByx reHOB. Ecjih ace Tecr Ha 
KOMnjieMeHTauHio He npoxoAHT, 3HannT, ABe Myraunn aBJía- 
K)Tca nacTbio odnoú reHeranecKOH eAHHHijbi. ľlpHHaTo roBO- 
pHTb, hto MyrauHH, KOTopbie He AonojiHaioT Apyr Apyra, co- 
CTaBJíaiOT nacTb oahoh KOMiuieMeHTaiiHOHHOH rpynnbi. 
flpyroH TepMHH, Hcnojib3yeMbin AJia onncaHna eAHHHijbi re- 
HeronecKOH HHcJjopMau,HH, onpeAejieHHOH tcctom Ha xoMn- 
jieMeHTauHio — u^crpOH. no cyra sto to ace, hto h reH. Bce 
Tpn TepMHHa onncbiBaiOT ynacTOK /(H K, AencTByiomHH xaK 
eAHHHi^a, cnocoÓHaa npoH3BOAHTb npoAyxr b bhac PHK hjih 
6ejixa. CBOHCTBa reHa b nacra xoMn jieMeHTau.H h oó^acHaioT- 
ca TeM, hto npoAyKT reHa aBJíaeTca MOJiexyjion, BeAymen ce6a 
xax He3aBHCHMaa (JjyHxn.HOHajibHaa eAHHHija. 


BI MyiauMM MOiyr 0Ka3biBaTb 
KaK no/io)KMTeflbHbiií, 

Tan m OTpMuaie/ibHbiíí atléta 


XmoHeBbie noHBTMfl: 


• PeueccnBHbie Myiaunu ripeflcraB/iflioT co 6 oíí HapyweHMfl 
cpyH K 141 /H /1 6 e/iKa. 

• floMMHaHTHbie MyiaLiMM BeflyT k ycmieHWo cfjyHKumí 6ema. 

• Onpefle^eHne B3anMOCBfl3M reHa n (J)eHOTMna bo3mo>kho 
nepe3 B03HMKH0BeHMe Hy.nb-MyTauMM (MyTaLimi, no/iHocTbio 
3/iMMMHnpyK)meíí cj)y hK 14 M 10 reHa). 

• Mo/inaiMHe MyrauMM He OKa3biBatOT 3c[)4)eKTa Ha cfjeHOTMn, 
nocKoabKy M3MeHeHne HyK^eoTMflHoro cociaBa He M3MeH5ieT 
noaieflOBaTejibHocTb mv\ KoaMnecTBo 6 e;iKa an 6 o, nocKo/ibKy 
M3MeHeHMe aMMHOKMc/iOTHOM noc^eflOBaie^bHocTM He 
0 Ka 3 biBaeT acfjcfjeKTa Ha (Jjy hK 141/110 6 e/iKa. 

• HeKOTopbie MyiaLimi b^míhot Ha cfjyHKLjmo 6 eaKa, oflHaKO 
npaKTHHecKM He bjimaiot Ha (JjeHOTMn, nocKoabKy 6 e/ioK 
COXpaHBeT AOCTaTOHHyiO aKTMBHOCTb. 

MyTauHH b reHax Moiyr oxa3biBaTb pa3aHMHoe BjinaHHe Ha 

({jeHOTHn (rva f ). 

Oahhm H 3 cnocoóoB onpeAeaeHHa (JjyHXijHH reHa aBJíaeT¬ 
ca co3AaHHe MyraHTHoro opraHH3Ma, AC(})HUHTHoro no a^h- 
HOMy reHy. Myrauna, noaHOCTbK) BbixjiK)naK)iAaa reH (nanje 
Bcero b pe3yjibTaTe yAajieHHa reHa hjih ero cymecTBeHHOH 
nacrn), Ha3biBaeTca Hyjib-MyTaiineH. Ecjih reH xch 3 hchho 
B aaceH pjw opraHH3Ma, Hyab-Myrauna 6ya;eT aeTajibHOH. 

fljia ycTaHOBaeHHa acJjcJjexra, oxa3MBaeMoro reHOM Ha 
(JjeHOTHn, Baaano oxapaxTepH30BaTb Hyab-MyTama. Ecjih 
M yTauna He BJinaeT Ha (JjeHomn, 9 to MoaceT 6biTb npoc- 
to cjiaôan MyTai^iw (xorAa CHHTe3HpyeMbifi MyTaHTHbiH 
npoAyxT AOCTaTOMHo axrHBeH jyw Toro, htoóm BbinoaHaTb 
cbok) (JjyHxn.Hio, A^ace ecan ero axrHBHocTb Hecxoabxo 
HHace nan Hecxoabxo HHaa, neM y Anxoro rana). C APF 0 ^ 
CTOpOHbi, ecan Hyab-MyTaHT He BanaeT Ha c^eHOTHn, moxcho 
c yBepeHHOCTbK) yTBepacAaTb, mto xoAnpyeMaa reHOM (JjyHX- 
una an6o He Baaana, an6o npoAyôaHpoBaHa ApyrHM reHOM. 

Hyab-MyTauHH nan MyTauHH, Banalomné Ha BbinoaHa- 
eMyx) reHOM (JjyHXUHK) (ho He o6a3aTeabHO noaHOCTbK) 
oaHMHHHpyiomHe ee), Ha3biBax)T MyTau,HaMH c noTepeň 
4>yHKijHH (loss-of-function). Taxne MyTau,HH peueccHBHbi 
(xax b npHMepe Ha pne. 2.2). A HHorAa MyTauHH npHBOAaT 
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no BJ1MHHMK) Ha (|>yHKlUIIO 6ejwa MyTaiJMM 
BapbHpyiOT ot MOimautHx (ne oKaabieaioiiiMx b/imahub) 
AO HyjieBbix (npMBOAHiMHx k ho/ihoh noTepe (fjyHKAMM) 


ľeH flMKoro TMna KOAHpyeT óe/ion 
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HU C. 2.4 MyiauMM, He M3MeHaiomMe noc/ieAOBaie/ibHOCTb mjim cfjyH- 
K14MK) 6ejwa, H33biBaiOT MO/inamMMM. MyiauMM, npnBOAflmne k no/i- 
HOÍÍ nOTepe Óe/IKOM 3KTMBHOCTM, Ha3blBdK)T Hy/ieBbIMM. ToHeHHbie 
MyTauMM, npMBOAíHUMe k h3ctmhhom noiepe cfjyHKUMM, peueccMBHbi, 
a ycM/iMBaioiAMe cfjyHKUMio — AOMMHaHTHbi 


k TOMy, hto óejiOK b pe3yAbTaTe H3MeHeHra npHOópeTaeT 
HOByio cjjyHKíjHio; TaKHe MyraijHH Ha3bmaK)T MyrauraMH 
c npHoópereHHeM (^yrncijiiii (gain-of-function). TaKHe 
MyTaUHH AOMHHaHTHbl. 

He Bce MyrauHH b reHe npHBOAflT k AereKTHpyeMbiM 
H3MeHeHH«M (JeHorana. MyraijHH, He npHBOAfliAHe k one- 

BHAHOMy 3(J)4)eKTy, Ha3bIBaiOT MOJI'iaiU.HMH. Hx, B CBOK) 
onepeAb, roikt Ha ABa THna: nepBbie npeAcraBjunoT coóoh 
H yioieoTHAHbie 3aMeHbi b nocaeAOBaTejibHOcra flHK, He 

npHBOAHIAHe K H3MeHeHHflM B aMHHOKHCJIOTHOM COCTaBe 
cooTBeTCTByiomero óeaKa. BTopoň ran npHBOAHT k H3Me- 
HeHHK) aMHHOKHCJIOTHOľO COCTaBa, OAHaKO He npHBOAHT K 
H3MeHeHHK> aKTHBHOcm 6e;iKa (TaKHe MyrauHH eme Ha3bi- 
BälOT HeHTpaJIbHbIMH 3aMCHaMH). 


2.5 


Jloxyc MO>KeT MMeTb pa 3 i 1 MNHbie 
MyraHTHbie ajuiejiH 


KniOHeBbie noHHTHH: 


• CymecTBOBaHMe MHOwecTBa a/uie/ieŕí onpeAejiaeT 
cymecTBOBaHMe reTepo3MroT, coAepwamMx Jiioóyio 
KOMÓMHauMio Aeyx a/uie/ieŇ 


nOCKOAbKy K peueCCHBHbIM MyTaUHHM OTHOCflT AlOÔbie H3 
hhx, HeraTHBHO BjiHaK>mHe Ha chhtc 3 aKTHBHoro 6e;iKa, 
HMeHHO TaKHe MyrauHH aojdkhm B03HHKaTb HaHóoaee 
nacm MHoroHHCJieHHbie 3aMeHbi aMHHOKHCJioT Moiyr 
H3MeHHTb CTpyKTypy ÔeJIKa AOCTaTOHHO CHJIbHO PJIft TOľO, 
HTOóbi HapyníHTb ero (jtyHKíjHio. 

Pa3JiHHHbie BapnaHTbi OAHoro h Toro ace reHa Ha3bi- 
BaioT MHOHcecTBeHHUMH ajuiejmMH. CymecTBOBaHHe 
MHoacecTBeHHbix ajme/ien ACJiaeT B03M0>KHbiM noflBjíeHHe 
reTepo3HroTHbix opraHH3MOB, HecymHx ABa pa3Hbix íumcm 
OAHoro reHa. npn stom B3aHMOAeHCTBHe Me>KAy ajiaeaaMH 
MoaceT npHHHMaTb pa3JiHHHbie (JopMbi. 

B npocTeHineM cjiynae reH AHKoro rana KOAHpyeT Hop- 
MaabHO (JyHKí^HOHHpyioiAHH óenoK, a MyrammiH ajuie;ib 
(ajuiejm) KOAHpyeT He<J)yHKijHOHaabHbiH 6e;ioK. 

OAHaKo AOBOAbHO nacTbi cjiynan, KorAa MHoacecT- 
BeHHbie ajuie™ npnBOA^T k cjjopMHpoBaHHio HecKOJib- 
khx (JeHoranoB. HanpHMep, ahkhh ran jioKyca white 
y Drosophila melanogaster hcoóxoahm ajih pa3BHraa 
HopMajibHoro KpacHoro ijBeTa nia3. CBoe Ha3BaHne jio- 
Kyc nojiynHJi óaaroAapa 3(})c})eKTy, OKa3biBaeMOMy Hyab- 
MyTaijHeň — y r0M03Hľ0THbix no MyTaijHH Myx raa3a 
óeabie. pa3Ae;ieHHa aAaeaeH A^Koro rana h MyraHT- 
hhx annejiePi nocae Ha3BaHHa AOKyca CTaBaT HaACTpon- 
Hbíň 3HaK «+»( w + o6o3HanaeT annejih ahkoto rana a^ 
AHKoro ^CHOTHna nia3 y Drosophila melanogaster). 
HHorAa ajuiejib AHKoro rana oóo3HanaK)T oahhm 3Ha- 
kom «+», a MyTaHTHbie ajuie™ o6o3HanaK)T Ha3BaHHeM 
AOKyca. 

nojiHOCTbio Ae<J)eKTHaa (JopMa reHa (hah MyraHrabíň 
(JeHoran) o6o3HanaioT HaACTponHbiM 3HaKOM «-». fljvi 
o6o3HaneHra MHoacecTBa MyraHTHbix aaaeaeň, OKa3bmaio- 
IAHX pa3JIHHHbie 34)$CKTbI, HCnOJIb3yiOT HaACTpOHHbie 3Ha- 
KH, TaKHe KaK U)* HJIH w a . 

Aaaeab w + b reTepo3HroraoM cocToaHHH aBaaeTca 
AOMHHaHTHbiM no OTHOineHHK) k AioóoMy ApyroMy aJIJie- 
jno. flaa npHBeAeHHoro npnMepa c OKpacKOH raa3 y Myx 
BbiaBjíeHO MHoacecTBO pa3jiHHHbix MyTaHTHbix ajuiejieň. 
Ha p m c. 2.5 npHBeAeH npHMep, AčMOHCTpnpyiomHH He- 
KOTopbie H3 hhx. HecMOTpa Ha to hto oTAeabHbie a;me;iH 
He BJIHHIOT Ha UBeT nia3, ÓOAbUIHHCTBO H3 HHX OÔaaAaiOT 
<f>eHoranHHecKHM scJx^eKTOM. KaacAbiH H3 sthx (MyraH- 
thhx) aAaeaeH coAepacnT H3MeHeHHe b reHe, KOTopoe 
jiHiiib nacTHHHO noAaBjíaeT ero cJ)yHKUHK>, a ocTaTonHoe 
BjiHaHHe BbipaxcaeTca b npoaBaeHHH xapaKTepHoro (f>e- 
Horana (óoAbuiHHCTBO 2iJiJiaim w 0Ka3bmai0T bahhhhc 
H a KOJinnecTBO nnrMeHTa b nia3y). B a^hhom c^ynae aji- 
jiejiH Ha3BaHbi b cootbctctbhh c ubctom raa3, cj)opMH- 
pyK)iAHMCH y roM03HroTbi (no A^HHOMy ajuiejiK)). npHBe- 
AeHHbie Ha pncyHKe BapnaHTbi nepenHCJieHbi b nop^A^e 
yMeHbineHra KOJinnecTBa nHľMeHTa (OAHaKo HeKOTopbie 
BapnaHTbi, KaK, HanpHMep, uŕP, bahhk>t He Ha kojihhcct- 
bo, a Ha jioKajiH3auHio nnrMeHTa). 

KorAa b nonyjnnjHH npncyTCTByeT mho^ccctbo ZJint- 
nt h A^HHoro reHa, KOHKperabiH opraHH3M MoxceT 6biTb 
reTepo3HroTOH no AByM pa3HbiM ajuiejiHM. OeHoran 
TaKoro opraHH3Ma 3aBHCHT ot npnpoAbi ocTaTo^Hon 
aKTHBHOCTH Ka^KAoro ajuiejiH. B3aHMOBjiHAHHe Asyx My- 
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KaxgiOMy a/i/ie /110 cooTBeTCTByeT onpeAe/ieHHbm (|)eHOTMn 


ra/iaKT03HjupaHC(t)epa3a <f>opMMpyeT ahmirenbi A h B 


An^e/ib 

OeHOTMn roM03MroTbi 

w + 

KpacHbie rna3a (amkmm tm n) 

w bl 

r/ia3a UBeia kpobm 

w ch 

BMiBHeBbie 

w bf 

TeMHO-)KenTbie 

w h 

MeflOBbie 

w a 

aópuKocoBbie 

w e 

ABeTa KpacMTe/in 303MHa 

w l 

ABeTa cnoHOBOM koctm 

w z 

BMMOHHbie 

W $ P 

necipbie, ABeT BapbMpyeT 

w 1 

6enbie (abct oicyTCTByei) 


P M C. 2.5 JloKyc w npeACTaB/ieH cepneií a/uie/ieií, onpeAe/iaioiAnx 
cneKTp t()eHOTMnoB ot AnKoro mna ao no/iHoro OTcyrcTBHfl nHrMema 


TäHTHbix ajuiejieň He orjimatTcn or B3aHMOAeHCTBHa 
MyTäHTHoro a jijiom h ajuiejia ahkoto rana: oahh H3 
ajuiejieň MOxceT 6biTb AOMHHaHTHbiM, npoaBJíaTb Henoji- 
HOe AOMHHHpOBaHHe HJIH KOAOMHHHpOBaHHe. 


2.6 


JloKyc MO)KeT MMeTb 6ojiee oflHoro 
annenn amkoto TMna 


KjnoneBbie noHBTM5i: 


• JloKyc MO)xeT 6bHb npefldaB/ieH HecKo/ibKMMM nacTO 
BcrpeHaiomuMMCfl a/i/ie/iflMu. b stom c/iynae cpeflM hhx c/io>kho 
B blfle/IMTb eflHUCTBeHHblM flMKOľO tuná 


y KOHKpeTHoro reHeTHHecKoro jiOKyca mokct 6biTb óojiee 
oflHoro a/me/ia flHKoro rana. ÍIpKHM npHMepoM TaKoň ch- 
Tyai;HH oiyacnT HaaieflOBaHHe rpynn KpoBH y nejiOBeKa. 
yraeTeHHaa (JiyHRuna b flaHHOM c/iynae o6o3HaneHa Hy/ie- 
boh rpynnoň KpoBH, a B3anMOfleHCTBHe xuieneii noKa3aHO 
Ha PHC. 2.6. 

AHTHreH 0 (wm H) npoflyu,HpyeTCH y Bcex mofleň u 
npeflCTaBjweT coóoň onpeAeaeHHyio ynieBOflHyio rpynny, 
i ipwcoeAHHaeMyK) k ôejiKaM. JloKyc ABO KO/nipycrr c|)cpMci it 
iunaKT03HjiTpaHC(})epa3y, npHCoeflHHjnoniHň caxap k aH- 
THreHy 0. Cneu,H(f)HMHOCTb aroro (JjepMeHTa h onpeflexaeT 
rpynny KpoBH. Ajuiejib B npoAyiínpyer (jx’pMei it, KOTopbíň 
ncno^b3yer KCxfiaKTop yn,<I>-ra^aKT03bi fljw co3flaHra amu- 
reHa B. Aruienb A KOAnpyeT c})epMeHT, Hcno;ib3yiomHH ko- 
c})aKTop yD,0-N-aiíeraBranaicro3y fl/w npon3BOACTBa 3hth- 
reHa A. A- h B-ajuienu TpaHC(})epa3bi OT/iHwaiOTca neTbipbMa 
aMHHOKHOIOTaMH, KOTOpbie, BepOHTHO, H OKa3bIBaiOT BJIHa- 
Hne Ha cnocoÓHoerb pacno3HaBaTb ran K(xJ)aKTopa. AÄnejib 
0 coAepxHT i ie6o;ibiiryK) /(e;ienino, KOTopaa sjihmhi nipyeT 
aKTHBHOCTb (})epMeHTa h MOAH(J)HKai;HH aHTHreHa 0 He 
npOHCXOAHT. 

ripmiCAeiinaa cxeMa oô'bHCHaeT, iioncMy a;uie;iH A h 
B AOMHHaHTHbi y ľeTepo 3 ni'OT AO h BO: cooTBeTCTByio- 
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PMC. 2.6 JloKyc ABO KOAnpyeT rajiaKT03HJiTpaHC(|)epa3y, cneuncfjnH- 
HOCTb KOTopoň onpeAejineT rpynny kpobm 


maa aKTHBHOCTb TpaHC(J)epa3bi co3AaeT A hjih B aHTHreH. 
Ajijicjih A h B npoflBJMiOT y reTepo3HroT AB TaK Ha3biBa- 
eMOe KOAOMHHHpOBaHHe, nOCKOAbKy npOABAAIOT aKTHB- 
HOCb o6e TpaHC$epa3bi. roM03Hro™ 00 abjmiotoi Hyjie- 
BblMH, y HHX HeT aKTHBHOľO (jiepMCHTa, TaKHM 0Ópa30M, 
OHH ACCjjHIJHTHbl nO OÓOHM aHTHľeHaM. 

Hh A-, hh B-ajmejib He MoryT c^HTaTbca yHHKajibHbi- 
mh ajuiejiflMH AMKoro rana, nocKOJibKy ohh npoflBjmioT 
aKTHBHOCTb, OTJIHHHyiO OT nOTepH HJIH npHOÓpeTCHHfl 
(JyHKUHH. C^ynaH, Kor^a b nonyjumHH npHcyTCTByeT 
MHOXcecTBO (j)yHKUHOHaAbHbix ajuiejieň, o6o3HaHaiOT 
TepMHHOM nOJIHMOp(})H3M (CM. pa3£. 4.3 «ľeHOMbI OT- 
AHnaioTca orpoMHbiM pa3HOOópa3HeM»). 


m PeKOMÓMHaUMM — 

3TO pe3yilbTaT (|)M3MHeCKMX 

nepecipoeK AHK 


K/iHDHeBbie noHBTMíi: 


• PeKOMÓnHauna — 3 to pe3y/ibTaT npouecca, Ha3biBaeMoro 
KpoccnHroBepoM; oh nponcxoAHT c o6pa30BaHneM 
cneuna/ibHbix cipyKTyp — xna3M n BOB/ieKaeT Aee M3 neTbipex 
xpoMamA- 

• ripouecc peKOMÓMHaunn BK/nonaeT pa3pbiB n BOccoeAMHeHne 
Aeneň flHK c 4)opMnpoBaHneM ynacTKOB rMÓpnAHoň flHK. 
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KpoccMHroBep npoMcxoAMT Ha ct3Ahm 4 xpOMaTHA 
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PMC. 2.7 fljlfl B03HMKH0BeHMH peKOMÓMHaHTOB AO/l>KHa C(j)OpMMpO- 
B3TbCfl XMa3Ma 


reHeTH^ecKafl peKOMÓHHaijHa npHBOAHT k oópa30BaHHio 
hoboh KOMÔHHauHH ajuiejieň, hto npoHexoAHT b Kaac- 
AOm noKOJieHHH y AnnjiOHAHbix opraHH3MOB. KaK óbuio 
CKa3aHO Bbirne, KaacAafl H3 AByx xpomocom mcokct Hecra 
pa3Hbie ajmejiH b oahom h tom ace Jioicyce, h oômch nac- 

TflMH XpOMOCOM (B npOIjeCCe peKOMÓHHaiJHH) npHBOAHT 
K 06pa30BaHHK) HOBblX, peKOMÔHHaHTHblX, xpOMOCOM, 
OTJIHMaK>mHXCH OT MaTepHHCKHX. 

PeKOMÓHHaura — sto pe3y;ibTaT (f)H3HHecKHx nepe- 
CTaHOBOK xpoMOCOMHoro MaTepnajia. 3tot npoijecc pe- 
ajiH3yeTc« b xofle Meno3a (Renmw. kjictok, b pe3y/ibTaTe 
KOToporo no«BJiHK)TCH raraoHflHbie raMeTbi) h Ha3biBaeTca 
KpoccHHroBepoM. KaK h b jiioóoe Apyroe AeJieHHe, b mcho3 
mieTKa BCTynaeT nocne yABoeHra xpomocom h, TaKHM 06- 
pa30M, coAepxcHT HeTbipe koiihh KaacAOH xpomocomh. Ha 
paHHHx CTa^rax Meno3a Bce neTbipe koiihh CBimHbi Apyr c 
ApyroM, oópa3ya CTpyKTypy, Ha3biBaeMyio ÓHBajieHTOM, Ha 
AaHHOH CTäAHH KaJKAyK) H3 KOnHH xpOMOCOMbl Ha3bIBaK)T 
xpOMaTH^OH. OÓMeH reHeTHnecKHM MaTepnajioM npoHC- 
XOAHT MOKAy XpOMaTHAaMH, COCAHHCHHblMH B ÓHBaJieHT. 

B xo^e KpoccHHroBepa o6pa3yeTca CTpyKTypa, Ha3biBae- 
Maa xna3MOH. Ee cxeMa npeACTaBjíeHa Ha P m c. 2.7. Xna3Ma — 
3TO MeCTO, B KOTOpOM RBC xpOMaTH^bl OAHOľO ÔHBaJICHTa 
pa3pbIBaiOTCH B rOMO/IOľHHHblX Mecrax H COeAHHHK)TCa 
KpecT-HaKpecT, b pe3y/ibTaTe nero o6pa3yiOTDi ABe HOBbie 
xpoMaTHAbi. KajKAaa HOBaa xpoMaTHAa c oahoh CTopoHbi 
pa3pbma coAepxcHT MaTepnaji, nojiyHeHHbiH ot nepBOH xpo- 
MaTHAbi, a c Apyroň cropoHbi pa3pbma — ot btopoh. 06e 
BHOBb 06pa30BaHHbie peKOMÓHHaHTHbie XpOMaTHAbI HMOOT 
TaK Ha3bmaeMyio peuHnpoKHyio CTpyKTypy (t. e. aBjunomyio- 
Cfl pe3yabTaTOM KOMÓHHaiJHH OTIJOBCKOrO H MaTepHHCKOľO 
reHCTH^ecKoro MaTepnajia). OnHcaHHoe peKOMÓHHauHOH- 
HOe COÓbITHe npHHHTO Ha3bIBaTb pa 3 pbiB h BoccoeAHHe- 
hhc. H 3 npHBeACHHoro oó'bacHeHHa craHOBHTca noHarao, 
nO^eMy CAHHHHHblH aKT peKOMÓHHaiJHH npHBOAHT K nOHB- 
jieHHK) TOJibKo AByx (a He neTbipex) peKOMÓHHaHTHbix xpo- 


MOCOM: B npouecc peKOMÔHHaUHH BOBJíeneHbl TOJIbKO ABe H3 
neTbipex coeAHHeHHbix b ÓHBajieHT xpOMaTHA. 

npouecc pCKOMÓHHaiTHH OÓyCJIOBJIHBaiOT OÓIAHe npHI^H- 
nbi KOMiuieMeHTapHocTH uenen flHK Kaag^aa H3 xpOMaTHA 
COCTOHT H3 AAHHHOľO AyiUieKCa R HK (pHC. 2.7). B XOAe peKOM- 
ÓHHaijHH HeoóxoAHMO oneHb tohho pacno3HaBaTb Mecra BOC- 
COeAHHeHHH peKOMÓHHHpyiOIAHX MOaeKyjl flHK, B npOTHBHOM 
oiyqae nacrb reHcrmecKoro MaTepnajia 6yAcr yrepaHa. Mexa- 

HH3M TOHHOrO COOTBeTCTBHH MeCT peKOMÓHHaiJHH OCHOBäH 
HMeHHO Ha npHHUHnax KOMiuieMeHTapHocTH. 

B xoAe peKOMÓHHauHH ABe MOJieicyjibi R HK Ha onpe- 
AejieHHOM cpaBHHTejibHO kopotkom yqacTKe oóMeHHBa- 
K)Tca cbohmh u,enaMH. B pe3yabTaTe nojiynaeTca yqacTOK 
mópHAHOH JlfiK (pmc. 2.8), Ha kotopom uenb OAHoro 
H3 paHee cymecTBOBaBiiiHx flHK-AynaeKcoB cnapeHa c ue- 
nbK) Apyroro AynaeKca. OnHCbiBaeMbiH npouecc BioiK)HaeT 
h paA Apyrnx CTaAHH (HanpHMep, uenn aojdkhh 6biTb Ka- 
KHM-TO 0Ópa30M pa30pBaHbI H BOCCOeAHHeHbl), KOTOpbie 
6oaee noApoÓHO paccMOTpeHbi b ni. 20 «CHCTeMbi penapa- 
ijhh», OAHaKO npHHUHn KOMnjieMeHTapHOCTH ueneň R HK 
aBJíaeTca ocHOBonoaaraioiAHM npHHUHnoM roMOJiorm- 
hoh peKOMÓHHauHH. HecMOTpa Ha to hto Ha pncyHKe no- 
Ka3aHbi TOJibKO HeKOTopbie CTaAHH npouecca, bhaho, mto 
y^acTOK thóphahoh flHK o6pa3yeTca Ha npoMexcyTOMHOH 
CTaAHH peKOMÓHHaUHH — B MOMCHT, KOľAa npOHCXOAHT 
nepeHOC OAHOuenoneHHoro y^acTKa flHK c OAHoro Ayn- 
jieKca Ha Apyroň. KaxcAbiH H3 AByx nojiyneHHbix b more 
peKOMÓHHaHTOB COCTOHT H3 flHK OAHOH H3 HCXOAHblX 
poAHTejibCKHx xpOMaTHA (cjieBa), coeAHHeHHoro c ^HK 
Apyroň poAHTejibCKoíi xpoMaTHAbi (cnpaBa). Ha pne. 2.7 



PMC. 2.8 PeKOMÓMHauMH npoMCKOAm b pe3y/ibTaTe cnapMBaHMfl 
KOMn/ieMeHTapHbix ueneŕí Aeyx poAme/ibCKMx Ayn/ieKCOB flHK 
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Ka>KflbiH flyiuieicc AHK cootbctctbyct oähoh h3 xpoMarafl, 

BORneHeHHblX B pCKOMOHIiamiK). 

Mo/ieKyjibi ÁHK, npHHHMaromne yHacroe b tomojio- 
ľHHHOH peKOMÓHHapHH, flOJDKHbl HMeTb flOCTaTOHHO CXO- 
>khc (KOMiuieMeHTapHbie) noaieflOBaTenbHOCTH. Hacro/ib- 
ko cxoxHe, HTOôbi Moraa o6pa30BaTbca raôpHflHaa flHK. 

EcJIH /(BC pOflHTejIbCKHX XpOMOCOMbI OKÍDKVTO) H/(CHTIIMUbI 
Ha ynacTKe ooMena hciihmii, to «jx)pMJipyeTCfl n/(ea;ii>na>i 
ľn6pn/(naa AH K. Oah 3 ko pcKOMÓiiiianiM moxcct npoHCxo- 
flHTb flaxce b tom aiynae, ecjiH MOK/jy ynacrKaMH po/urrcjib- 
ckhx A.HK ecrb iiC3iiaHHTaibiibic otjihhhh. B stom aiynae 
b ntópit/jiioň /JHK B03HHKHyT HecnapeHHbie ocHOBaiuia. 
HcnpaBJíeHHe t3khx HecoBnaflCHHH — sto eme oahh ac- 
neKT reHeTHHecKOň peKOMÔHHapHH (cm. ra. 20 «CHCTeMbi 
penapapHH»). 


feHeTMMecKu koa TpMnjieieH 


KniOMeBbie noHATMa: 


• ľeHeTMHecKMM koa CHMTbiBaeica Tpun/ieTaMM HyKJieoTMAOB 
(koaoh3mm). 

• Tpnn/ieTbi He nepeKpbmaioTca n HaHMHaioT CHMTbiBaTbca c 
onpeAe/ieHHOM crapTOBOM tohkm. 

• MyTauMM, npeACTaB/iaioiAMe coóoŕí BdaBKy mjim yAa/ieHne 

OTAe/lbHblX HyKJieOTMAOB, npMBOA^T K CÓOK) B CHMTblB3HMM 
TpnnjieTOB Ha ynacTKe flHK nocne Myiaunn. 

• ConeiaHMe MyiauMM, npMBOAfliAMx k AOÓaBJíeHMio mjim 
yAa/ieHMK) cpa3y Tpex (mjim KpaTHoro TpeM HMC/ia) HyKJieoTMAOB, 
AOÓaB/iaeT mjim yÓMpaeT OAHy (HecKOJibKo) aMMHOKMCJiOT b 
6ejwe, ho He MeHaeT paMKy cHMTbiBaHMa TpMruieTOB nocjie 
Mečia pacnojio>KeHMa Myiai^MM. 

EOJIblIIHHCTBO TeHOB HeCyT HHCjjOpMaiJHIO O CTpoeHHH 
óejiKOB, a Ka^KAbiH óejiOK coctoht h 3 nocjieAOBaTejibHocTH 
aMHHOKHCJiOT. 3Ta KOHuenuHa 6buia pa3paóoTaHa CsHre- 
poM b 50-x ro^ax ABaAuaToro Beica Ha npHMepe HHcyjiHHa. 
3HaHHe o tom, hto reHbi coctoht H3 J\ HK, no3BOJiaeT HaM 
noHHTb, Kax nocjieAOBaTejibHOCTb HyKJieomAOB CBjmHa c 
noaieAOBaTejibHOCTbio aMHHOKHCJiOT b 6ejiKe. 

OcoóeHHOCTbio R HK HBjmeTCH ciiaôan 3aeucuMOcmb 
ee tipocmpancrneennoú cmpyKmypu om nocnedoeamenb- 
nocmu nyKJieomudoe. nocjieAOBaTejibHOCTb HymieoTHAOB b 
JIHK BancHa He noTOMy, hto OHa HenocpeACTBeHHO c|x)pMH- 
pyeT CTpyKTypy ôejiKa, a noTOMy, hto OHa KOAHpyeT nocjie- 
AOBaTeJIbHOCTb aMHHOKHCJiOT, H3 KOTOpblX COCTOHT ÓeJIOK. 

ľlocjieAOBaTejibHOCTb JJHK CBH3aHa c KOAnpyeMbiM eio 6eji- 
kom nepe3 reHCTHHecKHH koa;. 

CTpyKTypa h/hjih cjjepMeHTaTHBHaa aKTHBHOCTb jiioóo- 
ro óejiKa bo MHoroM 3aBHCHT ot ero nepBHHHOH crpyKTypbi 
(nocjieAOBaTejibHOCTH cocraBjwiomHx ero aMHHOKHCJiOT). 
ľeH, onpeAejunomHH aMHHOKHCJiomyio nocjieAOBaTejib- 
HocTb óejiKa, HeceT bcio HeoóxoAHMyio HHcjjopMaijHio jum 
C03AaHHH (JjyHKíjHOHajibHOH nojiHnenraAHOH uenH. TaKHM 
o6pa30M, reH KaK crpyKTypHafl eAHHHija mojkct óbiTb peajiH- 
30BaH b bhA e 6ecHHaieHHoro KOJiHnecTBa nojiHnenTHAOB. 

Bce ÔeJIKH KJieTKH OTBeTCTBeHHbl 3a KaTaJIHTHHeC- 
KHe h CTpyKTypHbie cjjyHKíjHH, KOTopbie b HTore cjjopMH- 


pyioT (JjeHOTHn. IIomhmo coóctbchho nooieAOBaTejib- 
HOCTeň, KOAHpyiomHx óejiKH, Jl HK co^epncHT ynacTKH, 
y3HaBaeMbie peryjíHTopHbiMH MOJieicyjiaMH (KaK npaBH- 
jio, TOHce ôejiKaMH). Ha a^hhhx ynacTKax (JyHKUHH HK 
TaKxce onpeAejiaeTCfl ee nocjieAOBaTejibHOCTbio, ho ynce He 
b BH^e TpHnjieTHoro Ko^a. J\b2l ynoMHHyTbix rana perao- 
hob — ynacTKH, HenocpeACTBeHHO KOAHpyiomHe óe/iKH, h 
peryjíHTopHbie nocjieAOBaTejibHoc™ — b cyMMe cocTaBjía- 
iot reHeTHHecicyio HH^opMauHio. 

ľeHeTHHecKHH koa pacuiH^poBbiBaeTCH cjioxcHbiM an- 

napaTOM, HHTepnpeTHpyiomHM nocjieAOBaTejibHOCTb HyK- 
jieHHOBbix khcjiot. 3tot annapaT oTBeTCTBeHeH 3a pacno3- 
HaBaHHe 3HanamHx (JparMemoB HK. Ha Ka^KAOM ynacTKe 
flHK, KaK npaBHJio, TOJibKO OAHa H3 AByx uenen KOAHpyeT 
óejiOK, nosTOMy reHeTHnecKHH koa 3anHCbiBaiOT KaK nocjie- 
AOBaTejibHOCTb ocHOBaHHH (a He nap ocHOBaHHň). 

ľeHeTHHecKHH koa CHHTbmaeTCH rpynnaMH no Tpn HyK- 
jieoTHA^. KajKAaa TaKaa rpynna (TpHiuieT) cooTBeTCTByeT 
OAHOH aMHHOKHCJIOTe H Ha3bIBaeTCH KOflOHOM. TeH COCTO¬ 
HT H3 CepHH KOAOHOB, KOTOpbie nOCJieAOBaTCJIbHO CHHTblBa- 
IOTCH, HaHHHaa CO CTapTOBOH TOHKH H 3aKaHHHBaH TOHKOH 
TepMHHauHH. noaieAOBaTejibHOCTb HymieoTHAOB, KOAnpy- 
ioiahx óejiOK, CHHTbmaeTca b HanpaBJíeHHH ot 5'- k 3'-KOHuy 
KOAHpyiomen uenn JIHK h cooTBeTCTByeT nocjieAOBaTejib- 
HOCTH aMHHOKHCJiOT B nOJIHnenTHAC B HanpaBJíeHHH OT 

N-kohi# k C-KOHuy. 

reHeranecKHH koa cnHTbiBaeTca c nenepeKpueaK)- 
uifUXCH mpunnemoe, Hmunan c ^UKCupoeannoú cmap- 
moeou moHKU. 

• 3to 03HanaeT, hto Kax(AbiH koaoh coctoht h 3 Tpex HyK- 
jieoTHAOB h Kax<AbiH cjieAyiomHH koaoh npeACTaBjíeH 
HOBbiM TpnnjieTOM HyKJieoTHAOB (TpHiuieTbi He nepe- 
KpblBaiOTCH). 

• CóopKa óejiKa AOJixoia HanHHaTbca b (puKCUpoeamoú 
cmapmoeou momce, KOAnpyiomeH N-kohcu 6ejiKa, h 3a- 
KaHHHBaTbCH B TOHKe, COOTBeTCTByiOmeH C-KOHH,y, Ta¬ 
KHM oôpa30M, hto6h pa3JiHHHbie nacTH KOAnpyioiAeH 
nocjieAOBaTejibHOCTH He MorjiH 6biTb nponHTaHbi He3a- 
BHCHMO. 

3HaHHe CTpyioypbi reHeTHnecKoro KOAa no3BOJiaeT 
npeACKa3aTb ocjjcjjeKT ot AByx thhob MyTaunn. Ecjih hckoto- 
pbíň ynacTOK J\ HK CHHTbiBaeTca nocjieAOBaTejibHO h Tpnn- 
jieTaMH, HanpHMep: 

UUU AAA GGG CCC (koaohh) 

aKl aK2 aK3 aK4 (aMHHOKHCJioTbi) 

to TonenHaa Myrauna npHBeACT k H3MeHeHHio TOJibKO oahoh 
aMHHOKHCJiOTbi. HanpHMep, 3aMeHa A Ha jnoóoe Apyroe oc- 
HOBaHHe (X) npHBeAeT k 3aMeHe aMHHOKHCJiOTbi 2 Ha aMH- 
HOKHCJIOTy 5: 

UUU XAA GGG CCC 

aKl aK5 aK3 aK4 

nOCKOJIbKy ÓyACT H3MeHeH TOJIbKO BTOpOH koaoh. 

OdrnKO ecmaern mu dejieupM odnozo ocnoemm npu- 
eedem k umenenuK) mpunnemoe na nponvDtcmuu eceu cm- 
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dytomeu nocM Mymaujm nooiedoeatmnbHoanu. H3MeHeHHa 
TaKoro pofla Ha3biBaKyr cabhtom paMKH oraTUBamia 
BcraBKa (HHcepura) mojkct BbirjiaAeTb aieayiomHM o6pa30M: 

UUU XAA AGG GCC C 
aKl aK5 aKÓ aK7 

Tax KaK HOBaa nocneflOBaTejibHOCTb TprameroB otjih- 
Haerca ot crapon, to h Bca nocjieAOBaTejibHocrb 3mhhokhc- 
jiot b óejiKC noaie tohkh m praním jiumcujitoi. B peayjibTa're 
ócjiok M05Kcr nepecraTb BbinojiHHTb cboio ([/yukiuik). 

C6oň paMKH BbI3bIB3IOT aKpHAHHW — coe/umeima, 
KOTOpbie CBH3biBaioTCH c ,H,HK h HapyniaioT ee flByxqeno- 
hchiivk) crpyKTypy, npnBO/w k BcraBKe hjih acjichiih oc- 
HOB3HHH b npou,ecce pen/iHKau,HH. KajKAoe Myrai;HOHHoe 
COÓbITHe, CnpOBOU,HpOBaHHOe aKpHAHHOM, npHBOAHT K 
Ao6aR/ieHHK) hji h ynaTieimio oahoh napbi ii\ , k. , icothaob h3 
HcxoflHoň noaieflOBaTe^bHOCTH ,H,HFC 

B tom oiynae, ecjiH Myranna Bbi3BaHa BcraBKoň o/u loro 
HyioieoTHAa, B03BpameHHe k ahkomy rany motkct npoH30ň- 
th b pe3y/ibTaTe AeJieuHH 3Toro HymieoTH/ia. (Damko TaKoe 
B03BpameHHe Moxcer 6bm> Bbi3BaHO h ACJiajnen Apyroro 
OCHOB3HHH, HaxoAameroca b6jih3h ot Mecra pacnojioxe- 
HH3 HIICCpUHIl. KOMÓHUaHHH IIOflOOHOľO po/ía M vraním 
HarjiHflHo noflTBepxcAaiOT cnpaBe/viHBOCTb npeucraBjíCHHH 
o crpyKType reHemnecKoro KOfla. 

P H C. 2.9 HJIJIKXTpjipyeT CBOHCTB3 MyTaiUHl, BbI3bIBa- 
HDIAHX CflBHT paMKH. HlICCpUHM HJIH /ICJIC'HIia BbI3bIBaeT 


ľeHeTMMeCKMM KOA COCTOMT M3 TpMľlJieTOB HyKJieOTMftOB 


P,HKm TMU 

GCU GCU G C U G C U GCU GCU GCU GCU ~ 


Ala Ala Ata Ala Ala Ala Ala Ata 

A 

MHcepunfl ▼ 

GCU GCU A G C U G C UGC UGC UGC UGC|U^ 
Ata Ala Ser Cys Cys Cys Cys Cys 

fle/ieuMfl G 

GCU GCJ GCU GCU GCU CUG CUG CUG[^ 

Ala Ala Ala Ala Ala Leu Leu Leu 

Aboííhoíí Myľam A G 

GCU GCU AGC UGC UGCUCU GCU GCU|G^ 

Ala Ala Ser Cys Cys Ser Ala Ala 

TpoíiHoíí MyiaHT$ A A 

GCU GCA UGC UGC AUG CAU GCU GCU[^ 

Ala Ala Cys Cys Met His Ata Ata 


nocjieflOBaTejibHOCTb 
AMKoro mna 


M3MeHeHHaB 

noc^eflOBaie/ibHocTb 


P M C. 2 9 MyTauMM, npnBOAflmne k cflBMry paMKH CHMTbiBaHMfl, noA- 
TBepwflaioT rnnoTe3y o tom, hto reHeTMHecKMÍí koa CMMTbiBaeTca 
TpMnjieiaMM navman c onpeAe/ieHHoŕí crapTOBOÉí tohkh 


H3MeHeHHH BO BCCH nOCJieAOBaTeJIbHOCTH 3MHHOKHCJIOT 
6ejiKa, 3aKOflHpoB3HHOH ynacTKOM noaie MyTannn. Ofl- 

HaKO KOMÔHHaiJHH HHCCpHHH H ACJICUHH IipHBO/íHT K 
HenpaBHUbHOMy CHnTbiBatmio KOfla TOJibKO b npefle/iax 
iioaic/íOBa'raibiiocTH, pacno.no>Keiiiioii mok/iv hhmh; 
iipaBiuibHoe CHHTbiBaHHe bo3o6h()bjihc'i'oi cpa3y noc/ie 
3Toro ynacTKa. 

IlpoBefleHHbiH b 1961 r. reHeraHecKHH atiajiH3 aKpn- 
flHHOBbix Myraniiň b penioiie rll (f) ara T6 noKa3aji, hto Bce 
Myrai;HH mojkho othccth k oahoh h3 flByx rpynn: «+•> hjih 
«-». CaM no ce6e KajKAbin ran MyTapnň npHBOflHT k côoio 

paMKH CHHTbIBaHHfl: «+•> nyTCM flOÔaB/ICHHfl OCHOB3HHB, 
a «—> nyreM ACJieunn. KoMÔHHauHH abohhmx MyraHTOB 
Ka>KAoro rana (++) h (—) TaioKe fleMOHcrpHpyioT xapaK- 
TepHbin .týra A3HHOH MyTau,HH scJ/cj/eKT. KoMÓHHapHH rana 
(+-) h/ih (-+) noflaBJíaioT flpyr flpyra, h b t 3 khx c/iyua- 
ax OAHa H3 MyTau,HH onncbmaerca KaK cynpeccop c6oh 
paMKH, Bbi3biBaeMoro Apyron Myrapnefl. (B a 2 hhom koh- 
TeKcre TepMHH «cynpeccop'> Hciiojibayc'ioi b neoobiHiioM 
A^ia Hero 3HaHeHHH, nocKoabKy BTopaa MyTapna h3xoaht- 
ca b tom xce reHe, hto h nepBaa.) 

B COOTBeTCTBHH C npHBeAeHHbIMH pC3\71bTaTaMH 3KC- 
nepnMeHTOB reHeraHecKHH koa äojdkcii CHHTbiBaTbca KaK 
IIOC7ICAOBaTCUBHOCTb C (|/HKCHpOBaiIIIOH CTapTOBOHTOHKOH. 
TaKHM oôpa30M, nHcepi^nn hjih acjicuhh MOiyr KOMneHcn- 
poBara Apyr Apyi’a, b to BpeMa KaK ABOHHMe Hnccpiuín htth 
ABOHH bie Aeaeu,HH ocTaiOTca MyraHTObiMH. Oah3ko npn- 
BeAeHHbie Bbirne 3Kci icpnMcmu He n03B0Jiai0T noHaTb, H3 
CK07lbKHX HyK/ieOTHAOB COCTOHT KOAOH. 

OKa3a;iocb, hto ahkhh (J/eHoran npoaB/iaeTca TO/ib- 

KO y TpOHHblX MyT3HTOB (+++) H (-), TOTAa KaK oc- 

Ta/IbHbie KOMÓHHaqHH HHCJia BCT3BOK HJIH ACJieUHH OC- 
TaioTca MyTaHTHbiMH. To, hto HHcepqna hjih /icjiciuisi b 
T pn ocHOBaHna bcact k AOÔaBJíeHHio hjih Bbipe3aHHio 
OAHOH 3MHHOKHCJIOTbI AOKa3bIBaeT, HTO KOA CHHTblBa- 
eTca TpnnjicTaMH. H3MeHeHHaa nacTb óejiKa óyAeT npn 
stom orpaHHneHa ynacTKOM MeacAy nepBbiM h TpeTbHM 
MyTaUHOHHbIMH C3HTäMH (pHC. 2.9). 
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CymeCTByeT TpM B03M0>KHblX 
paMKH CHMTbIBaHMB K3>KAOM 
nociieAOBaieiibHocTM 


KiuoneBbie noHBTMji: 


• KaK npaBM/io, TpaHC/iMpyeTCB TO/ibKO OAHa M3 Tpex paMOK 
CHMTbIBaHMB, OCTaJlbHbie 3a6/IOKMpOBaHbl CMrna/iaMM 
TepMMHaUMM TpaHCJlBllMM. 


Ecjih ocHOBy reHero^ecKoro KO^a cocTaBJiaK)T HenepeKpbi- 
BaiouinecH TpHiuieTbi, to b 3aBHCHMOcm ot cTaproBoň tohkh 
T paHomuHH ROimHO óbiTb Tpn B03M0>KHbix cnocoôa nepeBO- 
Aa jiioôoPí HyKjieoTimHOH nocjieAOBaTejibHOCTH b óc^ok, to 

eCTb TpH paMKH CHHTbIBaHHH. JJ/ÍX nOOICAOBaTC^bHOCTH 

ACGACGACGACGACGACG 


2.9 CyilieCTBytOT Tpn B03M0>KHblX paMKH CHMTbIBaHMfl Ka>KflOM nOC-neAOBaTe-nbHOCTM 39 










B03M0)KHbI TpH paMKH CHHTbIBaHHfl: 
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ripoKapuoTOHecKiie reHbi 
KOilMHeapHbl mx 6ejwaM 


IA C Gl A C G A C G A C G A C G A C G 

A |ČG~Ä1 -CGA C G A C G A C G A CG 

AC IGAČI GAC GAC GAC GAC G 

PaMKa CHHTbiBaHHa, cocroamaa Ko/mpyioiuiix 3mh- 
HOKHCJIOTbl TpHIUieTOB, Ha3bIBaeTCfl OTKpHTOH p3MKOH 
CHHTbiBaHiui (open reading frame, ORF). TpaHaiHpyeMaa 
b óexoK noaieflOBaTejibHOCTb BmnonaeT paMKy CHHTbiBaHim, 
cocroamyio H3 Ha^ajibHoro crapT-KOflOHa (AUG), cepHH 
KOflHpyiOmHX aMHHOKHCJIOTbl TpHIUieTOB H OflHOTO H3 Tpex 
CTOn-KOflOHOB (CM. IJI. 7 «MaTpHHHafl PHK»). 

Ecjih BHyrpH paMKH CHiiTbiBanna BcrpenaiOTOi cron- 
KOflOHbi, to 6cx o k c Hee He cmiTbiBacTO). B t3khx oiyHaax 
roBopxT, hto paMKa CHinbiBaiiHH 6jiOKHpOBaHa. Iloaieflo- 

BaTCJIbl IOCTb HyiOieOTHflOB He MOJKCT BbinOJIHHTb ÓCJIOK-KO- 

flnpyiomyio cjjyHKUHio, ecxH OHa 6/ioKHpoBaHa bo Bcex Tpex 

paMKaX CHHTblBaiIHH. 

Htoóh noHHTb, cymecTByeT jih Ha flaHHOM yqacTKe flHK 
OTKpbiTaa paMKa craTbiBaHiia, HeoôxofíHMO npoaHajiH3H- 
pOBaTb BCe B03M0XHbie paMKH CHHTblBaHHB. OÓblHHO Ha 
OflHOM ynaCTKe /(HK OTKpbITOH HBJIfleTCH TOJIbKO OflHa H3 
Tpex B03M05KHbix paMOK CHHTbiBaHHa. Ha P m c. 2.io npHBe- 
fleH npHMep nocjieflOBaTejibHOCTH, am KOTopoň cymecTBy- 
eTXHiiib OflHa npoflOxxcHTejibHaa paMKa, a anbTepHaTHBHbie 
paMKH 6jIOKHpOB3HbI HaCTbIMH CTOII-KOXOHaMH. 

BepOHTHOCTb B03HIIKH0RCHMSI He KOAIipyiOIHCH ÓeJIOK 
(crynaňHOH), cpaBHHTejibHO jy ihhhoíí otkphtoh paMKH 
CHHTblBaHHB TeM MeHbUie, HeM OHa 7 X-THHHCC, a ecrecTBeH- 
hmh o'róop npoTHB HaKaiuiHBaiiHH b iiCKOAiipyioiueň paM- 
Ke cron-KOflOHOB He npoHexoflHT. Moxcho yTBepxcflaTb, hto 
eCJIM Mbl OÓHapyjKHJIH CpaBHHTejIbHO flJlHHHyiO OTKpblTyiO 
paMKy CHHTbiBaHHa 6e3 cron-KOflOHOB, to flaHHaa paMKa 
CHHTbIBaHHfl KOflHpyeT HeKHH ÔejIOK. OTKpblTyiO paMKy 
CHHTbIB3HHa, flJW KOTOpOH He OÓHappKCH npOflyKT, HHOTfla 
Ha3bIBaiOT HeHfleHTH^HIlHpOBaHHOH paMKOH CHHTblBaHHB 

(unidentified reading frame, URF). 


06bmHO noc/ieAOBaie^bHOCTb aHK 
COAep}KMT TOJlbKO OAHy OTKpblTyiO paMKy CHHTbIBaHMB 


HHMUMauMfl To/ibKO OAHa OTKpbiTaa paMKa cMHTbiBarnip TepMMHaLiMfl 

- 1 -pj-i 

MJGAGCAUAAAAAUAGAGAGA UU£GCUAG4GUUAAU6AÄGCAU AÁÍ. . 

LyJ i-pl 3-^ 

Biopafl paMKa CMMTblBaHMfl TpeTbB paMKa CHMTbIBaHMfl 

aaóiioKupoBaHa 3a6jioKnpoBaHa 

PMC. 2.10 OTKpbuaa paMKa CHMTbIBaHMfl HaHMHaeTCfl c koaoh3 AUG n 
npoAOJi>KaeTCíi TpMruieiaMM Bn/ioTb ao don-KOAOHa. 3a6/iOKnpoBaH- 
Hbie paMKH CHMTbIBaHMfl ľipepBaHbl CTOn-KOAOHaMM 


KmoneBbie noHATMfl: 


• ľlpoKapMOTMHecKMM reH BK/iiOHaeT ynacTOK M3 3N HyK/ieoTMAOB, 
KOAMpyiOlAMX N aMMHOKMC/lOT. 

• ľeH, mPHK m óe/iOK KO/iMHeapHbi APyr APyry. 

CpaBHHBan HyKJieoTOAHyK) noaieAOBaTejibHOCTb reHa 
c nocjieA,OBaTejibHOCTbK> aMHHOKHCJioT b 6ejiKe, mojkho 
onpeAejíHTb, KOJiHHeapHbi jih reH h 6cjiok (to ecTb cy- 
mecTByeT jih jihhchhoc cootbctctbhc MOKAy nocjie/jOBa- 
TejibHOCTbio HyioieoTHAOB b reHe h noaieAOBaTejibHOC- 
TbK) aMHHOKHCJioT b óejiKe). HanpHMep, TaKoe jihhchhoc 
cooTBeTCTBHe AOKa3aHO 6aKTepHH h hx BHpycoB. 
Ka^biH 6aKTepHa^bHbiH hjih BHpycHbiH reH coctoht h3 
npoTH^ceHHoro ynacTKa flHK, Rím m KOToporo Hanpn- 
MyiO CBH3aHa C HHC^OM KOAHpyeMblX HM aMHHOKHCJlOT. 
B eooTBeTCTBHH c ycTpoHCTBOM reHeTHHecKoro KOAa reH, 
COCTOHmHH H3 3N nH, ^O^eH KOAHpOBaTb ÓeJIOK, COCTO- 
HU^HH H3 N aMHHOKHCJlOT. 

ľlponopijHOHajibHOCTb óaKTepHajibHbix reHOB h 
hx npoAyKTOB 03HanaeT, hto 4)H3HHecKa« KapTa flHK b 
TOHHOCTH COBna^eT C aMHHOKHCJIOTHOH KapTOH 6ejiKa. 
Ho HaCKOJIbKO 3TH KapTbl COBnaflaK)T C KapTOH peKOM- 
ÓHHaUHH? 

nepBbie HCCJieAOBaHra KOJiHHeapHOCTH reHOB h 6tn- 
kob npoBOAHjiH Ha npHMepe reHa TpHnTo4)aHCHHTeTa3bi 
E. coli. reHeTHHeCKHe paCCTOHHHH H3Mep«JIH B eflHHH- 
qax peKOMÓHHauHH Mexc^y MyTaijHflMH, a paccTOHHra b 
6e;iKe — no nncjiy aMHHOKHCJioT, pa3AejiHK>mHx canTbi 
MyTauHH. Ha p m c. 2.11 npHBefleHO cpaBHeHHe ^Byx pe- 
KOMÓHHauHOHHbix KapT. nop^flOK pacnojioxceHra eeMH 
canTOB MyTauHH coBna^aji c nopn^KOM eooTBeTCTByK)- 
LU,HX aMHHOKHCJIOTHblX 3aMCH, 2 peKOMÔHHaUHOHHbie 
paccTOHHHH óbuiH oneHb noxoxcn Ha paccTOHHra MOK/^y 
aMHHOKHCJIOTHblMH 3aMCHaMH B ÔeJIKe. KapTa peKOMÓH- 
HauHH HecKOJibKO npeyBejiHHHBaeT paccTOHHHH Me^y 
HeKOTopbiMH MyTauHHMH, nocKOJibKy OHa HCKa^ceHa ot- 
HOCHTeJIbHO (f)H3HHeCKOH KapTbl. 

KapTa peKOMÓHHauHH yKa3biBaeT eme Ha ABa Ba^c- 
hhx MOMeHTa, KacaK>mHxcH opraHH3auHH reHa. MyTa- 
UHfl MO^CeT npHBOAHTb K 3aMCHe aMHHOKHCJIOTbl RA¬ 
KOVO THna Ha Apyryío aMHHOKHCJiOTy. Ecjih abc TaKHx 
MyTaUHH HHKOľAa He peKOMÔHHHpyiOT, TO OHH AOJDKHbl 
npeACTaBJíHTb co6oh pa3JiHHHbie TonenHbie MyTauHH, 
pacnojio^ceHHbie b oahom h tom ace MecTe Ha flHK. Ecjih 
H a reHeranecKOH KapTe abc MyTauHH pa3AejiHi0TCíi, ho 
npH 3TOM 3aTparHBaiOT OAHy aMHHOKHCJiOTy (cxoahiah- 
eai jihhhh Ha KapTe), omcbhaho, ohh aojdkhh npeACTaB- 
jíHTb coôoh TonenHbie MyTauHH b oahom TpHnjieTe. Oie- 
AOBaTejibHo, eAHHHua reHeTHMecKOH peKOMÔHHauHH 
(b ACHCTBHTeJIbHOCTH — 1 nH) MCHblIie, HtM CAHHHIja, 
KOAnpyioiAaH aMHHOKHCJiOTy (3 nH). 
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P M C. 2.11 Kapia peKOMÓMHauMM reHa TpnnTo4)aHCMHTeTa3bi coot- 
HOCMTCfl C aMMHOKMC/lOTHOM ľlOCJieAOBaTeJlbHOCTblO 6e/lKa 


2.11 


CnHTe3y 6ejiKa npeflLuecTByeT 
p«A npoueccoB 


K/noneBbie noHBTMíi: 


• ľlpoKapMOTMHecKMM reH 3Kcnpeccnpyera nepe3 TpaHCKpnni4MK) 
(cnHTe3 mPHK) m TpaHcriflLimo (mPHK) c o6pa30BaHneM 6e/iKa. 

• Y 3yKapnoT reH MomeT coAepwaib BHyipeHHMe perMOHbi. He 
npeACTaB/ieHHbie b óe/we. 

• BHyipeHHMe perMOHbi yAa/iaiOTCfl M3 3yKapnoTMHecKoro 
PHK-TpaHCKpMnia nocpeACTBOM PHK-cn/iaíícMHra. B more 
3yKapnoTMMecKafl MPHKíatoKe 0Ka3biBaeTca KO/iMHeapHa 
6ejwy. 

• 3pe/iafl MO/ieKy/ia mPHK coAepwm KOAMpyjomMíí perMOH m 
HeTpaHCJiMpyeMbie 5'-pernoH m 3'-pernoH. 


mPHK KOMiuieMeHTapHa oahoh H3 uenen RHK n uRemmm 
BTopoň H3 uenen (3a HcmnoneHneM 3aMeHbi T Ha U). Bha- 
ho, hto nocneAOBaTeAbHocTb BepxHen ijenn R HK (HanpaB- 
jieHaa ot 5'-KOHija k 3'-KOHijy) cooTBeTCTByeT nocjieAOBa- 
TeJIbHOCTH PHK. 

npouecc, b pe3yjibTaie KOToporo reH AaeT Hanajio 
óejiKy, Ha3biBaK)T sKcnpeccnen reHa. Y óaKTepnn skc- 
npecc™ reHOB ocymecTBjmeTCfl b j\bc cTaAnn. Bo BpeMfl 
nepBOH cTa^HH, Ha3biBaeMoň TpaHCKpHimHeň, c oahoh 
H3 ijeneň R HK cnHTe3npyeTCfl Konra mPHK. Bo BpeMfl 
BTopoň CTaAHH mPHK TpaHCJIHpyeTCH B ÓeJlOK. TaKHM 
oópa30M, TpaHCJunjnfl — sto npouecc, b xoAe KOToporo 
noe^eAOBaTeAbHOCTb mPHK, cocToamafl H3 TpnnneTOB, 
KOAHpyiOUlHX aMHHOKHCJIOTbl, (J)OpMHpyeT COOTBeTCTBy- 
iomnň óejiOK. HacTb mPHK, Ha3biBaeMa« KOflHpyioiijHM 
pernoHOM, coctoht h 3 nocjieAOBaTejibHocTn Hyioieo- 
THAOB, KOAHpyiOIAHX nOCJieAOBaTCJIbHOCTb aMHHOKHC- 
jiot b óejiKe. KpoMe KOAnpyiomero pernoHa mPHK, xax 
npaBnjio, coAep^cHT AonojmnTejibHbie perHOHbi no koh- 
uaM MOJieicyjibi; ara noejieAOBaTejibHOCTn He npnHnMa- 
10T HenocpeACTBeHHoro ynacrafl b KOAnpoBaHHH óejiKa. 
5'-HeTpaHCJiHpyeMbin pernoH b aHDi0fl3binH0ň jinTepa- 
Type Ha3biBai0T jm^epOM, a 3'-HeTpaHCJinpyeMbiň pern- 
oh — TpeňjiepOM. 

ľen BKJiK>naeT b ceófl nojiHyio noe^eAOBaTe^bHOCTb 
mPHK. HHorAa b HeKOAnpyiomnx pernoHax oÓHapyxcnBa- 
10T Myraijnn, Hapymaiomne cjiyHKíjnK) reHa, H3 nero mok¬ 
ro CAeJiaTb BbIBOA, HTO 3TH pernOHbl COCTaBJWIOT Ba^KHyK) 
nacTb reHa. 

Ha nC. 2.13 npoAeMOHCTpnpoBaHa CHryar^ra, b koto- 
poň reH, npeACTaBjíeHHbin npoTJDfceHHbiM ynacTKOM flHK, 
npoAynnpyeT onpeAejieHHbíň óejiOK. Homhmo óe^OK-KOAn- 
pyiomeň noejieAOBaTejibHOCTn oh HeceT no KOHijaM Aonoji- 
HHTejibHbie HeKOAnpyioiAHe pernoHbi. 

nocKOAbKy uHToraa3Ma y óaKTepnn He OTAejieHa ot re- 
homhoh ,HHK (y óaKTepnn OTcyTCTByeT aAepHaa oóojionKa), 
TpaHCKpnnura n TpaHCJiaura nponcxoAAT y hhx b oahom h 
tom ace KOMnapTMeHTe KJicrm (phc. 2.14). 

B OTjinnne ot óaKTepnn y syKapnoT TpaHCKpnnijnfl 
oeymecTBjmeTCfl b aap e. toto mtoóm TpaHCJinpoBaTb 


Ec^n conocTaBnTb nocjieAOBaTejibHoem reHa n óe^Ka, 
OKaxceTCH, hto óe^OK-KOAnpyiomaa noejieAOBaTe^bHOCTb 
(pacnoAO^ceHHaa MOKAy TonKaMn, eooTBeTCTByiomnMn 
KOHiiaM nojinnenTnAHOň uenn) flBjmeTCfl TOJibKO nacTbK) 
reHa. nocKo^bKy reH He HanpflMyio TpaHC^npyeTCH b 6e;iOK, 
a nocpeACTBOM MaTpH^Hoň (HH<J)opMau;HOHHOH) PHK, 
coKpameHHO mPHK, npoMe^cyTonHoň b cnHTe3e óe^Ka 
HyioienHOBOň khc^oth (noApoÓHee cm. dl 7 «MaTpnnHaa 
PHK»), cynj,ecTByioT ynacTKn reHa, He KOAnpyiomne nojin- 
nenTHAHyio uenb, ho BxoA^uine b CTpyKTypy mPHK. 

npouecc cnHTe3a mPHK nponcxoAHT no y^ce 3HaKOMO- 
My HaM MexaHH3My KOMrmeMeHTapHoro cnapnBaHna ocho- 
BaHnň (Tax ^ce, KaK n npn peminKaiinn HK), c TeM Anuib 
OT^nnneM, hto chhtc3 mPHK ha^t ^nuib no oahoh n3 u;e- 
neň R HK Ha p n c. 2.12 noKa3aHO, hto noe^eAOBaTeAbHOCTb 


PHK KOMfuieMemapHa oahom m 3 ueneŇ flHK 


AH K coctomt m AByx cnapeHHbix Aeneň 

BepxHíiíi uenb 

5' ATGCCGTTAGACCGTTAGCGGACCTGAC 
3' TACGGCAATCTGGCAATCGCCTGGACTG 
Hn>KHflfl uenb 

CMHTe3 

PHK 

5' AUGCCGUUAGACCGUUAGCGGACCUGAC 3' 

PHK noBTopaeT noc/ieAOBaie/ibHocTb BepxHeň uenM AHK 
m KOMn/ieMemapHa HM>KHeíí Lienu AHK 


PMC. 2.12 B xoAe CMHTe3a PHK OAHa M3 MO/ieKy/i flHK ncnojib3yeicíi 
b KanecTBe MaTpmibi AJifl KOMn/ieMeHTapHoro cnapMBaHMíi HyK/ieo- 
TMAOB 
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TeH COOTHOCMTCfl C PHK-TpaHCKplWTOM 


PHK ayKapMOT no xoay C03peBaHHn 
npetepneBaeT M3MeHeHWfl h 3KcnopTwpyeTOi H3 BApa 


WVWVVW flHK 

1 


/iMflep 

5\/ 


TDeň^ep 
X/ 3 ' PHK 


Mo/ieny/ia PHK cooTBeTCTByeiynacTKy reHa 


i 


C Be/iOK 

1 -T- 1 

Be/iOK cooTBeTCTByeT KOAMpyK)iueMy ywacrKy reHa 


PMC ?/n no fliiMHe reH MomeT npeBbiiuaTb KOAMpyiomyio óe/iOK 
noc/ieAOBaieAbHocTb 


y 6aKTepHH TpaHCKpHnAHfl M TpaHC/IBAMB npOHCXOABT OAHOBpeMeHHO 


TpaHCKpMnAMB 



PMC. 2.14 y óaKTepMÍí TpaHCKpnni4Mfl n TpaHC/iauMfl npoMcxoAflT b 
oahom KOMnapTMeme KJieTKM 


mPHK b ôc^ok, HeoóxoflHMO mpancnopmupoeamb PHK 
b i(HTonjia3My. MHorae reHbi syxapnoT (h 6o;ibmmiCTBO 
reHOB BbícniHx ayxapnoT) coAepxcaT BHyrpeHHHe pernoHbi, 
He KO/UipyiOIHHĽ ÔCJIOK — HHTpOHbl. B (6C3bIHTpOHHbIX) 
reHax ayxapnoT PHK-TpaHCxpnnT no cyTH bb^bctcb 
mPHK (Kax y óaxTepnn). B HHTpoHCOAepxcamnx reHax 
CHHTe3npyeMaa Ha ÄHK MOJiexyna npeACTaBjweT coôoň 
6o;iee flnHHHbiH npeflmecTBeHHHK mPHK (npe-MPHK), 
h HTOóbi nojiyHHTb 3pejiyio mPHK, H3 Hee HyxcHO yfla- 
jm Tb HHTpoHbi (cn^aňcnpoBaTb). 

MoflH(})HKauHH PHK, npoHCxoABiilHe nocjie ee chh- 
Te3a Ha flHK, Ha3biBaioT npou,eccHHiOM PHK. CaMOň 
BaxcHoň c'ra/(neň nponecaiHľa PHK miumctoi ciuiaň- 
ciiHr. Bo upeMJi ciuiancnura sth ynacTKH yipi/raioTOi 
H3 npe-MPHK, (jjopMHpya MOJiexyny mPHK, coaepxca- 
myio npoTflxceHHyK) OTKpbiTyio paMKy cnnTbiBaHna (cm. 


3K30H1 _ 3K30H 2 

flHK WX. i™™ W 




flflPO 



TpaHCKpMnuMB j 


v\ MHTPOH i/v 


npe-MPHK 


^ HHTPOH f M — ^ G 


CnnaMCMHr 



3 

f PMÔOCOMa 


UMT0nnA3MA 


( TpaHCBBUMB J 


1 

I 

BenoK 


PMC. 2.15 npouecc 3Kcnpeccnn reHa BKAíOHaeT HecKO/ibKO ciaAHÍí 


pne. 3.1). noMHMO cn/iaňCHHra b xoae npopeccHHra 
nponcxoAHT h flpyrne BaxcHbie coôhthh: MOAHcjjnxapHH 
5'- h 3'-kohi;ob npe-MPHK (pne. 7.16). OcHOBHbie CTaflnn 
SKcnpeccHH reHOB ayxapnoT npHBefleHbi Ha P n c. 2.15. H3 
pncyHKa bhaho, hto npopeccbi TpaHCKpjnmim h TpaHC- 
jihijhh npocTpaHCTBeHHO pa3Ae;ieHbi: nepBbíň ocymecr- 

B/IHCTCH B HApe, a BTOpOÍÍ — B HHTOIIJia3MC. 

TpaHCJiauHio ocymecTBJíHeT cjioxchhh cj)epMeHTa- 
THBHblH annapaT, BXJIK3H3IOIAHH KaK ÔeJIKH, TaK h PHK. 
KjnoneBbiM ynacTHHKOM npopecca cóopKH óejixa hb- 
jiaeTca puôocoMa — 6o;ibuJon m a k p o m o;i e k y;i h p 11 bi ň 
KOMnjieKC, cocTOfliAHň H3 cneunajibHbix PHK (puôoco- 
MCUbHue PHK, 0Ó03Hanai0T xax pPHK) n MHOxcecTBa 
cpaBHHTejibHO Heôo^buiHx óejiKOB. B npopecc pacn03- 
HaBaHHB 3MHHOKHC3IOT, COOTBeTCTByK)IAHX TpHnjieT3M 
HyioieoTHAOB, BOBJíeneHbi Tax Ha3biBaeMbie mpancnop- 
nmue PHK (mPHK); xaxcAOň aMHHOXHCJiOTe cootbctc- 
TByeT xax MHHHMyM OAHH BHA TPHK. nOMHMO 3'ľOľO, 
b npopecc BOBJíeneiio MHOXcecTBO BCiiOMoraTejibHbix 
óejixoB. Eo;iee noApoÔHoe onHcaHHe npopecca TpaHC- 
juhjhh npHBOAHTca b m. 7 «MaTpnHHaa PHK», cennac 
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xe /lOCTaTOHHO nOHflTb, HTO pilĎOCOMbl — 3TO KpynHbie 
PHK-6ejiKOBbie CTpyKTypw, KOTopbie ripo^BuraioTCH 
Bflo/ib mPHK (pne. 2.14). 

Oco6o oTMeraM, hto PHK npHHHMaiOT ynacTHe b 
SKcnpeccHH reHOB He ronbKO KaK HHcJjopMaqHOHHaa MaT- 
p*ma, ho h b BHfle KOMnoHeHTOB annapaTa TpaHCJiapnn. 
pPHK h tPHK, TaK xe, KaK h mPHK, KOfíHpyioTCfl reHaMH 
h CHHTe3HpyioTCH b npopecce TpaHCKpiiiinini, oaikiko 
uocjic/(OBaTc;ibHOCTb hx i iyioico'm/(OB He Tpanc;inpyeToi 
b 6ejiOK. 


2.12 


PeryjiuľopHbie 6e/iKM —■ 
mpawc-fleíícTByiomMe, 
a perynaTopHbie ynacTKH flHK — 
^wc-fleíícTByiomMe 


K/HoneBbie noHfiTMfi: 


• PHK n 6e/iKM AB/iaioTCfl mpaHC-fleMCTByiomuMM arem-aMM, to 
ecrb MoryT B03fleíícTB0BaTb Ha ziioôyio M3 kopihm pery/inpyeMoro 
mmm reHa b AaHHoií K/ieTKe. 

• ŕ/i/c-AeiícTByiomMe MyiauMM no3BO/ifliOT onpeAe/iflTb 
noc/ieAOBaTe/ibHOCTM flHK aB/unoiflHecfl MMiueHflMM a/ia mpaHC- 
AeŇCTByiOLAMX PHK mjim 6e/iKOB. B OTjiMHMe ot PHK mjim 6e/iKOB 
^i/c-AeíícTByK)iAMe MyiauMM He nepeMemaiOTCfl b npocrpaHCTBe, 
n MoryT OKa3biBaTb BjiMAHMe TO/ibKO Ha AäHHyio MO/iexy/iy flHK. 


Ba^CHbiM maroM b cjiopMHpoBaHHH npeflCTaBjíeHHH o 
reHe CTa;io noHHMaHne Toro, hto Bce ero nacra flOJDKHbi 
pacnojiaraTbca Ha oahom HenpepbiBHOM ynacTKe (carrre) 
A HK. B KjiaccHnecKOH reHeraice npHHHTO roBopHTb, hto 
ynacTKH, pacnojiO)fceHHbie Ha oahoh h toh )ice MOJieKyjie 
flHK, HaxoAHTCH b ifttc-nojioaceHHH, a ynacTKH, pacnojio- 
^ceHHbie Ha flByx pa3Hbix MOJieKyjiax ÁHK, — b mpauc- 
nojio)fceHHH. TaKHM oópa30M, flBe MyTaijHH MoryT Haxo- 
AHTbCfl b UfUC- (Ha oahoh MOJieKyjie) hjih b mpanc- (Ha 
pa3Hbix MOJieKyjiax) nojioxceHrax. Htoóh onpeflejíHTb, 
b KatcoM no^o^ceHHH b reHe pacnojioxceHbi flBe MyTaijHH, 
Hcnojib3yK)T KOMnjieMeHTauHOHHbiH TecT (pne. 2.3). Te- 
nepb mm Mo^ceM paccMaTpHBaTb pa3JiHHHbie Bonpocbi 
(HaHHHaa c onpeflejieHHfl KOflHpyiomero peraoHa reHa h 
3atcaHHHBafl onHcaHHeM B3aHMOfleHCTBHa Meacfly ero pe- 
ryjíHTopHbiMH ajieMeHTaMH), Hcno;ib3yfl TepMHHOJiorHio 
UfUC- h mp^wc-pacnoAO^ceHra. 

flonycTHM, 3KcnpeccHK> HeKOToporo reHa KompojiHpy- 
eT 6e^oK, CBH3biBaiomHHCH c flHK b paňOHe oToro reHa. B 
npHMepe, npHBefleHHOM Ha p n c. 2 . 1 6, CHHTe3 PHK 3 anycKa- 

eTCH TOJibKO npH ycjiOBHH cBfl3biBaHHfl cneuHa^bHoro 6ai- 

Ka c onpeAe^eHHbiM ynacTKOM fl, HK. Tenepb npeflnojioxcHM, 
hto Ha ynacTKe CBfl3breaHHfl óejiKa c fl,HK bo3hhkhct Myra- 
nm, b pe3y^bTaTe KOTopoň 6e;iOK óojibine He y3HaeT cboio 
MHineHb. OieAOBaTejibHO, MyTauHH npHBefleT k OTcyTCTBHio 
atccnpeccHH flaHHoro reHa. 

ŤaKUM oóposoM, zen Mowem 6umb unaKmueupoean 
mKMymaUfUeú e Kodupytomm pezuone, max u Mymav^ueú 
e pezymmopnoM ynacmxe. MeroflaMH miaccHnecKOH reHe- 


BeiiKM CBH3biBaiOTCfl c pery/iflTopttbiMH yqacTKaMH 
AeHCTByiOlAMMM B 4WC~n0/10)«eHMH 


Vi 


Ee/IKM CBB 3 blBaiOTCfl 

c pery^^TopHbiMM ynacTKaMM^ 


<gb 

\ ^yqlcTOK KoAupyKHUHčí \mbctok ^ ^HK 


flBa TMna 
noc/ieAOBaTe/ibHOCTeM 

flHK 


CMHTea PHK 


PHK 


2 16 B flHK pacnojio>KeHbi peryjiaTopHbieyHacTKM, c KOTopbiMM 
MOryT CB513blBdTbC51 Óe/IKM,* 3KCnpeCCMÍl KOAMpyiOlAMX ynaCTKOB ocy- 
mecTBJífleTca nocpeACTBOM cMHTe3a PHK 


MyTaiiMM pacno/iOHceHHbie b pery/iBTopHbix yqacTKax, 
OKa3blBaiOT BJIHBHMe TO/lbKO Ha «CBOIO» Mo/ieKy/iy flHK 


06a ajuie/ia CMHTe3MpyK)T PHK ahkoto TMna 


AA/ieAb 1 




1 


\J \J \J \J \ 

VA/W\ 


A/i/ie^b 2 


_ t 


MyrauHA b peryjiBTopHOM ynacTKe B/iMBeT 
TO/ibKO Ha npM/ieraioiuyio flHK 

MyraAHfl 

CMHTE3 PHK C AJU1EJ1B 1 HE MflET 


CnHTe3 PHK c a/i/ie/iB 2 
npoAO/DKaeTCB 


I 


V/Vv 


PHC. 2.17 Pery/íHTopHbiíí ynacTOK (nwc-AeíícTByíoiAMÍí) B/iMfleTTO/ib- 
ko Ha npMMbiKaHDiflyK) k HeMy flHK m He OKa3biBaeT bjuauhiah Ha Apy- 
roíí a/uie/ib 


THKH TaKHe MyTaflHH pa3JIHHHTb HCB03M0XCH0, nOCKOJlbKy 
OÓe OHH BJIH5IK)T Ha (J)yHKflHOHHpOBaHHe OflHOrO H Toro 
ace ajuiejiH (h, KaK e^eflCTBHe, oôHapyacHBaioT oflHHaKOBbie 
CBOHCTBa npn npoBefleHHH KOMnjieMeHTaijHOHHoro TecTa). 
Myraura b pery^iTopHOM peraoHe onpefle^HeTOi KOMn- 
JieMeHTaflHOHHblM TeCTOM TaK )Ke, KaK H MyTailHH B KOflH- 
pyioifleM peraoHe. Ha P h c. 2.17 noKa3aHO, hto flecfieKT b 
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Se/iOK cBftBbisaeToi co Bcewn kohmumm 
ueneBOM nocjieAOBaie/ibHocTH AHK 


2.13 


Pe3K>Me 


Aktmbhwm ôe/ioK BiimieT Ha 06a a/i/ie/iB 
A/i/ie/ib 1 


í i 

\AAA/V 
, WW\ 

t 

, kVAOH 


A/i/ie/ib 2 

MyiaHTHbiíí 6e/ioK He MO>KeT cBB3biBaibCB hm c oahmni a/i/ie/ieM 


CMHTE3 PHK C AJU1EJ1B 1 HE MflET 


- MyiaHTHbtM óe/ioK 


CMHTE3 PHK C AJIJlEJIfl 2 HE 1/lflET 


PMC. 2.18 MyiauMfl 6e/iKa b/ihact Ha o6a a/uie/ia reHa, KOHTpo/iMpy- 
eMoro 3 tmm 6 e/iKOM ( mpQHC-f\e íí CTB m e) 


XpoMOCOMa coctoht H3 HenpepbiBHoro flHK-AymieKca, 
coflepxcamero mhoxccctbo tchob. Ka^biH reH (u,hctpoh) 
TpaHCKpHÓHpyeTCH b PHK, KOTopaa, b cbok> onepeflb, TpaHC- 
jiupyeTCH b nojiHnenraAHyio u,enb (ecjín, kohchho, stot reH 
KOAHpyeT óejiOK). npHHjrro roBopuTb, hto npo/iyKTbi reHa 
(b BH^e PHK hjih ôe^Ka) hbjihiotch raptfftc-AeHCTByioiij.H- 
mh. OnpeflejíHTb reH KaK HeKOTopbiH peraoH flHK moxcho 
c noMombK) KOMnjieMeHTauHOHHoro Tem. YnacTOK flHK, 
peryjiHpyiomHH aKTHBHOCTb npHJieraiomero k HeMy reHa, 
HBJWeTCfl ^WC-^eHCTByiOIIlHM. 

CooTBeTCTBHe nocjie^OBaTejibHOCTH reHa (KOAHpyio- 
mero óe^OK) h nocjieAOBaTejibHOCTH aMHHOKHCJiOT b 6ejiKe 
onpeAejmiOTCfl reHeTHuecKHM koaom. 

TojibKo OAHa H3 AByx uenen flHK KOAHpyeT óe^OK. 
OflHy aMHHOKHCJiory KOAHpyeT nocjieAOBaTe/ibHOCTb h 3 
Tpex HyiuieoTHAOB, Ha3biBaeMaa koaohom. KoAHpyiomaa 
noc^eAOBaTe^bHOCTb flHK coctoht H3 cepHH koaohob, chh- 
TblBaeMblX HaHHHaa C (j)HKCHpOBaHHOH CTapTOBOH TOHKH. 
CHHTC3 Óe^Ka npOHCXOAHT B OAHOH H3 Tpex B03M0XCHMX 
paMOK CHHTblBaHHtf. 

y reHa MoaceT óbiTb MHoro ajuiejieň (BapnaHTOB) b no- 
nyjwijHH opraHH3MOB AaHHoro BH^a. PeueccHBHbie ajme™, 
KaK npaBiwo, CBjmHbi c noTepeň cjiyHKíjHH KOAHpyeMoro 
6e;iKa. Hyjib-a^ie^b cooTBeTCTByeT nojiHoň noTepe čpynK- 
UHH 5KH3HeHHO BaXCHOrO ÓeJIKa. flOMHHaHTHbie a^ie^H, KaK 
npaBHJio, CB«3aHbi c npHOópeTeHHeM no;ie3Hbix ,zym opra- 
HH3Ma (JyHKllHH. 


peryjwTopHOM peraoHe 3ampazueaem mojibKO mom koôu- 
pytou^uú pezuon, k KomopOMy on omnocumcn, u ne ejiun- 
em na dKcnpeccim dpyzux aiuiejieu. MyrauHio, BJiraiomyK) 
TOJibKO Ha CBOHCTBa CBímHHoro c Hen peraoHa flHK, Ha3bi- 
BaioT UfUC-j^dA CTByiomeň. 

B npoTHBOBec noBefleHHio i^uc-rcPí CTByiomHx MyTa- 
ijhh (pne. 2.17), moxcho npHBec™ npHMep c MyTauHeň 
b reHe, KOAnpyiomeM coóctbchho peryjnrropHbiH óejiOK. 
Ha pmc. 2.18 noKa3aHo, hto OTcyTCTBHe peryjmTopHoro 
óejiKa (b pe3y^bTaTe MyTayHH ero reHa) 3a6;iOKHpyeT 
OKcnpeccHK) oôoux npHcyTCTByiomHx b icneTKe a^e^eň 
reHa. MyTauHH TaKoro po^a Ha3biBaK)T mpanc-jxeií CTBy- 
lOIIJHMH. 

Ec^lh nocMOTpeTb Ha npHBeAeHHbíň npHMep c MO^eKy- 
JiapHOH TOHKH 3peHHtf, Mbl yBHAHM, 4T0 3(^4)eKT OT mpaHC- 
AeňcTByiomeH MyrauHH aojixcch BbipaxcaTbCfl nepe3 hcko- 
Toporo nocpe^HMKa (naiye Bcero — óe^KOBOH npHpoAbi), 
AeňcTByiomero Ha MHOxcecTBeHHbie mhiiichm b KrceTKe, b to 
BpeMa KaK ^wc-AeňcTByiomaa Myraura, OKa3bmaa 3(J)4)eKT 
TOJibKo Ha CMOKHyio c Heň flHK, ne SKcnpeccupyemcn e 
eude PHK mu 6ejim . 


JlMTepaiypa 
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ľlpepbiBMCTbm reH 


KPATKOE COflEP>KAHI/IE MABbl 


ÉsiM BBefleHMe 

itl ľlpepblBMCTblM reH COCTOMT M3 3K30H0B M MHTpOHOB 

• MHTpoHbi yAa/ifliOTCfl b pe3y/ibTaTe cn/iaMCMHra PHK, 
ocymecTB/ifleMoro b mjc-nonoMeum. 

• ľloBjíMflTb Ha noc^eflOBaie^bHocTb 6e/iKa MoryrmnbKO 
MyTauMM, Haxofl5uunecfl b 3K30Hax; TeM He MeHee 
MyTauMM b MHTpoHax TaK>Ke MoryT 0Ka3biBaTb bjimbhmg 
Ha cnHTe3 6e/iKa nyieM B03AeMCTBMfl Ha MexaHM3M 
npoueccMHra PHK. 

MM 3HAOHyK/iea3bi pecrpMKAMM — 3 to oamh M3 

OCHOBHblX MHCTpyMeHTOB KapTMpOB3HMfl flHK 

• 3HAOHyK/iea3bi pecrpMKUMM mo>kho Mcno/ib30BaTb AJifl 
pacmen/ieHMA flHK Ha 4)parMeHTbi. 

• ľlepeKpbiBaiomMecfl ynacTKM (J)parMeHTOB flHK, 
nojiyneHHbix c noMoiubto pa3/iMHHbix pecrpMKTa3, 
no3Bo/iflK)T co3AaBaib reHeTMHecKMe KapTbi. 

fBBŠ 0praHM3ai4Mfl npepbiBMCTbix reHOB KOHcepeaniBna 

• C nOMOlMbK) peCTpMKUMOHHblX KapT MJ1M 3/ieKTpOHHOM 
MMKpocKoriMM mo>kho npoBecTM cpaBHeHMe reHOB M 
mx PHK-npoAyKTOB: OTcyTCTByiomMe b 3pe/ibix mPHK 
perMOHbl reHOB M 6yAyT 51B/151TbC51 MHTpOH3MM. 

• CpaBHeHMe roMo/iorMHHbix reHOB pa3Hbix opraHM3MOB 
n03B0JlfleT CAe^aTb BbIBOA o KOHCepBaTMBHOCTM 
pacno/ioweHMfl mhtpohob, oah3ko A-HMHbi aHa/iorMHHbix 
(no no/ioweHMK) b reHe) mhtpohob MoryT 3HaHMTe/ibHo 
BapbMpoBaTb. 

• 06 bl H HO MHTpOHbl He KOAMpyiOT 6e/iKM. 

fSBŠ íloc/ieAOBaTe/ibHOCTM 3K30H0B KOHcepBaTMBHbi, a 

MHTPOHOB — Bapna6e/lbHbl 

• ľlpM Me>KBMAOBOM CpaBHeHMM pOACTBeHHblX 
reHOB bmaho, hto nocneAOBaTe/ibHOCTM 
3K30H0B KOHCepBaTMBHbl, TOrAa KaK MHTpOHbl 
He noxo>KM. 


• MHTpOHbl 3BO/1K)UMOHMpyiOT ÓblCTpee, HeM 3K30Hbl 
OtÓOP B03AeMCTByeT Ha MHTpOHbl B 3H3HMTeJlbHO 
MeHbiueM creneHM, nocKO/ibKy óojibwafl nacib mx 
nocneAOBaTe/ibHocTM He B/iMfleT Ha (fiyHKUMOHajibHocTb 
6e/iKa. 


fl/iMHa reHOB cM/ibHO BapbMpyeT 


• y APOKmeíí MHorne reHbi HenpepbiBHbi (He coAepwaT 
mhtpohob), TorAa KaK y BbiciUMx ayKapMOT óo/ibWMHCTBO 
reHOB MMeiOT npepbiBMCToe cTpoeHMe. 

• 06blHHO 3K30Hbl KOpOHe MHTpOHOB M KOAMpyiOT He 
6o/iee 100 aMMHOKMc/iOT. 

• y HM 3 LUMX 3 yK 3 pMOT MHTpOHbl CpaBHMTe/lbHO 
KopoTKMe, Torfla KaK y BbiciuMx ayKapMOT mx 
A/iMHa MoweT AOCTMraTb agcbtkob Tbian nap 

HyKJieOTMAOB. 
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• fl/iMHa 3yKapMOTMHecKoro reHa b ochobhom 
onpeAe/ifleTCfl a^mhom ero mhtpohob. 

HeKOTopbie noc/ieAOBaTe/ibHOCTM flHK KOAMpyiOT 
6o/iee OAHoro óe/wa 

• B03M0>KH0CTb MCn0Jlb30BaHMfl AOnOJlHMTe/lbHblX 
KOAOHOB, MHMUMMpyiOlUMX M TepMMHMpytOlUMX 
TpaHCKpMnuMio, no3B0^5ieT no^ynMTb c OAHoro reHa Aea 
6e/iKa, oamh M3 KOTopbix cooTBeTCTByeT nacm Apyroro. 

• OAHa m Ta >Ke nocneAOBaTe/ibHocTb flHK MoweT 
OTBenaTb 3a cMHTe3 HeroMo/irMHHbix 6e/iKOB npM 
yCJlOBMM, HTO MH(J)OpMaUM5l CHMTbIBaeTCfl B pa3HblX 
paMKax A-n^ AByx nepeKpbiBaiomMxcfl reHOB. 

• ľoMOJiorMHHbie 6e/iKM, pa3/iMHaiomMecfl Ha/iMHMeM 
mjim OTcyTCTBMeM onpeAe/ieHHbix perMOHOB, MoryT 
B03HMK3Tb B pe3y/lbTaTe 3/lbTepHaTMBHOrO Cn^aMCMHra. 
3tO MO>KeT 6blTb BK/HOHeHMe MJ1M MCKJHOHeHMe M3 
3pe/ioM PHK OTAe^bHbix 3K30H0B (mjim Bbióopa Me>KAy 
AByMfl a/IbTepH3TMBHblMM 3K30H3MM). 

KaK 3BO/iK)i4MOHMpoBajui npepbiBMCTbie reHbi? 

• Ochobhom Bonpoc sbojiioumm: «KaK bo3Hmkjim reHbi?» 
MNíe/iM ohm npepbiBMCTyio CTpyKTypy c caMoro 
Hana/ia mjim bo3hmkjim KaK HenpepbiBHbie 
noc/ieAOBaTe/ibHOCTM m 3aTeM 6bi/iM «o6orameHbi» 
MHTpOHaMM? 

• BepoflTHO, noAaBJíaiomafl nacTb reHOB, KOAMpyiomMx 
6e/lKM, B03HMKJ13 B BMAe npepbIBMCTOM (J)OpMbl, OAH3KO 
reHbi, KOAMpyioiMMe pMÓocoMa/ibHbie m TpaHcnopTHbie 
PHK, M3HaHa/ibH0 momm 6biTb HenpepbiBHbi. 

• CymecTByeT ocoóbm K^acc MOÓM^bHbix mhtpohob, 
CnOCOÓHblX CaMOCTOflTe^bHO BCTpaMB3TbC5l b reHbi. 

HeKOTopbie 3K30Hbl HanOMMHatOT 
noc/ieAOBaTe/ibHocTM, KOAnpytoiAne Lje/ibie óe^KM 

• B n0^b3y Toro, HTO 3K30Hbl 6bmM CTpOMTe/lbHbIM 
MaTepMa/ioM sbo^ioumm m hto nepBbie reHbi MMe/iM 
npepbiBMCTyio CTpyKTypy, roBopyiT c/ieAyiomMe cjDaKTbi: 

• y AOBO/ibHo cM/ibHo otctoíummx Apyr ot Apyra BMAOB 
reHbi MMeiOT cxomyio 3K30H-MHTpoHHyio CTpyKTypy; 

• cymecTByeT óo^biuoe hmc^o 3K30hob, 
nOC/ieAOB3Te/1bHOCTM KOTOpblX MoryT 6blTb 
conocraBjíeHbi c noc/ieAOBaTe/ibHOCT5iMM, 
KOAMpyioiMMMM ue^bie 6e/iKM; 

• cymecTByeT roMo^orM5i Mewy 3K30H3 mm, 
HaxoABiMMMMCfl b pa3Hbix reHax. 

ľeHbi, OTHOCíUAMecíi k OAHOMy ceMeŕícTBy, mmciot 

cxo>KyK) opraHM3ai4MK) 

• CxomecTb nepT y reHOB, othocíummxcíi k oahoíí 
rpynne, no3B0^5ieT CAe/iaTb npeflno^omeHMe 

o cjtyHKUMM, Bbino/iH5ieMOM mmm ao pa3Ae/ieHMfl B 
3BO^K)UMM. 






• Bce reHbi rnoÓMHOB cxowm no cBoeŕí cipyKType. 

Ohm coflepmaT TpM 3K30Ha m flBa MHTpoHa, hto flaeT 
ocHOBaHM^ npeflno/iaraib, hto ohm npoM30iujiM ot 
oflHoro npeflKOBoro reHa. 

na Bc5i jim reHeTMHecKaíi MHc()opMaAMfl coflepwMTCfl b 

flHK? 
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• B nocneflHee BpeMB onpefle/ieHMe TepMMHa «reH» 
cymecTBeHHo M3MeHM/iocb. YTBep^eHMe «oamh reH — 
oamh 6e/ioK» npeBpaTM/iocb b «oamh óe/ioK — oamh reH». 

• ľl03MUM0HHa51 MH(J)OpMaUMfl T3K>Ke B3>KHa npM p33BMTMM 
opraHM3Ma. 

Pe3K)Me 


EO BBeAeHMe 

ripocTeňmeň (jiopMOH reHa HB/meTai ynacTOK flHK, kojih- 
HeapHbiH ĎejiKOBOMy npoAyKTy. TaKyio CTpyKTypy hmciot 
npaKTHnecKH Bce ĎaKTepnajibHbie reHbi. B reHax, othocii- 
iahxoi k STOMy Tnny, npoT5DKeHHaa nocjieAOBaTejibHOCTb, 
COCTOmijafl H3 3N OCHOBaHHH, KOAHpyeT N aMHHOKHCJIOT. 
O^HaKo y ayKapnoT b ripe^ejiax KOAnpyiomero pernoHa 
MOiyr HaxoAHTbCH Aono/iHHTe/ibHbie noc/ieAOBaTejibHOC- 
th, npepbiBaKDmne ynacTOK, KOAnpyiomHH tot hjih hhoh 
Ď ejiOK. B xo,ae SKcnpeccHH reHa sth nocjieuoBaTejibHOC- 
th yAajunoTDi H3 PHK. B pe3yjibTaTe nojiynaeTai mPHK, 
nocjieAOBaTejibHOCTb KOTopoň KOJiHHeapHa noc/ieAOBa- 
TejibHOCTH óejiKOBoro npoAyKTa b tohhom cootbctctbhh 
c npaBHJiaMH reHeTHnecKoro KOAa. 

PernoHbi flHK, cocTaB/unomne npepBaHHbíň reH, AeJia t- 
ca Ha ABe KaTeropHH (p m c. 3 . 1 ): 

• 3K30HU — 3TO ynaCTKH flHK, H3 KOTOpblX COCTOHT 
3pe;iaa mPHK. no onpeAe/ieHHK), reH HaHHHaeTca h 
3aKaHHHBaeTCH 3K30HaMH, COOTBeTCTByiOmHMH 5'- H 
y-KOHijaM PHK 


B xoAe CMHTG3B MOJieKyjibi PHK, 
KOAMpyeMOM npepbiBMCTbiM reHOM, HHTpoH bi yAaiiHiOTCfi 


3K30H 1 _ 3K30H 2 _ 3K30H 3 

flHK HHTPOH 1 vAA//{ MHTPOH 2 WV 


npefliuecTBeHHMK 
MO/ieKy/ibi mPHK 

xv/\[ MHTPOH 1 


mPHK 


Be/ioK 


s\/\ 


i 

\ 

\ 


CMHT63 PHK 


HHTPOH 2 f\/\ 


YAa^eHne 

MHTpOHOB 

AA 


CnHTe3 óe/wa 


fljiMHy ynacTKa, 3aHMMaeMoro reHOM, onpeflejiaeT fljiMHa 
MOjieKy/ibi-npefliuecTBeHHMKa PHK (a He mPHK) 


KoflupyiomMe ysacTKM, Bxoflsunwe b coctaB reHa, pa3fleaeHbi 


3 MC. 3.1 3Kcnpeccnfl npepbiBMCTbix reHOB ocymecTB/ifleTCfl noc- 
pefldBOM MOfleKyflbi-npeflUiecTBeHHMKa PHK. B npopecce oóbeflM- 
HeHMfl 3K30H0B MHTpOHbl yfla/líHOTCfl. mPHK COflep>KMT TOflbKO nOC- 
/íeflOBaTe/lbHOCTM 3K30H0B 


• Hhtpohbi — sto BHyTpeHHne peraoHbi reHa, yflaaae- 
Mbie H3 nepBHHHoro TpaHCKpnnTa h OTcyTCTByiomne b 
3pejioň PHK. 

nopflflOK pacnOJlOKCHHB 3K30H0B OflHH3KOB fl/Ifl reHa H 
KOflHpyeMoň hm PHK, ho npepbiBHCTbiň reH flflHHHee, hcm 3pe- 
Jiaa mPHK, nocKOJibKy TaKoň reH coflepmiT HmpoHbi. 

3KcnpeccHH npepbiBHcrbix reHOB (b otjihhhc ot 6e3HH- 
TpoHHbix reHOB) TpeôyeT nznmm flonojiHme^BHoro 3Ta- 
na. CHanaiia c flHK npepbiBHcroro reHa CHHTe3HpyeTO) 

KOIIHH PHK (nepBHHHblH TpaHCKpHIlT), B TOHHOCTH COOT- 
BeTCTByiomaa reHOMHOň nocjieflOBa're.ibHOcni. 3Ta PHK He 
MOxceT óbiTb Hcnojib30BaHa fl/ia CHHTC33 6e/iKa — CHanana 
H3 nepBHHHoro TpaHCKpHnTa flo^)KHbi ôbiTb yfla/ieHbi hht- 
poHbi, (fiopMHpyH 3pejiyK> mPHK, cocTOumyro TOJibKo H3 9 k- 
30hob. 3tot npou,ecc Ha3biBaeTca craaňCHHroM PHK (cm. 
pa3fl. 2.11 «CHHTC3y ôejixa npeflmecTByeT pá# npopeccoB») 
h 3aioiK)HaeTca b tohhom yflajieHHH hhtpohob h 3 nepBHH- 
Horo TpaHCKpnnTa c nooieflyiomHM KOBajieHTHbiM coeflH- 
HeHHeM kohuob PHK c (J)opMHpoB3HHeM uenofí MoneKyjiH 
(cm. rn. 26 «CruiaHCHHr h npopeccHHT PHK»). 

TeH npeflcraBJíaeT coôoň ynacroK reHOMa, orpaHnneH- 
HblH TOHK3MH, COOTBeTCTByTOIflHMH 5'- H 3'"KOHpaM 3pejIOH 
mPHK Mbi 3HaeM, hto TpaHCKpHnpna HanHHaerca Ha 5'-KOHi;e 
mPHK, a 3aKaHMHBaercH 3a npefle/iaMH 3'-KOHpa 3 pejioň mPHK 
(nocKonbKy 3'-kohcli, oopasyerca c pe3yjibTaTe pa3pe3aHHH 
npe-MPHK, cm. pa3fl. 26.19 «3'-KOHU,bi mPHK cfiopMHpyroToi 
nyreM pa3inenjieHHH h nojmafleHRTHpoBaHHa nepBHMHoro 
TpaHCKpHrrra»). no oôohm kohi^3m reH coflepxcnT peryjw- 
TopHbie peraoHbi, HeoôxoflHMbre pjm hhhi^h3iíhh h (HHorfla) 
TepMHHapHHH ero 3Kcnpecciiii. 


npepbiBMCTbiM reH COCTOMT 
M33K30H0BM MHTpOHOB 


KAioneBbie noHBTMíi: 


• MHTpoHbi yfla/ifliOTCfl b pe3yAbiaie cn^aMCMHra PHK, 
ocymecTB/ifleMoro b AL/c-noAomeHMM. 

• ľloBAMBTb Ha nocneflOBaTejibHOCTb 6eAKa MorynoAbKO 
MyiauMM, HaxoflflmMecfl b 3K30Hax; TeM He MeHee MyiauMM b 
MHT pOHaX T3K>Ke MOryT OKa3blBaTb BAMBHMe Ha CMHTe3 óe/wa 
nyieM B03fleMCTBMB Ha MexaHM3M npoueccMHra PHK. 

Kax cynj,ecTBOBaHHe hhtpohob mMemcr mum npeAcraB^e- 
mm o reHe? nocjie cmiaHCHHra 3K30Hbi coeAHmnoTca b tom xce 
nopAAKe, b kotopom ohh npeAcraB^eHbi b flHK TaKHM oópa- 
3 om, Ko/iHHeapHOCTb reHa h ĎejiKa y ayKapnoT onpeAe/iaeTca 
OTAeJIbHbIMH 3K30HaMH H COOTBeTCTByiOmHMH HM ynaCTKaMH 

nojiHnenTHAHOH iienn. Ha p n c. 3.2 noKa3aHO, hto nopaAOK 
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flpn nepexoAe ot AHK k PHK nopnAOK pacnojioKeHMA 3K3ohob He MeHsieToi 


ľeHOMHaji AHK 

3K30H 1 MHTpOH 1 

3K30H 2 MmpoH 2 

3k30H 3 

A 


_ _ c 1 

r _U__._.___> 

1 

A-B 

í 

B-C 


mPHK 



3K30H 1 

3k30h 2 3k30h 3 


1 -r 

A-B 

u i 

1 

B-C 



P M C. 3.2 B MO/ieKy/ie m PH K 3K30Hbi coxpaHfliOT tot >Ke nopaflOK, hto m b MO/ieKy/ie AH K, oflHaKO 
AiiMHa ynacTKOB Mewfly AByMfl tohk3mm b 3K30Hax, pacno/ioweHHbix b reHe, He coBnaflaeT c ajihhom 
ynacTKOB Niewfly flByMfl cooTBeTCTBytoiMMMM tohiomm b mPHK mjim 6e/iKe. B reHe paccroflHMe A-B 
MeHbiue paccTOBHMfl B-C, a b PHK n 6e/iKe HaoóopoT 


pacno/ioaceHHa Myraij.HH b reHe cooTBeTCTByeT nopaAKy pac- 
n0JI05KeHHH aMHHOKHCJIOTHblX 3aMCH B ĎeJIKe. KaK BHAHO H3 
KapTbi peKOMĎHHaijHH, reHeTHnecKHe paccTOHHna He hmoot 
OTHOII ieHHfl K paCCTOHHHaM MOK^y COOTBeTCTByiOmHMH TOH- 
KaMH b óejiKe. fijmm reHa onpeAe/ia eTca He ajihhhoh mPHK, a 
/yiHHOH HanajibHOH (npeAiuecTByiomeH) MOJieKyjibi PHK 

Bce 3K30Hbi reHa pacno;io>KeHbi Ha o/jhoh MO/ieKyjie PHK 
h hx cmiaHCHHr npoxo/jHT KaK enympUMOJiCKympu^ peaK- 
uyin. 9k30hh, BXOAHmne b cocTaB pa3Hbix MOJieKyji PHK, oóbin- 
ho He coe£HHtfioTCfl. TaKHM o6pa30M, MexaHH3M cmiaHCHHra 
HCKjiioHaeT 06'beAHHeHHe nocjieAOBaTejibHOCTeH, npeACTaBjía- 
ioiijhx pa3Hbie ajuiejiH. Myraunn, pacnojioxceHHbie b pa3Hbix 
3K30Hax OAHoro reHa, He Moryr ppuommrb ppyr Apyra h HBJía- 
lorca HjieHaMH oahoh KOMrnieMeHTau.HOHHOH rpynnbi. 

MyraiJiHH, HanpaMyio BjiHjnomne Ha noc/ieAOBaTe/ib- 
HOCTb Ďe^Ka, AOJDKHbl HaXO/JHTbCfl B 3K30HaX. KaKOH }Ke 
3({)(})eKT OKa3bIBaiOT MyraiJiHH B HHTpOHaxľ HHTpOHbl He BB- 
jmioTca nacTbio 3pe/iOH mPHK. OieAOBaTe/ibHO, Myrai^HH b 
HHTpoHax He Moryr HanpaMyio BJinaTb Ha CTpyKTypy ĎejiKa. 
O^HaKO ohh Moryr noMemaTb npoH3BOACTBy 3pe;iOH mo- 
/ieKy/ibi mPHK (HanpHMep, nyreM HapynieHra MexaHH3Ma 
cnjiaHCHHra AaHHOH PHK). Myrai^HH noAOĎHoro po#a achc- 
TByioT TOJibKo Ha tot ajuiejib, b kotopom ohh pacnojioaceHbi. 
Ohh He Moryr Aonojimrrb jnoóbie Apyrae Myrai^HH AaHHoro 
ajuiejia h Bcer^a flBjunoTca nacTbio toh ace KOMnjieMeHTai^H- 
ohhoh rpynnbi, hto h 3K30Hbi. 

noAaBjunomee ĎojibiiiHHCTBO BjiHaiomHX Ha cnjiaHCHHr 
MyraiJiHH bbjihiotch OAHOHyioieoTHAHbiMH 3aMeHaMH b Mec- 
Tax coeAHHeHHa hhtpohob h 3K30hob. Ohh Moryr bccth k 
BbinaACHHio nacTH 3K30Ha H3 npo/iyKTa (b pe3yjibTaTe bo3- 
HHKHOBeHHa AOnOJIHHTCJIbHOrO HHTpOHa) HJIH 5Ke CnpOBO- 
qnpoBaTb cmiaHCHHr b HenpaBHJibHOM MecTe. HanĎojiee 
nacTo BCTpenaiomeecfl cjieACTBne HenpaBHJibHoro cnjiaH- 
CHHra — 3TO B03HHKH0BeHHe CTOn-KOAOHa H, KaK CJICRC- 
TBne, HapymeHHe nocjieAOBaTejibHOCTH 6e;iKa. Oko/io 15% 
ToneHHbix MyrauiHH, Bbi3braaiomHx 3a6ojieBaHra y jno/jen, 
HapymaioT npoijecc cmiaHCHHra. 

He Bce syKapnoTHHecKHe reHbi hmciot npepbiBHCTyio 
CTpyKTypy. HeKOTopbie H3 hhx, KaK h reHbi npoKapnoT, b 
TOHHOCTH COOTBeTCTByiOT CBOCMy 6e/IKOBOMy npOAyKTy. y 


ApoxoKen noAaBJíaiomee 60 /ibiiiHHCTBO reHOB HenpepbiBHbi 
(6e3bIHTpOHHbl). y BblCHJHX SyKapHOT ÓOJIbUIHHCTBO reHOB 
CO/^ep^KaT HHTpOHbl H OÓblHHO 3HaHHTCJIbHO AAHHHee CyM- 
Mbl J1JIUH 3K30H0B. 
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3HflOHymiea3bi pecrpmuiMM — 

OflMH M 3 OCHOBHblX MHCTpyMeHTOB 
KapTMpOBaHMB AHK 


KmoneBbie uohmm: 


• 3HAOHyK^ea3bi pecipMKUMM mo>kho ncnojib30BaTb A-nn 
paciMen^eHMfl flHK Ha (J)parMeHTbi. 

• ľlepeKpbiBatomMecfl ynacTKH c()parMeHTOB flHK, no/iyHeHHbix 
C nOMOlAbtO pa3/1MHHblX peCTpMKTa3, n03B0/151K)T C03flaBaTb 
reHeTMHecKMe KapTbi. 


XapaicrepHCTHKa crpyKTypbi syKapnoTHHecKHx reHOB crajia 
B03M02KH0H B pe3yjIbTaTe pa3BHTHH MeTO^OB (J)H3HHeCKOrO 

KaprapoBaHHa flHK 3th mctoam pacnpocrpamiioTca h Ha 
PHK, nocKOJibKy cynj,ecTByiOT cpaBHHTejibHO npocrbie cnoco- 
6bi C03/jaHHtf AByxij^enoHeHHOH flHK-KonnH MO^eKyjibi PHK 
OH3HnecKaa KapTa jiioďoh MOJieKyjibi J ]}HK motkcv 6biTb no^y- 
neHa nyreM pacmeruieHna MOJieKyjibi b onpe/iejieHHbix Mec- 
Tax h nooieAyíOiij.ero onpeAejieHHa pa3Mepa noJiynaeMbix 
(J)parMeHTOB. TaKoe pacmemieHne npoBOAHT c ncnojib30Ba- 
HneM 3HAOHyioiea3 pecrpHKíjHH — (J)epMeHTOB, cnocoÓHbix 
pacno3HaBaTb AOBOJibHO Koponcne nooieAOBaTejibHOCTH 
AByxuenoneMHOH flHK b KanecTBe MHineHH jjjm pa3pe3aHHa. 

Kaxcaafl pecTpHicra3a Hai^eAeHa Ha onpeAe^eHHyK) mh- 
rneHb b AByxuenoMenHOH flHK Oďhmho sto nooieAOBaTejib- 
HOCTb, cocTo^maa H3 4-6 nap ocHOBaHHH (cam). OepMem 
pa3pe3aeT/J,HK bo Bcex MecTax (caňTax), cooTBeTCTByiomHx 
cneuH(J)HHHOH pjm AaHHOH pecrpHKTa3bi nooieAOBaTe^b- 
hocth. Pa3Hbie pecTpnKTa3bi pacno3HaioT pa3Hbie noaie- 
AOBaTe/ibHOCTH. Ha ceroAHjmiHHH acH b cneicrp pecTpHKTa3 
(nojiynaeMbix H3 orpoMHoro pa3Hoo6pa3na ĎaKTepnH) 
npeAcraBjíeH Hpe3BbinaHHO mnpoKO. 
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PMC. 3.3 OparMeHTbi, no/iyHMBUJMecfl b pe3y/ibiaie pacmermeHMa 
flHK 3HflOHyK^ea3aMM pecrpMKUMM, MoryT 6biTb pa3fle/ieHbi b coot- 
BeTCTBMM C MX pa3MepOM 


KapTa pecrpHKUHH npeflCTaBjíaeT coôoň jiHHeňHyio 
nodeflOBaTaibHOCTb ynacrKOB, Ha CTbiKax kotophx yan- 
Haa pecrpHKTa3a oÔHappcmia cboio MHmeHb. Ha kopotkhx 
flHCTaHpnax paccTOíiHnc onemiBaioT b napax nyicieoTH- 
flOB (nH). Bojiec /yiiiHHbíc ynacncH AH K h PHK H3Mcp«K)T 
b Tucflnax nap HyKneoraflOB (toh). Ha ypOBHe xpoMO- 
COM paCCTOHHHfl H3MepflIOT MH/UIHOH3MH nap HyKJieOTH- 
flOB, hjth Mera-napaMH (1 MnH = 10 6 nH). 

PecrpHKTa3a pacmeiuiaer MOJieKyjiy AHK Ha onpeae- 
jieHHbie cjDparMeHTbi. 3th (J)parMeHTbi moxcho pa3/ie/iHTb no 
pa3Mepy mctoaom reab-3Jieicrpo(})ope3a (pmc. 3.3). Pacmen- 
aeHHyio flHK noMemaior b re/ib, npnroTOBneHHbíň H3 ara- 
po3bi Haň nojinaKproiaMHfla. npn nponycKaHnn Tona nepe3 
rejib (JjparMeHTbi ÄHK npoABnraiOTca ot aHOfla k KaTOAy co 
CKopocTbio, oôpaTHO nponopuHOHa^bHoň MoaeKyaapHO- 
My Becy (jDparaeHTa. no xoay flBHaceHHa b reae ({DparMeHTbi 
(j)OpMItpyK)T CepHH nOJIOC, K3»Aaa H3 KOTOpblX COOTBeTC- 
TByeT t[)parMeiny oupe/iejieuHOľo pa3Mepa. Hcm ojiiokc k 
KaTOAy pacnojioxceHa nojioca b reae, tom MeHbine fl/iHHa 
(j^paiMeina. 

AHajTH3Hpya pecrpHKUHOHHbie (fparaeHTbi AHK, moxc- 
ho C03flaTb KapTy hcxoahoh MOJieKyjibi, xax noKa3aHO Ha 
pmc. 3.4. KapTa noKa3biBaer Mecra, b kotophx flaHHaa pecr- 



PMC. 3.4 Kapia pecrpHKíiMM npeflciaBjífleT coóoň jinHeŕiHyio nooie- 
flOBaie/ibHOCTb yaacTKOB flHK, pa3fle/ieHHbix npoMejKyrKaMM M3BecT- 
HOÍÍ ftnMHbl. C nOMOĽlblO OTfleflbHblX (J)parMeHTOB, C(j30pMMpOBaHHblX 
b pe3yjibiaie oamhohhux m flBOMHbix pacmeruieHMií, Ha Kapie mojkho 
pacnOflOJKMTb CaŇTbl (J)epMeHTOB A M B 


pHKT33a pa3pe3ajia AH K. PaccroHHHH mokav caňTaMH pecr- 
Phku,hh H3MepHioT b napax HymieoTHAOB. Taxím oôpa30M, 
fíHK paidememcH na cepuu (ppameumoe onpedeneHHOu 
djiuHbi, pa3dejieHHbix caúnumu pacnosmecmun pecmpwc- 
ma3. BaxcHO, hto KapTa pecrpHKíjHH Moxcer 6biTb no^yneHa 
fíM jiioôoh noaieAOBaTeribHOCTH AHK, ene 3aeucuMOcmu 
om mozo, 3HaeM mh HTo-HHĎyAb npo (JiyHKíjHH a3hhoh 
noaieAOBaTeabHOCTH hjih hct. 


BI 0praHM3aMMn npepbiBMCTbix 

reHOB KOHcepBamBHa 


K/iiOHeBbie noHATMfl: 


• C nOMOlMbK) peCTpMKUMOHHblX KapT V\S\V\ 3/ieKTpOHHOÍÍ 
MMKpOCKOnMM MO>KHO npOBeCTM CpaBHeHMe reHOB M MX PHK- 
npoflyKTOB: OTcyTCTBytomMe b 3pe/ibix mPHK perMOHbi reHOB m 
Ó yflyT ÍIB^ÍITbCfl MHTpOHaMM. 

• CpaBHeHMe roMo/iorMHHbix reHOB M3 pa3Hbix opraHM3MOB 
n03BO^neT Cfle/iaTb BblBOfl O KOHCepBaTMBHOCTM pacnO^O>KeHM51 
mhtpohob, oflHaKO a^mhw aHa^orMHHbix (no nO/10>KeHMK) B reHe) 
MHTpOHOB MOryT3HaHMTe^bHO BapbMpoBaib. 

• 06blHHO MHTpOHbl He KOflMpytOT 6ej] KM. 


PecTpHKUHOHHaH KapTa 6e3biHTpoHHoro reHa b tomhocth 
cooTBeTCTByeT KapTe ero mPHK. 

Ecjih reH co^epacHT hhtpohm, KapTa kohi^ob 3Toro 
reHa cooTBeTCTByeT KapTe kohuob mPHK, a b npeae/iax 
reHa KapTbi MoryT pa3/iHHaTbCH, nocKo/ibKy Aono/iHHTejib- 
Hbie pernoHbi, coAep^KamnecH b reHe, He npeflCTaBjíeHbi b 
mPHK. KaxcflbiH TaKoň pernoH cooTBeTCTByeT HHTpoHy. 
Ha pmc. 3.5 noKa3aHO cpaBHeHHe pecTpHKqnoHHbix KapT 
reHa (3-rjio6HHa h ero mPHK. B npnBefleHHOM npHMepe 

reH COAep)KHT ^Ba HHTpOHa, KaXCflblH H3 KOTOpblX HMeeT 
HeCKOJIbKO CaHTOB peCTpHKqHH, OTCyTCTByiOmHX B TaK 

Ha3biBaeMOH KOMnjieMeHTapHoň flHK (kíHK). Ha6op 

CaHTOB peCTpHKL^HH B 3K30Hax coBna^acT H B KflHK, H 
b reHe. 

TaKHM o6pa30M, cpaBHeHne HyioieoTHAHOH ncoeflOBa- 
TejibHOCTH reHOMHOH flHK h mPHK no3BOJiaeT tohho onpe- 
Ae/íHTb pacnojioäceHHe mhtpohob. KaK bh/ího h3 pmc. 3.6, b 
HHTpoHax oóbiHHO HeT oTKpbiTbix paMOK CHHTbiBaHHa. 3a 
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B KflHK oTcyTCTByioT caHTbi pecTpHKí^MM pacnojiomeHHbie b MmpoHax 
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PMC. 3.5 CpaBHeHMe KapT pecipuKUMM KflHK m reHOMHOŇ flHK reHa p moÓMHa Mbiiun no3BOJifleT 
yBMfleib, hto reH coflepwm- flea nmpoi-ia, KOTopbix HeT b KflHK. 3k30hw KflHK n reHOMHoíí flHK noji- 
HocTbK) cooTBeTCTBytoT m no ftnuHe n no nop^AKy pacnojio>KeHMfl 



PMC. 3.6 Mhtpoh — 3to nocneAOBaTejibHOCTb, npncyTCTByiomafl b reHe m OTcyrcTByiomafl b mPHK. 
PaMKa cHMTbiBaHMB BbiAejieHa CBeuibiMM n 3aieHeHHbiMn 6iiOKaMn; oópaime BHMMaHMe, hto Bce Tpw 
paMKM CHMTbIBaHMB B MHTpOHe 6ilOKMpOBaHMbl CTOn-KOflOHaMM 


CHeTyflajieHHH hhtpohob b mPHK (jjopMHpyeTCfl eflHHaa He- 
npepbiBHaa paMKa CMHTbiBaHna. 

CTpyicrypa syKapHOTmecKHx reHOB fleMOHCTpnpyeT 
3HaMHTejibHyio H3MeHHHBOCTb. HeKOTopbie reHbi hbjwiotoi 
6e3bIHTpOHHbIMH, H HX TeHOMHaa nOCAeflOBaTeJIbHOCTb ko- 
jiHHeapHa noaieflOBaTejibHOCTH mPHK Bojibmaa ace nacrb 
reHOB BbícniHx syxapnoT HMeeT npepbiBHcryío CTpyKTypy, a 
HHCJIO H pa3MepbI HHTpOHOB B HHX CHJIbHO BapbHpyiOT. 

Bce KJiaccbi reHOB Moiyr 6biTb npepbiBHCTbiMH: ko- 
flHpyioiflHe ĎejiKH, KOflHpyioiflHe pPHK h KOflHpyioiflHe 
tPHK. Hhtpohm HaHfleHbi Taioxe b MHToxoHflpnajibHbix 
reHax hh3iiihx syKapnoT h b reHax xjioponjiacTOB. npe- 
pblBHCTbie reHbl He ÄBJUHOTOI HCKJIIOHHTeJIbHOH nepTOH 
syKapnoT, oh h Taioice HanfleHbi y ĎaKTepnn h óaKTepn- 
oc{)aroB. OflHaKO y npoKapnoT ohh BcrpenaioTCfl Kparme 
peflKo. 

Xoporno H3yneHHbiM npHMepoM npepbiBHCTbix re¬ 
HOB flBJunoTca reHbi tjioďhhob (cm. pa3fl, 3.10 «reHbi, 
OTHOCHiflHecH k oflHOMy ceMencTBy, HMeioT cxoxcyio op- 
raHH3aLjHio»). flBa ochobhhx rana rjioÓHHOBbix reHOB, 
a h p, HMeK)T cxoacyio CTpyKTypy. O nocroflHCTBe op- 
raHH3auiHH rjioÓHHOBbix reHOB y MjieKonHTaioiflHx cbh- 
AeTejibCTByeT crpyKTypa «o6mero» rjioÓHHOBoro reHa, 
npHBefleHHoro Ha p m c. 3.7. 


npoMQKyTKH b KOflnpyiomeH óejioK nocjieAOBaTejibHOCTH 
Bcex H3BeCTHbIX HIOĎHHOBblX reHOB MJieKOnHTaiOllJHX, nTHU, 
h jiarymeK pacnojioxceHbi b oahhx h Tex ace Mecrax. IlepBbiH 
HHTpOH, KaK npaBHJIO, Kopone BTOporO (XOTH HX BCJIHHHHa 
MoaceT BapbnpoBaTb). HaHÔojibinee pa3HOOÔpa3He b flJiHHy 
rjioÓHHOBbix reHOB bhocht BapHaôejibHOCTb BToporo hht- 
poHa. Y MbimeH BTopon hhtpoh a-nioÔHHOBoro reHa HMeeT 
AJiHHy Bcero b 150 nH, npn stom fl/iHHa Bcero reHa floeraraeT 
850 nH, Torfla KaK b P-dio6hhobom reHe yBejimeHne /yiHHbi 
HHTpOHa flO 585 nH npHBOflHT K yBeJIHHeHHK) OÔIfleH flJIHHbl 
AO 1382 nH. BapnaijHfl jym h reHOB 3HanHTejibHO Bbirne, nm 
Bapnaqna aahh mPHK (/yiHHa mPHK a-rjioÔHHa cocraBJíaeT 
585 nH, a p-rjioÓHHa — 620 nH). 

Ha pmc. 3.8 npHBefleH npHMep co cpaBHHTe/ibHO 
AJiHHHbiM reHOM AHrHApo(|)OJiaTpeflyKTa3bi (DHFR). 
Y MJieKonnTaioiAHx reH DHFR coflepxcHT rnecTb sk30hob, 
C00TBeTCTByK)iAHx 2000 ocHOBaHHH mPHK. Ho 3a cneT 
npoT5DKeHHbix hhtpohob jyiHHa ero flHK 3 HannTejibHO 
óojibine. y Tpex MjieKonHTaiomHx sk30hm reHa DHFR 
b BbicmeH cTeneHH cxoahh, h oraocHTejibHoe pacno- 
JIO)KeHHe HHTPOHOB TaiOKe ACMOHCTpHpyeT CXOflCTBO. 
npn STOM flJIHHa OTfleJIbHblX HHTpOHOB CHJIbHO BapbH- 
pyeT, hto npHBOflHT k H3MeHeHHio fljiHHbi reHa OT 25 flO 
31 TnH. 
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reHbf r/io hhob pa3/in4aK)TCfi no AiiiiiHe hhtpohob, ho b ue/iOM hmciot cxowyio CTpyKiypy 
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P MC. 3.7 Bce (JjyHKUMOHa/ibHbie reHbi rnoÓMHOB MMetOT npepBaHHyK) CTpyKTypy, xapaKTepM3yiomy- 
lOCfl HaJIMHMeM TpeX 3K30H0B. flAMHbl, ľipMBefleHHbie Ha pMCyHKe, COOTBeTCTByK)T reHaM (3-ITlo6MHa 
MJieKonmaiomMx (UTR-HeipaHCiinpyeMbm pemoH) 


ľeHbi DHFR MMetOT nocTOBHHyio crpyicrypy 



PMC. 3.8 ľeHbi DHFR M^eKonuTaiooinx mmoiot cxojKyio crpyicrypy, xa- 
paKTepM3yK»myiOCfl KOpOTKMMM 3K30HaMM M OHeHb /yiMHHbIMM MHTpO- 
HaMM, oflHaKO no AflUHe hhtpohob ohm CMJibHO OTjiMHaiOTCfl 


npHMepbi c reHaMH moóhhob h DHFR munocrpHpyioT 
aieflyiomHH <J>eHOMeH: aeojitot^uoHHO podcrneennue ženu 
wnenm cxowyto opzamuai^uto, deMOHcmpupymcgno noc- 
momcmeo pacnmoMenm (no xpauneu Mepe, nenorno- 
pux) mmpoHoe. Pas/imm Me e djiimax zenoe e ochobhom 
onpedejifmmcH ôjiuhou mmpoHoe. 


3.5 


riOCJieAOBaTejlbHOCTM 
3K30H0B KOHCepBaTMBHbl, 
a HHTPOHOB — BapMaéeilbHbl 


KnioHeBbie noHBTMfl: 


• ľlpM MOKBMflOBOM CpaBHeHMM pOflCTBeHHblX reHOB BMflHO, HTO 
riOCJieAOBaTejlbHOCTM 3K30H0B KOHCepBaTMBHbl, TOrfla KaK 
MHTpOHbl He nOXO>KM. 

• MHTpOHbl 3BO/1K)UMOHMpyiOT ÓblCTpee. HeM 3K30Hbl. 0l6op 
B03fleííCTByeT Ha MHTpOHbl B 3HaHMTe/1bHO MeHbLUeíí CTeneHM, 
nocKO/ibKy 6o/ibwafl nacib mx noc/ieAOBaTejibHocTM He B/iMfleT 
Ha (J)yHKUMOHajibHocTb 6e/iKa. 


YHHKajibHa jih cTpyicrypa reHa rmí ^aHHoro reHOMa? Ha 
3TOT Bonpoc M02KH0 OTBeTHTb ^BOHKO. C O/JHOH CTOpOHbl, 


pa3Mep KOHKpeTHoro reHa yHHKajieH, ho, c flpyron CTopo- 
Hbl, ero 3K30HbI MOryT ĎbITb AyĎJIHpOBaHbl 3K30HaMH Apy- 
rnx reHOB. Kan npaBHjio, ecjiH ^Ba reHa roMOJioraHHbi, to 
cxoactbo nocjieAOBaTejibHOCTeH hx 3K30hob Bbirne, neM 
hx hhtpohob. CymecTByioT npHMepbi, Kor^a 3K30Hbi flByx 
reHOB Ko^HpyioT o^hh h tot ace ĎejiOK, b to BpeMa KaK hx 
HHTpoHbi pa3JiHnaioTC5i. CKopee Bcero, a Ba Taxnx reHa 
bo3hhkjih b pe3yjibTaTe AynjíHKai^HH oómero npeflKOBoro 
reHa, a pa3JiHHHa HaKonnjincb no3ace, o^HaKo Myraunn He 
3aTpOHyjIH 3K30HbI, nOCKOJIbKy Ha HHX JIOKHT OTBeTCTBeH- 
HOCTb 3a CHHTe3 (J)yHKi4HOHajibHoro ĎejiKa. 

ľl035Ke Mbl yBHAHM, HTO npH paCCMOTpeHHH 3BOJIIOUHH 
reHa 3K30HbI MOXCHO CHHTaTb SJieMCHTapHblMH KHpnHHH- 
KaMH, COĎpaHHbIMH B pa3JIHHHbIX KOMĎHHaLJHflX. HaCTb 
3K30hob reHa MO)KeT coBna^aTb c 3K30HaMH Apyroro reHa, 
npH stom ocTajibHbie hx 3K30Hbi óyflyT pa3JiHHHbi. Kax npa- 
BHJIO, RJW TaKHX CAynaeB HHTpOHbl OKa3bIBaiOTCH BOBCe He- 
conocTaBHMbi no nocjie.a.OBaTejibHOCTH. Taxne reHbi MOiyr 
B03HHKaTb noepeACTBOM AynJIHKaiJ^HH HJIH TpaHCJIOKaiJ^HH 
OT/jeJIbHblX 3K30H0B. 

Cxo^ctbo nocjieAOBaTeAbHOCTen ^Byx reHOB mo>k- 
ho npeflCTaBHTb b BH^e tohchhoh /jHarpaMMbi. ľlofloĎHoe 
cpaBHeHne npHBe.D.eHO Ha pmc. 3.9. Tohkh o6o3HanaiOT 
HyioieoTH^Hbie no3HijHH, no kotophm coBna^aioT aHajiH3H- 
pyeMbie nocjie/jOBaTejibHocm Ecjih nocjie/j,OBaTejibHOCTH 
H^eHTHHHbl, TOMKH (J)OpMHpyK)T JIHHHIO, npOXOAHIItyK) UOR 

yrjioM 45°. B to ace BpeMa jihhha npepbrcaeToi Ha hccob- 
naAaiomHX ynacTKax hjih QjBHraeroi b BepTHKajibHOM hjih 
ropn30HTajibHOM HanpaBJíeHHax (b MecTax flejieLjHH h hh- 
cepqHH), no kotophm pa3AHnaioTC5i aHajiH3npyeMbie noc- 
jieAOBaTejibHocTH. 

ripn cpaBHeHHH reHOB p-rjioÓHHOB Mbirnn Taxaa jih- 
hhb npoxoAHT nepe3 Tpn 3K30Ha h oahh kopotkhh hht- 
poH. JIhhhh npepbiBaeTCH bo (J)jiaHKHpyiomHx pernoHax h 
b paHOHe óojibinoro HHTpoHa. 3to AOCTaTOMHO mnmmn 
KapTHHa — KO^HpyiomHe nocjieAOBaTejibHOCTH h npnjie- 
raiomne k hhm ynacTKH ACMOHCTpHpyioT 3HannTeAbHoe 
cxoactbo, Tor^a KaK b MecTax pacnojio^KeHHa a^hhhhx 
hhtpohob h Ha KOHijeBbix ynacTKax reHa noc/ieflOBaTejib- 
HOCTH OTJIHMaK)TCH. 

CTeneHb pa3JIHMHH MOKAy ppyMK 3K30HaMH CBH3aHa 
C pa3JIHHHflMH MOKAy ÓeJIKaMH, KOAHpyeMbIMH 3THMH 
3K30HaMH. Hame Bcero pa3JiHMHa roMOJiornMHbix sk- 
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PoACTBeHHbie reHbi OT/nmatOTcn no A/iMHe mhtpohob 


Ba^cHOH jyin HapaĎOTKH Ko/jHpyeMoro 6e/iKa. Bojiee Toro, 
He^CHO, BjiraeT jih hx npHcyTCTBHe KaKHM-/in6o o6pa30M 
Ha ({)yHKLjHio reHa. 



3.6 


AnMHa reHOB 
CMJlbHO BapbMpyeT 


K/noHeBbie noHBTMB: 


• Y flpo>K>Keŕí MHorne reHbi HenpepbiBHbi (He coAepwaT 
MHTpOHOB), TOrfla KaK y BbICLUMX ayKapMOT ÓOJlbWMHCTBO reHOB 
MMetOT npepbiBMdoe crpoeHMe. 

• 06blHHO 3K30Hbl KOpOHe MHTpOHOB M KOflMpytOT He ÓOJiee 100 
aMMHOKMC/IOT. 

• y HM3WMX 3yKapMOT HHTpOHbl CpaBHMTe/lbHO KOpOTKMe, TOrfla 
KaK y BbICLUMX 3yKapMOT MX AilMHa MO>KeT flOCTMraTb fleCBTKOB 
TblCBH nap HyKJieOTMAOB. 

• fl/iMHa ayKapMOTMHecKoro reHa b ochobhom onpeflejifleTCfl 
A/1MHOM ero MHTpOHOB. 


PMC. 3.9 nocneAOBaiejibHocTM reHOB (3 ma J- m (3 min -rno6nHa Mbiiueíí 
cxo>km CTpyKTypoŕí KOflHpytoiAHX ynacTKOB, oah3ko ouiMHaiOTCfl 
^aHKMpytoiAMMM ynacTKaMM n nocneAOBaTejibHOCTbio 6o/ibiiJoro mh- 
TpoHa. flaHHbie npeAOcraBjíeHbi On/iMnoM JlnAepoM M3 ľapBapACKoŕí 
MeAMUMHCKOÍÍ LUKOJÍ bl 


30hob npeACTaBjíeHbi OAHOHyKJieoTH/jHbiMH 3aMeHaMH. 
IIocKo^bKy 3K30Hbi, npeAcraBjmiomHe coóoh TpaHCJiH- 
pyeMbie peraoHbi reHa, KOAnpyioT 6e;ioK, noTeHiinaji k 
H 3MeHeHHIO HX HyKJieOTH.Q.HOH nOJie.Q.OBaTeJIbHOCTH 3Ha- 
HHTejibHO MeHbiue, neM jxjir HeTpaHCJinpyeMbix pernoHOB 
reHa. HeKOTopbie HyKJieoTHAHbie 3aMeHbi He bjihaiot Ha 
3HaHeHHe KOflOHa, nOCKOJIbKy H3MeHCHHbIH KOflOH M05KCT 

cooTBeTCTBOBaTb toh ace aMHHOKHCJioTe. ropa3£0 Mame 
H3MeHeHHfl noHBJíinoTCH b HeTpaHCJinpyeMbix peraoHax 
(cooTBeTCTByiomHx 5'- h 3'-KOHiieBbiM ynacTKaM mPHK). 

COOTBeTCTByiOmHe HHTpOHbl MOryT OTJIHMaTbCfl no 
AByM napaMeTpaM: ajihH e (H3-3a HHcepLjHH h flejieijHH) 
h noc/ieAOBaTejibHOCTH HymieoTHAOB (H3-3a 3aMeH oc- 
HOBaHHH). 3BOJIIOIJHfl BJIHflCT Ha HHTpOHbl 3HaHHTCJIbHO 
CHJibHee, neM Ha KOflHpyiomHe ôejiOK pernoHbi reHa. ripn 
cpaBHeHHH reHOB y npeACTaBHTejieň pa3JiHHHbix bhaob 
M aCTO BHflHO, HTO 3K30HbI OflHOrO H TOľO 5Ke reHa TOMOJIO- 
ľHHHbl, a HHTpOHbl pa3JIHMaiOTC5I HaCTOJIbKO, HTO CXO^C" 
TBO MeXCAy COOTBeTCTByiOmHMH nOCJieAOBaTeJIbHOCTHMH 
npaKTHMecKH oTcyTCTByeT. 

H B 3K30HaX, H B HHTpOHaX HaCTOTa B03HHKH0BCHHH 
MyrauHH o/jHHaKOBa, ho H3-3a #e hctbha OTpnijaTejibHoro 
OTÔOpa H3MeHeHHfl 3K30H0B ÓOJiee 3(J)(J)eKTHBHO y^aJIHIOT- 
ca H3 nonyjiau,HH. KpoMe Toro, b pe3yjibTaTe OTcyTCTBHH 
OrpaHHMeHHH, BbI3BaHHbIX HeOÔXOAHMOCTbK) KOflHpOBaTb 
ÔeJIKH, HHTpOHbl AOBOJIbHO JieľKO HaKaiUIHBaiOT OAHOHyK- 

jieoTHAHbie 3aMeHbi h Apyrae H3MeHeHHa. 3 to AOKa3biBaeT, 
hto nocAeAOBaTejibHOCTb hhtpohob He aBjraeToi CTOJib yxc 


Ha pmc. 3.io noKa3aHa oómaa cTpyKTypa opraHH3au,HH 
reHOB y ApoxoKeň, HaceKOMbix h MAeKonHTaiomHx. y Sac- 
charomyces cerevisiae noAaBjmiomee hhcjio reHOB (>96%) 
He co^ep^KaT hhtpohob, a HHTpoHCOflepäcamne reHbi no- 
BOJibHO KOMnaKTHbi. Y S. cerevisiae npaKTHnecKH HeT re- 
hob, coAepxcamnx ôojiee neTbipex 3K30hob. 

Y HaceKOMbix h MJieKonHTaiomHx oôpamaa CHTyau,Ha. y 
hhx JiHuib HeMHorae reHbi umoot HenpepbiBHyio CTpyicrypy 
(y MJieKonHTaiomnx — okojio 6%). B reHax HaceKOMbix, KaK 
npaBHJio, Majio 3K30hob, pe^KO óojiee 10. ľeHbi MjieKonHTaio- 
mnx pa3ÔHTbi Ha óojibinee mhcao (J)parMeHTOB (HeKOTopbie 
reHbi coAepxcaT nec% tkh 3K30hob). npHÓJiH3HTejibHO nojio- 
BHHa reHOB MjieKonnTaiomHx HeceT óojiee 10 hhtpohob. 

OueHHBaa nocjieACTBHa noAOÓHOH opraHH3au,HH /yia 
pa3Mepa reHOB, Mbi yBHAHM, mto pa3JiHMHa MOK/iy ApoxoKaMH 
H BbieniHMH SyKapHOTaMH BeCbMa 3HaMHTeJIbHbI (pmc. 3. i i). 
CpeflHHH nM Ha reHa y ApoxoKen 1,4 ttih, h TOJibKo hcmho- 
rne H3 hhx /viHHHee 5 toh. npeBajinpoBaHHe npepbiBHCTbix 
reHOB y syxapnoT 03HanaeT, mto hx reHbi HaMHoro nA HHHee 
KOAHpyiomHx óejiOK nacTen. TojibKO HeKOTopbie reHbi Myx h 
MjieKonHTaK)mHx Kopone 2 toh. ,11/iHHa MHornx H3 hhx Bapb- 
npyeT b Anana30He ot 5 no 100 toh. B cpe^HeM /yiHHa nejio- 
BenecKoro reHa cocTaBnaeT 27 toh (cm. pne. 5.11). 

nepeKJnoneHHe c npeHMymecTBeHHO 6e3biHTpoHHbix 
reHOB Ha npeHMymecTBeHHO npepbiBHCTbie nponcxoflHT 
Ha ypoBHe hh3iiihx syKapnoT. y rpnóoB (3a HaononeHneM 
Apoxc^ceH) óoJibniHHCTBO reHOB yxce HMeeT npepbiBHCTyio 
CTpyicrypy, o^HaKO co^ep^CHT cpaBHHTejibHO Ma^oe mhcjio 
3K30hob (<6) h HMeeT Heôojibinyio nfl HHy (<5 toh.) nepe- 

XOA K /yiHHHbIM reHaM npOHCXOflHT y BblCUIHX SyKapHOT. Hx 
pa3Mep cTaHOBHTca 3aMeroo ôojibine yxce y HaceKOMbix. C 
yBejiHneHneM /yiHHbi reHa KoppeAHiina Mexc^y pa3MepoM 
reHOMa h cjioxchoctbk) opraHH3aiiHH opraHH3Ma Hcne3aeT 
(cm. pne. 4.5). 

C yBejiHneHHeM pa3Mepa reHOMa HHTpOHbl acmohctph- 
pyiOT TeH^eHIlHK) K yBCJIHMeHHK), npH TOM HTO 3K30HbI oc- 
TaiOTCH AOBOJIbHO KOpOTKHMH. 
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y BbiciuHx ByKapnoT 6ojibiua*i nacrb reHOB MMeet npepBaHHyio crpyicrypy 



1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 <40 >60 


HmCJIO 3K30H0B 


PMC. 3.10 Y ApommeŇ óojibwafl nacib reHOB MMeei HenpepbiBHyK) CTpyioypy, b to BpeMfl KaK y Myx 
m M/ieKonmaiomMX 6ojibWMHCTBO reHOB npepbiBMCTbie. (HenpepbiBHbie reHbi coAepwaTTO/ibKO oamh 
3K30 H m coópaHbi b KO/ioHKe, pacno/ioweHHoíí Ha rpaciwKe c/ieBa.) 


Ha pmc. 3.12 noKa3aHO, hto 3K30hh b paAy paccMaTpn- 
BaeMbix opraHH3MOB craHOBaTca Kopone. Y BbicuiHx ayxa- 
Phot 3K30H cpeAHero pa3Mepa KOflnpyeT okojio 50 aMHHO- 



P M (f. 3.11 Y Apowweíí reHbi npeMMymecTBeHHO KopoTKMe, a y Myx m 
M iieKonmatoiMMX ohm BapbMpytoT b ľjmpokom AMana30He — ot ko- 
pOTKMX AO OHeHb ftnMHHblX 


khcjiot, h oómee pacnpeAejieHne xoporno oTpaacaeT HAeio 
O TOM, HTO reHbl SBOJIIOUHOHHpOBaJIH nyTeM AOÓaBJíeHHa 
ynacTKOB, KOAnpyiomHx HeóojibuiHe OTAejibHbie aomchm 
6e;iKOB (cm. pa3A. 3.8 «Kax SBOJiiOLjHOHHpoBajiH npepbiBHC- 
Tbie reHbi?»). Y pa3Hbix rpynn Bbicmnx syKapnoT pa3Mepbi 
3K30H0B OCTaiOTCH npaKTHHeCKH HeH3MCHHbIMH. TeM He 
MeHee y no3BOHOHHbix ohh 6ojiee KOMnaKTHbi (jiniiib He- 
MHorne 3K30Hbi AAHHHee 200 nH), a KO/jHpyiomHe nocjieAO- 
BaTejibHOCTH y apoxokch npeflcraBjunoT coďoh oahh aahh- 
HblH HenpepblBaiOmHHCA 3K30H.,H7ra 3K30H0B, KOAHpyKUIJHX 
HeTpaHCJinpyeMbie 5'- h 3'-perHOHbi, OTMeneHa TeHAeHLjHa 
yBeAHHeHHa pa3MepOB OTHOCHTeAbHO 3K30H0B, KOAHpyiO- 
IIJHX COÓCTBeHHO aMHHOKHCJIOTHyiO nOCJieAOBaTCJIbHOCTb. 

Ha pmc. 3.13 noKa3aHO, hto hhtpohh Moryr CHJibHO 
OTAHMaTbca no pa3Mepy. Y nepBen n Myx cpeAHHH hht- 
poH npaKTHMecKH paBeH 3K30Hy. OAHaxo y nepBen non™ 
HeT A™HHbIX HHTpOHOB, 2 y MyX OHH y^Ce COCTaBAaiOT 

3aMerayK) nacrb. Y no3BOHOHHbix pa3Mepbi hhtpohob 
npeACTaBAeHbi b óojiee hihpokom AHana30He: ot cpaB- 
hhmhx no pa3Mepy c 3K30HaMH (<200 nH) ao a^hh, h3- 
MepaeMbix AecaTKaMH TnH h AOCTnraiomHX b oTAejibHbix 
cjiynaax 50-60 Tím. 

KaK npaBHAO, oneHb AAHHHbie reHbi cbohm pa3MepoM 
OĎa3aHbI HMeHHO HHTpOHaM, H HX AAHHa HHKaK He CBfl3a- 
Ha c BeAHMHHOH KOAnpyeMoro npoAyKTa. TaioKe y Bbicmnx 
syKapnoT oTcyrcTByeT Koppejiau.Ha MOKAy pa3MepoM reHa, 
AAHHOH mPHK h KOAHMeCTBOM 3K30H0B. Pa3Mep TCHa, TaKHM 
oópa30M, b nepByio onepeAb 3aBHCHT ot aahhh ero hhtpo¬ 
hob. Y MjieKonHTaiomHx, HaceKOMbix h muu, reH cpeAHero 
pa3Mepa npHMepHO b 5 pa3 AAHHHee CBoen mPHK. 
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PMC. 3.12 3 K 30 Hbi, KOflupytomne 6 e/iKM, oóbiHHO KopoTKne 


Pa3Mep hhtpohob BapbwpyeT b luh p oko m A^ana30He 



PMC. 3.13 MmpoHbi MoryT 6 biTb KaK kopotkmmm, TaK m oneHb ajimh- 
HblMM 


EO HeKOTopbie noaieAOBaTe/ibHocTM 
AH K KOAMpyiOT 6oiiee oflHoro 
6ejiKa 


KniOHeBbie noHATMfl: 


• B03M0>KH0CTb MCn0Jlb30BaHMfl AOnOJlHMTe/lbHblX KOflOHOB. 
MHMUMMpytOmMX M TepMMHMpytOlAMX TpaHCKpunUMK), n03B0JlfleT 
no/iyMMTb c oflHoro reHa flBa óe/wa, oamh m3 KOTopbix 
cooTBeTCTByeT nacTM flpyroro. 

• OflHa m Ta me nocjieAOBaTe/ibHocTb flHK MoweT oTBenaTb 
3 a cnHTe3 HeroMOAoruHHbix 6e/iKOB ripn ycnoBMM, hto 
MH( t)OpMaUM51 CHMTblBaeTCfl b pa3Hbix paMKaX HJ\fí AByx 
nepeKpbiBatoiMMxcfl reHOB. 

• ľoMOAoruHHbie 6e/iKM, pa3^MHaK)innec5i HajiMHMeM mjim 
OT cyTCTBMeM onpefle/ieHHbix pemoHOB, MoryT B03HMK3Tb b 
pe3y/ibTaie a/ibTepHaTMBHoro crmaŕícMHra. 3 to MomeióbiTb 
BK/MoneHne wim MCK/itoHeHMe m 3pe/ioií PHK OTAe/ibHbix 3K3 ohob 
(wih Bbióopa Me>KAy flByMfl a/i bTepHaTM b h bi m m 3K30HaMM). 

BojibniHHCTBO reHOB coctoht h3 nocjieAOBaTenbHOCTH 
flHK, Ko/jnpyiomeH e/jHHCTBeHHbiH ĎejiOK (HecMOTpa na 
to, hto reH MO)KeT coflepacaTb hhtpohh h HeKOAMpyiomne 
KOHiieBbie ynacTKH). TeM He MeHee b HeKOTopbix c/iyHaax 
oahh h tot xce ynacTOK flHK Moxcev KOAnpoBaTb 6o/iee oa- 
Horo ĎejiKa. 

nepeKpueaioiUfUecR ženu B03HHKaioT, Kor^a hckhh reH 
OAHOBpeMeHHO RBmcrcR nacTbio Apyroro, MeHbinero reHa. 
Hanajio kjih koho* TaKoro reHa KpoMe KOAHpOBaHHa noji- 
Hopa3MepHoro óejiKa MoxceT OAHOBpeMeHHo KOAnpoBaTb 
yKoponeHHyio (J)opMy óejiKa (P M c. 3.14). Pe3yjibTaT TaKoro 
nepeKpbiBaHHfl KOAHpyiomHX pernoHOB oďhhho Bbirjia- 
Aht TaK xce, KaK ecjín 6bi npoH3onmo pacmemieHHe nacTH 
MOJieKy/i no/iHopa3MepHoro óejiKa c oópa30BaHHeM ppyx 
(J)opM — no/iHopa3MepHOH H HenOJIHOH. 

Eo;iee cjioxcHbiH arfím nepeKpbmaHHa — Kor^a OAHa 
h Ta >Ke nocjieAOBaTe/ibHOCTb ÄHK npnHHMaeT ynacTne b 
CHHTe3e AByx nezoMOJiozmmix 6e/iK0B. B stoh cmyauHH 
OAHa nocAeAOBaTejibHOCTb flHK CHHTbmaeTca 6o/iee neM b 
oahoh paMKe. B reHax K/ieTOHHbix opraHH3MOB flHK o6bin- 
HO CHHTbIBaeTCH JIHIIlb B OAHOH H3 TpeX B03M0)KHbIX paMOK 
CHHTbIBaHHa. Me^KAy TeM, B HeKOTOpblX BHpyCHblX H MHTO- 
xoHApnajibHbix reHax ABa npKJieraiomHX Apyr k Apyry reHa 
MoryT nepeKpbmaTbCH, TpaHCJiHpyacb b pa3;iHHHbix paMKax 
CHHTbmaHHa. ľlpHMep TaKoro nepeKpbmaHHa npnBeAeH Ha 
pmc. 3.15. OĎbiHHO pa3Mep nepeKpbrcaHHa cpaBHHTejibHO 
HeBejiHK, TaK hto Ďojibinaa nacTb nocjieAOBaTejibHOcra, ko- 
AnpyiomeH Ka^CAbiH H3 ďcjikob, npeAcraBJíeHa OTAejibHbiM 
pernoHOM flHK 

B HeKOTopbix reHax cncTeMa a/ibmepnarnuenozo 
cmaucuHza nepeioiiOHaeT npoiiecc coeAHHeHHa sk30hob. 
TaKHM oópa30M, oahh reH MOxceT npoH3BOAHTb pa3Hbie 
MOJieKyjibi mPHK, OTiiHMaiomnecfl HaóopoM 3K30hob. npn- 
CyTCTBHe HeKOTOpblX 3K30H0B B TaKHX mPHK M05KCT 6bITb 
Heo6H3aTejibHbiM (to ecTb ohh MoryT KaK npHcyrcTBOBaTb, 
TaK h oTcyTCTBOBaTb b 3pe^OH mPHK). KpoMe Toro, hckoto- 
pbie 3K30HbI MoryT ĎbITb B3aHMOHCKJIIOHaiOIAHMH (b 3pejioň 
mPHK MOxceT npHcyrcTBOBaTb jiHiiib oahh h3 AByx 3K3ohob). 
ArbTepHaTHBHbie (J)opMbi mPHK npoH3BOAflT óenKH, b koto- 
pbix OAHa nacTb oómaa, a Apyraa BapnaóenbHaa. 
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Tohkm HaMa/ia (m/im oKOHMaHHa) cMHte3a a/ibTepHaTMBHbix 6e/iKOB 0T/iMMai0TCfl 


(1o^Hopa3MepHbiíí 6e/ioK 

PoflCTBeHHblíí 6e/10K, 
npeflCTaB/ifltOLflMÍí coóoŕí 
nacTb no^Hopa3MepHoro óe/wa 

-WW 

(íiíiiiiiiiiiiiiiiiiíííííííiíiiiiiiiiiiin 

CTAPT KoflOHbi CTOn 

ToMKa a/ibTepHaTMBHoro CTAPTA 


PMC. 3.14 flBa óe/wa MoryT 6biTb CMHTe3npoBaHbi c oflHoro reHa nyieM MHnuna i\m (m/im TepMMHa- 
UMM) 3KCnpeCCMM B pa3HblX TOHK3X 


flepeKpbiBaiotMMecB TpHruieTbi MoryT CMHTbiBaTbCfi b pa3/iHHHbix pawxax 

CTAPT 

KoflOHbi, Mcno^b3yeMbie 

| 

fl/ia CMHTe3a óe/wa 1 

m 


yK/ieo-a 

TMflbl 

lUUJlUlUlUlUlUlUiP 


KoflOHbi, Mcno^b3yeMbie 


fl/iB CMHTe3a óe/wa 2 


PMC. 3.15 OflHa m Ta we noc/ieflOBaTe/ibHOCTb MoweT Mcno/ib30BaTbCfl flByM/i reHaMM, ho cnmbiBa- 
HMe TaKOŇ noc/ieflOBaTe/ibHocTM óyfleT matu b pa3/iMHHbix paMKax 


B HeKOTopbix cjiyHaax ajibTepHaTHBHbiH cmiaHCHHr He 
BJiHaeT Ha nocjie/jOBaTejibHOCTb óe/ixa. HanpnMep, H3MeHe- 
HHfl, 3aTparHBaiomHe 5'- hjih 3'-HeTpaHCJiHpyeMbie perao- 
Hbi, MoryT HMeTb peryjurropHbie nocjieflCTBHa, ho 6ejiox 6y- 
Acr npoH3BOflHTbCH oahh. TaiOKe cynjecTByioT cjiynaH, Kor/ja 
OflHH 3K30H 3aMeH5ieTCfl ftpyTHM (PMC. 3.16). 

B npHBe^eHHOM npnMepe ďcjikh, KOflnpyeMbie 
ajibTepHaTHBHbiMH mPHK, coflepxcaT oflHHaxoBbiH npoTH- 
5KeHHbIH perHOH, HO pa3JIHHaK)TOI perHOHOM aJIbTepHaTHB- 
Horo cmiaHCHHra. 3'-HacTb reHa TponoHHHa T, Ko/jnpyiome- 
ro MbimeHHbiH 6ejiox xpbíc, co/jepacnT rom> 3K30H0B, ho ajia 
nocrpoeHHfl mPHK Hcnojib3yioTCfi TOJibKO qeTbipe H3 hhx. 
Tpn 3K30Ha (W,X h Z) npncyTCTByioT b oďohx Bapnamax 
SKcnpeccHH reHa. O/jHaKo b o/jhom h 3 BapnamoB MCTKjjy X 
h Z npHcyTCTByeT 3K30H a, a b ^pyroM — ( 3 . TaKHM o6pa30M, 
a- h (3-cJ)opMbi TponoHHHa T OT/innaiOTCfl nocjieflOBaTejib- 
HOCTbK) aMHHOKHCJIOT Ha yHaCTKe MOK^y 3K30HaMH X H Z H 
CHHTe3HpyK)TCH B 3aBHCHMOCTH OT TOrO, K3KOH H3 aJIbTep- 
HaTHBHblX 3K30H0B (a HJIH ( 3 ) 6bIJI HCn0JIb30BaH. JIlOĎOH H3 
flByX aJIbTepHaTHBHblX 3K30H0B MO)KeT ÓbITb HCn0JIb30BaH 


3K30Hbi Moiyr 33MeHBTbCB b xofle a/ibTepHaTMBHoro cn/iancMHra 


W -X a z 

OflHa mPHK coflep>KMT 3 K 30 H a 


3 K 30 Hbi W X a p Z 



PMC 3.16 AflbTepHaTMBHbm cn/iancMHr npMBOflm k cj)opMMpoBaHMK) 
a- n p-BapwaHTOB TponoHHHa T 

pjm CHHTe3a KOHKpeTHOH mPHK, ho ohh 06a b o^hoh h toh 
) xe 3pe;iOH mPHK He BCTpenaioTCfl. 

Ha pmc. 3.17 npHBefleH npnMep, b kotopom b pe3y/ibTa- 
Te ajibTepHaTHBHoro cnjiaHCHHra o^hh h3 3K30hob bkjiio- 
naeTCH jiHiiib b HexoTopbie 3pejibie mPHK. TeH npoAyijHpyeT 
eAHHCTBeHHbiH Tnn TpaHCKpnnTOB, OAHaxo hx cmiaHCHHr 
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npn ajibTepHaTHBHOM cn/iaíícMHre Mcnojib3yiOTCfl pa3/iMHHbie KOMÓMHauMM 3K3 qhob 


3K30H 1 1/lHTpOH 3K30H 2 HHTpOH 3K30H 3 


1 

| CnHTe3 PHK 

yAa^eHne mhtpohob 

5 ' 

3 

C' 

r mPHK 

1 

fl,JÍMHHblň Óe^OK BlUllOHaeT BCe 3 3K30Ha 

YAa^eHMe mhtpohob m 3K30Ha 2 

5'_ 

3 

5’ j t- 

3' mPHK 

i 

1 

KopOTKMií Óe^OK COAep>KMT TO/lbKO 3K30H 1 M 3K30H 3 


PMC. 3.17 fl/lfl (J)OpMMpOBaHMfl mPHK C pa3JlMHHblMM KOMÓMHaUMflMM 3K30H0B ľipM a/lbTepHaTMBHOM 
cn/iaíícMHre Mcno/ib3yeTCfl oflHa m Ta me npe-MPHK 


mojkct ocymecTBUflTbCfl flByMa nyTAMH. B nepBOM cjiynae 
ABa HHTpOHa CIUiaHCHpyiOTOI, H TpH 3K30Ha COeAHHHIOTCa 
BMecre. B flpyroM oiynae BTopoň 3K3 oh He pacno3HaeTca. B 
pe3yjibTaTe cruiaHCHpyeTca KaK 6bi oahh óojibmoH hhtpoh. 
3tOT HHTpOH COCTOHT H3 HHTpOHa 1 , 3K30Ha 2 , H HHTpOHa 2 . 
BTOpOH 3K30H B flaHHOM CJT/Hat He 6bUI BOCnpHHflT CHCTe- 
moh ciuiaHCHHra KaK caMocToaTejibHbiH 3JieMeHT reHa. J \Ba 
nyTH cmiaHCHHra /ja iot ABa pa3Hbix ôejiKa. Ohh oAHHaKOBbi 
no KOHliaM, HO OAHH H3 ÔCJIKOB HMeeT AOnOJIHHTeJIbHyiO 
noc^eAOBaTe^bHocTb nocepeAHHe. TaKHM o6pa30M, j\m- 
hhh peraoH JX HK KOAnpyeT óojiee neM oahh óejioK (Apyrne 
Tnnbi ajibTepHaTHBHoro cmiaHCHHra oôcyxcAaioToi b pa3Ae- 
jie 26.12 «AjibTepHaTOBHbiH cmiaHCHHr — sto pea^H3aura 
pa3JiHHHbix BapnaHTOB cniHBaHra 3K30 hob Mexjjy co6oh»). 

MHor^a Moryr 6 biTb 3 aACHCTBOBaHbi OAHOBpeMeHHo 
o 6 a onncaHHbix Bapnama ajibTepHaTHBHoro cmiaHCHHra. 
B otom oiynae no Kaxc^OMy H 3 nyTeH CHHTe 3 HpyiOTOi on- 
peflcneHHbie nponopijHH mPHK. MHor/ja /yw pa 3 Hbix mnoB 
kjictok wm npn pa 3 Hbix ycjiOBmix moxcho HaÔjnoAaTb pa 3 - 
jimaiomneoi nym cmiaHCHHra. 

TaKHM o 6 pa 30 M, ajibTepHaTHBHbiH (min AHcjxjiepeHijH- 
a^bHbiH) cmiaHCHHr Be/jer k CHHTe 3 y c o,n,Horo h Toro xce 
reHa ôcjikob c nacranHo pa 3 HbiMH nocjieAOBaTejibHocDiMH 
aMHHOKHCJioT. HHTepecHo, hto óojibiiiHe reHOMbi syKapnoT 
c npoTHXceHHbiMH (paccpeAOToneHHbiMH) reHaMH B/i,o 6 a- 
bok oóJiaAaioT cnocoÔHocTbio k CHHTe 3 y pa 3 JinnHbix npo- 


AyKTOB c oflHoro jioKyca. y Myx h nepBeH ajibTepHaTHBHbiH 
cnjiaHCHHr yBejiHHHBaeT kojimcctbo 6 chkob oraocHTcnbHo 
nncjia reHOB npnMepHO Ha 15 %, b to BpeMa KaK y nejioBe- 
Ka ajibTepHaTHBHo 3 KcnpeccHpyeToi okojio 60 % reHOB (cm. 
pa 3 A- 5.5 «B reHOMe MeHbine reHOB, nm KaxceToi»). Okojio 
80 % oiynaeB a^bTepHaraBHoro cmiaHCHHra npnBOAHT k h3- 
MeHeHHio ôejiKOBOH nocjieAOBaTejibHocm. 


3.8 


KaK 3BOJlK>l4MOHMpyK>T 
npepbiBMCTbie reHbi? 


K/iK)HeBbie noHJHMíi: 


• Ochobhoíí Bonpoc 3 bojik)umm: «KaK bo 3 hmiuim reHbi?» Mmc/im 
ohm npepbiBMcryK) CTpyKTypy c caMoro Hana/ia hjim bo 3 hmkjim 
K aK HenpepbiBHbie noc/ieAOBaTejibHocTM m 3aieM 6bmM 
«o6orameHbi» MHTpoHaMM? 

• BepoflTHo, noflaB^fliomaB nacib reHOB, KOAMpyiomMx 
6e/lKM, B03HMKJ13 B BMfle ľipepblBMCTOM (|)OpMbl, OflHaKO 
reHbi, KOflMpyiomMe pn6ocoMa/ibHbie m TpaHcnopTHbie PHK. 
M3HaHa/ibH0 Mor/iM 6biTb HenpepbiBHbi. 

• CymecTByeT ocoóbiŕí K/iacc MoómibHbix mhtpohob, cnocoÓHbix 
caMOCTOATe^bHo BdpaMBaTbCfl b reHbi. 


npepbiBHCTaa cTpyKTypa syKapnoTHHecKHx reHOB no3BO- 
jiaeT npeACTaBHTb syKapnoTHHecKHH reHOM b bhac «Mopa 
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HHTpoHOB» (nacro HeyHHKajibHbix no CBoen nooieAOBa- 
TeJIbHOCTH), B KOTOpOM BCTpenaiOTOI OCTpOBKH 3K30H0B 
(nHor^a oneHb kopotkhx). 3th octpobkh coôpaHbi b ot- 
/jejibHbie apxnnejiarn, npeACTaBJíaiomHe coóoh reHbi. 

Kan xce H3HanajibHO BbiniflAejiH npepbiBHCTbie reHbi? 

• B COOTBeTCTBHH C MOfleJIbK) «paHHHX HHTpOHOB» HHT- 
poHbi Bcer^a 6buin HeorbeMjieMOH nacrbio reHOB. ľeHbi 
bo3hhkjih Kan npepbiBHCTbie cTpyicrypbi, a cymecTByio- 
mne Tenepb 6e3biHTpoHHbie reHbi yrep ajih HHTpoHbi b 
npoijecce sbojhoijhh. 

• MoAejib «no3AHHX hhtpohob», HanpoTHB, npeAnojiara- 
eT, mto npeAKOBbie KOAnpyiomHe eAHHHijbi He coAep- 
XCaJIH HHTpOHOB, 2 HHTpOHbl 6bUIH «BCTaBJieHbI» B HHX 
no3xce. 

Htoôm BbiôpaTb ôojiee BepHyio MOAejib, hcoôxoahmo 
B biacHHTb, neM oô'bacHaioTai pa3Jinnna MexcAy reHaMH 
syKapnoT n npoKapnoT. Bbi3BaHbi ohh npnoópeTeHneM 
hhtpohob synapnoTaMM hjih xce nx noTepeň npoKapn- 

OTaMH? 

Moflenb «paHHHx hhtpohob» npeAnojiaraeT, hto M03a- 
HHHaa cTpyicrypa reHa flBJweTCfl apcbhhm noAxoAOM k H3Me- 
HeHHio crpyKTypbi reHa c ijejibio 3(J)(J)eKTHBHoro C03#aHHa 
hobhx ôejiKOB. Moxcho npeAnoJioxcHTb, mto aPCbhjlh KjieTKa 
coAepikajia Haôop reHOB c 3K30 h-hhtpohhoh crpyicrypoH, a 
ocHOBHbiM acneicroM nx sbojhoijhh 6buia nepeTacoBKa 3K- 
30H0B C uejlbio noapoeHHfl HOBblX ÓeJIKOB. 

Ecjih npeACTaBHTb ce6e nepeTacoBKy peraoHOB 6e3HH- 
TpoHHbix reHOB, oneBH/jHo, hto KaxcAaa Tanan onepaura 
TpeôyeT HCKjnonnTejibHo tohhoh peKOMÔHHaunn MOJie- 
Kyji flHK c coxpaHeHneM paMKH cnnTbiBaHna n b toh xce 
opneHTaunn. KpoMe Toro, ecjín peKOMÔHHauna 0Ka3ajiacb 
Hey^anHOH, K/ieTKa TepaeT ncxoflHbie KOAnpyiomHe eAH- 


HHUbi n AOJDKHa nornôHyTb. Ecjih xce npeAnojioxcHTb, hto b 
pe3yjibTaTe peKoMÔHHaunn ABe «crpyKTypHbix eAHHHU,bi» 
ôejina (HanpnMep, ABa AOMeHa, KaxcAbiH H3 KOTopbix 3ano- 
AnpoBaH cbohm 3K3ohom) 0Ka3ajincb b npeAejiax OAHOH 
eAHHnqbi TpaHCKpnnunn, to C03AäHna HOBoro sbojiio- 
ijhohho BbiroAHoro Bapnama ôejina AoeraTOHHO npoBec- 
th «npoBepicy» MHOxcecTBa BapnamoB ajibTepHaTHBHoro 
cnjiaHCHHra. Ecjih nojiynaioiAHeoi BapnaHTbi «3bojiioiih- 
OHHO HeHHTepeCHbI», TO HCXOAHbie eAHHHUbl (3K30Hbl) 
ocTaioTca AOCTynHbiMH jym noaieAyiomHX peKOMÔHHa- 
UHH. IlOAXOA c aJIbTepHaTHBHbIM CnJiaHCHHrOM n03B0Jia- 
eT KjieTKe Kan 6bi TecTnpoBaTb óejion Ha ycroHHHBOCTb k 
yAajieHHio hjih AOÓaBJíeHHio toh hjih hhoh ero nacTH, He 
npHHHHHfl npn 3TOM BpeAä flHK. OnHCaHHblH MexaHH3M 
noATBepxcAaeTca TeM (jjaKTOM, hto cxoxcne 3K3ohm Moryr 
pacnojiaraTbca b pa3JiHHHbix reHax Tax, Kan 6yn,To 6bi reHbi 
ôbuiH coôpaHbi nyTeM nepeTacoBKH 3K3ohob (cm. pa3A. 3.9 
«HeKOTopbie 3K3ohh HanoMHHaioT nocjieAOBaTejibHocTH, 
KOAnpyioiAHe uejibie 6cjikh»). 

Ha p M c. 3.18 npHBeACH npnMep nepeHoca nocjieAOBa- 
TejibHocTH, BK/nonaioiiieH 3K3oh, Ha HOBoe Mecro b reHOMe. 
nocKOJibicy 3K30Hbi, KaK npaBHjio, 3HannTejibHO Kopone hh¬ 
tpohob, BbirJIHAHT JIOrHHHblM, HTO npH peKOMÔHHaiJHH Jip - 
ôaBjmeMbiH peraoH BCipoHTca b hhtpoh, a He b 3K3oh. fl/ia 
cnjiaHCHHra HeoôxoAHMbi TOJibKo nocjieAOBaTejibHocm, pac- 
nojioxceHHbie b Mecrrax crbiica 3K3ohob h hhtpohob (3K3oh 
(J)jiaHKHpoBaH (J)yHKiiHOHajibHbiMH ynacTKaMH). npn cmiaH- 
CHHre pacno3HaioToi napbi 6jiH3KopacnojioxceHHbix caňTOB 
cnjiaHCHHra: 5'-coeAHHeHne nmpoHa c 3K3ohom B3aHMO- 
ACHCTByeT C APyrHM (30 KOHU,eBbIM CTblKOM 3TOrO HHTpOHa 
h nocjieAyioiAero 3K30Ha. B cjiynae AOÔaBJíeHHa b crpyicrypy 
reHa HOBoro 3K30Ha (pne. 3.18) ero (jjjiaHrn 6yAyT paôoTaTb 



P M C. 3.18 n pH TpaHoiOKauMM b hhtpoh 3 K 30 Ha, MapKkípoBaHHoro (J)jiaHKnpyK)mMMM noc^eAOBaie^b- 
HOCTflMM, OH MO>KeT 6blTb BKJlIOHeH B PHK 
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npn cruiaHCHHre TaK ace, KaK h tymum yace cymecTBOBaBiiiHx 
3K30H0B. B pe3yJIbTaTe, BHOBb AOÔaBJíeHHblH 3K30H BCTpOHT- 
CH B mPHK MOKAy JlBym. HCXOAHbIMH 3K30HaMH. npH 3TOM 
HOBblH 3K30H aBTOMaTHHCCKH OKaJKCTCa B TOH XCe paMKe CHH- 

TbiBaHHa, hto h crapbie, h c Hero ôyppr CHHTe3npoBaH hobmh 
pemoH óejiKa. OnncaHHbiH MexaHH3M Mor ôbiTb oTBeTCTBe- 
HeH 3a co3AäHHe hobmx KOMÓHHauHH 3K3 ohob b npou,ecce 
sbojhoijhh. OôpaTOTe BHHMaHHe, hto npHBe^eHHbiH Mexa- 
hh3m HanoMHHaer MeTOA yjiaBJíHBaHHH 3K3 ohob, Hcno;ib3ye- 
MblH RJm nOHCKa Cj)yHKIJHOHaabHbIX 3K30H0B (pne. 4.11). 

HHorfla moxcho oÔHapyacnTb aabTepHaraBHbie (jjop- 
Mbi reHOB pPHK h tPHK (c HHTpoHaMH h 6e3). B aiynae c 
tPHK, rjw KOTopbix Bce MOJieicyjibi oôJiaAaiOT cahhoh npo- 
CTpaHCTBCHHOH CTpyKTypOH, MaJIOBepoaTHO, HTO B 3BOJIIO- 
IJHH OHH HC3aBHCHMO (J)OpMHpOBaaHCb 3a CHČT COCAHHCHHa 
HecKOJibKHx načretí reHOB. KpoMe Toro, pa3Hbie perHOHbi 
tPHK flOJDKHbl ÔbITb KOMIUieMeHTapHbl (h (J)OpMHpOBaTb 
AByxijenoHeHHbie cTpyKTypbi), hto KpatíHe BaacHo pjín noA- 
AepacaHHa npocrpaHCTBeHHotí CTpyKTypbi MOJieicyjibi. To 
eCTb B R2LHHOM CJiyHae HHTpOHbl AOJDKHbl ÔbIJIH BCTaBJíaTbCa 
b yace cymecTByiomne 6e3HHTpoHHbie reHbi. 

TeHOMbi opraHejm aBJíaioTca KaK 6bi CBa3yK>mnM 3Be- 
hom MOKffy npoK^pHOTaMH h syKapnoTaMH. CymecTByeT 
MHO^KeCTBO CXOAHblX HepT MOK/iy MHTOXOHAPHHMH H XJIO- 
pOrmaCTaMH C OAHOtí CTOpOHbl H ÔaKTepHaMH C APyrOH, H 
sto no3BOJiaeT npeAnoaoacHTb, hto opraHejuibi npoH3onuiH 
KaK cjieacTBHe sndocuM6uo3a , b xo Ae KOToporo a peBHaa 
ôäKTepnH nonaaa b «3yKapnoTHHecKyio» ijHTonjia3My. Oa- 
HaKo cxo/],CTBy opraHejui c ôaKTepnaMH b npoijeccax chh- 
Te3a PHK h ôcjikob moxcho nporaBonocraBHTb HajiHHne b 
reHax.opraHejm hhtpohob. 3thm ohh HanoMHHaioT CKopee 
syKapHOTHnecKHe *mepHbie reHbi. 

HHTpoHbi HaňAeHbi b HecKOJibKHx reHax xjioponnac- 

TOB, BKJIIOHaa H Te H3 HHX, KOTOpbie rOMOJIOrHHHbl reHaM 
E. coli. To ecTb moxcho npeAnoaoacHTb, hto 3 haochmôho 3 
npoH3omeji a o toto, KaK b npoKapHomnecKotí jihhhh hc- 
HC3JIH HHTpOHbl. Jlj ia HeKOTOpblX reHOB IiyTeM CpaBHeHHH 
roMOJioroB moxcho npocaeAHTb sbojhoijhio ao MOMema, 
Korfla npoH3omeJi 3haochmôho3. 

Mhtoxohaphh AeMOHCTpnpyioT eme ôojiee nopa 3 H- 
Te^bHbíň npHMep. MHToxoHApnaabHbie reHOMbi Apoaoxetí 
h MJieKonnTaiomHx, xoTa h cynj,ecTBeHHo oTannaioTca no 
CBoetí opraHH 3 auHH, KOAnpyioT npaKTHHecKH HAeHTHHHbie 
ôejiKH. MnToxoHApna^bHbie reHOMbi no 3 BOHOHHbix oneHb 
MajiH, h hx HenpepbiBHbie reHbi opraHH 30 BaHbi oneHb kom- 
naKTHO, b to BpeMa KaK MHToxoHApnajibHbie reHOMbi Apoac- 
acetí 3 HannTejibHO ôojibine no pa 3 Mepy n AeMOHcrpnpyioT 
Ha^nnne c^oxchhx npepbiBaioiAnxca reHOB. KaKOH xce H 3 
3Thx reHOMOB flBJíaeTca npeAKOBbiM? Hhtpohh mhtoxoha- 
pna^bHbix (h HeKOTopbix Apyrnx) reHOB Apo^cxceH oÔJiaAa- 
K)T cnocoÔHocTbio k nepeMeiAeHHio — ohh npeACTaBjwioT 
coóoh nocjieAOBaTejibHOCTH, cnocoÔHbie Bbipe 3 aTbca H 3 
PHK n BCTpanBaTbca b BH^e flHK-Konnn b HOBbie MecTa re- 
HOMa, hto no 3 BOJiaeT npeAnojioxcHTb hx «BTopHHHoe» npo- 
ncxoxcAeHHe (cm. pa 3 A. 27.5 «HeKOTopbie HHTpoHbi rpynnbi 
I KOflnpyioT 3 HAOHyKJiea 3 bi, noAAepxcHBaiomHe hx Moôruib- 
HOCTb» h pa 3 A. 27.6 «HHTpoHbi rpynnbi II Moryr KOAHpoBaTb 
nojiH(J)yHKi^HOHa^bHbie 6 ejiKH»). 
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HeKOTOpbie 3K30Hbl HanOMMHatOT 
noc^eflOBaie/ibHocTM, 
KOAMpyioiMMe iienbie 6ejiKM 


K^ioHeBbie noHBTMB: 


• B nojib3y Toro, hto 3K30Hbi 6bmn CTpome^bHbiM Maiepna^OM 
3 bo/ik)UMm m hto nepBbie reHbi MMe/in npepbiBMCTyio crpyKTypy 
roBopflT c^eflyiomMe cfiaKTbi: 

• y AOBO/ibHO CM/ibHo OTCTOflLUMx Apyr ot APyra BMAOB reHbi 
MMeiOT cxo>KyK) 3K30H-MHTpoHHyio CTpyKTypy; 

• cymecTByeT 6o/ibiuoe hmc^o 3K3 ohob. noc/ieAOBaTe/ibHocTM 
kotopwx MoryT 6biTb conocTaBAeHbi c cymecTBytomMMM 
nocjieAOBaTe/ibHOCTflMM, KOAupyiomMMM ue^bie 6enm; 

• cymecTByeT roMo^omfl Me>KAy 3 K 30 HaMM, HaxoABiAMMMCB b 
pa3Hbix reHax. 


Ec^h coBpeMeHHbie 6 cakh SBOJnouHOHHpoBajiH nyreM kom- 
ÓHHHpOBaHHH HCXOAHO He3aBHCHMbIX KOpOTKHX npeAKO- 
Bbix éejiKOB, to npnôaBJíeHHe e^ hhhu, CKopee Bcero, npo- 
HexoArmo noc^eAOBaTe^bHO Ha npoTnxceHHH HeKOToporo 
BpeMeHH. Moxcho jih b coBpeMeHHbix óeAKax oÔHapyxcnTb 
AcneHne cocTaB^aioiAHX hx eA hhhu no (J)yHKijHflM? Hhhmh 
CJIOB aMH, MOXCeM JIH Mbl COnOCTaBHTb OTAeJIbHbie Cj}yHKH,HH 
HblHeiIIHHX ÔeJIKOB C OTAeJIbHbIMH 3K30HaMH? 

fleHCTBHTejibHo, b HeKOTopbix cjiynaax ecTb neTKaa 
B3aHM0CBH3b MexcAy CTpyKTypaMH reHa h ôejiKa. XoponiHM 
npHMepoM HBjíaioTca HMMyHorjioôyjiHHbi, KOAHpyeMbie re- 
HaMH, y KOTOpblX KaXCAblH 3K30H B TOHHOCTH COOTBeTCTBy- 
eT onpeAejieHHOMy (J)yHKUHOHajibHOMy AOMeHy óeJiKa. Ha 
p M c. 3.19 AäHO cpaBHeHne CTpyKTypbi HMMyHorjioôyjiHHa 
h ero reHa. 

HMMyHorjioóyjiHH — sto TeTpaMep, coctohiahh h 3 
AByx jierKHx h AByx Taxcejibix qeneH, KOTopbie, 06 'beAHHa- 
acb, (JjOpMHpyiOT ÓeJIOK C HeCKOJIbKHMH pa3JIHHHbIMH AO- 
MeHaMH. JlerKne h Tocejibie uenn oTJinnaioTca no cTpyKTy- 
pe, npn stom cymecTByeT HecKOJibKo BapnaHTOB Taxcejibix 
uenen. Kaxmaa H3 u,eneH chHT e3HpyeTca c reHa, coAepxca- 
mero cepnio 3K3 ohob, cooTBeTCTByiomnx CTpyKTypHbiM 
AOMeHaM ôejiKa. 

B paAe Apyrnx cjiynaeB oTAejibHbiM 3K30HaM reHa mo- 
iyr 6 biTb npnnHcaHbi OTAeJIbHbie (J)yHKiiHH. y ceKpeTopHbix 
ôejiKOB nepBbiH 3K30H, KOAHpyiomnH N-kohlícboh ynacTOK 
noJinnenTHAa, nacTo onpeAejmeT CHrHaabHyio nocaeAOBa- 
TejibHOCTb, BOBJíeneHHyio b npouecc cexpeunn. B KanecTBe 
npHMepa moxcho npHBecTH HHcyjiHH. 

IlpeACTaBJíeHHe oô 3K30Hax KaK o (jjyHKíjHOHajib- 
hhx eAHHHiiax reHOB noATBepxcAaeTca npnMepaMH, b 
KOT opbix ABa reHa coAepxcaT roMOJiornnHbiH 3K30H (sk- 
30Hbl), B TO BpeMa KaK OCTaJIbHbie HX 3K30HbI HenOXOXCH. 

Ha pmc. 3.20 npoHJunocTpHpoBaHo cxoactbo MexcAy pe- 
iienTopoM JinnonpoTeHHOB hh3koh njioTHOCTH njia3Mbi 
(JinHn) h ApyrnMH ôejiKaMH nejioBeKa. B uempe reHa 
peu,enTopa JinnonpoTeHHOB hh3koh njioTHOCTH pac- 
nojioxceHa cepna 3K30H0B, roMOJiornnHbix reHy npeA- 
mecTBeHHHKa snnAepMajibHoro (jjaKTopa pocTa (EGF). 
B N-KOHiieBOH nacTH ôeJiKa rpynna 3K30H0B KOAnpyeT 
nocjieAOBaTejibHocTb, roMOJiorHHHyio ôejiKy KOMnae- 
MeHTa C9. TaKHM oôpa30M, moxcho npeAnoaoacHTb, hto 
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3K30Hbi reHOB HMMyHor/io6yBHHa KOAMpyioT AOMeHbi 6e/iKa 


3K30H L 3K30H V-J 3K30H C 

y X/VMMŕV/teX /\/V 


JlerKaa ijenb 

JlHflep Bapwa- KoHdaHT- ne™ KoHdaHT- KoHaraHT- 
Óe^bHblH HblM 1 HblM 2 HbIM 3 

TjDKe/iafl Lien b 


floMeHbi 6e;iKa 


3K30H L 3K30H V-D-J 3K30H Cl 3K30H neTJIM 3K30H C2 3K30H C3 


P M C. 3.19 JlerKMe m nuKe/ibie uenM MMMyHor/ioóyjiMHa 3aKOflnpoBaHbi reHaMM, KOTopbie no 3K30H- 
MHTpoHHoŕí dpyKType cooTBeTCTByioT OTfle^bHbiM AOMeHaM 6ejwa. Ka>KAbm aomch 6e/n<a cooTBeic- 
TByeT 3K30Hy; MmpoHbi npoHyMepoBaHbi uncJ)paMM ot 1 ao 5 


3«30Hbt Aeyx 6enKOB Moryr 6bm> B3aMMOCBB3aHbi 


PeuenTop /IľlHľl 

YnacTOK roMonorMM ynacroK roMcmorMM 
c KOMn/ieMemoM C9 c npeAwecTBeHHMKOM EGF 



ľlpeAiuecTBeHHMK EGF 


H3 eme MeHbiunx MOflyjieH. Mo/jyjib He o6a3aTejibHo co- 
oTBeTCTByeT OT#e;ibHOH (pyHKíiHH coBpeMeHHoro óejiKa; 
HeCKOJIbKO MOAyneH MOľJIH OÔ'bCflHHflTbCfl H (J)OpMHpO- 
BaTb HOByio $y HK UHio. C yBejiHHeHHeM jyi hhh 6e;iKa 
hhcjio KOflHpyioiijHx ero 3K3 ohob, Kan npaBHJio, yBejiH- 
HHBaeTca. 3 tot (J)aKT coothochtch c npeflCTaBJíeHneM 

O TOM, HTO ÔeJIKH CTaHOBflTCfl nOJIH(J)yHKllHOHaJIbHbIMH 
nyTeM ycneuiHoro floóaBJíeHna noAxo/jamero Mo^yjia. 

BbicKa3aHHbie npeAnojioxceHHH Moryr o6T»acHHTb h Apy- 
ryio oômyio nepTy coBpeMeHHbix ócjikob: ynacTKH, cootbctc- 
TByiomne rpaHHiiaM 3K3ohob h hhtpohob, nacro pacnojioxce- 
Hbi Ha noBepxHOCTO ôejiKa. ľlocKOJibKy b CBere BbiCKa3aHHOH 
ranoTe3bi ôcjikh coônpajincb MOflyjibHo, cbh3h (no KpaňHen 
Mepe, nocjie/^HHx /joóaBJíeHHbix MOflyjieH) A,eMOHcrpHpyioT 
TeH^eHiiHio k pacnojioxceHHio Ha noBepxHocm 


P MC. 3.20 ľeH peuerrropa JlľlFin BiuiioHaeT 18 3K3ohob, HeKOTopbie 
M3 KOTOpblX rOMO/lOrMHHbl 3K30H3M npeAWeCTBeHHMKa EGF, a HeKO- 
Topbie — reHaM KOMn/ieMema kpobm C9. Tpeyro/ibHMKaMM OTMeneHbi 

n03MI4MM MHTpOHOB 


reH peiienTopa JinnonpoTenHOB hh3koh hjiothocth 
B 03HHK B pe3y;ibTaTe CÔOpKH MOdyneÚ , OTBeTCTBeHHblX 
3a pa3JIHHHbie (jtyHKIJHH. 3 th MOAyiIH B pa3HbIX komôh- 
HaijHflx Hcnojib3yioTca h b /jpyrnx ôejiKax. 

3K30HbI, b ÔOJIbUIHHCTBe CBOCM, flOBOJIbHO MaJIbl 
(cm. pne. 4.11) h no pa3Mepy npnMepHo cooTBeTCTByioT 
caMOMy Ma^eHbKOMy nojinnenTHAy, cnocoÔHOMy coxpa- 
HflTb CTaÔH^bHyiO KOH(J)OpMällHIO (OKOJIO 20~40 aMH- 
hokhcjiot). Bo3moxcho, H3HanajibHo ôcjikh co6npa;mcb 


3.10 


reHbl, OTHOOllAMeCB 
k OflHOMy ceMeMCTBy, HMeioT 
cxomyio opraHM 3 aAMio 


KniOHeBbie noHATMa: 


• Cxowecrb nepi y reHOB. OTHoouAMxcfl k oahoíí rpynne, 
no3BO/ifleT CAe^aTb npeAno/ioweHMe o (J)yHKLiMM, BbinojiHfleMoíí 
mmm ao pa3Ae/ieHMfl b sbojiioumm. 

• Bce reHbi r/ioÓMHOB cxowm no CBoeíí dpyKType. Ohm coagpxot 
T pM 3K30H3 m ABa MHTpoHa, HTO AaeT ocHOBaHMfl npeAno^araib, 
hto ohm npoM30WJiM ot oAHoro npeAKOBoro reHa. 


BHyrpn ayKapnoTHHecKoro reHOMa mhoxccctbo reHOB 
roMOJiornnHbi ppyv flpyry (c})opMHpya ccmchctbo tchob). 
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B reHe /íerreMorjioÔMHa ectb Aono/iHme/ibHbw mhtpoh 


CeMeHČfBO reHOB — sto rpynna reHOB, KOAHpyiomHX 
pOflCTBeHHbie HJIH HfleHTHHHbie ÔeJIKH. CCMOHCTBO B 03 HH- 
KaeT nyreM AymíHKaijHH reHa. noHana^y j\ Be koiihh reHa 
HAeHTHHHbl, OAHaKO U 03 J\HCt B pe 3 yJIbTaTe MyTaUHH OHH 
HaKamiHBaioT pa 3 JiHHm. nocjieAyiomHe ^yruíHKai^HH h 

OTKJIOHCHHB OT HCXOAHOH CTpyKTypbl npHBOA^T K fla^b- 

HeHiueMy yBejinneHHK) CGMCHCTBa. TeHbi tjioôhhob npe#- 
CTaBJIHIOT COÔOH npHMep CeMCHCTBa, KOTOpoe MOXCeT ÔbITb 
pa 3 /i,ejieHO Ha rez noAceMeHCTBa (a-nioÔHHOB h P-itioôh- 
hob). HjieHbi noAceMeHCTB hmoot cxoxcee CTpoeHHe h bm- 
nojiHflioT oAHHaKOBbie (J)yHKUHH. npeflJioxceHHyio miaccn- 
(J)HKaijHio moxcho pacnpocTpaHHTb h Ha cjiynan c reHaMH, 
OÔJia^aiOmHMH 3 HaHHTeJIbHO MCHblUHM CXOflCTBOM, HO, 
TeM He MeHee, hmooiahm nepTbi, no 3 BOJunomHe cyn,HTb 06 
hx oômeM npoHexoxe^eHHH. B sthx cjiynaflx rpynnbi ce- 
mchctb reHOB Moryr (J)opMHpoBaTb cynepceMeHCTBa. 

npeKpacHbiM npHMepoM sbojiioijhohhoh craônjibHoc- 
th nBJvnoTcn a- h ( 3 -rjioÔHHbi h roMOJiornnHbie hm ôejiKH. 
AMHHOKHCJIOTHafl nOCJieAOBaTeJIbHOCTb MHOrjIOÔHHa — 
MOHOMepHoro KHc^opo/i,-CBH 3 biBaiomero ôejiKa hchbot- 
hhx — no 3 BOJiaeT npeAnoJioxcHTb ero nponcxoxc^eHHe H 3 
itioôhhoboh cyó'beAHHHUbi. JlerreMorjioÔHH, Tax xce kuk h 
MHO rJIOÔHH, npeflCTaBJWeT COÔOH MOHOMepHblH KHCJiopoA- 
CBH 3 bIBaiOmHH ÔeJIOK, HO HOKHBOTHblX, 2 ÔOÔOBblX paCTCHHH, 

h Toxce äcjiht oônjee npoHcxoxcAeHHe c ApyrHMH reM-CBH- 
3 biBaiomHMH ôejiKaMH. BMecTe a- h p-rjioÔHHbi, mhodio- 
6 hh h jierreMorjioÔHH cocraBJwioT cynepceMencTBO dioôh- 
hob — rpynny H 3 HecKOJibKHx ccmchctb reHOB, oô'beAHHeH- 
Hbix npoHCxoxcAeHneM ot oômero npeAiuecTBeHHHKa. 

H a-, h p-rjioÔHHOBbie reHbi coflepxcaT Tpn 3 K 30 Ha 
(pne. 3 . 7 ). flBa HHTpoHa hmoot nocTOHHHoe pacnojioxce- 
Hne oTHOCHTejibHo KOAHpyiomeH nocjieAOBaTejibHocTH, a 

IjeHTpa^bHblH 3 K 30 H KO/JHpyeT reM-CBH 3 bIBaiOmHH AOMeH 
TJIOÔHHOBOH ijenn. 

MnorjioÔHH npeACTaBJíeH eAHHCTBeHHbiM reHOM b re- 
HOMe HejiOBena, h ero crpyicrypa nepe3BbinaHHO noxoxca Ha 
CTpyKTypy rjioÔHHOBbix reHOB. TaKHM oôpa30M, TpexsK30H- 
mn CTpyKTypa B03HHK/ia b sbojiioijhhh sthx reHOB ro Toro, 
Kan npoH3onuio pa3flejieHne hx (jjyHKíjHH. 

ľeHbi jierreMorjioÔHHOB co^epacaT Tpn HHTpoHa, nep- 
bhh h nocjie/i,HHH H 3 KOTopbix pacnojioxceHbi B MeCTaX 
KOAnpyioiijeH nocjie^OBaTejibHocTH, rojiOMOJioraHHbix 
MecTaM pacnojioxceHHH #Byx hhtpohob rjioÔHHOBbix reHOB. 
3 to nopa 3 HTejibHoe cxoactbo yKa 3 biBaeT Ha oneHb ApeB- 
Hee npoHCxoxc^eHHe reM-CBfl 3 biBaiomHx ôcjikob ot oômero 
npe/i,KOBoro reHa (p m c. 3.21). 

LJeHTpa^bHbiH HHTpoH jierreMorjioÔHHa pa 3 A,e;weT ab a 
3 K 30 Ha, BMecTe KOAnpyioiAHx Ty xce nocjieAOBaTejibHOCTb, 
HTO H OflHH U,eHTpaJIbHbIH 3 K 30 H TJIOÔHHOB. Mor JIH U,eH- 
Tpa^bHbiH 3 K 30 H rjioÔHHOBoro reHa nojiynHTboí b pe 3 yjib- 
TaTe coeflHHeHHfl AByx ijeHTpa^bHbix 3 K 3 ohob npeflKOBoro 
reHa? Vínu xce npejiKOBOH $opMOH flBjmeTca CTpyKTypa c 

OflHHM UeHTpa^bHblM 3 K 30 H 0 M, H B 3 TOM C^yHae HHTpOH 

ôbui BCTaBJíeH b noc^eAOBaTejibHOCTb b Hana^e sbojiiouhh 
pacTeHHH? 

CjiyMan, b KOTopbix roMOJiornHHbie reHbi oTJiHHaioToi 
no cTpyKType, Moryr hccth HH(J)opMauHK) 06 hx sbojiio- 
Uhh. B KanecTBe eme oahqto npnMepa moxcho npHBecTH 


reM-CBfl3blBaK)UJ;MM AOMeH 

j H 3 M 






flono^HM- JlerreMor^oÓMH 
Te^bHbíň 
HHTpoH 


Pa3AejieHMe AOMeHa 


P M C. 3.21 CTpyKTypa reM-CBfl3biBa»omero 3K30Ha reHOB rAOÓMHa ot- 
BeTCTBeHHa 3a c|)yHKumo 6eAKa, oflHaKO reH jierreMorAOÓMHa HeceT b 
ueHTpaAbHoŕí nacTM 3Toro AOMeHa AonoAHMTeAbHbiíí mhtpoh 


HHCyJIHH. y MJieKOnHTaiOmHX H nTHIl HHCyjIHH KOflHpyeT 
TOJibKo oflHH reH ( 3 a HcmnoneHHeM rpbi3yHOB, y koto- 
pbix a Ba TaKHx reHa). Ha P M c. 3.22 H3oôpaxceHa CTpyKTy¬ 
pa 3THX reHOB. 

OCHOBHOH npHHIlHn, KOTOpblH Mbl Hcnojib3yeM npn 
cpaBHeHHH opraHH3aiiHH poACTBeHHbix reHOB y pa3Jim- 
HblX BHAOB, COCTOHT B TOM, HTO OÔUfUe HeptYlU UdeHľYlU(fiU- 
UfUpyiom cmpyKmypy, npediuecmeoeaeiuyK) posdeneHUK) 
deyx eapuanmoe e 3eomou i uu. Y Kyp e^HHCTBeHHbiH HHcy- 
jiHHOBbiH reH coflepxcHT a Ba HHTpoHa; Taicyio xce CTpyKTypy 
HMeeT OAHH H3 flByX pOflCTBeHHblX reHOB KpblC. Cxoactbo 
CT pyKTyp yKa3biBaeT Ha to, hto npe/^KOBbiH reH coAepxca^ 
A Ba HHTpOHa. OAHaKO BO BTOpOM reHe y KpblC TOJIbKO OAHH 
HHTpoH. Bepoflmee Bcero, 3 tot Bapnam reHa npoH3omeji y 
rpbi3yHOB b pe3yjibTaTe AynjíHKaijHH h noc^e^yiomero y^a- 
JieHHH OAHOrO H3 HHTpOHOB. 

OpraHH3aiiHH HeKOTopbix reHOB ACMOHCTpnpyeT 3Ha- 
HHTeJibHbie otjihhm y npeACTaBHTeJien pa3Hbix bhaob. 3th 


Ten HHcyjiHHa Kpbíc yrepnii mhtpoh b xoaô 3boíik>umh 


OóbiHHbíň reH HHcyjiHHa (y Kypmibi n Kpbicbi) 


J1 n AHj)y- KoAMpy- 

\ou\m ioia m 

3K30H 1/lHTpOH 3K30H 


HHTpOH 


KoAHpy- 

3K30H 


JlMAMpy- 

K)IAMH 

3K30H 1/lHTpOH 


YAa-neHMe HHTpoHa 


KoAHpyioiAMŕí 3K30H 

B5BSHH 

Biopoíí reH HHcy/iMHa y Kpbíc 


PMC. 3.22 Sboaiouma reHa HHcy/iMHa Kpbíc UAa no nyTM yflaAeHMfl 
HHTpoHa M3 reHa-npefliuecTBeHHMKa, Hecymero Aea HHTpoHa 
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CJiynaH flOJDKHbl OÓ'bflCHflTbCfl MHOľOKpaTHblMH BCTaBKaMH 
H yflaJICHHHMH HHTpOHOB B npOIjeCCe 3BOJIIOUHH. 

Xoporno oxapaKTepH30BaHHbiM npnMepoM, hjijiioct- 
pnpyiomnM BbicKa3aHHoe npeflnojioxceHne, ABJwioTai reHbi 
aKTHHOB. TnnHHHblH 2KTHHOBbIH ľ£H COCTOHT H3 5'-HeTpaH- 

cjiHpyeMoro pernoHa (npoTHXceHHOCTbio MeHee 100 HyK- 
jicoth^ob), Koflnpyiomero peraoHa (ajihhoh okojio 1200 
HyKJieoTHflOB) h S'-HeTpaHCJiHpyeMoro pernoHa (okojio 200 

HyKJieOTHflOB). BOJIblIIHHCTBO aKTHHOBblX TCHOB HMCČT npe- 
pblBHCTyK) CTpyKTypy, npH 3TOM ÓOJIblIIHHCTBO HHTpOHOB 
pacnojioxceHbi b npe/jejiax Ko^npyiomeH nocjieAOBaTejib- 
hocth (3a HCKJiiOHeHHeM oflHoro HHTpoHa, HHor/ja pacno- 
jioxceHHoro b 5'-HeTpaHCJiHpyeMOM pernoHe). 

Ha p M c. 3.23 noKa3aHo, 4To fiohth Bce reHbi aKTHHOB 
0TJiHHaK)Tca no jioKajinsaunn hhtpohob. Ecjih hx cpaB- 
HHTb, CTaHCT 32mctho, hto HHTpoHbi MoryT pacnojiaraTb- 
cb b 19 pa3JiHHHbix MecTax. OflHaKo reHbi, coflepxcamne 
óojiee meč™ hhtpohob, oTcyTCTByioT; HeKOTopbie HecyT 
JIHUIb OflHH HHTpOH, 2 OflHH ľ£H H BOBCe HMCCT 6e3HH- 

TpoHHoe cTpoeHne. Kax xce Tax nojiynnjiocb? Moxcho 
npeflnojioxcHTb, hto nepBHHHbiH aKTHHOBblH reH 6biJi 
npepbiBaiomHMCfl h Bce coBpeMeHHbie aKTHHOBbie reHbi 
npoH3onuiH ot Hero, nonyTHO Tepaa cboh hhtpohh. 
npnneM b Kaxc^oH sbojiioijhohhoh bctbh 6hjih noTepa- 
Hbl pa3JIHHHbie HHTpOHbl. Ľ03MOXCHO, HCKOTOpbie H3 HH- 
TpOHOB ÓbIJIH nOJIHOCTbK) yTepBHbl B SBOJnOIJHH. TaKHM 
oôpa30M, nepBHHHbiH reH Mor co/jepxcaTb 20 hhtpohob 
hjih óojibme. B KanecTBe ajibTepHaraBHOH rnnoTe3bi 
moxcho npeAnojio^KHTb, hto npoijecc BCTaBKH hhtpohob 

npOHCXOAHJI He3aBHCHMO B pa3JIHHHbIX 3BOJIIOIJHOHHbIX 


jihhhbx. B3anM0CBB3b Mexc^y pacnojioxceHneM hhtpohob, 
oÓHapyxcHBaeMaa y npejiCTaBHTejieH pa3JiHHHbix bh/job, 
MoxceT ôbiTb Hcnojib30BaHa jum nocrpoeHHa sbojiioijh- 
OHHoro /i;epeBa reHa. 

CooTHomeHHe Mexc^y 3K30HaMH h flOMeHaMH b 6 eji- 
xax HenocTOBHHO. B HeKOTopbix cjiynaax ecTb neTKaa 
B3aHMOCBB3b 3K30H-/],0MeH; B flpyľHX KaKafl-JIHÔO CBB3b 
MeXCAy AOMeHaMH H 3K30HaMH OTCyTCTByeT. B03MOXCHO, 
yn,ajieHHe hhtpohob npnBejio k 06 'beflHHeHHio coceflHHx 
3K3ohob. B stom cjiynae hhtpoh flOJixceH 6 biJi ôbiTb yfla- 
jieH oneHb tohho, He 3aTparHBaa uejiocTHOCTb KOAHpyio- 
mero pernoHa. AjibTepHaraBOH npe/yioxceHHOMy o&bac- 
HeHHIO MOXCeT ÔbITb B03HHKHOBCHHe HCKOTOpblX HOBblX 
hhtpohob nyTeM BCTaBKH b cijenjieHHbie flOMeHbi. Ecjih 
ynecTb eme h BapnaóejibHOCTb jioKajiH3aijHH hhtpohob 
(Kan mh BH/jejiH b npHMepe c reHaMH aKTHHOB), mojkho 
c^ejiaTb BbiBOA, hto pacnojioxceHne hhtpohob moxcct Me- 
HBTbCB b npoijecce sbojiioijhh. 

B03MOXCHOCTb COnOCTaBJíeHHH HeKOTOpblX 3K30H0B C 
ôejiKOBbiMH /jOMeHaMH h cymecTBOBaHHe roMOJiornnHbix 
3K30H0B B pa3JIHHHbIX TCHaX He OCTaBJíaiOT COMHeHHH B 
tom, hto AynJíHKauHH h nepeMemeHra 3K3ohob cbirpajín 
BaxcHyio pojib b npoijecce sbojiioijhh. Bo3moxcho, KOJimecr- 
BO npeflKOBblX 3K30HOB (H3 KOTOpblX B pe3yJIbTaTe AynJIHKa- 
LÍHH, BapnaiJHH H peKOMÓHHan.HH np0H30IIIJIH BCe ÔeJIKH), 
Ôbmo CpaBHHTeJIbHO HeÔOJIbUIHM (HeCKOJIbKO TblCflH wm 
/íeoiTKOB Tbican). Ecjih BOcnpnHHMaTb 3K30Hbi Kan CTpon- 
TeJibHbiH MaTepnaji sbojiiouhh, to npnxoAHTca npHHHTb rn- 
noTe3y o tom, 4To coBpeMeHHbie reHbi bo3hhkjih no MOflejín 
«paHHHX HHTpOHOB». 


B npouecce 3 bojhoi4mm reHOB aKTHHa no/io>KeHMe hhtpohob MeHH/iocb 
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3.11 


Boí íim reHeTMMecKafi 
MH(J) 0 pMa 4 Mfl COflep>KMTCfl b AH K? 


KniOHeBbie noH^TMíi: 


• B noc^eflHee BpeMa onpeAe/ieHMe TepMMHa «reH» cymecTBeHHo 
M3MeHM/iocb. YTBepwAeHMe «oamh reH — oamh 6e/ioi<» 
npeBpaTM/iocb b «oamh 6e/ioK — oamh reH». 

• ľl03MUM0HHa51 MH(|)OpMaUMfl TaiOKe B3>KHa npM paSBMTMM 
opraHM3Ma. 


KoHijermnH reHa ocoôchho 6ypH0 pa3BHBaAacb noc;ie,n,HHe 
HecKOJibKo JieT. Kanoe xce H3 onpeflejieHHH Aynme Bcero 
noflxoflHT noraTHio reH? Mbi ôojibuie He moaccm roBopHTb, 
hto reH — 3TO yHHKa^bHaa nocAeflOBaTeAbHocTb flHK, ko- 
AHpyiomaa onpeAejieHHbiH ôejion. B CAynaax, nor/ja ynacroK 
ÄHK oTBeHaeT 3a npoH3BO/],CTBO opuoro ôejina, coBpeMeH- 
Haa TepMHHOJiorHa paccMaTpnBaeT reH na k nojiHyio nocAe- 
AOBaTejibHocTb J \HK — ot nepBOH tohkh, npe^CTaBJíeHHOH 
b mPHK, a, o noc^eAHeH tohkh, cooTBeTCTByiomeH ee KOHuy, 
BKAIOHäfl 3K30HM HHTpOHbl H BCe OCTaAbHOe. 

Ecah xce noc^eflOBaTejibHocTH, KOAnpyiomHe pa 3 Hbie 
ôejiKH, nepenpbiBaioTca hah hmoot aAbTepHaraBHbie (j)op- 
mh cmiaHCHHra, Mbi MoxceM nepeBepHyTb oôbiHHoe onpe- 
AeaeHne h, bmccto Toro, htoôm cna 3 aTb «oahh reH — oahh 
nojiHnenTHAi», onpeAejíHTb hx B 3 aHMOOTHomeHHe nan 
«oahh nojinnenTOA — oahh reH». TaKHM o 6 pa 30 M, Mbi 0603 - 
HanHM, hto reH — sto noc^eAOBaTe^bHOCTb (BKjnonaiomaa 
KaK 3 K 30 HbI, TaK H HHTpOHbl), OTBeTCTBeHHaa 3a npOH 3 BOAC- 
tbo nojiHnenTHAia, ho c odm/jkom Ha to, hto nacTb toh xce 
caMOH noaieflOBaTejibHocra MoxceT Taione npnHa/yiexcaTb h 
dpyzoMy reHy. 3to no 3 BOJiaeT BBecra TepMHH «nepeKpbiBa- 
K)meroca» hah «ajibTepHaTHBHoro» reHa. 

Tenepb bhaho, HacnojibKo AaAeno mm otouijih ot Ha- 
naabHOH rnnoTe3bi «oahh reH — oahh (J)epMeHT». PaHbrne 
rjiaBHbiM BonpocoM 6buia caMa npnpoAa reHa. Kor^a xce 
mpu ycTaHOBHjiH, hto reHbi KOAnpyiOT ôejiKH — napa^nr- 
Ma 3a4)HKcnpoBa^acb b BHAe KOHijenijHH, hto (J)yHKijHfl 
na)KAOH reHeTHHecKOH eAHHHijbi — sto CHHTe3 onpeAejieH- 
Horo óejina. 

3to npeflCTaBJíeHHe oTpaacaeT ueHTpajibHyio pomy mo- 
jieKyjiapHoň ÓHOAornH: nocAeAOBäTeAbHocTb flHK ocymecr- 
BJiaeT cbok) (J)yHKi^Hio na k 3a cneT npaMoro KOAHpoBaHHH 
onpefleAeHHoro ôejina, Tan h 3a cneT bahahhh npHJieraio- 
iijhx pernoHOB Ha coôctbchho Ko/jHpyiomHe perHOHbi. Kan 
Aaaeno 32Bepcr Hac 3Ta napa^Hma b nonbiTne 06'bflCHHTb 
npocTeHuiHe B3aHMOCBA3H Moxpy reumu u ôejiKaMH? 

Pa3BHTHe MHOrOIOieTOHHblX OpraHH3MOB OCHOBaHO Ha 
Hcnojib30BaHHH MHOxcecTBa reHOB ppn npoH3BOACTBa pa3- 
jihhhhx K/ieTOHHbix (J)eHOTHnoB b Kmpou TKaHH. Sncnpec- 
cm reHOB peryjiHpyeTCH ceTbio MOJieicyjwpHbix MexaHH3MOB 
(CHmajibHbix KacnaAOB). SKcnpeccra nepBOH rpynnbi reHOB, 
npoHexoAHmaa b caMOM HanaAe pa3BHraa SMÔpnoHa, npn- 
BOflHT k 3KcnpeccHH reHOB, BOBJíeneHHbix b noc^eAyioiijHe 
CTa,AHH pa3BHTHH, KOTOpbie, B CBOK) OHepeflb, BJIHHIOT Ha 
reHbi c^e^yiomeH cTa^HH, h Tan ro rex nop, nona Bce TKa¬ 
HH cc|)opMHpoBaBmerocfl opraHH3Ma He HanHyr paôoTaTb. 
ToHHaa MO^eKy^apHaa npnpofla stoh pery^aTopHOH ceTH 
nona Hen3BecTHa, oflHaKo mm npeAno^araeM, hto OHa 6a3H- 


pyeTca Ha paôoTe reHOB, KOflnpyiomHx npoAyKTbi (ócjikh h 
PHK), cnocoÓHbie ona3biBaTb B03/i,eHCTBHe Ha Apyrne reHbi. 

HecMOTpa Ha npeBa^npyioiAyK) rnnoTe3y o tom, hto 
nporpaMMa pa3BHTra opraHH3MOB ocyni,ecTB^aeTOi no nac- 
Ka^HOMy MexaHH3My, moxcho 3aAaTbca BonpocoM, AOCTa- 
TOHHO JIH OHa OÔOCHOBaHa. Ocoôoe BHHMaHHe 3flecb Ha^O 
y^eJIHTb npnpofle H POJIH n03HU,H0HH0H HH(J)OpMaUHH. 
Mbi 3HaeM, hto nacTH onjioAOTBopeHHoro mup HepaBHO- 
3HaHHbI. Oa,HOH H 3 OCOÔeHHOCTeH, BJIHflIOmHX Ha pa3BHTHe 
pa3JIHHHbIX TKaHeH H3 pa3JIHHHbIX OÔJiaCTCH HHLíeKJieTKH, 
nBJwercsi hmchho npocTpaHCTBeHHoe pacnojioxceHHe He- 

KHX HH^OpMaiJHOHHblX tfíUHUĽ, (npeAnOJIOXCHTeJIbHO, MaK- 

poMo^enyji) b npeflejiax kjictkh. 

Mm po KOHija He noHHMaeM, Kan (J)opMHpyK)Tca H3Ha- 
na^bHbie pernoHbi SMÔpnoHa. O^Hano mm moxccm npeAno- 
JIOXCHTb, HTO CyiIJ,eCTBOBaHHe n03HUH0HH0H HH(J)OpMaUHH 
b anueioieTKe onpeAe^aeT 3KcnpeccHio pa3Hbix reHOB b 
K/ iemax, 0Ka3aBuiHxca b pa3Hbix pernoHax SMÔpnoHa. 3 to, 
b cbok) onepe/jb, Be^eT k pa3BHTmo B3poc^oro opraHH3Ma, 
KOTopbiH A,acr Hana^o hoboh anijeKJieTKe co cbohctbchhoh 
eH n03HUH0HH0H HH(j)OpMaiJHeH. 

CyLU,eCTBOBaHHe n03HUH0HH0H HH(J)OpMaUHH HaTaJIKH- 
BaeT Hac Ha Mbic^b: a MoxceT ah nacTb HH^opMaqHH, Heoô- 
xoahmoh pm pa3BHTHa opraHH3Ma, cymecTBOBaTb B (j)OpMe, 
OTAHHHOH OT nOCAeflOBaTCAbHOCTH HyKJieOTHAiOB J\ HK (fiXKt 
HecMOTpa Ha HeoôxoflHMOCTb SKcnpeccHH onpeAeAeHHbix 
ynacTKOB J \HK ppn coxpaHeHHH ho3huhohhoh HH(J)opMa- 
Uhh). B eme 6oAee o6meM BH^e mm mo^kcm cnpocnTb ce6a 
npHMepHo Tan: nor^a mm 3HaeM bcio nocjieAOBaTeAbHocTb 
J\ HK, npeflcraBjíaioiijyK) reHOM HenoToporo opraHH3Ma, 
h yMeeM HHTepnpeTnpoBaTb nojiyHeHHyio HH(J)opMauHio 
b BH,ae óeAKOB h peryjwTopHbix pernoHOB, mohccm ah mm 
(xota 6bi TeopeTHHecKH) nocTpoHTb opraHH3M (hah pax ce 
OAHy xcHByio KAeTKy) nyTeM KOHTpoAHpyeMOH sncnpeccHH 
HyxcHbix reHOB? 


3.12 


Pe3K>Me 


Bce ranbi synapHOTHHecKHx tchomob co^epacaT npepbiBa- 
lomneca reHbi. ^oaa npepbraaiomHxcfl reHOB eme hcbcah- 
na y ApoxoíOKeH h yBeAHHHBaeTca y hh3ihhx synapnoT, a y 
BbicuiHx synapnoT AHuib HeôoAbmoe hhcao reHOB HMeeT 
6e3biHTpoHHyio CTpyKTypy. 

Hhtpohm oÔHapyxceHbi bo Bcex KAaccax synapno- 
THHeCKHX reHOB. 3K30H-HHTp0HHaa CTpyKTypa KaACAO- 
ro npepbiBaiomerocfl reHa oAHHanoBa bo Bcex TKarax 
OpraHH3Ma: 3K30HM COeAHHAIOTCA b PHK b tom xce no- 
p*mKe, b nanoM ohh pacnoAOxceHbi b J\ HK, a hhtpohm 
oômhho He HecyT óeAOK-KOflnpyiomeH ^yHKqHH. Hht- 
poHM y/i,aAAK)TCA H3 PHK b pe3yAbTaTe cnAaHCHHra. He- 
KOTopbie reHbi ncnoAb3yiOT aAbTepHaTHBHbie BapnaHTbi 
cnAaHCHHra (nor^a b oahom h3 BapnaHTOB HeKOTopaa 
nocAeflOBaTeAbHOCTb BocnpnHHMaeTca na k hhtpoh h 
yflaAaeTCA, a B^pyroM — ocraeTCfl b nocAeAOBaTeAbHOc- 
TH B BHA,e 3K30Ha). 
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npH MOKBHAOBOM CpaBHCHHH rOMOJIOrHHHblX reHOB 
BHflHO, HTO MeCTa paCnOJIOXCeHHfl HHTpOHOB HaCTO KOH- 
CepBaTHBHbl. riOCJieAOBaTeJIbHOCTH HHTpOHOB BblCOKO 
BapHaóejibHbi h MoryT BOBce He oÔHapyxcnBaTb cxoflCTBa 
flaxce j\m cjiynaeB, Kor/ja nocjieAOBaTejibHOCTH 3K3ohob 
roMOJiorHHHbi. npHBjmHHocTb hhtpohob k onpe/tejieH- 
HbiM MecTaM b reHe no3BOJiaeT BbiflBJíaTb roMOJiorHHHbie 
reHbi y npe/tCTaBHTejieH pa3JiHHHbix bhaob. 

Pa3Mep reHa b nepByio onepeAb 3aBHCHT ot jy ihhh ero 

HHTpOHOB. ÄJIHHa HHTpOHOB yBeJIHHHBaeTCfi OT HH3IUHX K 
BbicuiHM ayKapHOTaM, hto Btjxtr k napajuícnbHOMy yBejin- 
hchhk) /yiHHbi reHOB. y MjieKoríHTaiomHx pa3Mep reHOB 
BapbHpyeT b npe,ztejiax 1-100 rim. O/jHaKo BCipenaiOTCH h 
ôojiee npoTHXceHHbie reHbi: Hanôojiee H3BecTHbiM aiynaeM 
AJihhhhx reHOB aBJíaeTca reH AHcrpo(J)HHa, pa3Mep koto- 
poro flocTHraeT 2000 Tím. 

HeKOTopbie reHbi roMOJiorHHHbi JiHuib no HeKOTopbiM 
H3 cbohx 3K3ohob, h npeAnojiaraeTCfl, hto sbojiiou™ Taxnx 
reHOB nma nyreM nepeKOMÔHHnpoBaHra 3K3 ohob, npe/t- 
CTaBJunomnx HHflHBHAya^bHbie Mo^yjín ôe^KOB. OflHHaKo- 
Bbie MO/iyjIH MOrJIH 6bITb BCTaBJíeHbl BO MHOXCeCTBO pa3- 
jihhhmx óe^KOB. Wj\zk o tom, hto reHbi co6npa™cb nyTeM 

KOMÓHHHpOBaHHH 3K30H0B, HaBOAHT Ha MblCJIb, HTO HHTpO- 
Hbi 6buin eme y ApeBHeHiiiHx opraHH3MOB. ConocTaBJíeHne 
CTpyKTyp HeKOTopbix coBpeMeHHbix reHOB yKa3biBaeT Ha 
cymecTBOBaHne MexaHH3Ma yrepn hhtpohob (h 3 crpyiay- 
pbi npeflKOBoro reHa), npnneM b pa3Hbix aBOjnoijHOHHbix 
JIHHHHX TepíUIHCb pa3Hbie HHTpOHbl. 
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CrpyKTypa reHOMa 


KPATKOE COflEP>KAHME MABbl j 


BBeAeHne 

ľeHOMbl MO>KHO KapTMpOBaTb npM nOMOlAM 
MeTOflOB K/iaccnnecKOM reHeTMKM, pacmen/ieHMfl 
pecTpMKTa33MM mjim nyieM npBMoro 
ceKBeHMpoBaHMfl flHK 

ľeHOMbl 0T/1MH3K)TCB OrpOMHbIM pa3H006pa3MeM 

• ľlOJlMMOp(})M3M MO>KHO OÓHapyWMTb Ha ypOBHe (})eHOTMna 
(Korfla BapnaHTbi noc/ieAOBaTe/ibHOCTM reHa bjimbiot 

Ha (fiyHKumo 3Toro reHa), Ha ypoBHe pecrpMKUMOHHbix 
(fiparMeHTOB (KorAa nojiMMopcj)M3M noc/ieAOBaie/ibHocTM 
flHK 3aiparnBaeT MMiueHb pecrpMKTa3bi), n Ha ypoBHe 
coódBeHHO noc^eAOBaie^bHOCTM HymieoTMAOB (KorAa 
no/iMMop(J)M3M noaieAOBaTe/ibHocreM BbmB/ifliOT nyreM 
npaMoro ceKBeHkípoBaHMfl flHK). 

• A/Uie/IM reHOB fleMOHCTpMpyiOT 3HaHMTe^bHblM 
nojiMMopc|)M3M Ha ypoBHe noc/ieAOBaTe/ibHocTM, oah3ko 
MH ome BapMauMM He bjimbiot Ha (fiyHKumo. 

ľlflPO M OHľl MO>KHO MCľl0Jlb30BaTb 
A/ifl reHeTMHecKoro KapTMpoBaHMB 

• ľlflPO n OHľl MoryT AaTb ocHOBy aji* cocraBJíeHMfl 
reHeTMHecKMX KapT, n, KpoMe Toro, ohm noAXOAflT A/ifl 
oripefle/ieHMA B3aMMOCBA3M Me>KAy poAMTe/iflMM m 

nOTOMCTBOM. 


mmm ľloneMy reHOMbi TaKMe 6o/ibiuMe? 

• HeTKafl Koppe^flUMA Me>KAy pa3MepoM reHOMa m 
reHeTMHeCKOM CJlOWHOCTbK) OTCyTCTByeT. 

• MMHMMa^bHbiíí pa3Mep reHOMa B03pa<rraeT 
nponopuMOHa^bHO yBe/iMHeHMio cjiowhoctm opraHM3Ma. 

• Pa3Mepbi reHOMOB Moryr cM/ibHO BapbMpoBaTb Aa>Ke b 
npeAe/iax OAHoro TaKCOHa. 

IHM ByKapMOTMnecKMe reHOMbi coctoat m 3 yHMKa/ibHbix m 

noBTopBioiAMxcB noc/ieAOBaTe/ibHocTeM 

• Kmeima peaccouMauMM MO/ieKy/ibi flHK 
rioaie fleHaiypauMM no3BOJiaeT pa3Ae/iMTb 
noc^eflOBaie^bHocTM no wacTOTe mx BCTpenaeMOCTM b 
reHOMe. 

• ľloAaBnfliomee 6o/ibiiJMHCTBO reHOB — 3 to yHMKa/ibHbie 
A/ifl reHOMa noc/ieAOBaTe/ibHOCTM. 

• B npeAe/iax OAHoro TaKCOHa 6o/iee KpynHbie reHOMbi 
coAep>KaT He 6o/ibiuee hmc/io reHOB, a 6o/ibiuee hmc/io 
noBTopfliomMxcfl ynacTKOB flHK. 

• CymecTBeHHafl nacrb noBTopaiomMxcfl ynacTKOB flHK 
npeflCTaBjífleT coóom TpaHcno30Hbi. 

KU ľeHbl MO>KHO /10Ka/lM30B3Tb, MCnO/1b3yB 

KOHCepBaTMBHOCTb MX 3K30H0B 

• 3bO/1K)UMOHHO KOHCepBaTMBHbie 3K30Hbl MO>KHO 
Mcnonb30BaTb b KanecTBe ochobw a^a onpeAe/ieHMfl 
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KOAMpyiomMx perMOHOB HeM3yHeHHoro reHa 
(nyieM ero cpaBHeHMA c yme Mcc/ieAOBaHHbiMM 
nocneAOBaie^bHOCTíiMM Apymx opraHM3MOB). 

KOHCepBaTMBHOCTb opraHM3auMM reHOMa no3BO/iaeT 
BblflB/lflTb TeHbl 
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4.12 


• KoMnbiOTepHbie a/iropMTMbi BbiflB/ieHMB reHOB 
HeMAea/ibHbi, m no/iynaeMbie tbkmm o6pa30M AaHHbie 
HeOÓXOAMMO KoppeKTMpoBaib BpynHyio. 

• ľlceBAoreHbi HeoóxoAMMO OT/iMHaTb ot aKTMBHbix 
reHOB 

• ypOBeHb CMHTeHMM MOKAy He/lOBeHeCKMM M MbILUMHbIM 
reHOMaMM oneHb bhcok, HaMÓo/iee aKTMBHbie reHbi 
/íewaT b CMHTeHMHHbix perMOHax. 

B opraHe/uiax ecrb coócTBeHHafl flHK 

• Mmtoxohapmm m x/ioponjiacTbi oó/iaAaiOT coócTBeHHbiMM 
reHOMaMM, AeMOHcrpMpyiomMMM HeMeHfle/ieBCKoe 
HacneAOBaHMe. 06 hhho ohm HacneflyiOTCfl no 
MaTepMHCKOM /1MHMM. 

• ľeHOMbl opraHe/ui pacreHMM MoryT npeiepneBaib 
coMaTMHecKyio cerperauMio. 

• AHa/iM 3 MMTOxoHflpMa/ibHOM flHK noKa 3 biBaei, hto /iioam 
np0M30LUnM OT OAHOM )KeHIAMHbl, /KMBĽJeM B A(|)pMKe 
200 000 JieT Ha3aA. 

ľeHOMbl opraHe/ui — Ko/ibueBbie flHK, 

B KOTOpblX 33KOAMpOBaHa MH(f)OpMaUMfl 

o HeKOTopbix 6e/iKax opraHe/i/i 

• ľeHOMbl opraHe/ui oóbiHHO (ho He BcerAa) 
npeAdaBneHbi kojí bije b bi m m MO/ieKy/iaMM flHK. 

• ľeHOMbl opraHe/i/i KOAMpyiOT TO/ibKO HeKOTopbie M3 
6e/iKOB opraHe/i/i. 

MMTOXOHAPMa/lbHaB flHK MO>KeT MMeTb p33/lMHHyiO 

CTpyKTypy 

• MMTOxoHAPManbHafl flHK >kmbothom k/ictkm 
Hepe3BbiHaMH0 KOMnaKTHa m, KaK npaBM/io, KOAMpyei 
Bcero 13 6e/iKOB, 2 pPHK m 22 tPHK. 

• MMTOXOHApMa^bHbie reHbi ApowweM coAepwaT 60 /ibWMe 
MHTpOHbl, n03TOMy MX MMTOXOHAPMa/lbHbIM reHOM B 5 
pa3 A-HMHHee, HeM MTflHK >KMBOTHblX. 

ľeHOMbl XAOpOn/iaCTOB KOAMpyiOT CpaBHMTeAbHO 

MHoro 6e/iKOB m PHK 
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4.14 


• ľeHOMbl xjiopon/iacTOB BapbMpyioT no pa3Mepy, oah3ko 
OHM AOCTaTOHHO Be/1MKM A/l* TOrO, HTOÓbl KOAMpOBaTb OT 

50 ao 100 6e/iKOB, a TaK>Ke pPHK m tPHK. 

Mmtoxohapmm bo3Hmk/im b pe3y/ibTaie 

3HAOCMm6m033 

Pe3K)Me 










(H BBefleHMe 

Hanôojiee BaxcHOH xapaKTepncTHKOH reHOMa aBJíaeTca 
hhcjio cocTaBjíaiomHx ero reHOB. IoBopa o reHax b reHo- 
Me, moxcho BbiAe^HTb neTbipe ypoBHB peajiH3aijHH reHem- 
HeCKOH HHC^OpMaUHH: 

• TeHOM — 3 to nojiHbíň Haôop reHOB opraHH 3 Ma. Tchom 
npeflcraBJweT coôoh nojiHyio nocjieAOBaTejibHOCTb 
flHK opraHH 3 Ma (xota Ha npaKTHKe hcbo3moxcho toh- 
ho Ji 0 KajiH 30 BaTb Kaxc^biH reH, ocHOBbiBaacb TOJibKo Ha 
nocjieflOBaTejibHocTO HymieoTHAOB). 

• TpaHCKpmrroM — 3To noJiHbiH Haôop MOJieicyji PHK, 
CHHTe3npyeMbix b onpefleneHHbix ycjiOBrax. TpaHC- 
KpnnTOM MOXCeT OTHOCHTbCfl KaK K OAHOTHnHbIM mieT- 
KaM, TaK H K ÔOJiee pa3HOpOAHOH KJieTOHHOH CHCTeMe 
BmioTb flo qejioro opraHH3Ma. IlocKOJibKy HeKOTopbie 
reHbi KOflnpyioT mhoxccctbo mPHK, HcnepnbiBaiomHH 
TpaHCKpnnTOM opraHH3Ma aojdkch ôbiTb HecKOJibKo 
ôojibiue HHCJia reHOB b reHOMe. TpaHCKpnnTOM BKjnona- 
eT KaK mPHK, TaK h He KojjHpyiomHe ôejioK PHK (hhm- 
MH CJIOBaMH, BCe, HTO TpaHCKpHÔHpyeTOi). 

• IIpoTeoM — 3tq nojiHbíň Haôop ôcjikob (opraHH3Ma 
HJIH OTfleJIbHblX TKaHeH H KJieTOK). Oh flOJDKeH COOTBeTC- 
TBOBaTb mPHK b TpaHCKpnnTOMe (xota ajw KOHKpeTHbix 
yaiOBHH npoTeoM h TpaHCKpnnTOM Moryr oTjiHnaTbOí 
3a CHeT KOJieÔaHHH OTHOCHTeJIbHOH npeflCTaBJíeHHOCTH 

hjih CTaÓHJibHocTH mPHK h ôcjikob). npoTeoM moxcho 
onpeAeJíHTb KaK HcnepnbiBaiomHH Haôop ôcjikob, koah- 
pyeMbix reHOMOM, hjih KaK Haôop ôcjikob, npoH3BOflH- 
MblX B KXKROlí OT/^eJlbHOH KJieTKe HJIH TKaHH. 

• BeJIKH MOryT (jjyHKIJHOHHpOBaTb KaK He3aBHCHMO, TaK 
h b cocTaBe ôejiKOBbix KOMnjieKcoB. Ecjih ôbi mm tohho 
3HajiH npo Bce ôejioK-ôejiKOBbie B3aHMOA,eHCTBHfl, mm 
CM orjiH ôbi onpe/i,ejiHTb o6mee kojihhcctbo He3aBHCH- 
MblX ÔeJIKOBblX KOMnJieKCOB. 

KojiHnecTBO reHOB b reHOMe moxcho onpejiejíHTb no hhc- 
Jiy OTKpbITblX paMOK CHHTbIBaHHfl. JIOKaJIH3aUHH reHOB 

no 3TOMy npn3HaKy aBJíaeTca AOBOJibHo cjiojkhoh sa^anen, 
nocKOJibKy npepbiBHCTbie reHbi syKapnoT coctoat h3 (jjpar- 
MeHTHpOBaHHblX (HHTpOHaMH) paMOK CHHTbIBaHHfl. EOJiee 
Toro, npn TaKOM noAxo^e Mbi nanje Bcero He nojiynaeM npcj\- 
CTaBJíeHHH o (J)yHKijHflx npeflnojiaraeMbix ôcjikobmx npo/iyK- 
tob n He HMeeM /^ 0 Ka 3 aTejibCTB Toro, hto BbiHBJíeHHbie reHbi 
Booôme 3Kcnpeccnpyi0TCH. no3TOMy jjaHHbiH no/jxoA Henpn- 
voj\ch /yia oupcj^cncmm nomenipuajia reHOMa. TeM He MeHee 
ecTb cepbe3Hbie ocHOBaHna nojiaraTb, hto jnoôaa KOHcepBa- 
THBHaa paMKa cnnTbiBaHna rojvkhz 3KcnpeccnpoBaTbca. 

flpyroň noflxofl k onpeAejieHHio KOJinnecTBa reHOB b re¬ 
HOMe ocymecTBJíaeTca b TepMHHax TpaHCKpnnTOMa (nyreM 
npaMoro onpefleJieHna Bcex mPHK) hjih npoTeoMa (nyreM 
onpe/],e;ieHHa ôcjikob). TaKHe noAxo/jbi a aioT ropa3AO ôojib- 
rnyio yBepeHHOCTb, hto mm HMeeM acjio c reHaMH, KOTopbie 
Ha caMOM jxtm 3KcnpeccnpyK)Tca. HccjieAOBaHne TpaHC- 
KpnnTOMa hjih npoTeoMa no3BOJiaeT HaM BbiacHHTb, ckojim 
ko reHOB 3KcnpeccHpyeTca b onpeAejieHHOM rane kjictok 
HJIH TKaHeH, KaKHe ecTb OTJIHHHfl b OTHOCHTeJIbHOM ypOBHe 
3KcnpeccHH h CKOJibKo reHOB yHHKaabHO SKcnpeccnpyioTca 
b AaHHOH KJieTKe no cpaBHeHHio c jiioôoh Apyron kjictkoh. 


Htoôm BbiacHHTb, HacKOJibKo KOHKpeTHMH reH BaaceH 
AJia acH3HeAeaTejibH0CTH, hcoôxoahmo nocMOTpeTb, hto 
npoHexoAHT b cjiynae ero Hyjib-MyrauHH. Ecjih MyraijHa jie- 
TajibHa hjih y opraHH3Ma npncyTCTByeT bhahmmh AC(J)eKT, 
moxcho c^ejiaTb bmboa, hto reH jkh3hchho BaaceH hjih, no 
KpaHHen Mepe, oôecnennBaeT cejieKTHBHoe npeHMym,ecTBO. 
O^HaKo MHorne reHbi Moryr ôbiTb y^ajieHM ôe3 BHAHMoro 
3(J)(J)eKTa Ha (jjeHoran. flencTBHTejibHO jih TaKHe reHbi He- 
BaacHbi hjih ace oTcyrcTBHe reHa npoaBHTca b flpyrnx oôcto- 
aTejibCTBax hjih b TeneHne ôojiee /yíHTejibHoro BpeMeHH? 


^9 ľeHOMbi momho KapmpoBaTb 

npn noMOiMM MeTOflOB KjiaccimecKOM 
reHeTMKM, paciueniieHMB 
pecrpii KTa 3 aM h mjim nyieM 
npflMoro ceKBeHMpoBaHMB AH K 

XapaicrepHCTHKy reHOMa BaacHO HanaTb c cocraBJíeHHH ero 

reHeTHHecKoň Kap™. KapTHpoBaHHe reHOB h i chomois 

MO)KHO paCCM3TpHBaTb Ha lieCKOJII)KHX ypOBHHX: 

• lOiacamecKaa reiicTHMecKaa Kapra (miH KapTa cuciuíc- 
hhh) oiipc/icaHer paccroBHHe mok,'(v MyraniiHMH c no- 

3HPHH H3CTOT pCKOMĎmiaUHII. OHa OrpaiIHHCHa TeM, 
HTO OIIHpae'ľOI Ha B03HHKHOBeHHe MyTapHH, IipOHBJIH- 
KDIIÍHXCH B 4>eHOTHne. IlOCKOJlbKy HaCTOTbl peKOMÔHHa- 

Uhh He Bcerfla cooTBeTCTByioT (J)H 3 HHecKOMy paccro- 
hhhio MOKfly yqacTKaMH, Taxaa Kapra He oneHb tohho 
OT paxcaeT flaHHy ,H,HK MOKfly abymk tohk3mh. 

• Kapra cperoieHHH mokct 6 brrb Taxace nocrpoeHa He Ha 
(jjeHoronmecKH npoHRíiaioiipixcfl MyrapHíix, a Ha Hacrore 
peKOMÔHHauHň M©Kay oraejibHbiMH yHacrKaMH flHK (caň- 
t3mh pecrpHKpHH). 3 th yHacTKH oôna^aiOT BapHaôem.- 
HOCTbK), nopo»aaiomeň paanmHH b hx y3H3BaHHH hcko- 
TopbiMH cjaepMeHTaMH (pecrpHKra3aMH). nocKoabKy TaKOň 
nojiHMop(J)H3M flOBOJibHO pacnpocrpaHeH, noflOÓHbie Kap¬ 
ra MOiyr 6 brrb cfleaaHbi pjva jnoóoro opramoMa (BHe 33bh- 

CHMOCTH OT B03M05KH0CTH nOinyHeHHH MyTaHTOB). OflHaKO 

TaKaa Kapra HMeer Te xce H^ocraTKH, hto h juoóaa flpyraa 
Kapra cpermeHra, — orHOCHTeabHbie paccroaHHH Ha Heň 
OCHOB3HbI He Ha (J)H3HHeCKOH ftíIHHe, a Ha peKOMÓHHaUHH. 

• KapTa pecrpHKpHH co3flaeTca nyreM pa3pe3aHHH flHK 
Ha (JjparMeHra c noMombio 3HflOHyioiea3 pecrpHKpHH 
(pecrpHKTa3) c nocjieflyiomHM onpefleaeHHeM /yiHHbi 
noaynaeMbix (JjparMeHTOB. B /í 3 hhom oiynae paccroaHna 
BbipaxcaioTCfl nepe3 flJiHHy cfjparMeHTOB JRIK, h, T3khm 
o6pa30M, KaprapoBaHHe flaer (J)H3HHecKyio Kapry reHe- 
THHecKoro MarepHaaa. Ha caMOM aejie, pecrpHKííHOHHaa 
Kapra caMa no ce6e He no3BonaeT JioKX'inaoiiaTi) HHre- 
pecyiomHe ynacTKH reHOMa. Ee accounanna c reHem- 
necKoň Kaproň upoHCxo/urr 3 a cner Myaunn b caňTax, 
y3HaBaeMbix 3H,K)iiyK.aea3aMii pecrpHKpHH. npn noMO- 
mn peCTpHKpHOHHOH KapTbl MOryT ÓbITb paen03HaHbI 
aiiaHiľľeabHbie H3MeHeHHH b reHOMe (/reaienuti h HHcep- 
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u,™), nocKOJibKy ohm bahaiot Ha pa3Mep rjih kojihhcc- 
TBO peCTpHKUHOHHblX (J)parMeHTOB. OflHaKO TOHCHHbie 
MyTauHH Moymo BbmBHTb Jiniiib npn hx pacnojio^ceHHH 
HenocpeflCTBeHHO b caňTe, y3HaBaeMOM (JiepMeHTOM. 

• CaMaa mnemían reHeTHnecKaa KapTa ocHOBaHa Ha 
onpeflejieHHH nocjieAOBaTejibHOcra HymieoTHAOB b 
REK (ceKBeHHpoBaHHH JX HK). 3Haa nojmyio nocjie^o- 
BaTe^bHOCTb JX HK, mh MoaceM ji0KajiH30BaTb reHbi h 
onpe^ejíHTb paccTOHHHH MOK/iy hhmh. riyreM cpaBHe- 
hhh (BbipaBHHBaHHa) HecKOJibKHx cxoíkhx nocjieAO- 
BaTejibHOCTeH Momio cflejiaTb bhboa 06 hx cnocoô- 
hocth KOAHpoBaTb ôejiOK. ripocTeHiiiHM AonymeHneM 
3Aecb HBjweTca to, hto ÔJiaroflapa ecTecTBeHHOMy ot- 
6opy MyTaqHH (KaK npaBRJio, HeraraBHO BAimiomHe 
Ha cBOHCTBa ôejiKOB) HaKamiHBaiOTCfl b KOAHpyiomeH 
nocjieAOBaTejibHOCTH ropa3£0 MeAJieHHee, neM 3a npe- 
AejiaMH KOAHpyiomHx peraoHOB/],HK. ľlepeBepHyB stot 
apryMem, mo>kho cKa3aTb, hto ôojiee KOHcepBaTHBHaa 
nocjieflOBaTejibHOCTb, CKopee, HBjmeToi KOflHpyiomeR 
CpaBHHBaa mok/i y co6oh noejieflOBaTejibHOCTH JXEK 
zmenší AHKoro THna h MyraHTHoro ajuiejm, mo>kho tohho 
JI 0KaAH30BaTb MyTaqHOHHblH CaHT H yCTaHOBHTb npHpOAy 
MyTai^HH. TaKHM 0Ôpa30M, M02KH0 yCTaHOBHTb B3aHMOCBH3b 
MOKfly reHeTHnecKOH KapTOH (nojiHOCTbio ocHOBaHHOH 
Ha MyraijHOHHbix carrrax) h cJ)H3hhcckoh KapTOH (ocho- 
BaHHOH Ha HyKjieoTH^HOH nocjieAOBaTejibHOCTH JXEK hjih 
coôctbčhho HBjunomeHCH nocjieflOBaTejibHOCTbio AHK). 

IlepeHHCJieHHbie MeTOAbi Hcnojib3yK)T käk jjjm jioKajiH3a- 
Uhh OTfleJibHbix KOAHpyioiAHx peraoHOB, Tax h /ym Kapropo- 
BaHHH U£Jlb IX reHOMOB (XOTH, KOHČHHO, MaCHITaÓbl TäKHX KapT 
CHjibHO pa3^maioTCH). He3aBHCHMO ot Hcnojib3yeMoro mcto- 
Aa KapTHpoBaHHa, npHHUHn Bcex noflxoflOB 3aKJnonaeTCJi b 
tom, hto6h nojiyHHTb hckhh Haôop nepeKpbiBaioiAHxcH pera- 
OHOB AHK c TeM, HTOÓbl nOTOM COeAHHHTb HX b npoTOKeHHyio 
Kapry. Hcoôxoahmhm ycjiOBHeM co3AaHim ľCHcrmtcmx KapT 
flBJíaeTCfl to, hto Ka^biH cerMern Kaprbi jxojmm 6biTb CBjmH 
c coceAHHMH cerMeHTaMH crporo cnenHC^HHHbiMH ynacTKaMH 
nepeKpbiBaHHa no AHK B stom cjiynae mohcho 6 biTb yBepeH- 
HblM, HTO HH O^HH H3 CeľMCHTOB He yTCpHH. 3TOT npHHHHn 
npHMeHfleTCfl KaK Ha ypoBHe co3AaHim KpynHOMaciiiTaÔHbix 
(xpOMOCOMHbLX) KapT, TaK H npH CÓOpKe KOpOTKHX (J)parMeH- 
tob BHyTpH ôojiee KpynHbix peraoHOB. 


BI ľeHOMbl 0 T/lMM 3 K)TCfl 

OrpOMHbIM pa3H006pa3MeM 


K/iioMeBbie noHBT m: 


• ľlo/uiMop(j3M3M mo>kho oÓHapywmb Ha ypoBHe (JjeHOTMna (norfla 
BapMaHTbi noaieAOBaTejibHocTM reHa bjimbiot Ha ((jyHKLtmo 
3Toro reHa), Ha ypoBHe pecrpMKAMOHHbix (JjparMeHTOB (norfla 
no/iMMop(j3M3M nocjieAOBaTe/ibHocTM flHK 3aTparnBaeT MrnueHb 
pecTpnKTa3bi), n Ha ypoBHe coócTBeHHo noc^eAOBaie^bHocTM 
HymieoTMAOB (KorAa nojiMMop(t)M3M noc^eAOBaie^bHocTeŕí 
BbiBB/ifliOT nyieM np5iMoro ceKBeHMpoBaHMfl flHK) 

• A^e^M reHOB AeMOHCTpMpyioT 3HaHme^bHbm noAMMop(()M3M 
Ha ypoBHe noaieAOBaTejibHocm, oAHaKo MHome Bapnai4mi He 
BJ1M5UOT Ha (jDyHKUMK). 


KnaccHHecKaa MeH^ejieBCKaa reHeraKa pa3Aemaa BCTpe- 
naiomnecH b nonyjwuHH BapnaHTbi reHa Ha ajmejiH AHKoro 
THna (oôbiHHbie, nacTO BCTpenaiomHecH b nonyjwuHH) h 
M yraHTHbie ajmejiH (HOBbie BapnaHTbi, pe^KO BCTpenaiomH- 
eca). ľlo3)Ke HCCJieAOBaTCAH oÔHapy^oníH, hto /yia mhothx 
reHOB b nonyAaqHH npHcyrcTByeT HecKOJibKO BapnaHTOB 
npHMepHO B paBHOH nponopUHH, HH OAHH H3 KOTOpblX He- 
JIb3H C yBepeHHOCTblO Ha3BaTb AHKHM THnOM (npeflKOBblM 
ajmejieM). Tor^a 6bwa c(J)opMyjiHpoBaHa ranoTe3a TaK Ha- 
3bIBaeMbIX MHO^CeCTBeHHblX aJUICAeH, Ka)KAbIH H3 KOTOpblX 
OKa3biBaeT coôcTBeHHoe BjinaHne Ha (J)eHOTHn h HBJíaeTca 
Ahkhm TnnoM. Bo MHorHx CAynaax BbiAejieHHe o^Horo H3 
BapnaHTOB reHa b KanecTBe AHKoro THna OKa3biBaeTca Kpan- 
He cjio^khoh 3aAaneH. 

CymecTBOBaHHe MHO^cecTBeHHbix ajuiejien o/jHoro jio- 
Kyca Ha 3 biBaiOT reHeTHnecKHM jio^hmop 4 )H 3 mom. Ka^HH 
reHeTHnecKHH jiOKyc, HecKOAbKO ajwejieH KOToporo npe^- 
CTaBJíeHbi b nonyjwijHH, no onpeAejieHHio nojiHMopcJ)eH. B 
HacToamee BpeMa npHHaTo oTHOCHTb ajmejib k «HopManb- 
hhm» (ne MyTaHTHbiM), ec™ nacTOTa ero BCTpenaeMOCTH b 
nonyjwijHH npeBbimaeT \%. 

B neM ace 3aKJnonaeTCH reHeTmecKaa cyTb ajmejibHoro 
nojiHMop(J)H3Ma? MHO^cecTBeHHbie ajmejiH co^ep^caT pa3- 
JIHHHfl (B03HHKIHHe B 3BOJII01AHH B pe3yJIbTaTe MyTai^HH), 
cnocoÓHbie BJinaTb Ha (f>yHKijHio 6e^Ka h, TaKHM o6pa30M, 
H3MeHÍITb (J)eHOTHn. ECJIH Mbl epaBHHM peCTpHKIJHOHHbie 
Kapra HyKjieoTHAHbix noejieAOBaTejibHOCTeH MHO^cecTBeH- 
Hbix ajuiejieň, ohh To^ce ôyjjyr nojiHMop(J)Hbi (KapTa Ka^o- 
ro ajuie^a ôyčjeT oTjiHnaTbca ot ocTajibHbix). 

KaK yace 6bmo CKa3aHO, nojiHMop(J)HbiM Mo^ceT 6bm> h 
B apnaHT ahkoto rana (ecjiH nojiHMop(J)H3M He CKa3biBaeT- 
ch Ha (J)eHOTHne). B HacToamee BpeMa ajwejiH ahkoto rana 
Momio BbmBHTb no otjihhham b HyKjieoTHAHOH nocjieAOBa- 

TejibHOCTH, A,a)Ke He BJinaiomHM Ha KOAHpyeMyio (J)yHKiíHio 
(h He npHBOA^mHM k H3MeHeHHio (J)eHOTHna). nonyAaqHH 
MOiyr 6biTb BecbMa nojiHMop(J)Hbi Ha ypoBHe reHorana. B 
AaHHOM AOKyce MOiyr BCTpenaTbca pa3JiHHHbie BapnaHTbi 
HyioieoTHAHOH noejieAOBaTejibHOCTH. HeKOTopbie H3 hhx 
bjihhiot Ha (J)eHoran, a HeKOTopbie «cKpbiTbi», nocKOJibKy He 
OKa3bIBaiOT BHAHMOľO 3(J)(J)eKTa. 

ľloMTH b Ka^KftOM reHeTHHecKOM jioKyce mo^cho oÔHapy- 
xarrb Haóop HyK/ieoTH^Hbix 3aMeH (BapnaHTOB) cjieAyiomHx 

THnOB: 1) H3MCHHIOIAHX HyKJieOTHAHyiO nOCJieAOBaTeJIbHOCTb 
JXEK ho He BAHfliomHx Ha CTpyKrypy ôejiKa; 2) H3MeHmomHx 
nocAeAOBaTejibHOCTb ôejiKa, He mchhh ero (pyHKpnn; h 3) HBjm- 

IOIAHXCH npHHHHOH B03HHKH0BeHHH ÔeJIKOB, AeMOHCTpHpyiO- 
IAHX pa3JIHHHbie CBOHCTBa (RJIH npHBOAHIAHX K (JX)pMHpOBa- 
hhk) MyraHTHbix, He(J)yHKugHOHaAbHbix ôg/ikob). 

Ecjih cpaBHHBaeMbie ajmejiH OTJimaioTCH oahhm HyK- 
jieoTHAOM, to TaKne 3aMeHbi Ha3biBaioT OAHOHyKJieora^- 

HblM IIOJIHMOp(J)H3MOM (OHII). JXjir reHOMa HCJIOBCKa B 
cpe^HeM Ha 1330 ocHOBaHHH npnxoAHTCH 1 nojiHMop(J)HbiH 
HyKJieoTHA. Ka^AbiH nejiOBeK yHHKajieH no CBoeMy Haóopy 
OHľl. CymecTByeT MHoacecTBO cnocoôoB AeTeiaíHH OHÍI, 
HanHHaa c npaMoro cpaBHeHna HyKJieoraAHbix nocjieAO- 
BaTejibHOCTeH h 3aKaHHHBaa Macc-cneKrpoMeTpHeH rjih 
ÓHOXHMHH eCKHMH nOAXOflaMH, BbmBjmiOmHMH OTJIHHHH Ha 

onpeAejieHHOM ynacTKe JJJIK 
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HeKOTopbie TOHeMHbie Mytá um n Moryr H3MeHATb Kapty pecrpMKUMM 


Ha ynacTKe flHK pacnojio>KeHbi 
Tpn ue/ieBbix caňTa 

I II 
\/AJA/Af/ 


MyTauMA 3/iMMMHMpyeT 
OflMH M 3 Ue^eBblX C 3 MTOB 

I f í 
\AAA// 


B pe3y/ibTaie pacmervie- 
hma 4 )opMnpyera ABa 
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BHyTpeHHMx 4)parMeHTa 
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OparMemA OparMemB 
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B pe3y/ibTaie pacmerme-| 
h ma (JjopMMpyera oamh I 
BHyipeHHMM (^parnem T 


Bjietcrpotfjopes 


Q _J Opw CJlOMCeHMM ftJIMH (JjparMeHTOB 
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PMC. 4.1. ToHeHHyio MyTaijmo b caŇTe pecrpHKíjmi mo>kho oÓHapywmb no pa3HMue b /pume nony- 
naeMbix ((jparMeHTOB 


Oahoh h 3 3aAäH reHeranecKoro KaprapoBaHra hb- 
jiaeTCH nojiyneHHe cmcKa HaHÓojiee pacnpocTpaHeHHbix 
BapnaHTOB. HacTOTa BcrpeHaeMOcra OHÍl b reHOMe no3- 
BOJiaeT npeflCKa3aTb, hto b ijejiOM (cyMMHpya reHOMbi Bcex 
JKHByujHx jno^eň) b nonyjwijHH jno^eň aojdkho ôbiTb He 
MeHee 10 mhjuihohob OHľl, BCTpenaiomHxcfl c nacTOToň 
>1% (b noiuiyjumHH). Ha ceroAHHiiiHHH AeHb H3Becrao 
yace ôojiee MHjuiHOHa H3 hhx. 

HeKOTOpbie nOJIHMOp(j)H3MbI M02CH0 fleTeKTHpOBaTb, 
epaBHHBaa peCTpHKIJHOHHbie KapTbl pa3JIHHHbIX HHflHBH- 
AyyMOB. RpmepneM npn stom hbjihctch H3MeHeHHe m- 
6opa JparMeHTOB flHK, nojiynaeMbix b pe3yjibTaTe pac- 


menjieHra pecTpHKTa30H. Kor^a MHiiieHb ajih (JepMema 
(caňT pecTpHKíiHH) ecTb b reHOMe OAHoro HejiOBexa h 
OT cyTCTByeT b reHOMe Apyroro, pacmenjieHHe nepBoro 
reHOMa npHBeACT k oôpa30BaHHio AByx (JparMeHTOB, co- 
OTBeTCTByiomHx jiHiiib OflHOMy (JparMeHTy BToporo re- 
HOMa (PMC. 4.1). 

KapTa pecTpHKíiHH He 3aBHCHT ot (JyHKíjHH reHa, no- 

3TOMy peCTpHKIJHOHHblH nOJIHMOp(j)H3M M02CeT ÔbITb 06- 
Hapy^ceH eue 3aeucuMOcmu om mozo , 0KO3ueaem jiu noc- 
jiedoeamejibHOcmb ejiumme na <fienomun . JlHííib HeMHorae 
pacnojioaceHHbie b caňTax pecTpHKíjHH nojiHMop(j)H3Mbi 
MOryT BJIHflTb Ha (JeHOTHn. BOJIblIIHHCTBO H3 HHX npHBOAAT 



PMC. 4.2. riOAMMOp(j3M3M CaŇTOB peCTpMKLjmi HaCJieflyeTCfl B COOTBeTCTBMM C 33KOH3MM MeHfleJlfl. 
HeTbipe ajuiejia pecTpuKUMOHHoro MapKepa BCTpenaiOTCfl bo Bcex B03M0>KHbix napHbix kom6hh3uh- 
nx n pa3flejifliOTCfl He3aBMCMMO b Ka>KAOM noKOJiemiM. OoTorpactwfl Aio6e3Ho npeflocTaBneHa Ray 
White, Ernest Gallo Clinic and Research Center, University of California, San Francisco 
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K H3MeHeHHflM, He OKa3bIB3K)IHHM BaHHHHfl Ha npOH3BOAC- 
tbo 6eaxa (HanpHMep, noTOMy, hto ohh aeacaT b HexoAHpy- 
kdiiíhx peraoHax reHOMa). 

Pa3JIHHHH B KapTaX peCTpHKIJHH fíSyX HHAHBH/iyyMOB 
Ha3bIBaiOT nOJIHMOp(J)H3MOM Jlfl .HH peCTpHKU,HOHHbEX 
(J)parMeHTOB (íl^PO). ľlpome roBopa, rXfl,PO — sto 
aieACTBHe OHľl, pacnoaoxceHHbix b caňTe y3HaBaHna 3h- 
flOHyKJiea3bI peCTpHKIJHH. ľl^PO MOXCHO HCn0JIb30BaTb B 
KanecTBe reHeTHqecxoro Mapxepa (Tax xce, xax h jiioôoh 
Apyroň Mapxep). Bmccto aHaaraa ocoóeHHOCTeň c})eHOTHna 
Mbi, c noMombio Kapra pecTpHKíjHH, HanpaMyio oueHHBaeM 
reHoran. Ha p m c. 4.2 noKa3aHa reHeaaorna pecTpHKíjHOH- 
Horo nojiHMopc})H3Ma, OTCJiexceHHaa b Tpex noKoaeHnax. 
OHa ^eMOHCTpupyeT MeHAeaeBcxoe pacnpeAeaeHHe Ha 
ypoBHe MapxepHbix (J)parMeHTOB flHK 


d n APO m OH n mo>kho ncnojib 30 Baib 
A/m reHeTMHecKoro KapTMpoBSHim 


K^ioMeBbie noHflTMB: 


• nflPcD m OHľl MoryT flaTb ocHOBy/yiB cocraB/ieHMfl 
reHeTMHecKMx KapT, m, npoMe Toro, ohm noAXOAflT ajia 
O npeAe^eHMB B3aMMOCB513M Me>KAy pOAMTe/lflMM M riOTOMCTBOM. 

Moxcho H3MepHTb nacTOTy peKOMÓHHaijHH Mexc/iy pecT- 
pHKUHOHHbiM h (J)eHOTHnHqecKHM MapxepaMH (PMC. 4.3). 
CaeAOBaTejibHO, noayneHHaa TaxHM o6pa30M reHeTHnec- 
xaa xapTa ôy^eT co^epacaTb xa k reHOTHnHnecxHe, Tax h 
(J} eHoranHqecKHe MapxepbL 

PecTpHKíjHOHHbie Mapxepbi He orpaHHneHbi H3MeHe- 
hhhmh reHOMa, BAHaiomHMH Ha ReHoran, h nosTOMy ohh 
flBaaxyrca oneHb MOiijHbiM HHCTpyMeHTOM jyw H3yneHHa 
reHeTHHecxoro Jioxyca Ha MoaexyaapHOM ypoBHe. Thhhh- 
hoh npoÔJieMOH coBpeMeHHOH reHeTHKH HBjweTca cymec- 
TBOBaHHe MyTaqHH, oxa3biBaioiHHx sífxpexT Ha ReHoran, 
HO AAH KOTOpblX HCH3BeCTeH COOTBeTCTByíOIIJ.HH reH HJIH 

6eaox. Mhoxccctbo onacHbix h Aaxce cMepTeabHbix 3a6oae- 
BaHHH qejiOBexa nona/jaiOT b 3Ty KaTeropHK). Tax, HanpH¬ 
Mep, MyKOBHClJHA03 ACMOHCTpHpyeT MeHAeJieBCKHH Tnn 
HacjieAOBaHHa, ho MoaexyaapHaa npnpoAa MyraijHH 6biaa 
HeH3BecTHa pp Tex nop, noxa He 6bw oxapaxTepH30BaH co- 
OTBeTCTByiOHJ.HH reH. 

Ecjih pecTpHxiíHOHHbiH nojiHMop(J)H3M pacnpefleaeH 
no reHOMy cjiynaHHO (h 6 oaee hjih MeHee paBHOMepHO), He- 
xoTopbie nojiHMop(J)Hbie ynacTxn MOiyr pacnoaaraTbca pa- 
AOM c reHOM, onpeAeaaioiUHM 3a6ojieBaHHe. B stom caynae 
moxcho nonpoôoBaTb aoxaaH30BaTb Taxne pecTpHKíjHOH- 
Hbie Mapxepbi ôaaroAapa TOMy hto ohh accoijHHpoBaHbi c 
MyTaHTHbIM (j)CHOTHnOM. EcaH CpaBHHTb peCTpHKIJHOHHbie 
xapTbi JX HK naqHeHTOB, cTpa/jaioinHx ot HexoToporo reHe- 
THqecxoro 3a6oaeBaHna, c JX HK 3flopoBbix a xyjeH, moxcho 
oóHapyacHTb, hto y naijHeHTOB onpeAeaeHHbie canra pecT- 
pHxn,HH ah6o Bcer^a ecTb, jihóo hx Bcer^a HeT. 

ľHnoTeTHnecxHH npHMep noxa3aH Ha p m c. 4.4. npHBe- 
AeHHaa CHTyaqHa oTpaacaeT noaHyio B3aHMOCBa3b MeacAy 
pecTpHxn,HOHHbiM MapxepoM h cJ)eHOTHnoM. CaeAOBaTeab- 


ľlflPO Mo>KeT c/iy)KMTb reHerMMecKMM MapnepOM 


B 


CKpeiuMBaHMe 




i 35% 35% 

POAMTe/lbCKMe TMílbl J 

j w 


15% , 15% _ 

PeKOMOMHaHTbl 

m 


PecTpMKi4MOHHbiŕí MapKep pacno^o>KeH Ha Kapie 
b 30 yc/ioBHbix eAMHMuax ot MapKepa UBeia Ma3 


PMC. 4.3. ľlO/1MMO(j3M3M CaíÍTOB pecTpMKAMM mo>kho Mcnoab30BaTb 
b KanecTBe reHeTMHecKoro Mapnepa npM M3MepeHMM paccTOBHMB 
ot c()eHOTMnMHecKoro Mapnepa (HanpMMep, MapKepa UBeia raa3) ao 
M ečia peKOMÓMHauMM. Ha pMcyHKe b ynpomeHHOM bma 6 noKa3aHa 
TanaB CMTyaAMB Ha npMMepe noaoc flHK, cooTBeTCTByioiAMx aaaeaio 
oAHoro reHa b amii/iomahom opraHM3Me 


ho, pecTpHKíiHOHHbiH Mapxep pacnoaoaceH Tax 6 ah3ko k 
M yTaHTHOMy ajuieaio, hto ohh HHKorAa He pa3AejiaioTca b 
pe3yabTaTe pexoMÔHHaqHH. 

Jl0KaaH3auHa Taxoro Mapxepa HMeeT 2 BaacHbix noc- 
aeACTBna: 

• 3HaHHe pecTpHKííHOHHoro Mapxepa reHeTHqecxoro 
3a6ojieBaHHa MoaceT cTaTb ochoboh npoqeAypbi oÔHa- 
pyxceHHa AaHHoro 3a6oaeBaHHa. HexoTopbie xopomo 
H3yqeHHbie c mcahuhhckoh tohkh 3peHHa 3a6oaeBa- 
HHa, ho rjw KOTopbix noxa HeH3Becraa MoaexyaapHO- 
reHeTHHecxaa ocHOBa, oneHb caoacHO AHamocTHpo- 
BaTb. Ecjih pecTpHxn,HOHHbiH Mapxep mpemio CBH3aH 
c (J)eHOTHnoM, ero Haarnne y naunema MoaceT 6biTb 
Hcnoab30BaHO npn AHamocTHKe 3a6oaeBaHna. 

• 3HaHHe pecTpHxi^HOHHoro Mapxepa reHeranecKoro 
3a6oaeBaHHa MoxceT npHBecra k oÔHapyxceHHio co6c- 
TBeHHO reHa, OTBenaiomero 3a H3MeHeHHbiH ReHoran. 
PecTpHKííHOHHbiH MapKep AOJDxeH HaxoAHTbca Ha re- 
HeTHnecxoH xapTe b oraocHTeabHOH 6aH30CTH ot reHa, 
HTOÓbl MeXCAy HHMH pe^KO (HaH HHKOľAa) He OKa3bI- 
Baaca caňT pexoMÔHHai^HH. «OTHOCHTeabHO 6aH3xo» b 
TepMHHäx reHeTHKH motkct 6biTb AOBoabHO 3HanHTeab- 
HblM paCCTOHHHeM B TepMHHäx nap OCHOBaHHH JX HK; 
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nflPO MOiyr 6biTb accounnpoBaHbi c reHaMM, OTBeTCTBeHHbiMM 3a 3a6ojieBaHMB 



Mcc^eAyiOT nanepHbi f\ HK Mcc/ieAytOT narrepHbi flHK 
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PMC. 4.4. Ecnn Mapnep pecrpuKumí accoumipoBaH c cjDeHOTMnMHecKMM npn3HaKOM, caíÍT pecrpMK- 
i\m AOA>KeH pacno/iaraTbCfl b6jim3m reHa, OTBeTCTBeHHoro 3a flaHHbiíí (jDeHomn. MyTaumí, MeHaio- 
mwe MapKepbi, xapaKTepHbie nauneHTOB, MoryT yKa3biBaTb Ha AOKaAM3aumo reHa 3a6oneBaHMfl 


TeM He MeHee BbWBJíeHHbíň pecTpHxrjHOHHbiH MapKep 
HBJUieTCH CTapTOBOH TOHXOH, OT XOTOpOH Mbl MOXCCM 
npoflBHraTbCH no HK k reHy. 

Bbicoxaa nacTOTa OHľl b nejiOBenecxoM reHOMe flejiaer 
nxyAOÔHbiM HHCTpyMeHTOM reHeTHnecxoro KaprapoBaHna. 
fljw nojiyropa MinniHOHOB yxce H3BecTHbix OHÍI nacTOTa 
BCTpenaeMOCTn b cpe^HeM paBHa oflHOMy OHľl Ha 1-2 toh. 
Taxaa nacTOTa reHeTHnecxHx MapxepOB no 3 BOJweT óbicrpo 
ji0KajiH30BbiBaTb HOBbie reHbi 3a6ojieBaHHH nyreM BbiHBjíe- 
HHfl aCCOUHHpOBaHHblX c 3a6ojieBaHHeM OHÍI. 

Tex xce uejieň HeKOTopoe BpeMa Ha3a/j Hcnojib30- 
BajiH h rmPO-KapTHpoBaHHe. nocxojibxy Y1R PO xcecTxo 
accoqnHpOBaH c HexoTopon rpynnoň cqernieHna, oh mo- 
aceT 6biTb HaHeceH Ha reHeTmecxyio xapTy. rmPO-xapm- 
poBaHHe nejiOBexa h mhiiih npHBejio k nocTpoeHHio xapT 
reHOMOB othx opraHH3MOB. JIioôoh paHee HeH3BecTHbiň 
caňT Moxcer 6biTb npoTecTHpoBaH Ha cqemieHHe h óbicTpo 
HaHeceH Ha KapTy. Hhcjio peraoHOB rXfl,PO ropa3£0 MeHbiiie 
HHCJia OHľl, nosTOMy pa3pemeHHe KapTbi EmPO Hrnce. 

Bbicoxaa nacTOTa nojiHMop(J)Hbix peraoHOB reHOMa 
npHBOflHT k TOMy, hto Ka^biH HHAHBHAyyM yHHxajieH no 
Haôopy cbohx OHľl hjih lXfl,PO. Hacmoe coneTaHHe caň- 
tob, pacnojioxceHHbix b onpefle;ieHHOM peraoHe HK, Ha- 
3biBai0T raiuioranoM (reHoranoM b MHHHaTiope). ľamio- 
ran H3Hana^bHO 6bm npeACTaBJíeH b bh #e xoHijenijHH /yia 
onHcaHna reHeronecKoro cocTaBa jioxyca rjiaBHoro kom- 
miexca rHCTOCOBMecTHMOCTH — pernoHa, xo^Mpyionjero 
Ba^CHbie ôejiKH HMMyHHOH CHCTeMbi (cm. tji. 23 «HMMyHHoe 
pa3HOo6pa3He»). B HacToamee BpeMa 3Ta xoHijenijHa no- 
jiynRjia pacnpocTpaHeHHe h Hcnojib3yeTCH upu onHcaHHH 
onpeAejieHHOH xoMÔHHaijHH ajuiejieň (hjih jhoôhx Apyrax 
reHeTHHecKHx MapxepOB, HanpHMep caňTOB pecTpHxijHH), 
HaxoAHmHxcH b onpeAejieHHOM MecTe reHOMa. C Hcnojib30- 


BaHHeM OHÍI 6bwa nojiyneHa fleTa^bHaa KapTa rarnioranoB 
nejiOBenecKoro reHOMa. 3 to 3HanHTejibHO oôJiernaeT xap- 
THpOBaHHe reHOB, CBH3aHHbIX C B03HHKH0BCHHCM 3a6ojie- 
BaHHH. 

CymecTBOBaHHe n/^PO hbjihctch yuoÔHbiM HHCTpy- 
MeHTOM fljia onpeAejieHHH cTeneHH po^cTBa. Tax, b cjiy- 
naax, Kor^a otuobctbo Bbi3bmaeT comhchhh, cpaBHeHHe 
xapT n/íPO (Ha HexoTopoM ynacTKe xpoMOCOMbi) /yia ^e- 
Teň h npeAnoJiaraeMbix poAHTejieň no3BOjmeT AOCTOBep- 
ho ycTaHOBHTb ÓHOJiorHnecKoe poactbo. Hcnojib30BaHHe 
pecTpHKUHOHHoro aHa^H3a reHOMHOH RHK /yin hachth- 
(J)HKan,HH jihhhocth no;iyHH;io Ha3BaHHe reHeTmecKo- 
ro oTne^aTKa najibi^a (no aHa^oran c omenaTKaMH 
na^bijeB, DNA fingerprinting). AHa^H3 BbicoxoBapHa- 
ôejibHbix noejieAOBaTejibHOCTeH Tax Ha3bmaeMbix «mhhh- 
caTejuiHTOB» 6bui Hcnojib30BaH h npn xaprapoBaHHH re¬ 
HOMa nejiOBexa (cm. pa3fl. 6.14 «MHHH-caTejuiHTbi moxcho 
Hcnojib30BaTb npH reHeTOnecxoM xapTHpOBaHHH»). 


^9 floneMy reHOMbi TaKwe 6o/ibUJne? 


K/noHeBbie noHBTnfl: 


• HeTKaB KoppenBUMB Me>KAy pa3MepoM reHOMa n reHeTMHecKoií 
CAO>KHOCTbK) OTCyTCTByeT. 

• MHHMMa/ibHbm pa3Mep reHOMa B03paciaeT nponopunoHajibHO 
yBe/inneHmo cao>khoctm opraHM3Ma. 

• Pa3Mepbi reHOMOB MoryT cmibHo BapbMpoBaTb fla>Ke b npefle/iax 
oAHoro TaKCOHa. 

06mee xojiHnecTBO HK b ranjiOHAHOM reHe hbjihct- 
ch xapaxTepHOH nepTOH xaxcAoro BH^a h Ha3biBaeTca 
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Bbiciune pacreHMA 

ľlTMUbl 

M^eKonmaiOLUMe 
Pemn/iMM 

ÄMC|3MÔMM 
KocTHbie pbióbi 
XpniueBbie p bi 6 bi 
HMOKOKMe 
PaKoo6pa3Hbie 
HaceKOMbie 
Mojviiockm 
H epBM 

fl/iecHeBbie rpnóbi 
BoAopoc/iM 

flpO>K>KM 

ľpaM(+) óaKTepnn 
ľpaM(-) óaKTepnn 
MnKon^a3Mbi 

Pa3Mep reHOMa (rh) 10 6 10 



10 8 10 9 10 10 10 11 


CeH3aH m pa3Mep AH K 

C MOp(|)Oi!OrHMeCKOM CJlOMHOCTbJO 0,»raHH3Ma? 




PMC. 4.5. Pa3Mep flHK rannoMAHoro reHOMayBenMHMBaeTCfl no Mepe 
Mopc()OJiornHecKoro ycnowHeHMfl hh3UJhx 3yKapnoľ, oflHaKo b npe- 
Ae/iax rpynn Bbiciunx ayKapnoT oh Mo>KeT BapbMpoBaTb b wmpokom 
Anana30He. 3aKpaiueHHbie ynacTKH OTpa>KaK)T pa3Ópoc aamh reHo- 
mob b npefle/iax KawAOŇ rpynnbi 


MMHMMa/ibHbiM pa3Mep reHOMa yBejiHHHBaeľcii c ycjio>KHeHHeM 
opraHM3MOB/ bxoahujhx b cocraB (JjM/ioreHeTMMecKow rpynnbi 



PMC. 4.6. MHHHMa/ibHbm pa3Mep reHOMa b npefle/iax c()kmoreHeTM- 
necKoŇ rpynnbi yBejiMHMBaeľCfl ot npoKapMOT k MAeKonmaiomMM 


bcjiitohhoh C. BejiHHHHa C KOJieóJieTca b umpoKHx npe- 
Ae;iax, ot MeHee neM 10 6 nH y MHKOiuia3Mbi ao CBbime 10 11 
nH y HeKOTopbix pacreHHH h aM(j)HÓHH. 

Ha pmc. 4.5 npHBefleH Anana30H 3HaneHHH BejiHMHHbi C 
/yia opraHH3MOB, HaxoAamHxca Ha pa3Hbix crynemix sbojiio- 
UHOHHOrO pa3BHTHH. C yCJIO^KHeHHCM OpraHH3aqHH B Ka 5 K/JOH 
rpynne opraHH3MOB HaÓJnoAaeTca yBaimtum MHHHMajib- 
Horo (/yia a3hhoh rpynnbi opraHH3MOB) pa3Mepa reHOMa. 
OAHOBpeMeHHO c yBejiHHeHHeM KOJiHMecTBa JX HK yBejimn- 
Bacrca h pa36poc 3HaneHHH bcjihhhhh C b npeAejiax OAHoro 
TaKCOHa (y bhciiihx ayKapnoT mo>kho HaójnoAaTb óojibiiiHe 
pa3JiHHna Aa>Ke pjm 6/iH3KopoACTBeHHbix bhaob). 

ľHCTorpaMMa, oToópaacaiomaa MummajibHoe kojih- 
MecTBO flHK, oÔHapy^cHBaeMoe b npeAejiax OAHoro TaKCOHa 
(pmc. 4.6), no3BOJweT npeAnojioíKHTb, mto jyw npOKapHOT 

H HH3IIIHX 3yKapHOT HeOÓXOAHMbIM yCJIOBHCM yBCJIHMeHHfl 

cjio^khocth opraHH3Ma HBJíaeTCH yBejiHHeHHe pa3Mepa ero 
reHOMa. 

ľeHOM OAHoro H3 caMbix MaaeHbKHx npOKapHOT — mh- 
KonAa3Mbi — Bcero b Tpn pa3a óojibme KpynHoro reHOMa 
6aKrepHO(J)ara. Pa3Mep tchomob óaicrepHH HaMHHaeTca co 
3HaHeHHfl 2 X 10 6 nH. ľeHOMbl OAHOKJieTOMHblX ayKapHOT 
(Meň >KH3HeHHbIH UHKJI BO MHOľOM HanOMHHaeT npOKapH- 
OTHMecKHň) npeBoexoAflT no pa3Mepy reHOMbi óaicrepHH, 
ho MeHbine reHOMOB MHoromieTOMHbix. npHHa/yiemiocTb k 
ayKapHOTaM kuk TaKOBaa He 03HanaeT 3HaMHTejibHoro yBe;iH- 
MeHHa pa3MepoB reHOMa. HanpnMep, pa3Mep reHOMa Apoac- 
äceň cocraBjíaeT okojio 1,3 x 10 7 nH, mto Jimiib b ABa pa3a 
npeBbimaeT cpeAHHH pa3Mep óaKTepnajibHoro reHOMa. 

fla^bHeHiuee AByicpamoe yBejiHMeHHe pa3MepoB reHOMa 
OKa3bIBaeTCH AOCTaTOMHbIM jyw Toro, MTOÓbl MHKCOMHU,eTbI 


Dictyostelium discoideum mohih cymecTBOBaTb xax b bhac 
OAH omieTOMHbix, TaK h b bhac MHoroKJieTOMHbix opraHH3- 
MOB. JXJIÄ B03HHKH0BCHHH nepBblX nO-HaCTOHIIjeMy MHOľO- 
KJieTOMHbix opraHH3MOB HeoóxoAHMO AanbHeHinee ycjioac- 
HeHne reHOMa. Ta k, HanpnMep, y HeMaTOAbi Caenorhabditis 
elegans kojihmcctbo flHK AOCTHraeT 8 x 10 7 nH. 

TaiOKe M02CH0 OTMeTHTb 3aBHCHMOCTb yBCJIHMeHHH 
pa3MepoB reHOMa ot cjio)khocth opraHH3auHH b pnAy Ha- 
Hóojiee H3yMaeMbix (MOAejibHbix) opraHH3MOB, npeAcraB- 
jieHHyio Ha pmc. 4.7. Ta k, nocjieAOBaTejibHoe yBeaHMeHHe 
pa3MepoB reHOMa hcoóxoahmo pjm noflBAeHna HaceKOMbix, 
nraij, aM(J)HÓHH h MjieKonHTaiomHx. TeM He MeHee HaMHHaa 
c MjieKonHTaiomHx neTKaa B3aHMOCBH3b MOKAy pa3MepoM 
reHOMa h Mopc})oaorHMecKOH cjioacHocTbio TepaeTca. 


Pa3Mepbi reHOMOB Kotopbie noBe3HO 3Hatb 

TaKcoH 

Bma 

ľeHOM (nH) 

BoAopoc^M 

Pyrenomas salina 

6,6 x 10 5 

MnKoruia3Mbi 

M. pneumonicte 

1,0 x 10 6 

BaKTepnM 

E. coii 

4,2 x 10 6 

ApO>K>KM 

S. cerevisiae 

1,3 x 10 7 

MMKCOMMAeTbl 

D. discoideum 

5,4 x 10 7 

HeMaTOAbi 

C. elegans 

8,0 x 10 7 

HaceKOMbie 

D. melanogaster 

1,4 x 10 8 

ľlTMAbl 

G. domesticus 

1,2 x 10 9 

Am({)m6mm 

X. laevis 

3,1 x 10 9 

M^eKonmaioLUMe 

H. sapiens 

3,3 x 10 9 


PMC. 4.7. Pa3Mep reHOMOB HeKOTopbix MOfle/ibHbix opraHM3MOB 
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Mbi 3HaeM, hto reHbi bhciiihx syicapnoT no pa3Mepy 3Ha- 
HHTejibHO ôojibme, HtM nocjieAOBaTejibHocm, coôctbchho 
KOAM pyiomne 6e;iOK, nocKOJibKy 3K30 hbi (KOAnpyiomne pe- 
raoHbi) MOiyr cocraRmrrb Jinmb Majiyio nacTb ot oômen 
Hbi reHa. 3 to OTnacra oômcHner, noneMy o6m,ee KOJinnecTBO 
flHK óojibme, neM hcoôxoahmo /y m cymecTBOBaHna paMOK 
CHHTbiBaHHfl Bcex 6e;iKOB opraHH3Ma. BojibiiiHe oôjiacm npe- 
pbiBHCTbix reHOB MoryT ôbiTb He CBH3aHbi c (J)yHKynen koah- 
poBaHna óe^KOB (flBjumcb HHTpOHaMn). flonojiHHTejibHO cy- 
mecTByioT n 3HannTejibHbie ynacTKH flHK, pacnoJioxceHHbie 
MOKfly reHaMH. TaKHM oôpa30M, oômnn pa3Mep reHOMa He 
AaeT npeACTaB^eHna o KOJiHnecTBe bxoahiahx b Hero reHOB. 

Oiaôaa Koppejumna Mexcfly pa3MepoM reHOMa h cjioxc- 
HocTbio reHeTHnecKoro ycTpoHCTBa no;iyqHJia Ha3BaHHe 
napafloicca BejunmHbi C. EcTb oneHb jnoóonbiTHbie npn- 
Mepbi BapHauHH pa3MepOB reHOMa. HanpHMep, y jiaryniKH 
Xenopus h qejiOBeKa reHOMbi npaKTHqecKH oflHHaKOBoro 
pa3Mepa. Upn stom mm cqHTaeM, hto b TepMHHax reHe- 
ranecKoro pa3BHTna qeJiOBeK ycTpoeH 6oaee cjioxcho! Cy- 
meCTByiOT TaKCOHbl, BHyTpH KOTOpblX OpraHH3MbI fleMOHC- 
TpnpyioT 3HanHTejibHbie ornmim b KOJiHqecTBe fl HK, He 
oÓHapyxcHBaa npn stom otjihhhh b c^oxchocth opraHH3a- 
Uhh (pne. 4.5). (3 to ocoôeHHO 3aMeTHO y HaceKOMbix, aM- 
c})h6hh h pacTeHHH, h npaKTHqecKH He npoaBaaeTca y nTHiy 
penTHJiHH h MaeKonHTaiomHx, y KOTopbix reHOMbi b npefle- 
Jiax rpynnbi BapbHpyioT He 6oaee qeM b 2 pa3a.) Y CBepqxa 
flHK b 11 pa3 ajih HHee, qeM y mioflOBOH MyniKH. Y aM(J)H- 
6hh pa3Mep reHOMa BapbHpyeT b flHana30He 3HaneHHH ot 
10 9 nH ao 10 11 nH. Bpafl jih mfyuômi c MaKCHMaabHbiM h 

MHHHMaJIbHbIM pa3MepaMH ľeHOMOB CHJIbHO OTJIHHaiOTCH 
no HHcay reHOB. Enje He bhachcho, noneMy ecTecTBeHHbiH 
OTôop AonycKaeT cymecTBOBaHHe TaKHx Bapnai^HH h Kaiene 
3TO HMeeT noejieACTBHH pjw sbojiioijhh. 


EQ 3yK3pMOTMMeCKHe reHOMbi COCTOflT 
M3 yHMK3JlbHblX M flOBTOpfllOIllIIXCfl 
noc/ieflOBaTe/ibHOCTeŕí 


KjnoneBbie noHHTMíi: 


• KMHeTMKa peaccouMauMM MO/ieKy/ibi flHK noc/ie AenaTypauHM 
no 3 Boa 5 ieT pa 3 Aeamb noc/ieAOBaTejibHOCTM no nacTOTe nx 
BCTpenaeMOCTn b reHOMe. 

• ľloAaBjíflioiAee 6o/ibiunHCTBo reHOB — 3 to yHMKajibHbie a^b 
reHOMa noaieAOBaTe/ibHocTM. 

• B npeAejiax OAHoro TaKcoHa 6 o/iee KpynHbie reHOMbi coAep>KaT 
He óojibwee hmcjio reHOB, a óo/ibwee hmcjio noBTopíuoiAMXcfl 
ynacTKOB flHK. 

• CymecTBeHHaa HacTb noBTopfliounMXCfl ynacTKOB flHK 
npeACTaB/iaeT coóom TpaHcno30Hbi. 

flHK 3yKapHOTHnecKoro reHOMa moxcho oxapaKTepH30- 
BaTb c noMOiflbio KHHeTHKH peaccouHaijHH ACHaTypHpo- 
BaHHOH flHK. 3TOT MeTOA IUHpOKO HCn0Ab30BaJICH AO Tex 
nop, noxa He nOHBHJiaCb B03M0XCH0CTb 3(J)(J)eKTHBHOrO 
CeKBeHHpOBaHHH flHK. 

KHHeTHKa peaccouHauHH BbiflejiaeT ABa ochobhhx rana 
reHOMHbix noejieAOBaTeabHOCTeH: 


• YHHKajibHbie nooieflOBaTe^EbHocTH, BCTpenaio- 
iflHeca oahh pa3 Ha ranjioHAHbíň reHOM. 

• IIoBTopAioii^Hecfl noc^eflOBaTe^bHocTH — pe- 

rHOHbi, npeACTaBJíeHHbie b reHOMe 6oaee neM oahoh 
K onneH. 

noBTopaioiflHeca nocjieAOBaTejibHOCTH flHK b cboio 
onepeAb npHHHTO pa3AeaaTb Ha ABa ochobhhx rana: 

• YMepeHHO noBTopaK)iflHeca nocjieAOBaTeabHOCTH 
npeACTaBaeHbi perHOHaMH pa3JiHHHOH jym hh, BCTpe- 
qaioiflHMHca b reHOMe b KOJiHnecTBe 10-1000 KonHH. 
3th noejieAOBaTejibHOCTH pa3ópocaHbi no reHOMy n 
OTBenaiOT 3a (J)opMHpoBaHHe btophhhoh cTpyKTypbi 
npe-MPHK (xorAa HHBepTHpOBaHHbie noBTopbi HHTpo- 
hob coeAHHaioTCH nonapHO, (J)opMHpya AyrmeKCbi). 

• BbicoKonoBTopaioiflHecH nocjieAOBaTejibHOcm flHK 
npeACTaBaeHbi oneHb kopotkhmh yqacTKaMH (oôbinHO 
MeHee 100 nH), KOTopbie MHorae thchhh pa3 BCTpena- 
k)tch b reHOMe h nacTO opraHH30BaHbi b bhac TaHACM- 
hhx noBTopoB (cm. pa3A- 6.11 <<CaTejuiHTHaa flHK nacTO 
pacnojioxceHa b reTepoxpoMaTHHe»). BbicoKonoBTopa- 
loiflHeca nocjieAOBaTe/ibHocTH He KOAHpyioT ôejiKn. 
YHHKajibHbie noejieAOBaTejibHOCTH flHK MoryT cocTaB- 

jw Tb ot HecKOJibKHx ao 100% ot Bcero reHOMa. Ha pmc. 4.8 
H3o6pa)KeHa opraHH3ayHa tchomob hckotophx MOACJibHbix 
opraHH3MOB. npoKapHOTbi coAepxcaT npaKTmecKH TOJibKO 
yHHKa^bHyio flHK. ý hh3iuhx 3yxapHOT yHHKa^bHbie noc- 
jieAOBaTejibHOCTH cocTaBjmioT noAaB^noiflyio nacTb reHOMa 
(TOJibKO <20% noejieAOBaTejibHOCTen nonaAaeT b KaTero- 
pHio óojiee hjih MeHee yMepeHHO noBTOpaioiflHxcH perao- 
hob). B KjieTKax xchbothhx yMepeHHO- h BbicoKonoBTopaio- 
iflHeca yqacTKH 3aHHMaiOT ao nojiOBHHbi flHK. Y pacTeHHH 



PMC. 4.8. B 3yKapnoTMHecKnx reHOMax cooTHOiueHMe pa3nMHHbix 
KOMnoHeHTOB nocneAOBaiejibHocTM ainbHo BapbHpyeT. Oóuhmm pa3- 
Mep yHMKanbHbix nocneAOBaTenbHocTeií flHK B03paciaeT c yBe/iMne- 
HneM pa3Mepa reHOMa, Aocmrafl nnaio Ha ypoBHe ~2 x 10 9 nH 
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H aMíJjHÔHH OHH MOiyT COCTaBJIflTb AO 80% reHOMa, H, TaKHM 
o6pa30M, yHHKajibHan flHK y sthx opraHH3MOB HaxoAHTca 
B MeHblUHHCTBe. 

3aMeTHa^ nacTb yMepeHHO noBTopniomeHCH flHK co- 
CTOHT H3 TpaHCn030H0B — KOpOTKHX IIOCJieflOBaTeJIb- 
Hocreň (okojio 1 toh), cnocoÔHbix nepeMeinaTbcn b HOBbie 
Mecra reHOMa h/kjih npoH3BOAHTb AonojiHHTejibHbie koiihh 
caMHx ce6a (cm. tji. 21 «TpaHcno30Hbi» h ni. 22 «PeTpoBHpy- 
Cbl H peTpon030HbI»). y HeKOTOpblX BblCIIIHX SyKapHOT OHH 
Moiyr 3aHHMaTb óojiee nojiOBHHbi reHOMa (cm. pa3A. 5.5 
«B reHOMe nejiOBeKa MeHbme tchob, neM Ka^ceTCH»). 

TpaHcno30Hbi HHor^a paccMaTpHBaioT b kohtckctc 
KOHuenuHH aroHCTHHHoň HUK (selfish DNA) b Kanec- 
TBe caMonoAAep^cHBaiomHxcH nocjieAOBaTejibHOcreH, He 
y^acTByiomHx b npouecce pa3BHTHH opraHH3Ma. TpaHC- 
no30Hbi MoryT cnocoócTBOBaTb nonBJíeHHio reHOMHbix 
nepecTpoeK, KOTopbie, b cboio onepeAb, MoryT npHBOAHTb 
k HeKOTopbiM npeHMymecTBaM AaHHoro opraHH3Ma b npo- 
uecce ecTecTBeHHoro OTóopa. K coacajieHHio, ao kohm He- 
noHHTHO, noneMy ecTecTBeHHbíň OTÔop He npoTHBOAeňc- 
TByeT TaxoMy KOJioccajibHOMy HaKonjieHHK) TpaHcno30HOB 
b reHOMax. 

Eme OAHH TepMHH, HCnOJIb3yeMbIH AAH OÔ'bflCHCHHfl 
H36biTOHHOCTH HK, — 3TO Mycopnan JJHK (junk DNA), K 
KOTOpOH OTHOCHT TeHOMHbie nOCJieAOBaTCJIbHOCTH 6e3 H3- 
BecTHOH (J)yHKij,HH. Bepoflraee Bcero, b reHOMe cymecTByeT 
ôznauc MOKAy B03HHKH0BeHHeM hobhx nocjieAOBaTejib- 
hoctch h yAa^eHHeM HeHyacHbix, h Ta nacTb flHK, pjw koto- 
poň mh He oÔHapyacHBaeM cjjyHKíjHH, motkct HaxoAHTbca b 
npoqecce sbojiioijhh kjih yAajieHHfl. 

CyMMapHbiH pa3Mep yHHKajibHbix nocjieAOBaTejibHoc- 
Teň flHK HMeeT TeHAeHijHio k yBejiHneHHio c B03pacTaHHeM 
pa3Mepa reHOMa, BmioTb ao xapaicrepHoro rjw MjieKonHTa- 
ioiahx pa3Mepa b 3 x 10 9 nH. flajibHeHiiiee ace yBejiHneHHe 
pa3Mepa reHOMa haot 3a chct B03pacraHH5i aojih noBTopn- 
IOIAHXCH KOMnOHCHTOB (OpraHH3MbI C pa3MepOM yHHKaJIb- 
hoh /1HK óojiee 2 x 10 9 nH npaKTHnecKH He BcrpenaioTcn). 
TaKHM oôpa30M, yBejiHueHHe pa3Mepa yHHKajibHoro kom- 
noHema RHK KoppejinpyeT b HarneM noHHMaHHH c otho- 
CHTeJIbHOH CJIO^CHOCTblO OpraHH3Ma. y E. coli yHHKaJIbHbie 
3^eMeHTbi 3aHHMaioT 4,2 x 10 6 nH, y C. elegans sto 3HaneHHe 
AOxoaht ao 6,6 x 10 7 nH, y D. melanogaster yBejiHHHBaeTcn 
yace ao 10 8 nH, h HaKOHeq, y MjieKonHTaioiijHx AOCTnraeT 
3HaneHHH nop^AKa 2 x 10 9 nH. 

KaKOH ace H3 nepenHCJieHHbix mnoB flHK KOAHpyeT 
óejiKH? KHHeTHKa peaccouHaijHH flHK AOKa3biBaeT, hto 
mPHK KOAHpyeTCH yHHKajibHbiMH noeJieAOBaTejibHOCTHMH 
reHOMa. TaKHM o6pa30M, kojihhcctbo yHHKajibHOH H HK 
cjiy>KHT jiynmHM HHAHKaTopoM KOAHpyiomoro noTeHijnajia, 
neM cyMMapHoe kojihhcctbo reHOMHOH HK (oamko óojiee 
AeTa^bHbiH aHa^H3, ocHOBaHHbíň Ha H3BecTHbix nocjieAOBa- 
TejibHocTHx nojiHbix reHOMOB, noKa3biBaeT, hto MHoacecTBO 
3K30H0B coAep^caT ynacTKH, poACTBeHHbie ApyrnM 3K30Mm 
(cm. pa3A. 3.5 «riOCJieAOBaTeJIbHOCTH 3K30H0B KOHCepBaTHB- 
Hbl, a HHTpOHOB — BapHa6eJIbHbI»); TaKHe 3K30HbI B03HHKJIH 
nyreM AyiníHKaijHH, b pe3yjibTaTe kotopoh b oahom reHOMe 
OKa3a^HCb ABe H3HanajibHO HACHTHHHbie Konnn, HaKonHB- 
IIIHe OTJIHHHfl B XOAe 3BOJHOUHH). 


ESI TeHbl MOMÍHO JI0Ka/IM30BaTb/ 
MCnOilb3yi1 KOHCepBaTMBHOCTb 
MX 3K30H0B 


K^ioneBbie noHBTMa: 


• 3bO^K)UMOHHO KOHCepBaTMBHbie 3K30Hbl MO>KHO MCn0Jlb30BaTb 
b KanecTBe ochobh An5i onpefle/ieHMfl KOflHpyiomiix 
perMOHOB HeM3yMeHHoro reHa (nyieM ero cpaBHeHMfl c y>ne 
MccneflOBaHHbiMM noc/ieflOBaie/ibHociBMH Apyrwx opraHM3MOB). 

Oahh h3 CTaHAapTHbix cnocoôoB onpeAejieHHH cTpyicrypbi 
reHOB ocHOBaH Ha KompacTe MexcAy KOHcepBaTHBHOcTbio 
3K30H0B h H3MeHHHBOCTbio HHTpOHOB. Ha ynacTKe nocjie- 
AOBaTejibHOCTH, coAep^cameH sbojiiouhohho KOHcepBa- 
thbhhh reH, KOAHpyioiAHe ôejiOK perHOHbi nonmiH OTBe- 
naTb AByM TpeóoBaHMM: 

• OHH AOA^CHbl HMeTb OTKpbITyK) paMKy CHHTbIBaHHH H 

• B KanecTBe He oÓH3aTejibHoro, ho acejiaTejibHoro 
nyHKTa ohh nonmibi HMeTb roMOJioroB y npeACTaBHTe- 
jim Apyrnx bhaob. 

3th CBOHCTBa MO)KHO HCn0JIb30BaTb PJW JIOKaJIH3aUHH 
reHOB h onpeAejieHHfl hx cTpyicrypbi. 

npeAnOJIO^CHM, Ha OCHOBaHHH MeTOAOB KJiaCCHHeCKOH 
reHeTHKH Mbi 3HaeM, hto onpeAeAeHHbiH reHeTHnecKHH 
npH3HaK pacnojioaceH b AaHHOM pernoHe xpoMOCOMbi. Ecjih 
mh HHnero He 3HaeM o cTpyicrype npoAyKTa reHa, KaK mm 
ji0KajiH30BaTb reH Ha ynacTKe, kotophh MO^ceT AOcmraTb, 
HanpHMep, 1 MnH b AAHHy? 

MOIAHblH nOAXOA, AOKa3aBIIIHH CBOIO COCTOHTeJIb- 
HOCTb B HCCJieAOBaHHH HeKOTOpblX reHOB, HMeiOIA^X Me- 
AHijHHCKoe 3HaneHHe, 3aKJnonaeTCH b aHajiH3e othoch- 
TejibHO KOpOTKHX (J)parMeHTOB H3 pernoHa, oóJiaAaioinoro 
AByMH BbimeyKa3aHHbIMH CBOHCTBaMH KOHCepBaTHBHOrO 
reHa. Jlj\n Hanajia HaxoAHT c})parMeHTbi, rH6pHAH3yiomH- 
ecH c ynacTKaMH tchomob Apyrnx bhaob, a 3aTeM npo- 
BepHIOT 3TH (J)parMeHTbI Ha HaJIHHHe OTKpbITblX paMOK 
CHHTblBaHHH. 

CooTBeTCTBHe nepBOMy KpHTepHio BbmcmieTCH npo- 
BeACHHeM 30o6;iOTa (zoo blot). HcnoAb3yH KopoTKne 
c})parMeHTbi HK H3ynaeMoro pernoHa b KanecTBe (paAHO- 
aKTHBHbix) npo6, BbinojiHflioT cay3epH-6jiOTHHr (Southern 
blotting) c flHK pa3Hbix bhaob Ha Ha^Hune poactbchhhx 
nocjieAOBaTejibHOCTen. Ecjih y npeACTaBHTeJieH HecKOJibKHx 
bhaob HaxoAaTCH (JjparMeHTbi, poACTBeHHbie HameH npoôe 
(oôbiHHO cooTBeTCTByioiAOH flHK nejiOBeKa), to 3Ta npoôa 
cTaHOBHTCH KaHAHAaTOM Ha pojib 3K30Ha b reHe. 

OparMeHTbi-KaHAHAaTbi ceKBeHHpyioT h, ecjiH ohh 
coAepacaT oTKpbiTyio paMKy CHHTbiBaHHH, Hcnojib3yiOT 
AJih BbiACJieHHH npnjieraiomMX pemoHOB. nojiyneHHbiH 
3K30H mh MO)KeM Bnoc jicactbhh Hcnojib30BaTb nm on- 
peACJieHHH Bcero reHa, Rm bhacjichhh cooTBeTCTByiomcH 
kJXHK hjih mPHK h, b HTore, Rjm onpeAejieHHH nocjieAO- 
BaTejibHOCTH ôejiKa. 

3tot nOAXOA ocoôchho Ba^ceH b Tex cjiynanx, KorAa hc- 
cjieAyeMbiH reH coacpjkht MHoro óojibniHx hhtpohob h b 
cmiy 3Toro pacTHHyT no reHOMy (KaK, HanpHMep, b aiynae 
c MbimenHOH AHCTpo(J)HeH fliomeHHa (JVWQ). MJIR — 3T0 
Bpo)KAeHHoe AereHepaTHBHoe HapymeHHe MbimenHOH TKa- 


4.7 ľeHbl MO>KHO J10K3J1M30B3Tb, MCnOAb3yfl KOHCepBaTMBHOCTb MX 3K30H0B 71 




hh, cqemieHHoe c X-xpomocomoh h nopaacaiomee OAHoro 
H3 3500 MyxcHHH. IXIaru no jiOKa™3aijHH oToro reHa npHBe- 
AeHbi Ha pmc. 4.9. 

AHa^H3 rpynn cqernieHna no3BO/iH/i BbmBHTb pacno- 
jioxceHHe jiOKyca Mflfl. Oh OKa3a^ca pacnojioxceH b JiOKyce 
Xp21. Y naijHeHTOB c Mflfl xpoMocoMHbie nepecraHOBKH 
nacTO 3aTparaBai0T hmchho otot peraoH X xpoMOcoMbi. 
nyreM cpaBHeHim cnocoÔHOcra flHK-npo6 X-xpomocom 

ÓOJIbHblX HHAHBH^OB rH6pH£H30BaTbCH c flHK 3AOpOBbIX 
jiKyjeH, ôbníH noJiyneHbi kjiohh, cooTBeTCTByiomHe ynacTKy, 
KOTopbiH npeTepneji peopraHH3aijHio (rjih 6bm yAajieH b 
flHK ôojibHbix Mflfl). 

Kax TOJibKO óbníH noJiyneHbi noejieAOBaTejibHOCTH 
(J)parMeHTOB, HaxoAflmnxcH no6jiH30cra ot HCKOMoro reHa, 
nOHBRJiaCb B03M07KH0CTb npOHTH BflOJIb XpOMOCOMbI C TeM, 
HTOÔbi BbmBHTb HaxoA^mHeca no6jiH30CTH reHbi. «npory/i- 
xa» no xpoMocoMe (Genome walking) 6bwa Hcnojib30BaHa 
A/m co3AaHna pecrpHKíjHOHHOH Kapra peraoHa no oóeHM 
CTopoHaM ot Hana^bHOH npoóbi (b more noKpbiB peraoH 
>100 toh). 


AeJieilHM MO>KHO MCn0ilb30BaTb 
Kan yfloÔHbiH MapKep f\nn BbiBB/ieHua reHOB 


XpOMOCOMHbie TpaHCJ 10 Kai 4 MM 
* onpeAe/miOT no/iocy Xp21 
KaK npMHMHy MAA 



-70 kb 

cn 


K^oHupoBaHne AHK c X-xpoMOCOMbi 
no3Bo/ifleT onpeAe^MTb Aejieunn 
Ha 3 tom ynacTKe 


Kapia pecTpMKUMM, nojiyHeHHaa 
MeTOAOM «npory/iKM» no xpoMocoMe 


\ 

I 


+70 kb 


AHK ot nauneHTOB, óo/ibHbix MAA' 
coAep>KMT Ae/ieMMM 
b McaieAyeMOM pemoHe 

\ 

—AHK cnpaBa yAa/ieHa 


MJ1M ' 
AHK c/ieBa yAa/ieHa - 


M/l M 


BHyipeHHBB Ae^eAMB 


PMC. 4.9. ľeHbi, npMHMMaiounMe yHacme b pa3Bmmi mmoamctpo(()mm 
flioujeHHa, 6 bi a m o6Hapy>KeHbi nyieM xpoMOcoMHoro Kapn/ipoBaHMA 
m MCCAeAOBaHMB ynacTKOB, HecymMx AeAeuMM, accoumipoBaHHbie c 
pa3BMTMeM 3a60AeBaHMB 


TeH DM0 KOAHpyeT MbitueMHbm 6ejioK 






i 


50 K/iOHOB M3 pemoHa rn6pnAM- 
30B3AMCb c flHK APyrwx bmaob; 

2 KJlOHa rn6pMAM30BaAMCb 
c AHK Bcex M/ieKonmaiomMx 


ľlocAeAOBaieAbHOCTM ({jparMeHTOB. 
noAyMeHHbix ot ne/iOBeKa n MbiuiM, 
coBnaAaioT Ha 95% n coAepwaT 
CAeAyioiAyK) OTKpbľryío paMKy cHMTbiBaHMB 


HeAOBeHecKMÍí GCCATAG AGCGAGAA — 

MbiujHHbiíí GCCATAGCACG AG AA — 


i 


kAHK 


ľloAyHeHHbm (JjparMeHT ncnojib30Bajin 
AJifl MAeHTM(t)MKai4MM 14 mH kAHK; 

COOTBeTCTBMe 3K30HOB kAHK 
m reHOMa noKa3aHO Ha Kapie 

T-1-1-1-1-1-1-1 

8 10 12 TRH 

n 



mH b reHOMe 


a b c d 


200 

100 

50 

25 


AHTMTe/ia k nocneAOBaiejibHOCTM 
KopoTKoro nenTMAa. no/iyMeHHoro 
C KAHK, n03BOJlflK)T BbmBHTb 
Óe/IOK AMCTOpo4)MH 


AMCTpo4)MH (OKOJIO 500 KAa) 
COAep>KMTCB 

(a) b cKe/ieTHoŕí MycKy/iaiype 

(b) b cepAGHHoŕí MycKy/iaiype 
OicyTCTByeT 

(c) B APyrMX TK3HBX 

(d) b Mbiuiuax óo/ibHbix MAA 


PMC. 4.10. ľeH, oTBeTCTBeHHbiíí 3a pa3BMTne MMOAMCTpo(()mi Ak>- 
meHHa, 6bm oxapaKTepn30BaH c noMounbio 3oo-6/ioTMHra, rn6pnAn- 
3ai4nn KflHK, reHOMHoíí rn6pnAM3aumi n onpefleAeHMB óe/wa 


AHajiH3 flHK, nojiyneHHOH ot rpynnbi nau,neHTOB, no3- 
bojihji BbmBHTb KpynHbie AeJieijHH b stom pernoHe, npocra- 
paiOIAHeCH B OÔOHX HanpaB/ieHHHX. CaMOH HHCj/OpMaTHBHOH 
Ae^eunen OKa3ajiacb Ta, KOTopaa u,e^HKOM nemna b npeAe- 
jiax KapTHpOBaHHoro pernoHa. nocKOJibKy OHa «yAamjia» 
(J/parMeHT reHOMa, Ba^KHbiH jjjm HopMa^bHoro (J/yHKíiHOHH- 
poBaHna HCKOMoro reHa, oto AOKa3biBajio, hto reH (rjih, no 
KpaHHeň Mepe, ero nacTb) jie^KHT hmchho b otom pernoHe. 

Tenepb, jiOKa^H30BaB reH, Mbi ppjmHbi onpeAe^HTb 
ero 3K30Hbi h HHTpOHbi. 3oo-6jiOTHHr no3BOJiR/i onpeAe- 
jíHTb (J)parMeHTbi, rH6pHAH3yioiAHeca c X-xpomocomoh 
M bimeH h flHK Apyrnx MjieKonnTaiOLUHx. Kax noKa3aHO Ha 
pmc. 4 . 10 , ara (J/parMeHTbi óbníH TmaTejibHO H3yneHbi Ha 
Ha/IHHHe OTKpbITblX paMOK CHHTblBaHHH h nocjieAOBaTe^b- 
HOCTeň, THnHHHblX PJlft COeAHHeHHH 3K30H0B H HHTpOHOB. 
OparMeHTbi, cooTBeTCTBOBaBiiiHe a^hhhm KpHTepnaM, 
óbníH Hcnojib30BaHbi b KanecTBe npoô am onpeAejieHna 
roMOJiorHHHbix noejieAOBaTejibHOCTeH b Ohô/ihotckc KflHK, 
npHroTOBjíeHHOH H3 mPHK Mbinieň. 
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OKa3ajiocb, hto cooTBeTCTByiomaH HCKOMOMy reHy 
mPHK npe,acTaBJiHeT coóoh hcoôhhho óojibmyio mo- 
jieKyjiy a-nhhoh npH6jiH3HTejibHO 14 000 HyiuieoTHAOB. 
OópaTHaa rH6pHAH3aijHH Ha reHOM noKa3ajia, hto mPHK 
3aKOAHpoBaHa óojiee neM 60 3K30HaMH, KOTopbie pa3- 
ópocaHbi no ynacTKy flHK a-nhhhoh 2000 tuh . 3to 03- 
Hanajio, hto reH M JJJl — caMbiH KpynHbiH H3 H3BecTHbix 
reHOB nejiOBeKa. 

TeH KO^HpyeT ôejiOK ahctpo(J)hh Maccon okojio 500 Kfla. 
Oh HBjweTca komrohchtom MbimenHOH TKaHH h npeflcraB- 
JieH B Heň B AOBOJIbHO Ma^blX KOJIHHeCTBaX. y Bcex ÔOJIbHblX 
JiiOAeH b jioKyce 3Toro reHa ecTb AeJieij hh, BeflymHe k ot- 
CyTCTBHIO (RJIH HaJIHHHIO fle(J)eKTHOro) AHCTpO(J)HHa. 

OTJIHHHTeJIbHOH HepTOH MblIIieHHOH TKaHH CJiy^KHT 

HajiHHHe euje oahoid H3 rHraHTCKoro óejixa — THTHHa. Oh 
coctoht noHTH H3 27 000 aMHHOKHCJiOT. TeH THTHHa coAep- 
)KHT HaHÔOJIbinee HHCJIO 3K30H0B (178) H CaMblH /yiHHHblH 
3K30H b reHOMe ne;iOBeKa (17 000 nH). 

Eme OAHH MeTOA, n03BOJIHIOm™ ÓblCTpO HCCJieAO- 
BaTb (pparMeHTbi reHOMa Ha HajiHnne 3K30hob, Ha3biBaioT 
yjiaBJíHBaHHeM 3K3ohob (exon trapping). Ha pmc. 4. n 
noKa3aH npHMep AaHHoro noAXOAa. Mctoa HanHHaeTca 
c co3AaHHH cnjiaHCHHr-BeKTopa, coAepacamero cnjibHbiH 
npoMOTop h pacnojio^ceHHbie 3a hhm Asa MOflejibHbix 
3K30Ha, pa3fle;ieHHbix hhtpohom. nocjie TpaHC(j)eKiiHH 
(BBeAeHra) BeKTopa b mieTKy ero TpaHCKpHnijHH npHBO- 
flHT K (J)OpMHpOBaHHIO ÔOJIblIIOrO KOJIHHCCTBa PHK, COAep- 


acameň nocjieflOBaTejibHOCTH 3 Thx AByx 3K30 hob. BHyrpH 
HHTpOHa pacnojioaceH cneuHa^bHbiH pecTpHKUHOHHbiH 
caňT, Hcnojib3yeMbiH jyin BCTaBKH (J)parMeHTOB reHO- 
Ma H3 HHTepecyioinero peraoHa. Ecjih KJiOHHpOBaHHbiH 
(J)parMeHT He coAepacHT 3K30Ha, to b cxeMe cmiaHCHHra 
H3MeHeHHH He npOHCXOflHT, H PHK COAep)KHT TOJIbKO Te 
(MOAejibHbie) nocjieflOBaTejibHocTH, KOTopbie H3Hana^bHO 
ôbuiH b BeKTope. Ecjih ace AOÔaBJíeHHbíň c})parMeHT reHOMa 
co^ep^cHT qejibiH 3K30H ((J)jiaHKHpOBaHHbiH xoth 6bi nac- 
THHHblMH nOCJie^OBaTeJIbHOCTHMH HHTpOHOB), 3TO npH- 
BOflHT k pacno3HaBaHHio caHTOB cnjiaHCHHra no oôeHM 
CTOpOHaM 3T0ľ0 3K30Ha H eľO BCTaBKe B PHK MOKAy AByMH 
«MOACJIbHbIMH» 3K30HaMH BeKTOpa. OaKT BCTaBKH M05KHO 
oÓHapy^cHTb nyreM oôparaoH TpaHCKpHnijHH PHK b k,D,HK 
c nocjieAyiomeH nojiHMepa3HOH ijenHOH peaKijHH (nu,P), 
npHBOAameH k aMnjiH(J)HKauHH ynacTKa MOKAy AByMa 3K- 
30HaMH BeKTopa. BbmBJíeHHe npoAyKTa nU,P, nojiyneHHoro 
c KJiOHHpOBaHHoro (J)parMeHTa reHOMa, 03HanaeT, hto ao- 
ÔaBJíeHHblH peľHOH COAep)KHT 3K30H. nocKOJibKy b KjieTKax 
2CHB0THHX HHTpOHbl OÓblHHO ÓOJIblIIHe, a 3K30HbI MajieHb- 
Kne, cymecTByeT BbicoKaa BepoaTHOCTb Toro, hto oiynan- 
hhh KyconeK reHOMHOH flHK 6yAeT HMeTb HeoôxoAHMyio 
cTpyKTypy: 3K30H, OKpyaceHHbiH nacTHHHbiMH noc;ieAOBa- 
TeJlbHOCTHMH HHTpOHOB. BAOÔaBOK M02CH0 3aMCTHTb, HTO 
yjiaBJíHBaHHe 3K30 hob MOAejinpyeT coóbiTHH, npoHcxo- 
AHBiiiHe b npoqecce sbojhouhh reHOB (cm. pa3A- 3.8 «KaK 
3BOJiiouHOHHpoBajiH npepbiBHCTbie reHbi?»). 


AilH y/iaB/IMBaHHH 3K30HOB MCnO/lb3yiOT CneUliaJlbHblH BeKTOp 


BeKTop coctomt M3 flByx 3 K 30 hob, coeAMHíiioLUMxcB APyr c ApyroM b TpaHCKpunie 
ľlpoMOTop 5'-caŕíT cn^aŕícMHra S'-caŕíT cn^aŕíCMHra 

1 J i 

3K30H I_|_I 3K30H 

Mhtpoh 

TpaHCKpununfl m crmaŕícMHr; I 
yAaiieHMe nmpoHa w 


ynacTOK reHOMa 


Mhtpoh 3k30H Mhtpoh 
BcraBxa I 
reHOMHoro ynacTKa I 
B MHTPOH >|r 



3K30H I_|_I 3K30H i_ J 

Mhtpoh Mhtpoh 

TpaHCKpnn4Mfl n cruiaíícMHr; I 
yAa/ieHMe MHTpona X 


J3K30H 


PMC. 4.11. flA51 yAaBAMBaHM51 3K30HOB MCnOAb3yiOT CneUMaAbHbIM CnAaMCMHľ-BeKTOp. EcAM B ((jparMeHTe 
reHOMHOÍí flHK ecTb 3K3 oh,to ero nocAeAOBaieAbHocTb oKaweToi b umonAa3MaTHHecKoíí PHK. Ecam we 
4)parMeHT reHOMa coctomt TOAbKo M3 MHTpoHa, cnAaíícMHr a^ct kopoti^k) PHK «nycToro» BeKTopa 
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4.8 


KOHCepBaTMBHOCTb 
opraHM3auMM reHOMa 
n03B0illieT BbMBJlflTb reHbi 


K/iioMeBbie noHflTMB: 


• KoMnbioTepHbie a/iropMTMbi BbiflBjíeHMB reHOB HeMAea/ibHbi, 
m nojiynaeMbie TaKMM o6pa30M flaHHbie HeoóxoflMMO 
KoppeKTMpoBaTb BpyHHyio. 

• ľlceBAoreHbi HeoóxoAHMo oT/iMHaTb ot aKTMBHbix reHOB. 

• YpOBeHb CMHTeHMM Me>KAy He/IOBeneCKHM M Mbl lUH Hbl M 
reHOMaMM oneHb bhcok, HaMÓo/iee aKTMBHbie reHbi jiewaT b 
CMHT eHMHHbix perMOHax. 


Tenepb, Kor^a mh HaynnjiHCb onpeAeJíHTb nojiHbie noc- 
jieAOBaTejibHoc™ tchomob, HaHÔojiee aKTya^bHOH cTaHO- 
bhtch satana jiOKajiH3aijHH reHOB Ha nocjieAOBaTejibHoe- 
th HyKJieoTHAOB. K coaca^eHHio, KOAMpyiomne ynacTKH 
cocTaBjiHK)T jíHKíb Ma^yio nacTb reHOMa. Momio nbiTaTbca 
BblHBJIHTb 3K30HbI KaK CpaBHHTCJIbHO npOTJDKCHHbie OT- 
KpblTbie paMKH CHHTbIBaHHH, (J)JiaHKHpOBaHHbie xapaK- 
TepHblMH AJIH 3K30H-HHTp0HHbIX CTblKOB nOCJieAOBaTeJIb- 
HOCTHMH. Ho, B03M02KH0, CyiIjeCTByiOT AOnOJIHHTeJIbHbie 
KpHTepHH, no3BOJiHiomHe BbiHBHTb Ha «6 c3jihkoh» nocjie- 
AOBaTeJIbHOCTH aKTHBHblH reH? 

Ha pmc. 4.12 noKa3aHO, hto aKTHBHbiH reH aojdkch 

yAOBJíeTBOpHTb CJieAyiOmHM KpHTepHHM: 1) COCTOHTb H3 Ce- 
pHH 3K30 hob, nepBbiH H3 KOTopbix aojdkch 6biTb pacnojio- 
aceH cpa3y 3a npoMOTopoM; 2) BHyrpeHHHe 3K30 hh aojdkhh 
Ô bITb (J)JiaHKHpOBaHbI XapaKTepHbIMH COeAHHHTeJIbHbIMH 
yqacTKaMH pjm cnjiaHCHHra (caňTaMH cmiaHCHHra); 3) 3a 
nOCJieAHHM 3K30H0M AOJDKCH HATH CHraaJI nOJIHa/jeHHJIH- 
pOBaHHH; H 4) OÓ'beAHHÍITb BCe 3TH 3K30HbI BMeCTe AOJDKHa 
Offti2 paMKa CHHTblBaHHH, HaHHHaiOmaflCfl CTapT-KOAOHOM 
h 3aKaHHHBaiomaacH cTon-KOAOHOM. BHyrpeHHHe 3K30 hh 
MOJKHO JI0KaJIH30BaTb KaK OTKpbITbie paMKH CHHTbIBaHHfl, 
(J)jiaHKHpoBaHHbie caňTaMH cmiaHCHHra. B npocTeHiueM 
c^ynae nepBbíň h nocjieAHHH 3K30H BmnonaioT, cootbctc- 


TBeHHO, Hanajio h kohoj KOAnpyiomero peraoHa (mccto 
ero cTbiKa c 5'- h 3 "HeTpaHCJiHpyeMbiMH peraoHaMH). B 
ôojiee cjioacHbix cjiyn aax nepBbin h nocjieAHHH 3K30Hbi mo- 
ryr caMH no ce6e 6biTb HeTpaHCJiHpyeMbiMH peraoHaMH, h 
T or^a BbmBHTb hx 3HanHTejibHO TpyAHee. 

AíiropHTMbi, HcnoAb3yeMbie rjir jiOKajiH3aijHH 3K30H0B, 
HeflocTaTOHHO 3(J)(J)eKTHBHbi b cjiymx, Kor^a reHbi oneHb 
BejíHKH, h 3K30Hbi pacnojioaceHbi RAJiem Apyr ot Apyra. Ha- 
npHMep, b pe3yjibTaTe HanajibHoro aHajiH3a reHOMa nejiOBe- 
Ka, Ha KapTy óbníH HaHeceHbi 170 000 3K30 hob, bxoahiahx b 
cocTaB 32 000 reHOB. 3 to, CKopee Bcero, He cooTBeTCTByeT 
HCTHHe, nocKOJibKy b TaKOM cjiynae Ha reH b cpe^HeM npn- 
xoahtch 5,3 3K30Ha, TorAa KaK /yia nojiHOCTbio oxapaicre- 
pH30BaHHbix Ha ceroAHímiHHH pp Hb reHOB sto 3HaneHHe b 
cpe^HeM cocTaBjmeT 10,2 3K30Ha Ha reH. JIhóo Mbi nponyc- 
KaeM ôojibmoe kojihhcctbo 3K30hob, jihôo ocTaBiiiHeca 3K- 
30HbI AOJDKHbl ÓbITb OÔ'btRUHtHbl B MCHblIiee HHCJIO reHOB. 

flaace Kor^a CTpyicrypa reHa ycTaHoaneHa BepHO, ecTb npo- 
ÔJieMa c oTAejieHHeM aKTHBHbix reHOB ot nceBAoreHOB. Mho- 
rae nceBAoreHbi mo>kho pacno3HaTb no hbhhm Aec})eKTaM (b 
BHAC MHO)KeCTBeHHbIX MyTaiJHH, npHBOAHLAHX K (J)OpMHpOBa- 
HHK) HeaKTHBHOH KOAHpyiOIAeH nOCJieAOBaTeJIbHOCTH). nceB- 
AoreHbi, B03HHKniHe cpaBHHTejibHO HeAaBHO, em,e He ycnejiH 
HaKonHTb AOCTaTOHHoro KOJimecTBa MyrauHH, h hx Moacer 
ôbiTb cjio>kho pacno3HaTb. B KanecTBe apKoro npHMepa mo>kho 
npHBecTH MbiiiiHHbiH ľtH Gapdh (KOAHpyiomHH rjiHqepajibAe- 
rnA(í>oc(J)aTAerHAporeHa3y). Y Mbimen BCTpenaeTca jiniiib OAHa 
aKTHBHaa Konna 3Toro reHa h okojio 400 nceBAoreHOB. Okojio 
CT a H3 hhx npn nepBHHHOM aHa;iH3e reHOMa Bbir^Ae^H aK- 
THBHblMH, H PJ1R HCIOIK)HeHH5I HX H3 CnHCKa aKTHBHblX reHOB 
noTpeóoBajiacb oTAe^bHaa npoBepKa Ka^KAoro. 

flonojiHHTeAbHbiM noATBep>KAeHHeM Toro, hto reH 
aKTHBeH, MoaceT cAy^cnTb cpaBHeHHe ynacTKOB reHOMOB y 
pa3Hbix bhaob. ľeHOMbi HejiOBeKa h MbiiiiH npeTepneAH 3Ha- 
HHTejibHyio peopraHH3aiiHio. 3 to bhaho xoth 6bi no TOMy, 
hto raraoHAHbiH reHOM nejiOBeKa coctoht H3 23 xpoMO- 
com, a MbiiiiH — H3 20. OAHaxo Ha ypoBHe oTAeAbHbix pera- 


3K30Hbi onpeAejiíuoTCfl no 4>iiaHKiipyioi4HM nocneAOBaTenbHocrnM m OTKpbiTbiM paMKaM cmiTbiBaHHn 



PMC. 4.12. 3k30hw reHOB, KOAHpyioiAMX óe^KH, onpeAejiaioTCfl KaK KOAnpyK)unne ynacTKH, cj3/iaHKM- 
poBaHHbie onpeAeAeHHbiMM oirHaAbHbiMM noc/ieAOBaieJibHOCTBMM (m HeipaHCjuipyeMbiMM ynacTKa- 
MM, UTR, nO OÓOMM KOHI43 m). noCJieAOBaTeAbHOCTM 3K30HOB 4)OpMMpyK)T OTKpbITbie paMKH CHMTblBa- 
HMB C COOTBeTCTByIOIAM M M CT3pT- M CT0n-K0A0H3MH 


74 ľJlABA 4 CrpyKTypa reHOMa 


















ohob nopaAOK pacnojioaceHHH reHOB b ľ£ji om noxoxc npn 
cpaBHeHHH roMOJiorHHHbix ynacTKOB reHOMOB HejiOBena h 
M biiiiH cymecTByeT tchachiiha h k roMOJiorHH reHOB. Taxyio 
B3aHMOCBa3b Ha3biBaiOT chhtchhch (synteny). 

Ha P M c. 4.13 noKa3aHa CBA3b MOK/iy nepBon xpoMOCO- 
MOH MblIIIH H HaÔOpOM XpOMOCOM HCJIOBCKa. B MblIIIHHOH 
xpoMocoMe Mbi MOxceM oÓHapy^cHTb 21 cerMem, HMeiomHH 
CHHTeHHbix napTHepoB b xpoMOCOMax nejiOBeKa. CTeneHb 
nepeTacoBKH, npoH3omeAiiieH b reHOMax, BbipaxcaeTca b 
TOM, HTO 3TH CerMCHTbl pa36pOCaHbI no HieCTH pa3JIHHHbIM 
xpoMocoMaM nejiOBeKa. Cba3h noxoxcero rana mo>kho m ň- 
TH BO Bcex MbiniHHblX XpOMOCOMaX, KpOMe X-XpOMOCOMbl. 
9to oó^acHacTca tcm, hto X-xpoMOCOMa — ocoôbin cjiynan, 
ee CTpyKTypa bo mhotom 3aBncnT ot KOMneHcaTopHbix Mep, 
HeoóxoAHMbix rjw cniaxcnBaHra pa3;iHHHH MOK/iy caMya- 
MH (HMeiOIIJ.HMH ORHy KOnHK) X-XpOMOCOMbl) H CaMKaMH 

(nMeioiij.HMH ABe Konnn) (cm. pa3£. 31.5 «X-xpomocomh 
npeTepneBaiOT nioôa^bHbie H3MeHeHra»). 3to noBbiinaeT 
AaB^eHne OTÔopa, HanpaBJíeHHoe npoTHB nepeHoca reHOB 
b X-xpoMOCOMy hjih H3 Hee. 

CpaBHeHne tchomob nejiOBeKa h Mbirnn noKa3biBaeT, 
hto >90% nooieAOBaTe^bHOCTen xa^oro H3 tchomob ;ie- 
mT b CHHTeHHbix 6;iOKax, BapbHpyK)nj,Hx no pa3Mepy (ot 
300 TnH r o 65 MnH). Bcero oÔHapyxcHBaeTca 342 chhtch- 
hhx cerMema, cpeAHen ajihhhoh okojio 7 MnH (0,3% ot 
Bcero reHOMa). 99% npoyeHTOB MbiinnHbix tchob hmciot 
tomojiotob b reHOMe nejiOBeKa; 96% sthx tomojiotob mxo- 
AHTca b CHHTeHHbix perHOHax. 

CpaBHeHne tchomob pacKpbmaeT nmepecHyK) oco- 
óeHHOCTb sbojiioiihh bhaob. Hhcjio ceMeňCTB reHOB y ne- 
jiOBeKa n mmiiih OAHHaKOBO, a ochobhoc pa3;iHHHe MOK^y 
BH/^aMn BbipaxcaeTca b pa3;iHHHOH npe/jCTaBjíeHHOCTn on- 
pe/íe^eHHbix ceMeňCTB b orhom h ApyroM reHOMax. 3to 
ocoóeHHO 3aMeTHO b cjiynaax c reHaMH, BJimiomHMH Ha 
(j)eHOTHnHHecKne npn3HaKn, cneyn(})HHHbie pjin AäHHoro 
BH^a. 1Í3 25 rnnpoKO npeAcraBJíeHHbix ceMeňCTB reHOB y 
Mbimeň 14 co/jepacaT reHbi, oTBeTCTBeHHbie 3a penpoAyx- 
ijhk) rpbi3yHOB, n 5 — reHbi, cneyH(})HHHbie Rím nx HMMyH- 
HOH CHCTeMbl. 

riOATBep^KAeHHeM Ba>KHOCTH CHHTeHHblX ÔJIOKOB hb- 

jiaeTca nonapHoe CpaBHeHne coAepxcanj.nxca b hhx tchob. 
ľlpn noncxe B03M0)KHbix nceBAoreHOB (ocHOBaHHOM Ha 
cpaBHeHHH noc^eAOBaTejibHOCTen) reH, pacnojioxceHHbin 
BHe CHHTCHHOTO ÔJioxa (to ecTb kohtckct KOTOpOTO OT- 
jiHHaeTca y A^yx bhaob), c npnMepHO b rb% pa3a ôojibiiieH 
BepoaTHOCTbK) flBJweTca nceB^oreHOM. Taioce h TpaHOiOKa- 
yna, pacnojioxceHHaa BHe hcxoahoto Jioicyca, CKopee Bce- 
ro, CBH3aHa c B03HHKH0BeHneM nceB^oreHa. HeAOcraTOK 
tomojiothhhoto reHa b chhtchhoh no3HĽ(HH noAKpemweT 
yBepeHHOCTb b tom, hto HaôjnoAaeMbin reH b ^encTBHTejib- 
hocth flBjmeTca nceBAoreHOM. B ye;iOM >10% tchob, bm- 
HBJíeHHbix b xo/je nepBHHHoro aHa^H3a reHOMa, Ha caMOM 
Ae;ie BBJíaiOTca nceBAoreHaMH. 

Kax npaBHjio, CpaBHeHne tchomob roizct npoyecc 
pacno3HaBaHHfl tchob 6o;iee 3(Jx})eKTHBHbiM. Kor^a nooie- 
/^OBaTeJIbHOCTH OCOÔeHHO KOHCepBaTHBHbl (HanpHMep, KaK 
MOKJiy MbinibK) H HeJIOBeKOM), BepOBTHOCTb TOTO, HTO OHH 
HBJIfllOTCfl aKTHBHbIMH TOMOJIOTaMH, B03paCTaeT. 


CnHTeHHbte 6 /i o km BapbiipyiOT no AflMHe 
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PMC. 4.13. ľlepBaíi xpoMOCOMa MbiuiM coctomt M3 21 cerMema a^mhom 
ot 1 flo 25 MnH, cMHTeHHbix ynacTKaM mecTM xpomocom ne^OBeKa 

OnpeAe^eHHe tchob, KOAHpyK)nj,Hx CTpyKTypHbie 
PHK, — 6o^ee oiomiaa satana, nocKOJibKy mh He MO)KeM 
BOCnOJIb30BaTbCfl KpHTepneM OTKpbITOH paMKH CHHTblBa- 
HHB. O/íHaKO h b stom cjiynae cpaBHeHHe tchomob noBbi- 
rnaeT TOHHOCTb aHa^H3a. HanpHMep, cpaBHeHHe tchomob 
ne;iOBeKa h MbiníH oÔHapy^cHBaeT oko^o 500 reHOB, koah- 
pyK)nj,Hx tPHK, OAHaKO cpaBHeHHe hx no3HyHOHHbix oco- 
ôeHHOCTen no3BO^aeT cxa3aTb, hto He 6o;iee 350 H3 hhx b 
K23KROM reHe aBJUHOTCa aKTHBHbIMH. 


Q| B opraHe/uiax ecTb 
coócTBeHHan AH K 


K/HoneBbie noHííTMíi: 


• Mmtoxohapmm m x^opon/iacTbi o6/iaAaiOT coócTBeHHbiMM 
reHOMaMM, AeMOHCTpnpyioiAMMM HeMeHAe/ieBCKoe Hac/ieAOBaHMe. 
06biHHo ohm HacjieAyiOTCfl no MaTepMHCKoŕí /imhmm. 

• ľeHOMbi opraHe/ui pacTeHMŕí MoryT npeTepneBaTb coMaTMnecKyio 
cerperaAMK). 

• AHa/iM3 MMTOxoHApnajibHOÍí flHK noKa3biBaeT, hto /iioam 
npoM30ĽJ/iM ot oahom >KeHLLiMHbi, >KMBiijeM b AcJjpMKe 200 000 /ieT 
Ha3aA. 

nepBbiM aoboaom, TOBopaiyHM b no;ib3y HajiHHHa tchob 3 a 
npeAe^aMH a^pa, noc^yxcraH AaHHbie o hcmchacjicbckom 
H aaieAOBaHHH npn3HaKOB y pacTeHHH (no^yneHHbie b Ha- 
Ha^e RB2Rl\2TOTO BtK2 Cpa3y noc^e BTOpHHHOrO OTKpbITHa 
3aKOHOB MeHAejia). HeMeHAe^eBCKoe Hac^e^OBaHMe hhot- 
Aa CBfl3biBaioT c c})eHOMeHOM coMaTHnecKOH cerperauHH. 
npHHHHa h y toto, h y Apyroro o^Ha: 

• HeMeHAe^eBCKoe HaaieAOBaHne onpeAejmeTCB oTcyrc- 
tbhcm MeHAejieBCKoro pacnj,eraeHHa poAHTejibCKnx 
npH3HaKOB y noTOMKa. Oho OTpaxcaeT HeAOCTaTOHHyio 
CBa3b MexcAy xapaKTepoM paciyerneHra h noBe^eHMeM 
xpomocom b Meno3e. 

• CoMaTHHecKaa cerperayra onHCbmaeT (Jjchomch, npn 
KOTOpOM pOAHTeJIbCKHe npH3HaKH paCXOAHTCB no 
pa3HbIM COMaTHHeCKHM KJieTKaM, (})OpMHpya, TaKHM 
oópa30M, pa3HopoAHOCTb opraHH3Ma. CoMaTHnecKaa 
cerperay™ — Ba^KHaa ocoôeHHOCTb pa3BHTra pacTe- 
hhh, nocKO^bKy OHa OTpaxcaeT HeAOCTaTOHHyio cyen- 
jieHHOCTb pa3Aejunonj,eroca npH3HaKa h noBeAeHra 

XpOMOCOM npH MHT03e. 
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Tokum o6pa30M, HmendejieecKoe nacjiedoeanue u co- 
Mammecmn cezpezat^m Mozym ôumb ucnojib3oeanu dm 
oônapyotceHm zeme, Haxodmywccn ene ndpa u ne nodnu- 
mvju^uxcH 3aK0Hcm pacnpedejienm zomojiozuhhux xpo- 
mocom no zcmemcm u donepnim KJiemKcm npu noMOu^u 
MeuommecKozo mu Mumommeacozo eepemena dejienun. 
Ha pmc. 4.14 noKa3aH npHMep, Kor/ja noAOÓHaa CHTyaiira 
B03HHKaeT, ecjiH mhtoxohaphh, HacjieflyeMbie ot caivma h 
caMKH, coAepxcaT pa3JiHHHbie ajmejiH h a onepmiíi K/ieTKa 
cjiynaHHO noJiynaeT oahh m BapnaHTOB, (JjopMHpya npn 
3T0M HeCÓaJiaHCHpOBaHHblH Haóop MHTOXOHAPHH, COOT- 
BeTCTByK)LU,HX MHTOXOHApHflM ORHOľO H3 pOAHTCJieH (CM. 

pa3fl. 17.12 «Kax nponcxoAHT pemíHKaiiHaa h cerperaiira 
flHK B MHTOxoHAprax ayKapHOT?»). 

Kpaňmifl popína HeMeH/jejieBCKoro Hacjie/jOBaHra — 
odnopodumejihCKoe Hacnedoecmue , Korjja Hacjie,oyeTai reHO- 
™n TOJibKO offtíoro H3 poAHTejieň, a reHoran BToporo po/jH- 
Tejia nocToaHHO TepaeTca. B MeHee «KaTeropmHOM» cjiynae 
noTOMCTBO c reHoranoM ojiHoro m poAHTejien npeoóJia^aeT 
Hafl noTOMCTBOM, HaoieAyioiij.HM Apyron reHoran. 06bin- 
ho npeAnoHTHTe^bHee Hacjie^yeTca MaTepHHCKHH reHoran 
(jih6o Haoie^yeTca TOJibKO oh). 3to aBJíeHne HHOiAa onn- 
CbiBaKrr TepMHHOM MaTepHHCKoe HacjieflOBamie. 3^ccb 
BaxcHO to, hto b noTOMCTBe npeoĎJiaAaeT reHoran poAHTejm 
OAHoro nojia, hto BbipaacaeTca b aHOMajibHOM pa3AejieHHH 
npH3HaKOB npH CKpem,HBaHHH MyTama h ahkoid rana. 3Ta 
CHTyaura KOHTpacTHpyeT c 3aKOHaMH MeHAejieBCKOH reHe- 
thkh, Kor/ja npH peiiHnpoKHbix CKpemHBaHrax npH3HaKH 
o6ohx poAHTejieň Haoie^yiOTca b paBHOH cTeneHH. 

OTKJIOHeHHfi B Iipe/íCTaBJíeHHOCTH pO^HTeJIbCKHX reHO- 
THnoB (})opMHpyK)Tca bo BpeMa hjih BCKope nocjie (})opMH- 
poBaHra 3HroTbi. CymecTByeT mhoxccctbo B03M0JKHbix npn- 
HHH TaKHX OTKJIOHCHHH. ĽKJiaA MaTepHHCKOH H OTI^OBCKOH 
HH(J)OpMailHH B OpraHeJUIbl 3HTOTbI MOJKCT ÔbITb HepaBH03- 
HanHbiM (a b HeKOTopbix cjiynaax stot BKjiaA ocymecTBJía- 
eT TOJibKO oahh H3 poAHTejien). PiHorjia BK/ia/jbi paBHbi, ho 
HH( t)opMaiira, npe/íOCTaB^aeMaB oahhm H3 poAHTejieň, no 
KaKHM-TO npHHHHaM sjiHMHHHpyeTca. BcTpenaiOTca Taioxe 
H KOMÔHHailHH nepeHHCJICHHblX 3(J)(J)eKTOB. KaKOH 6bl HH 
6buia npHHHHa «HeHopMajibHoro» Hacjie/jOBaHra npH3Ha- 
kob, HepaBHaa npe/jcraBJíeHHOCTb poAHTejibCKon HH(})op- 
Mai^HH KOHTpacTHpyeT c paBHOMepHbiM pacnpeAe^eHHeM 
3TOH HH(J)OpMailHH B RJipt. 

ľlpHHHHOH HeMeHjie^eBCKoro HacjieAOBaHra ABjraeT- 
ca HajiHHHe tchomob b mhtoxohaphjix h xjioponjiacrax, 
HaoieAyeMbix He3aBHCHMO ot a^epHbix reHOB. ľlo cyTH, 
reHOMbi opraHejni npe/íCTaBJunoT co6oh ^HK, (})H3HHecKH 
H30JiHpoBaHHyio b onpeAejieHHon nacra kjictkh h cc})op- 
MHpoBaBinyio coócTBeHHbie MexaHH3Mbi sKcnpeccHH h pe- 
ryjuniHH. TeHOMbi opraHe™ Moryr KOAHpoBaTb HeKOTopbie 
hjih a axce Bce coócTBeHHbie PHK, ho b to -5Ke BpeMfl ko/íh- 
pyiOT TOJibKO HeKOTopbie H3 ôejiKOB, HeoóxoAHMbix jyia 
no/mepjKaHHa jKH3He/jeaTejibHOCTH opraHe^Jibi. OcTa^bHbie 
óejiKH 3aKOAHpoBaHbi b ímepHOH RHK h, 3KcnpeccHpyacb 
nepe3 iiHTon/ia3MaTHHecKHH annapaT CHHTe3a ôejiKOB, hm- 
nopTnpyiOTca b opraHejuibi. 

TeHbi, HaxoAHiu.Heca BHe ímpa, Ha3bmaioT BHen^epHbi- 
mh; ohh TpaHCKpHÔHpyioTca h TpaHOiHpyiOTca B moú Me 


HepaBHoe pa3Ae/ieHwe 

MOWeT npMBOAMTb K COMaTHMeCHMM M3MeHeHHHM 



PMC. 4.14. Ecjim a/uie/iM MmoxoHApna/ibHOÍí flHK onia m Maiepu ot- 
jiMnaioTCfl, AonepHflfl K/ieTKa HeceT flBa Ha6opa MmoxoHflpua^bHbix 
flHK. B pe3y/ibTaie Mmo3a oóbiHHo ctJopMupyeicfl AOHepHaíi K/ieT- 
xa c o6ommm Ha6opaMM. Ecjim b pe3y/ibTaie HepaBHoro pa3fle/ieHMB 
(JjOpMMpyeTCB AOHepHflfl K/ieTKa C OAHMM HaÓOpOM, MOryT B03HMKaTb 
COM3TMHeCKMe M3MeHeHMB 

opraHejme (mhtoxoh^phh hjih xjioponjiacTe), b kotopoh 
ohh pacnojioxceHbi. HanpoTHB, ndepnue reHbi SKcnpeccH- 
pyiOTca nocpejíCTBOM t^umomamammecKozo CHHTe3a 
ôejiKOB (HHor/ía /pw onncaHra noBeAeHra reHOB, pacno- 
jioxceHHbix b opraHejmax, Hcnojib3yiOT TepMHH i^HTon- 
jia3MaTHHecKaa Hacjie^cTBeHHocTB. Mbi He óy^eM ero 
Hcnojib30BaTb, nocKOJibicy Ba^CHO pa3AejmTb coóbiTra, npo- 
HCxoAHiu.He b UHTonjia3Me h coócTBeHHO b opraHejuiax). 

BbícniHe ^CHBOTHbie AeMOHCTpnpyioT MaTepHHCKoe 
HacjieAOBaHHe, oČTacHíieMoe TeM, hto mhtoxohaphh ne- 
pe^aiOTca HCKjnoHHTejibHO nepe3 aňiieKjieTKH (h HHKorj^a 
He nepe^aiOTca co cnepMaT030H£0M). Ha pmc. 4.15 noxa3a- 
ho, hto BKjiaA cnepMaT030Hji,a coctoht TOJibKO b nepekne 
KonHH /mepHOH jĎ,HK. TaKHM o6pa30M, MHTOxoHApnajib- 
Hbie reHbi nepe/jaiOTai HCKjnoHHTejibHO no MaTepHHCKOH 
JIHHHH, a no OTU.OBCKOH B KaJKJíOM CJiejiyiOIIJ.eM nOKOJieHHH 
ohh TepaiOTca. 

YcjiOBHa b opraHejuie OTjiHnaiOTca ot /mepHbix, nosTO- 
My flHK b opraHejuiax SBOJiioiiHOHHpyeT no coócTBeHHOMy 
nyTH. Ecjih Hacjie/jOBaHHe OAHopoAHTejibCKoe, to peKOMÔH- 
Hai^HH Mexc/iy poAHTejibCKHMH reHOMaMH 6biTb He mojkct. 
Ha caMOM ^ejie peKOMÔHHaiira He nponcxoAHT h b Tex 
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MTflHK HíMBOTHbix HaaieAyeicji OT MaTepH 



PMC. 4.15. flHK, coAepwamaacfl b cnepMaT030Mfle, npoHMKaeT b m- 
uemieTKy m (JjopMupyeT npoHyK/ieyc, oflHaKO Bce mmtoxohapmm npe- 
floaaB/iflioTCfl flŕíueK-neTKOM 


caynaax, Koiyja reHOMbi opraHeaa HacaeAyiOTCfi ot oôohx 
poaHTeaen. 

flHK opraHeaa HMeeT otjihhhyio ot a/^pa chctcmy pen- 
jíHKaiiHH; b pe3yabTaTe nacTOTa B03HHKH0BeHra oiiihôok, 
coBepmaeMbix bo BpeMa penaHKai^HH, moxcct Taioxe otjih- 
aaTbca ot *mepHOH. Y MJieKonmaioiij.Hx MHTOxoHApnaab- 
Haa flHK HaxanaHBaeT MyTau,HH ôbiCTpee, neM a^epHaa, a y 
pacreHHň — Me,zyieHHee (b xaoponaacTax cnopocTb Haxon- 
jieHna MyTai^HH AeMOHCTpHpyeT cpeAHee 3HaneHHe). 

Oahhm H3 nocaeACTBHH MaTepHHCKoro HacaejiOBaHHa 
HBjíaeTca to, hto noeaeAOBaTeabHOCTb MHToxoHApHaab- 
hoh fl HK ôoaee nyBCTBHTeabHa k yMeHbineHHio nonyaaijHH 
ocoôen, cnocoÓHbix k pa3MH05KeHHio, neM nocaeAOBaTeab- 
HOCTb a^epHoň flHK. CpaBHeHHe noeaeAOBaTeabHOCTeH 
MHTOxoHApHaabHOH fl HK Ha ypoBHe HeaoBenecKHx nony- 
aai^HH no3BOJiaeT peKOHCTpynpoBaTb pacnpocTpaHeHHe 
Homo sapiens. Pacxoa^eHHe MOKAy MHToxoHApnaabHHMH 
flHK neaoBeKa AOCTHraeT 0,57%. OKa3aaocb, hto mo>kho 
nocTpoHTb (J)HjioreHeTHHecKoe AepeBO, b kotopom Bapn- 
aHTbi mhtoxohaphh pacxoAATca ot oômero (ac})pHKaHCKO- 
ro) npeAKa. CnopocTb, c KOTopon MHTOxoHApHaabHaa flHK 
HaKaiuiHBaeT MyraiiHH, cocTaBaaeT 2-4% 3a mutjihoh aeT, 
hto npHMepHO b 10 pa3 óbiCTpee, neM Ta ace cnopocTb rjw 
reHOB raoÔHHOB. Taxaa cnopocTb MyrapoBaHna no3BOJiaeT 


AarapoBaTb Hanaao 3BoaioiiHOHHoro nepHOAa b AHana30He 
ot 140 000 ao 280 000 aeT Ha3aA. 3 to 03HanaeT, hto paca 
jHO/jetí npoH3omaa ot aceHmHHbi, xcHBineH b A(})pHKe npn- 
MepHO 200 000 aeT Ha3aA. 
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TeHOMbi opraHe/ui — 
KO/ibueBbie AH K. b KOTopbix 
3aKOflMpOBaHa HH^OpMaUMfl 
o HeKOTopbix 6e/iKax opraHe/i/i 


KjnoneBbie noHHTua: 


• ľeHOMbi opraHean oóbiHHO (ho He Bceraa) npeACTaBJíeHbi 
KO/ibueBbiMM MOJieKy/iaMM flHK. 

• ľeHOMbi opraHe/ui KOAMpyiouo/ibKO HeKOTopbie M3 6e/iKOB 
opraHe/ui. 


BoabiiiHHCTBO reHOMOB opraHejui npeACTaBJíaioT coôoh 
eAHHCTBeHHyio KoabiieByK) MoaeKyay flHK c yHHKaabHOH 
nocaeAOBaTeabHOCTbK) (o6o3HanaiOT Kax MTflHK b mhto- 
xoHApnax h xaflHK b xaoporuiacTax). CymecTByeT HecKoab- 
KO HCKJIIOHeHHH, J 1 JW KOTOpblX MHTOXOHflpHaabHafl flHK 
npeflCTaBaeHa He KoabiieBOH, a aHHeňHOH MoaeKyaoň (TaKHe 
caynaH, Kax npaBHJio, xapaKTepHbi /yia hh3iuhx oyKapnoT). 

Oôhhho b KaacAoň opraHejuie cymecTByeT HecKoabKO 
KonHH reHOMa, a nocKoancy b KaeTKe npHcyrcTByeT mho- 
ro opraHeaa flaHHoro THna, Ha o^Hy KneTKy, b kohchhom 
cneTe, npHxoAHTca óojibinoe KoannecTBO OAHHaKOBbix re- 
homob. TaKHM oôpa30M, HecMOTpa Ha to hto caM no ce6e 
reHOM opraHejuibi yHHKaaeH, no nacTOTe BCTpeHaeMOCTH b 
K aeTKe oh conocTaBHM c aAepHon BbicoKonoBTopaiomeHca 
noeaeAOBaTeabHOCTbio. 

ľeHOMbi xaoponaacTOB hmciot cpaBHHTeabHO óoabinne 
pa3Mepbi — o6hhho OKoao 140 toh y BbícniHx pacTeHHH h 
AO 200 TnH y OAHOKaeTOHHbix. Ohh conocTaBHMbi no pa3- 
Mepy c reHOMOM KpynHoro 6aKTepHO(})ara (HanpnMep, (J)ara 
T4, reHOM KOToporo AOCTHraeT 165 toh). Ha o/jHy Kaency 
oóbiHHO npHxoAHTca MHoacecTBO KonHH xaoponaacTOB 
(HecKoabKO AecaTKOB), h b Kaa<AOH opraHeaae co/jepacnTca 
MHoacecTBO KonHH reHOMa (oôhhho ot 20 jip 40 /yia Bbi- 
cniHx pacTeHHH). 

Pa3Mepbi noaHbix MHTOxoHApnaabHbix reHOMOB Moryr 
pa3aHnaTbca ôoaee neM Ha nopa^OK MHTOxoHApHaabHbie 
reHOMbi acHBOTHbix Maabi — y MaeKonHTaiomHx ohh ao 
CTH raiOT npHMepHO 16,5 TnH. B KaeTKe oôhhho HaxoAHTca 
HecKoabKO coTeH mhtoxohaphh, h KaacAaa mhtoxohapha 
coAepacHT MHoacecTBO KonHH flHK. ĽMecTe c TeM cyMMap- 
Hoe KoannecTBO MHTOxoHApHaabHOH flHK no cpaBHeHHio c 
HAepHon flHK AOBoabHO Maao — MeHee 1%. 

MHTOxoHApHaabHbin reHOM ApoaoKen 3HanHTeab- 
ho ôoabiue, neM y xchbothhx. Ero pa3Mep y pa3aHHHbix 
niTaMMOB S. cerevisiae BapbHpyeT b niHpoKnx npeAeaax, 
cocTaBaaa b cpeAHeM OKoao 80 TnH. B ApoacaceBOH KaeTKe 
coAepacHTca OKoao 22 mhtoxohaphh, Kaa<Aaa H3 kotophx 
coAepacHT npHMepHO 4 KonHH reHOMa Ha opraHeaay. B pac- 
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TymHX KJieTKaX ROJW MHTOXOHApHaJIbHOH flHK MOXCeT A o- 
craraTb 18% ot cyMMapHOň flHK kjictkh. 

Y pacreHHH pa3Mepw MHTOXOHApHaJIbHOH flHK BapbH- 
pyK)T b niHpoKHx npeAejiax; ee MHHHMajibHbíň pa3Mep co- 
CTaBjmeT npHMepHO 100 tiih. floBOJibHO cjiojkho BbmejíHTb 
flHKTaKoro pa3Mepa b HenoBpoKAeHHOM BHAe, oAHaxo pec- 
TpHKLÍHOHHOe KapTHpOBaHHe, BbinOJIHCHHOe PJW HeCKOJIb- 

khx pacTeHHH, no3BOJiaeT yTBep^aTb, hto hx mhtoxoha- 
pnajibHbiH reHOM npeAcraBjíeH eAHHCTBeHHOH KOJibijeBOH 
MOJieKyjioň flHK. B npeAejiax OAHoro reHOMa BCTpenaiOTca 
KopoTKHe roMO^orHHHbie nocjie/íOBaTejibHOCTH. Pckomôh- 
Haura MOKAy sthmh sjieMeHTaMH npHBOAHT k BbimemieHHio 
MajieHbKHx cyôreHOMHbix KOJibiieBbix MOJiexyji, cocymecr- 
ByK)LU,Hx c no;iHopa3MepHbiM «opHrHHajibHbiM» tchomom. 
3to apKHH npHMep cjiojkhocth opraHH3auHH mhtoxoha- 
pHajibHoň flHK pacTeHHH. 

Pacnojiaraa nocjieAOBaTejibHOCTflMH MHTOxoHApnajib- 
hhx reHOB MHorax opraHH3MOB, Mbi MOxceM npeACTaBHTb 
OCHOBHyiO exeMy (})yHKIJHOHHpOBaHH5I MHTOXOH/jpHaJIb- 
hoh flHK. Ha P M c. 4.16 npHBeAeH pa3Mep h reHHbíň cocTaB 
HeCKOJIbKHX MHTOXOH^pHaJIbHblX reHOMOB. 06lB.ee HHCJIO 
reHOB, KOAHpyK)mHX ÔeJIKH, AOBOJIbHO MaJIO H He KOppe- 
jiHpyeT c pa3MepoM reHOMa. ľeHOMbi mhtoxohaphh Mjie- 
KonHTaiouj,Hx (pa3MepoM Bcero 16 toh) KOAHpyiOT 13 6en- 
kob, Tor/ía Kax b mhtoxohaphjix ApoaoxeH (coAepxcamHx 
reHOMbi pa3MepoM ot 60 ao 80 rim) 3aKOAHpoBaHO JiHinb 
BoceMb ôejiKOB. Y pacTeHHH 3HanHTejibHO ôojibuiHe no pa3- 
Mepy MHToxoHApnajibHbie reHOMbi KOAHpyiOT h ôojibmee 
HHCJIO ÔeJIKOB. PiHTpOHbl eCTb B ÔOJIblIIHHCTBe MHTOXOHA - 
pnajibHbix reHOMOB (3a HCKjnoHeHHeM MajieHbKHx MHTore- 
HOMOB MJieKOnHTaiOUJ,HX). 

flBe KjnoneBbie pPHK Bcer/ja KOAHpyioTca mhtoxoha- 
pnajibHbiMH reHOMaMH. Kojihhcctbo tPHK, KOAHpyeMbix 
MHTOxoHApnajibHbiMH reHOMaMH, BapbHpyeT ot Hyjui a o 
no;moro Haôopa (b mhtoxohaphjix 23-26). 3to oó'bacraeT 
BapHauHio noKa3aTejieň Ha pne. 4.16. 

OCHOBHOH KOAHpyK)UJ,HH nOTCHIJHaJI MHTOXOHApHaJIb- 
hbix reHOMOB cocpeAOToneH b pemoHax, coAepxcamHx reHbi 
(})epMeHTOB AbixaTe;ibHbix KOMrniencoB I-IV. y npoTHCT h 
pacTeHHH B MHTOXOHAPHBX 3aKOAHpOBaHO MHOXCeCTBO PH- 
ôocoMa^bHbix ôejiKOB, OAHaxo hx Majio hjih npaKTHnecKH 
HeT b MHTOxoHApnajibHbix reHOMax rpHÔOB h jkhbothmx. 
y MHOrHX npOTHCT B MHTOXOHApHBX eCTb TeHbl, KOAHpyiO- 
mne óejiKH, BOB^eneHHbie b npoiieccbi HMnopTa BenjecTB b 

MHTOXOHAPHH. 


MMToxoHApwa/ibHafl flHK KOAMpyeT PHK m 6e/iKM 


Tpynnbi 

OpraHM3MOB 

Pa3Mep 

(rnH) 

ľeHbi, 

KOAupytOLUne 

óejiKM 

ľeHbi. 

KOAupyiOLUMe 

PHK 

Tpnóbi 

19-100 

8-14 

10-28 

ľlpocTeŕíiĽMe 

6-100 

3-62 

2-29 

PacTeHMA 

186-366 

27-34 

21-30 

>KMBOTHbie 

16-17 

13 

4-24 


P M C. 4.16. MmoxoHflpua/ibHbie reHOMbi coAepwaT reHbi, KOAMpyio- 
mne 6e/iKM (b ochobhom KOMruieKCbi I-IV), pPHK n tPHK 


MnT0X0HApnajibHaji AH K mojkct 

MMeTb pa3/iMHHyK) apyKTypy 


KjnoneBbie nonmun: 


• MmOXOHApMaAbHaB flHK WMBOTHOÍÍ KJieTKM Hepe3BblHaíÍHO 
KOMnaKTHa n, Kax npaBM.no, KOAupyeT Bcero 13 6e/iKOB, 2 pPHK 
m 22 tPHK. 

• MmoxoHApMa/ibHbie reHbi Apo>K>KeM C0Aep>KaT 6oAbiiJMe 
MHTpoHbi, noaTOMy mx MMTOxoHApna/ibHbiíí reHOM b 5 pa3 
A/lMHHee, HeM MTflHK >KMBOTHblX. 

MHTOxoHApnajibHaa flHK xchbothhx opraHH30BaHa npe3- 
BbinaHHO KOMnaKTHO. npH nOApOÓHOM paCCMOTpeHHH op- 
raHH3aiiHH MHTOxoHApna^bHbix reHOB pa3^HHHbix rpynn 
xcHBOTHbix oÓHapyxcHBaiOTca 3HanHTe;ibHbie pa3JiHHHa, 
npH 3TOM OCHOBHOH npHHĽ(Hn COXparaeTCB: MaJieHbKHH 
reHOM KOAHpyeT orpaHHneHHoe hhc^o (J)yHKiiHH. Mhto- 
xoHApna^bHbie reHOMbi M^eKonHTaiouj,Hx He otkhohb- 
iotch ot 3Toro npaBraa. B hx MHTOxoHApna;ibHbix reHax 
HeT hhtpohob, HexoTopbie reHbi nepeKpbiBaiOTca, h non- 
th KaacAaa napa ocHOBaHHH npHHaAAOKHT KaxoMy-^HÓo 
reHy. 3a HCKjnoHeHHeM D-neT^H (perHOHa, OTBenaiomero 
3a HHHIlHaiIHK) penJIHKaU,HH flHK), K Mexaj,HCTpOHHbIM 

ynacTKaM moxcho othccth He 6o;iee 87 H3 16 569 nH mh- 
ToxoHApna^bHoro reHOMa HejiOBexa. 

no^Hbie HyxjieoTHAHbie nocjieAOBaTejibHOCTH mhto- 
xoHApna^bHbix reHOMOB xchbothhx ACMOHCTpnpyK)T 3Ha- 
HHTejibHoe cxoactbo. KapTa MHToxoHApnajibHoro reHOMa 
HeBOBexa npeACTaB^eHa Ha P n c. 4.17. Ha Hen HMeioTca 
13 perHOHOB, KOAHpyioniHx ôejiKH. Bce ôcjikh flBJunoTca kom- 
noHeHTaMH annapaTa, CBB3aHHoro c KJieTOHHbiM AbixaHHeM. 

K HHM OTHOCBTCB U,HTOXpOM fe, TpH Cy6beAHHHU,bI IJHTOXpOM- 
OKCHAa3bi, OAHa H3 cyÓTeAHHHu, ATOa3bi h ceMb cyÓTeAHHHu, 
(hjih CBH3aHHbix ócjikob) NADH-AerHAporeHa3bi. 

ríHTHKpaTHoe pa3JiHHHe b pa3Mepax MHToxoHApnajibHbix 
reHOMOB S. cerivisiae (84 ttih) h MJiexonHTaioiAHx (16 tuh) 
npeAynpe^AaeT Hac o tom, hto BonpeKH cxoACTBy BbinojiHa- 
eMbix mhtoxohaphhmh (JjyHKL^HH b hx reHeTHHecKOH opraHH- 
3aiiHH AOJixcHbi cyu^ecTBOBaTb 3HanHTejibHbie pa3JiHHHa. Ecjih 
cyAHTb no HHCJiy BbinojiHaeMbix mhtoxohaphhmh (JjepMeHTa- 
THBHblX (})yHKUHH, TO KOJIHHeCTBO SHAOreHHO CHHTe3HpyeMbIX 
npoAyxroB aojdkho 6biTb cxoAHbiM. KaxoBa xce pojib AonojiHH- 
TejibHoro reHemnecKoro MaTepnajia mhtoxohaphh ApoxoKen? 
KoAHpyeT ji h oh Apyme ôcjikh, CBB3aH jih oh c peryjíHTopHbi- 
mh npoiieccaMH, hjih xce oh BOBce He SKcnpeccnpyeTca? 

KapTa, npeACTaBjíeHHaa Ha pmc. 4.18, ACMOHCTpnpyeT 
ocHOBHbie reHbi mhtoxohaphh Apo^en. CaMOH 3aMemoH 
OTJIHHHTejIbHOH HepTOH 3TOH KapTbl BBJUieTCB yAaJieHHOCTb 
KOAHpyiOUJ,HX JIOKyCOB. 

flBa Hanóojiee 3aMeTHbix jioxyca coAepxcaT npepbiBHC- 
Tbie reHbi box (KOAHpyeT u,htoxpom b) h oxi3 (KOAnpyeT 
nepByio cyô'beAHHHuy u,HTOxpoM-OKCHAa3bi). BMecTe sth 
ABa reHa cpaBHHMbi no BejiHHHHe co bccm mhtoxohaph- 
ajibHbiM reHOMOM MjieKonHTaiouj,Hx! MHorae H3 aahhhmx 
HHTpOHOB 3THX reHOB COAepjKaT CaMOCTOHTeJIbHbie OTKpbl- 
Tbie paMKH CHHTbiBaHra (cm. pa3A- 27.5 «PiHTpoHbi I rpynnbi 
KOAHpyioT 3HAOHyxjiea3bi, noAAepxcHBaioniHe hx MOÓHJib- 
HOCTb»). 3to AOÔaBjmeT HecxojibKO ócjikob (cHHTe3Hpye- 
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Boí MTflHK Me/ioeeKa 3 KcnpeccHpyeTOi 



MblX, BIipOMCM, B IIC3Ii;iMIITCJIIiHBIX KOJIIIHCCTBIIX) K OOIHCMV 
HHOiy ÔeHKOB, KOflHpyeMblX MHTOXOHflpHajIbHblM reHOMOM 
ApoxoKeň. 

OCTajlbHbie reHbl 6e3bIHTpOHHbI. Ohm KOflHpyiOT fíBe 
OCTaBUIHeCB MHTOXOH/ipHMbHbie CyÔ'beflHHHIJbl PHTOXpOM- 
OKCHfla3bi, cyóbe/iHHHpy (mu cyôieflHHHpbi) ATOa3bi h (b 
aiynae c vari) MHToxoHflpHa^bHbíň pHÔocoMa^bHbíň ôenoic 
OÓmee hhciio MHToxoHflpHa^bHbix reHOB He npeBbiiuaeT 25. 


4.12 


reHOMbi x/ioporuiaaoB 
KOAMpyiOT CpaBHMTe/lbHO 
MHoro 6 e/iK 0 B m PHK 


KjuoneBbie noHAT ma: 


• reHOMbi xjioporuiacTOB BapbMpyioT no pa3Mepy, oah 3 ko ohm 
flOCTaTOMHO Be/1MKM fl/lfl TOrO, WTOÓbl KOflMpOBaTb OT 50 flO 100 
óe/iKOB, a TaK>Ke pPHK m tPHK. 


PMC. 4.17. MMTOxoHflpMa/ibHafl flHK ne/iOBeKa coflepwMT 22 reHa, 
KOflMpyiomMx tPHK, flBe pPHK m 13 perMOHOB, KOflMpyiomMx 6 e/iKM. 
14 M 3 15 perMOHOB, KOflMpyiomMx 6 e/iOK mam pPHK, TpaHCKpMOMpy- 
iotca b oahom HanpaB/ieHMM. 14 reHOB tPHK 3 KcnpeccMpyioTCfl no 
H 3 COBOM CTpeAKe M 8 — npOTMB 


MTflHK ApoxoKen HeceT te me reHbi, mo n MTflHK Me/iOBeica 



H 3K30HW m MHTpOHbl 

oli [CyÓbeflMHMAbl OJlMrOMMĽlMH- 
Oap J HyBCTBMTeAbHOM ATOa3bl 

oxi Cyó-beflMHMAbi AmoxpoMOKCMfla3bi 

box = LlMTOXpOM b 

par OyHKAMfl HeM3BecTHa 

var = EejiOK Majioň cyó'beflMHMUbi pn6ocoMbi 


KaKHe xce reHbi mxojynoi b reHOMe x/iopomiacTOB? J\ HK 
xjiopon^acTOB BapbHpyeT no pjiime ot 120 ao 190 ttih. 
Xjiopon^acTHbie reHOMbi c H3BecTHoň nojiHoň HyK/ieoTHA- 
hoh noc^eflOBaTe^bHOCTbio (h3bcctho 6o;iee 10 tchomob) 
coAepxcaT ot 87 ao 183 reHOB. Ha pmc. 4.19 nepenHCJieHbi 
(^yHKíiHH, KOAnpyeMbie reHOMaMH x/iopomiacTOB Ha3eM- 
hmx pacreHHH. JXm reHOMOB x/iopomiacTOB BOflopocjien 
OTMeneHa 6o;iee 3HaHHTejibHaa Bapnaiira noKa3aTejien. 

B u,tn om CHTyauna HanoMHHaeT TaKOByK) jyw mhto- 
xoHApnň, 3a HCK/noHeHneM Toro, hto o6nj.ee nnc^o reHOB 
ôojibuie. TeHOMbi xJioporaacTOB KOflHpyioT Bce ranbi pPHK 
h tPHK, HeoóxoflHMbie /17m coócTBeHHoň (x/ioporniacTHoň) 
CHCTeMbI CHHTe3a Ôe^Ka. nOMHMO OÓblHHblX, pHÔOCOMa co- 
AepxcHT ABe AonojiHHTenbHbie Ma^eHbKHe pPHK. JX HK xno- 
poruiacTOB MoxceT coAepxcaTb Bce HeoóxoAHMbie reHbi jym 
CHHTe3a nojiHoro Haôopa tPHK. Homhmo 3Toro, reHOMbi 


B flHK xjioponiiacTOB 60/iee 100 reHOB 

j TeHbi 

BapMaHTbi J 

KoflMpyioiMMe PHK 1 

16S pPHK 

1 

23S pPHK 

1 

4.5S pPHK 

1 

5S pPHK 

1 

tPHK 

30-32 

KoflMpyioiMMe reHbi 

EeJIKM pMÓOCOM 

20-21 

PHK-noAMMepa3a 

3 

Apyrwe 

2 

OyHKAMM, CBOííCTBeHHbie xjioponjiaciaM 
PyÓMCKO (pn6yji03o6ncct)oc(t)aT- 
Kap6oKCMAa3a-oKCMreHa3a) m TmiaKOMflbi 

31-32 

NADH-flerMflporeHa3a 

11 

Bcero 

105-113 


PMC. 4.18. MMTOxoHflpMaAbHbiŕí reHOM S. cerívisioe coflep>KMT xax PMC. 4.19. ľeHOM x/iopon/iacroB Ha3eMHbix pacTeHMM KOflMpyeT 
npepbiBMCTbie, TaK m HenpepbiBHbie reHbi, KOflMpyiomMe 6e/iKM, pPHK 4 pPHK, 30 tPHK m okojio 60 6e/iKOB 
m tPHK (MecTa pacno/ioweHMfl He o6o3HaHeHbi). Crpe/iKM yKa3biBaioT 
HanpaBAeHMe TpaHCKpMmiMM 
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xJioporaacTOB KO/jupyioT okojio 50 ôejiKOB, BK/nonaa PHK- 
no^HMepa3y h pHÔocoMa^bHbie 6 cjikh. ľlpaBHjio, hto reHbi 
opraHejui TpaHCKpHÔHpyioTCfl h TpaHcnHpyioTCfl caMOň op- 
raHe;uiOH, cnpaBe/yiHBO h jyw. x/iopomiacTOB. 

Okojio nojiOBHHbi reHOB x/iopomiacTOB KOAHpyiOT 6eji- 
kh, BOB^eneHHbie b npouecc CHHTe3a ôejiKOB. B KanecTBe 
nOATBep^eHHH SHAOCHMÔHOTHHCCKOrO npOHCXO^eHra 
XJIOpOIUiaCTOB MO)KHO OTMCTHTb rOMOJIOrHHHOCTb HX reHOB 
k reHaM 6aKTepHH. B nacraocTH, opraHH3auna reHOB pPHK 
oneHb cxoxca c TaKOBOH y ijHaHOÔaKTepnH, hto no3BOJiaeT 
tohho onpeflejíHTb nocjieAHero o6in,ero npe^Ka MOKAy xjio- 
poiuiacTaMH h ôaKTepnaMH. 

HmpOHbi x/ioporuiacTOB AejiaT Ha ABa ochobhhx Kjiac- 
ca. Te H3 hhx, KOTopbie HaxoAATCfl b reHax tPHK, oôhhho 
pacnojioxceHbi b aHTHKOAOHOBOH neTjie (HanoAOÓHe hh- 
tpohob b reHax fmepHOH tPHK ApoaoKeH (cm. pa3A. 26.14 
«CmiaHCHHr tPHK ApoaoKeň HAe t nepe3 pa3pe3aHHe h 
cmHBaHHe npeAinecTBeHHHKa)). Te xce, hto pacnojioxceHbi b 
reHax, KOAnpyiomHx 6 cjikh, HanoMHHaiOT hhtpohh mhto- 
xoHApHajibHbix reHOB (cm. rji. TI «KaTajiHTHHecKaa PHK»). 
TaKHM 0Ópa30M, B 3BOJIIOIJHH OHAOCHMÓHOTHHeCKOe B03- 
HHKHOBeHHe XJIOpOmiaCTOB OTHOCHTCfl KO BpeMeHH, npeA- 
inecTBOBaBmeMy noaBjíeHHio npoKapHOT c 6e3bimpoHHbi- 
mh reHaMH. 

OyHKííra x/iopomiacTOB — ocymecTBJíeHHe (Jjotochh- 
Te3a. MHorae H3 hx reHOB KOAHpyiOT ôejiKOBbie KOMmieKCbi 
MeMÔpaH THJiaKOHAOB. OepMeHTaTHBHblH COCTaB 3THX KOM- 
mieKCOB oTjiHHaeTca ot KjnoneBbix (JjepMeHTOB MHTOXOH¬ 
APHH. CxOACTBO X/iopomiacTOB H MHTOXOHAPHH M02CH0 
3aMeTHTb H B TOM, HTO HCKOTOpbie H3 CyÓ'bCAHHHIJ CJIOTK- 
Hbix óe^KOBbix KOMiuieKCOB x/iopomiacTOB, Tax xce, xan 
KOMEUieKCbl MHTOXOHAPHH, HaCTHHHO KOAHpyiOTCtf reHO- 
mom opraHejuibi, a nacTHHHO — ímepHbiM tchomom. flpyrHe 
xce ôejiKOBbie KOMnjieKCbi l^cjihkom KOAnpyiOTCfl tchomom 
jihôo xnoporuiacra, jihôo a^pa. 


4.13 


MMTOXOHAPMM B03HMKJ1M 

b pe3yiibTaTe 3HflocMM6no3a 


Kax nojiynHjiocb, hto opraHejuia HeceT HHcJjopMaqHio, Heo6- 
xoAHMyio jsjm ocymecTBJíeHna muib HeKOTopbix H3 ee (})yH- 
KIJHH, B TO BpeMfl KaK OCTaJIbHbie (J)yHKU,HH 3aKOAHpOBaHbI B 
HApe? Ha pmc. 4.20 noKa3aHa SHAOCHMÔHOTHHecKaa MOAejib 

3B0JII0ĽI,HH MHTOXOHAPHH (TCOpHfl CHM6HOreHC3a), nO KOTO- 
POH MHTOXOHAPHH H XJIOpOHJiaCTbl B03HHKJIH B SBOJIIOĽI.HH 
H3 npHMHTHBHblX KJieTOK, 3aXBaHCHHbIX ÓaKTepHEMH. C 3TOH 

tohkh 3peHHH npoToopraHejuia AOJDKHa 6buia coAepxcaTb Bce 
reHbi, HeoôxoAHMbie pjvi ocyiu,ecTBjieHHH ee (JjyHKíjHH. 

CpaBHeHHe noaieAOBaTejibHOcreH reHOMOB mhtoxoh¬ 
aphh h x/ioporuiacTOB 3acTaB^aeT AyMaTb, hto ohh sbojiio- 
UHOHHpOBaJIH HaHHHaa OT HeKHX npeAKOB, HMeBUIHX OÔlAHe 
nepTbi c syôaKTepraMH. Mhtoxohaphh hmciot o6nj.ee npo- 
Hexox^eHHe c a-nypnypHbiMH ôaKTepHHMH, a xpoporuiacTbi 
Aejm 1 npoHexox^eHHe c u.HaHOÓaicrepHaMH. H3 ôaicrepHH 


3haocmm6mo 3 cta/i pe3yjibiaTOM aaxBaia K/ietKM KjneTKOH 





3haocmm6mo3 


BaKTepMA pa3BMjiacb b mmtoxohapmk), noiepíiB reHbi, 
HeoóxoflMMbie He3aBMCMMoro cyunecTBOBaHMíi 


ľeHbi nepeHecjiMCb 
M3 MMTOXOHflpMM B 


PMC. 4.20. Mmtoxohapmm bo3Hmk/im b pe3y/ibTaie 3axBaia 6aKTepnn 
ayKapnoTMHecKoŕí K/ieTKoŕí (3 haocmm6mo3) 


Ô^HXCanmHM H3BeCTHbIM pOACTBeHHHKOM MHTOXOHAPHH 

aBjmeTca Rickettsia (B03ÔyAHTejib TH(})a) — oô^nraTHbiH 
BHyTpHKJieTOHHblH napa3HT, BepOíJTHO, npOHCXOAHIAHH OT 
CBOóoAHOxcHByiAHx óäKTepHH. 3 tot npHMep noATBepxcAaeT 
TeopHK) SHAOCHMÔHOTHHeCKOrO B03HHKH0BeHH5J MHTOXOHA¬ 
PHH ot npeAKa, Taxxce HMeBinero o6nj,He nepra c Rickettsia. 

/tym Toro hto 6bi óaKTepra «BCTpoHJiacb» b KneTKy-pe- 
i^HnneHT h SBOJiiouHOHHpoBajia b mhtoxohaphio (hjih 
x/iopomiacT), en hcoóxoahmo 6bmo npeTepneTb ABa 3Ha- 
HHTejibHbix H3MeHeHra. B opraHejuiax ropa3AO MeHbrne re¬ 
HOB, HeM B He3aBHCHMOH ÔaKTepHH, TaKHM 0Ôpa30M, OHH 
AOjdkhh 6bmH yrepaTb HeKOTopbie reHbi, oTBeTCTBeHHbie 3a 
BbinO^HeHHe (jĎyHKIJHH, HeOÓXOAHMblX PJVÍ He3aBHCHMOTO 
cymecTBOBaHHa (HanpHMep, reHbi komhohchtob MeTaôojiH- 
necKHX nyreH). Ha nene ôo^bniHHCTBO reHOB, KOAHpyioiu,Hx 
(J)yHKJ4HH opraHen^, pacno^oxceHbi b HApe. OieAOBaTe^bHO, 
hx HyxcHO 6bmo Kan-To nepeHecTH TyAa H3 opraHejuibi. 

ÓepeHOC JIHK MexcAy opraHenTOH h hapom bo3hhk 
b npouecce sbo^ioľi.hh h npoAOJDKaeTca a o chx nop. Cko- 
pocTb nepeHOca moxcct ôbiTb H3MepeHa HanpaMyio nyreM 
BCTaBKH b opraHe^ny reHa, cnocoÓHoro (JjyHKí^HOHHpoBaTb 
TOJibKO b HApe. HanpHMep, Tanon reH moxcct coAepxcaTb cne- 

UH(J)HHHbIH JJjm HApa HHTpOH, H^ÍH OH M05KCT KOAHpOBaTb 
Óe^OK, (})yHKLÍHOHHpyK)IAHH TOJIbKO B LJHTOILJia3Me. TOBO- 
pa o CKopocTH nepeHoca reHeTHHecKoro MaTepna^a Kax o 
(})aKTope sbojiioľi.hh, oieAyeT OTMeTHTb, hto OHa b tohhoc- 
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th cooTBeTCTByeT ckopocth mMCHmm. OAHoro reHa. JX HK 
MHTOXOHAPHH nepeHOCHTCfl B ímpo CO CKOpOCTbK) OXOJIO 
2 x 10~ 5 3a noKOJieHHe. DxcnepHMeHTbi no onpeAejieHHK) 
ckopocth nepeHOca b oópaTHOM HanpaBjíeHHH, H3 nppa b 
MHTOXOHAPHK) fleMOHCTpnpyiOT 3HaHHTCJIbHO MCHblIiyiO 

cKopocTb — MeHee 10" 10 3a noxojieHHe. Kor/ta cnocoÔHbin 
paôoTaTb TOJibKO b ímpe reH yctohhhbocth k äHTHÔHOTHxy 
BCTpanBaioT b reHOM xjiopomiacra, ero nepeHOC n ycnein- 
Hyio OKcnpeccHio Momio onpe/jejíHTb, HcaieAyfl pacca^y Ha 
yCTOHHHBOCTb K /jaHHOMy aHTHÔHOTHXy. ľlOAOÔHbie OKCne- 
pHMeHTbi noKa3biBaiOT, hto nepeHOC ocymecTBJíaeTca y 1 H3 
16 000 nOTOMKOB, HTO COOTBeTCTByeT CKOPOCTH 6 X 10" 5 . 

ľlepeHOC reHa H3 opraHejnibi b nppo, xohchho, TpeôyeT 
(j)H3HHecKoro nepeABHxceHra JX HK, ho /ym ycneniHOH sxc- 
npeccHH HeoôxoAHMbi euje h H3MeHeHra b xo/tHpyxjmen 
noaie/jOBaTejibHOCTH. Eejixn opraHejm, xo/tnpyeMbie H^ep- 
HbiMH reHaMH, co/tepxcaT cneuHa^bHbie nooie/tOBaTejibHoc- 
th, no3BOJunonj,He HMnopTHpoBaTb hx b opraHejniy nocme 
Toro, XaX OHH ÔbLJIH CHHTe3HpOBaHbI B IJHTOIIJia3Me (CM. 
pa3A. 10.16 «nocTTpaHCJunj^HOHHaa HHTerpaijm b MeMÔpa- 
Hy 3aBHCHT ot jirmepHbix nooieAOBaTe^bHOCTeH»). EejixaM, 
CHHTe3HpyeMbiM b opraHejuie, Taxne noaie/tOBaTejibHOCTH 
He HyxcHbi. Bo3mo>xho, HaHÔojiee 3(})(})exTHBHbiH nepeHOC 
reHOB npoHCxoAHJi b to BpeMa, xor/ta nacro xjieTXH He 
6buiH Tax oóocoóJieHbi. nosTOMy xax nepeMeujeHHe JX HK b 
fmpo, Tax h BCTpaHBaHHe óejixoB b opraHejuibi Morjio npo- 
ncxoAHTb ropa3AO Jierne. 

OnjioreHeTHHecxHe jjepeBba jteMOHcrpnpyioT, hto nepe- 
HOC reHOB npOHCXOAHJI He3aBHCHMO B pa3JIHHHbIX JIHHHHX 
>KHBbix opraHH3MOB. Cy^a no BceMy, nepeHOC mhtoxohaph- 
anbHbix reHOB b njipo nponcxo pyui Ha paHHeň cra^HH sbojiio- 
ijhh xchbothoh xjieTxn, a b xaeTxax pacTeHHH 3tot npoLjecc, 
bo3moxcho, npoAOJDxaeTca /t o chx nop. Mhqio TpaHOioxai^HH 
reHOB MOxceT ôbiTb oneHb ôojibiiiHM. Tax, y Arabidopsis 6o/iee 
800 H^epHbix reHOB roMOJiorHHHbi (no noaie^OBaTe^bHOCTn) 
reHaM xnoporniacroB /tpyrax pacTeHHH. CjiejjOBaTejibHO, sto 
Moryr ôbiTb reHbi, Gepymne CBoe Hana^o H3 xjiopomiacTOB. 


ESQ Pe3K>Me 

nocjie/tOBaTejibHocra ,H,HK, cocraBJiax)mHe syxapHOTH- 
necxHe reHOMbi, Momio pa3/tejiHTb Ha Tpn rpynnbi: 

• yHHxajibHbie (HenoBTopaioiAHeca) noaieflOBaTejibHOCTH; 

• yMepeHHO noBTopaiomMeca nocme/tOBaTejibHOCTH, pa3- 
ôpocaHHbie no reHOMy h npe/jcraBJíeHHbie b Heóojib- 
moM xojiHnecTBe b b rme roMOJioraHHbix, ho He rme h- 
THHHblX XOnHH; 

• xopoTxne h npe^CTaB^eHHbie b b rme TaH^eMHbix crpyx- 
Typ, BbicoxonoBTopaioiij,Heca nocjie^OBaTejibHOCTH. 
CooTHomeHHe sthx ranoB nocjieAOBaTejibHOCTen hbjih- 

eTca xapaxTepHon nepTon xax^oro reHOMa, xota pjw óojiee 
xpynHbix reHOMOB cymecTByeT TeH^em^™ x B03pacraHHK) 
AOJih BbicoxonoBTopínonj,Hxc5i JX HK. non™ 50% reHOMa 
nejiOBexa coctoht H3 noBTopaiomHxca noaie/tOBaTejibHOC- 
Ten, noAaBjunonj,ee ôojibiiiHHCTBO xoTopbix cooTBeTCTByeT 


nooie/íOBaTejibHOCTHM TpaHcno30HOB. Eojibinaa >xe nacTb 
reHOB npe/íCTaBjmeT coôoh yHHxa^bHbie ynacTXH JX HK CyM- 
MapHaa jymm yHHxa^bHbix noaieflOBaTejibHOCTeň xoppe- 
^HpyeT co oioxcHOCTbio opraHH3Ma jiynme, neM o6ib,hh pa3- 
Mep reHOMa; MaxcHMa^bHa^ cyMMapHaa pjmm yHHxajibHbix 
peraoHOB b reHOMe cocTaBjmeT oxojio 2 x 10 9 nH. 

HeMeH^ejieBcxoe Haoie^OBaHMe oôbflcmieTai HajiHnneM 
JJHK b pacnojioxceHHbix b u,HTomia3Me opraHe^/iax. Mhto- 
xoh^phh h xjioponjiacTbi — sto oxpyxceHHbie MeMÔpaHaMH 
cipyxrypbi, b npe^e^ax xoTopbix CHHTe3npyioTCH ^nuib He- 
xoTopbie Heoôxo^HMbie jum opraHe^ji 6aim, b to BpeM h xax 
ocTajibHbie HMnopTnpyioTca H3 UHTomia3Mbi. ľeHOMbi opra- 
Hejm oôbiHHO npe/íCTaBJíeHbi xo^bu,eBon MOJiexynon flHK, 
xoAHpyK)men, xax npaBHJio, Bce pPHK, tPHK, h HexoTopbie 
HeoôxoAHMbie /ym cymecTBOBaHna opraHejuibi óejixn. 

Pa3Mepbi reHOMOB mhtoxohaphh BapbHpyx)T b niHpo- 
xom /jHana30He: ot 16 ttih y M^exonmaiomHx ^o 570 ttih y 
BbícniHx pacTeHHH. Eo^ee xpynHbie reHOMbi opraHejm Moryr 
xo/jnpoBaTb ôojibine (JjyHxiíHH. ľeHOMbi x/iopormacTOB Ba- 
pbHpyx)T b npe/íejiax 120-200 ttih. Te H3 hhx, ajw xoTopbix 
onpe/íejieHa nojiHaa HyxneoTH^Haa noQie/íOBaTejibHOCTb, 
^eMOHCipnpyioT cxoxcyx) cipyxrypy h Haôop xo^HpyeMbix 
(J)yHxn,HH. Cyô'beAHHHu.bi ochobhhx óejixoB mhtoxohaphh h 
x/iopormacroB Moryr CHHTe3npoBaTbca xax b npeflejiax opra- 

HeJUIbl, Tax H HMnOpTHpOBaTbCH H3 U,HTOmia3MbI. 

y ApoxoKeň AOBOJibHO nacro B03HHxaiOT nepecraHOBXH 
JX HK, npHneM pexoMÔHHaoHH oÔHapyxceHa xax/ym mhtoxohjí- 
pnajibHbix reHOMOB, Tax h ,zym tchomob xmopomiacTOB. Mexc^y 
xnoporniacraMH h mhtoxohaphhmh, c oahoh CTOpOHbl, n %j\- 
poM, c Apyroň, MOxceT npoHcxoAHTb nepeHOC reHeruHecxoro 
MaTepnajia. 
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nocjieAOBdTejibHocTM reHOMa 

11 MI 1 C/l O reHOB 


KPATKOE COflEP>KAHME ľ/lABbl J 


mm M BBeAeHne 

IHMt Hmc/io reHOB y pa3Hbix čaurepm BapbMpyeT 
B fleCBTKM pa3 

■sSB fl™ HeCKO/lbKMX 3yKapMOTMHeCKMX OpraHM3MOB 
M3BeCTHO oóiuee HMC/IO reHOB 

• y Apo>K>KeM — 6000 reHOB, y HepBeŕi — 18 500, 

y Myx — 13 600, y Ma/ieHbKoro pacTeHMB Arabidopsis — 
25 000, y Mbimeŕi n /HOAeií, BepoBTHO, — ot 20 000 
AO 25 000. 

ESI Cxo/ibKO cyiutecTByeT pa3/iMHHbix tmiiob 
reHOB? 

EB9 B reHOMe He/iOBexa MeHbwe reHOB, 
neM Ka>KeTCfl 

• To/ibKO 1% reHOMa ne/iOBeKa coctomt M3 KOAMpyiomMx 
perMOHOB 

• 3K30Hbi cocTaB/iBK)T oko/10 5% ot o6meií A-nnHbi reHa; 
C3MM reHbl (3K30Hbl M MHTpOHbl) COCTaB/lfllOT OKO/IO 25% 
reHOMa. 

• ľeHOM ne/iOBeKa coAep/KMT ot 20 000 ao 25 000 reHOB. 

• Oko/io 60% reHOB ne/iOBeKa MoryT 3KcnpeccMpoB3TbCfl 
no MexaHM3My a/ibTepHaTMBHoro cn/iaiícMHra. 

• flo 80% c/iynaeB a/ibTepHaTMBHoro cn/iaíícMHra 
npMBOAflT k M3MeHeHMK) noc/ieAOBaTe/ibHOCTM 6e/wa; 
T3KMM o6pa30M, npoTeoM He/iOBeKa npeACTaB/ieH 

50 000-60 000 pa3Hbix no/iMnenTMAHbix ueneíí. 

Hl Kax reHbi m npoHMe noc/ieAOBaTe/ibHOCTM 
pacnpeAe/ieHbi no reHOMy? 

• ľloBTopBioiAMecB noc/ieAOBaTe/ibHocTM 
(npeACTaB/ieH h bi e 6o/iee weM oahoíí Konneíí) 
cocTaB/iBioT >50% reHOMa ne/iOBeKa. 

• 3HaHMTe/ibHbiŕí npoLjeHT noBTopaiomMxcfl 
noc/ieAOBaTe/ibHOCTeŕí npeACTaB/iueT co6oíí Konnn 
HecJjyHKAMOHa/lbHblX TpaHCn030H0B. 

• B reHOMe ne/iOBeKa ecTb Ayn/iMKauMM 3HaHMTe/ibHbix no 
pa3Mepy perMOHOB xpomocom. 

CB B Y-xpoMocoMe ecTb Hecxo/ibKO reHOB, 
cneuMc})MHHbix A-nfl cbmiiob 

• Y-xpoMOCOMa coAep>KMT oko/io 60 reHOB, 
3KCnpeCCMpyiOlAMXCB TO/lbKO B ceMeHHMKax. 

• Cnei4M(t3MHHbie a/ib C3maob reHbi npeACTaB/ieH bi 
MHO)KeCTBeHHblMM KOnMflMM B nOBTOpflK)lAMXCfl 
cerMeHTax Y-xpoMocoMbi. 

• ľeHHaB KOHBepcMB, npoMcxoAMBiuafl Me>KAy 
MHO)KeCTBeHHblMM KOnMflMM reHOB Y-xpOMOCOMbl, 
no3Bo/in/ia aKTMBHbiM reHaM coxpaHMTbca 

B 3BO/1IOUMM. 


5.8 


5.9 


5.11 


5.12 


5.13 


Yc/10>KHeHMe OpraHM3MOB B XOAe 3BO/1IOUMM 

npoMcxoAM/io 3a cneT noflB/ieHMa y reHOB 

HOBblX (J/yHKLJMM 

• CpaBHeHkíe pa3/iMHHbix reHOMOB AeMOHcrpnpyeT 
AocroBepHoe yBe/iMneHMe HMC/ia reHOB c nocroBHHbiM 
noBB/ieHkíeM hobwx reHOB b puAy hm 3 ujmx 3yKapnoT, 
MHOrOK/ieTOHHblX Opr3HM3MOB, )KMBOTHblX M n03BOHOHHblX. 

• Bo/ibiiJMHCTBO reHOB, BCTpenaiomMxcB TO/ibKO y 
n03BOHOHHblX, OTHOCflTCfl K MMMyHHOÍÍ M/1M HepBHOÍÍ 
CMCTeMe. 

KaKaa nacTb reHOB AeMCTBMTe/ibHO HeoóxoAM.Ma? 

• He Bce reHbi OAMHaKOBo Ba/KHbi. y Apo/K/Keíí n Myx 
yAa/ieHMe eAMHCTBeHHoro reHa M3 reHOMa npMBOAMT k 
BMAMMOM y 3((3(t)eKTy jimijb a nn Ka/KAoro BToporo reHa. 

• Ec/im Aea M/i m 6o/iee reHOB bb/ibiotcb npoAy6/iMpoBaHHbiMM 
(BbipO>KAeHHblMM), TO MyrauMB B OAHOM M3 HMX MO)KeT He 
OKa3biBaTb BMAMMoro 3(|)(t)eKTa Ha (jjeHOTMn. 

• Mbi He ao KOHLja noHMMaeM npMHMHbi cymecTBOBaHMB b 
reHOMe bbho Heo6/i3aTe/ibHbix reHOB. 

TeHbl OT/lMHaiOTCfl no CTeneHM 3KCnpeCCMM 

• B K/ieTKe 6o/ibiiJMHCTBO reHOB 3KcnpeccMpyeTCfl Ha 
CpaBHMTe/lbHO HM3KOM ypOBHe. 

• To/ibKO He6o/ibiiJoe hmc/io reHOB, onpeAe/i/uomMx 
AaHHbIM TMn K/ieTOK, 3KCnpeCCMpyiOTCfl Ha BblCOKOM 
ypoBHe. 

Cxo/ibKo reHOB 3KcnpeccMpyeTca b Ka/KAbiíí momcht 

BpeMeHM? 

• Ha6opbi mPHK, npoM3BOA/UAMxcB b K/ieTKe Ha HM3KOM 
ypoBHe, oneHb noxo>KM a/ib pa3/iMHHbix TMnoB K/ieTOK. 

• mPHK, npeACTaB/ieHHbie b K/ieTKe b 6o/ibiiJOM KO/iMHecTBe, 
nacTO cneuMc(3MHHbi au* AaHHoro TMna K/ieTOK. 

• y BblCĽJMX 3yKapMOT oko/io 10 000 pa3HblX 
TpaHCKpMnTOB Moryr 6biTb o6Hapy>KeHbi 

b 6o/ibĽJMHCTBe TMnoB K/ieTOK opraHM3Ma. 

Hmc/io 3KcnpeccMpyioiAMXCíi reHOB mo>kho 
onpeAe/iMTb 3a oamh noAXOA 

• TexHO/iorMB «HMnoB» no3BO/iueT 6bicrpo 
«cct)OTorpac()MpoBaTb» 3KcnpeccMio Bcero reHOMa 
ApO)K>KeBOM K/ieTKM. 

• ľlpMMepHO 75 % (oko/io 4500 reHOB) reHOMa APO/K/Keíí 
3KcnpeccMpyeTCB b HopMa/ibHbixycnoBMax. 

• C noMOiAbio HMnoB mo>kho npoBecTM noApoOHoe 
cpaBHeHMe ahb pa3Hbix K/ieTOK /kmbothhx, HanpMMep, 
c ue/ibio onpeAe/ieHMB pa3/iMHMÍí b 3KcnpeccMM reHOB 
Me>KAy HopMa/ibHoíí m onyxo/ieBoíí K/ieTKaMM. 

Pe3ioMe 









EZI BBefleHMe 


C Tex nop, Kan b 1995 r. 6 mjih BnepBbie onpeAejieHbi noji- 
Hbie HyKJieoTHflHbie nocjieAOBaTejibHOCTH 6aKTepHajibHbix 
reHOMOB, CKopocTb ceKBeHHpoBaHra h Rím Ha onpeAe- 
jiaeMbix 3a oahh no/jxo/j nocjieAOBaTejibHOCTeň CHjibHO 
yBejiHHHjiHCb. ľlepBbiMH reHOMaMH, rjih KOTopbix 6buia 
onpeAejieHa nojmaa HyKJieoTHAHaa nocjieAOBaTejibHOCTb, 
ômjih cpaBHHTejibHO HeôojibiiiHe ĎaKTepHajibHbie reHOMbi 
(He npeBbimaioiij.He 2 Mm). K 2002 r. 6buia onpeAejieHa 
nocjieAOBaTe^bHOCTb reHOMa HejiOBexa rj ihhoh 3000 MnH. 
Ha cero/íHHiiiHHH ^eHb onpeAejieHbi noaieAOBaTejibHOCTH 
reHOMOB mnpoKoro cneKTpa opraHH3MOB, BK/nonaa 6ax- 
Tepm, apxen, ApoxoKH, hh3iiihx ayicapHOT, pacreHra h 
>KHBOTH bix, pRn KOTopbix H3BecTHbi nojiHbie nocjieAOBa- 
TejibHOCTH reHOMOB HeKOTopbix nepBeň, Myx, rpbi3yHOB h 
M jieKonHTaiomHx. 

Bo3moxcho, HaHÓojiee uchhoh rrx HccjieAOBaTejia hh- 
(JjopMaiiHeň, 3aKJiiOHeHHOH b nocjie/jOBaTejibHOCTH reHOMa, 
aBjmeTca kojihhcctbo reHOB. PÍ3 Bcex H3BecTHbix reHOMOB 
HaHMeHbniHM (470 reHOB) oóJia^aeT oóJiHraraaa BHyrpHKjie- 
Tomaa ôaKTepra Mycoplasma genitalium. Y CBOÓOAHOxcnBy- 
ib,hx ôaKTepHH hhcjio reHOB BapbHpyeT b Anana30He ot 1700 
AO 7500. ÍIpHMepHO Ha tom xce ypoBHe HaxoAHTca reHOMbi 
apxeň. CaMbíň MajieHbKHň (H3 H3BecTHbix) reHOM o/jHOK/ie- 
TOHHbix ayKapHOT npeflcraB^eH 3300 reHaMH. y nepBeň h 
M yx npHMepHO no 18 500 h 13 500 reHOB cooTBeTCTBeHHO, 
o^HaKO MaKCHMajibHbix 3HaneHHH hhcjio reHOB /íOCTHraeT y 
MjieKonHTaiomHx (nopa/jKa 25000). 

Ha P M c. 5.1 npHBeAeHbi MHHHMajibHbie 3HaneHra hhc- 
jia reHOB rjw meč™ rpynn opraHH3MOB. Okojio 500 reHOB 
HeoóxoAHMO Rjín cymecTBOBaHHH caMOň npocroň (napa- 
3HTHHCCKOH) KJieTKH, npHMepHO 1500 — PJW CBOÔOAHO- 
xcnBymero oahokjictohhoto opraHH3Ma (óaicrepHH), ôojiee 
5000 — rjw syKapnoranecKoň kjictkh, ôojiee 10 000 — rj m 
MHoroKjieTOHHoro opraHH3Ma h ôojiee 13 000 — rjik op- 
raHH3Ma c HepBHOň chctcmoh. KoHemo, MHorae bham 
coAepxcaT ôojibiiiee hhcjio reHOB, hokcjih npHBeAeHHbíň 
MHHHMyM, HeoôxoAHMbiH rjm cymecTBOBaHra opraHH3Ma 
AaHHoro THna. flaxce y 6jiH3KopoACTBeHHbix opraHH3MOB 
HHCJIO reHOB MOXCeT CHJIbHO pa3JIHHaTbCB. 

B reHOMax 6aKTepHň h hh3iiihx syicapnoT noAaBjraio- 
ni.ee ôojibniHHCTBO reHOB yHHKajibHbi. O^HaKO y BbícniHx 
ayKapHOT MHorae reHbi oôpa3yiOT ceMeňcTBa, cocroamHe 
H3 ÓJIH3KOpOACTBeHHbIX nOCJICAOBaTeJIbHOCTeň. KOHeHHO, 
HeKOTopbie ayKapHOTHHecKne reHbi yHHKajibHH (c})opMajib- 
HO HX MOXCHO CHHTaTb CCMCHCTBOM C eAHHCTBCHHblM npeA" 
CTaBHTejieM), OAHaKO MHorae npHHa/yiexcaT k ceMeňcTBaM, 
coctobbíhm H3 RtCR th h ôojiee HjieHOB. Hhcjio pa3Hbix ce- 
MeňcTB 3HanHTejibHO Jiynme KoppejinpyeT c o6meň cjioxc- 
HOCTbio opraHH3Ma, neM hhcjio reHOB b reHOMe. 

O^HaKO HaHôojiee iieHHyio HHcjjopMaiiHio mo>kho no- 
JtyHHTb npn epaBHeHHH COÓCTBeHHO HyKJieOTHAHblX noc- 
jieAOBaTejibHOCTen tchomob. Tenepb, nor^a H3Becrabi noc- 
jieAOBaTejibHOCTH tchomob nejiOBena h niHMnaH3e, mo>kho 
nonbiTaTbca Haň™ otbct Ha Bonpoc, hto xce ACJiaeT nejio- 
Bexa yHHKajibHbiM. 


MwHMMa/ibHoe mhcjio reHOB b oahom reHOMe 
nonaAaeT b HHTepeaji ot 500 ao 30 000 


500 reHOB 

BaKTepMM-napa3mbi 

(BHyTpMKJieTOHHbie) 



1500 reHOB 

CBOÓOflHOJKMByLUMe óaKTepMM 



5000 reHOB 

OflHOKJieTOMHbie ayKapMOTbi 



13 000 reHOB 

MHoroKJieTOHHbie ayKapMOTbi 



25 000 reHOB 
BbiauMe pacTeHMA 



25 000 reHOB 
MjieKonmatoLUHe 



PMC. 5.1 MHHHMajibHoe hhcjio reHOB, Tpe6yeMoe ajih oóecneHeHMH 
Bcex )KM3HeHHblX (JjyHKLIMM, B03paCTaeT C yBe/lHHeHkíeM CJIOJKHOCTM op- 
raHM3Ma. Ooto BHyipMKJieTOHHOíí napa3MTMHecKoŕí 6aKTepnn jiio6e3Ho 
npeflociaBjíeHo Gregory P. Henderson and Grant J. Jensen, California 
Inštitúte of Technology. Goto CBoóoflHOJKMBymeíí 6aKTepnn jiio6e3Ho 
npeflociaBjíeHo Karí 0. Stetter, Universität Regensburg. Ooto oaho- 
K/ieTOHHbix 3yKapnoT jiio6e3Ho npeflociaBjíeHo Eishi Noguchi, Drexel 
University College of Medicíne. Ooto MHoroKjieTOHHoro 3yKapnoTM- 
necKoro opraHM3Ma /uo6e3Ho npeAOCTaB/ieHo Carolyn B. Marks and 
Dávid H. Halí Albert Einstein College of Medicíne, Bronx, NY. Ooto 
B bicĽJMx pacTeHkíŕí jiio6e3Ho npeAOCTaB/ieHo Keith Weller/USDA. Ooto 
M/ ieKonHTaiomero ® Photodisc. 


Hhcjio reHOB y pa3Hbix óaKTepnn 
BapbHpyeT b agcbtkh pa3 

Ha ceroAHaniHHH rc Hb npoAejiaHa 3HaHHTejibHaa paóoTa 
no onpeAejieHHio nojiHbix nocjieAOBaTejibHOCTeň tchomob 
pa3JIHHHbIX OpraHH3MOB. CnHCOK HeKOTOpblX CeKBeHH- 


5.2 


84 TJ1ABA 5 flocjieAOBaTejibHOCTM reHOMa m hhcjio reHOB 














poBaHHbix reHOMOB npHBefleH Ha pmc. 5.2. Oh HanHHa- 
crca c MHKonjia3Mbi, y kotopoh reHOM cocTaBJíaeT jiHinb 
0,6 x 10 6 nH h 3aKaHHHBaeTca tchomom nejiOBeKa, cocto- 
hiuhm H3 3,3 x 10 9 nH. Mex<Ay hhmh pacnojioxceHbi TaKHe 
BaxcHbie SKcnepHMeHTa^bHbie xcnBOTHbie, KaK, HanpHMep, 
Apoxokh, njiOAOBaa MyniKa h HeMaTOAa. 

ľlo noaieAOBaTe^bHOCTaM tchomob óaicrepHH h apxen 
BHAHO, HTO npaKTHHeCKH BCfl HX J\ HK (OÔblHHO 85-90%) 
KOAnpyeT PHK h óejucn. Ha pmc. 5.3 noKa3aHO, hto pa3Me- 
pbi hx reHOMOB BapbHpyioT b npeAejiax OAHoro nopn^Ka h 
nponopijHOHa^bHbi HHCJiy reHOB b reHOMe. JJjmm cpeAHero 
reHa y hhx cocraBjmeT okojio 1000 nH. 

Bce óaicrepHH, pa3Mep reHOMa KOTopbix He npeBbimaeT 
1,5 MnH, HR/iaiOTca oÓJinraTHbiMH BHyTpHKJieTOHHbiMH napa- 
3HTaMH — ohh xcHByr b npeAejiax ayKapnoTHHecKon KJiencn, ko- 
Topaa oóecneHHBaeT hx hcoóxoahmbimh npoMQKyTOHHbiMH Me- 
TaóojíHTaMH. Hx reHOM BbinojimieT MHHHMajibHoe hhcjio (J)yHK- 
1JHH, HeOÓXOAHMblX flflSL nOCTpoeHHH íOieTKH. no CpaBHeHHIO c 
óaKrepHHMH, HMdoiAHMH 6ojiee KpynHbie reHOMbi, Bce KJiaccbi 
reHOB y napa3HTHnecKHx óaicrepHH npeAcraBjíeHbi b MeHbineM 
oôbeMe, OAHaxo HaHóojiee 3HaHHMOH pe/iyKij.HH noABepraioT- 
ca jiOKycbi, KOAnpyioiAHe (J)epMeHTbi MeraóojiHHecKHx nyreH 
(nocKOJibKy npo/iyKTbi sthx (J)epMeHTOB, b ochobhom, npeAO- 
CTaRJiaiOTCH KJieTKOH-X03HHHOM), a TaiOKe JIOKyCbl, CBH3aHHbie c 
peryjiaiíHeH SKcnpeccHH reHOB. CaMbiH MajieHbKHH reHOM y My - 
coplasma genitalium (coctoht npH6jiH3HTejibHO H3 470 reHOB). 

Apxen oÓJiaAaiOT ÓHOJiorHHecKHMH ocoôeHHOCTaMH, 
no3BOJiaiomHMH pacnojioxcHTb hx MOKpy npoKapnoTaMH h 
syxapHOTaMH, ho no pa3Mepy reHOMOB h HHCJiy reHOB ohh 
nona^aiOT b OAHy rpynny c óaKrepnaMH. Pa3Mepbi hx reHO¬ 
MOB BapbHpyioT b Anana 30 He ot 1,5 ao 3 MnH h coAepxcaT 
1500-2700 reHOB. Methanococcus jannaschii — sto apxe- 
óaKTepna, cnocoÔHaa npoH3BOAHTb MeTaH h xcnBymaa b yc- 
jiOBHax noBbimeHHoro A^BJíeHna h TeMnepaTypbi. no HHCJiy 
reHOB OHa noxoxca mHaemophilus influenzae , OAHaxo npo- 
i^eHT reHOB, roMOJiorHHHbix reHaM Apyrnx opraHH3MOB, po- 
bojibho hh30k. AnnapaT reHHOH SKcnpeccHH M. jannaschii 
HanoMHHaeT cxopee ayKapHOTHHecKHH, nm npoKapHora- 
necKHH Tnn, b to BpeMa Kax annapaT KJieTOHHoro ACJieHna 
óojibine noxoxc Ha TaKOBOH y npoKapnoT. 

Apxen h caMbie MajieHbKne H3 cboôoaho xcHBynj,Hx 6aK- 
TepnH coAepxcaT HaHMeHbinee hhcjio reHOB cpeAH cboôoa- 
HOxcHByiAHx KJieTOK. CaMbiH MajieHbKHH reHOM apxen npeA- 
CTaBJíeH npHMepHO 1500 reHaMH. CaMbiH xce MajieHbKHH 
reHOM CBOĎOAHOxcHBymHx óaicrepHH npHHaAJiexcnT TepMO- 
(jjHJibHOH Aquifex aeolicus (nopaAKa 1,5 MnH h 1512 reHOB). 
ľeHOM «THnHHHOH» rpaMOTpHijaTejibHOH óaicrepHH//. influ¬ 
enzae coAepxcHT 1743 reHa, cpeAHaa pjmm kotophx npn- 
MepHO 900 nH. H 3 npHBeAeHHbix npnMepoB mojkho CAejiaTb 

BbIBOA, HTO pjm Cym,eCTBOBaHHa CBOÔOAHOXCHBymeH KJieTKH 
HeOÔXOAHMO KaK MHHHMyM 1500 reHOB. 

Pa3Mepbi reHOMOB óaicrepHH Moryr OTjiHnaTbca Ha no- 
paAOK. MHHHMajibHoe h MaKCHMajibHoe 3HaneHHa pw hhx 
cocTaBJíaiOT: 0,6 MnH h — qyTb MeHee 8 MnH. npoTaxceHHbie 
reHOMbi, KaK npaBHJio, coAepxcaT h óojibine reHOB. CaMbiMH 
ÓOJIbUIHMH (H3 H3BeCTHbIX) npOKapHOTHHeCKHMH TeHO- 

MaMH oÔJiaAaiOT Sinorhizobium meliloti h Mesorhizobium 
loti — a30T(J)HKCHpyioiAHe ôaicrepHH, xcnBymne Ha Koprax 


B C6KBeHMpOB3HHblX reHOMa.X HaCHMTblBaeTCB 
ot 470 ao 30 000 reHOB 

0praHM3M 

Pa3Mep 

reHOMa, 

MnH 

Hmcjio 

reHOB 

Hmcjio /ÍOKycoB, 

nO KOTOpbIM 
M3BeCTHbl 

jieia/ibHbie 

MyraijMM 

Mycoplasma 

genitalium 

0,58 

470 

-300 

Rickettsia 

prowazekii 

1,11 

834 


Haemophilus 

influenzae 

1,83 

1743 


Methanococcus 

jannaschi 

1,66 

1738 


B. subtilis 

4,2 

4100 


E. coli 

4,6 

4 288 

1800 

S. cerevisiae 

13,5 

6 034 

1090 

S. pombe 

12,5 

4 929 


A. thaliana 

119 

25 498 


0. sativa (puc) 

466 

~40 000 


D. melanogaster 

165 

13 601 

3100 

C. elegans 

97 

18 424 


H. sapiens 

3300 

~25 000 



PMC. 5.2 pufla opraHM3MOB pa3Mep reHOMa m wmcjio reHOB on- 
pefle/ieHbi c bhcokom TOHHOCTbio — Ha ocHOBaHMM no/iHbix nocneflo- 
BaTe/ibHOCTeíí hx reHOMOB. Hmcjio /íOKycoB c /íeia/ibHbiMM MyrauMUMM 
oueHMBaeTcu no AaHHbiM reHeTMMecKMx MccneflOBaHníí 


y 6 aKTepHÍí paawep reHOMa nponopunoHa/ieH mmcjiv reHOB 



PMC. 5.3 Y 6aKTepníí n apxe6aKTepníí hmcjio reHOB npuMO nponop- 
AMOHa/ibHbi pa3Mepy reHOMa 


pacTeHHH. Pa3Mepbi hx reHOMOB (6ojiee 7 MnH h hhcjio re¬ 
HOB (ôojiee 7500) cpaBHHMbi c TaKOBbiMH y ApoxoKen. 

Pa3Mep reHOMa E.coli 3aHHMaeT cpeAHee nojioxceHne b 
paAy óaicrepHajibHbix reHOMOB. OôbiHHbin jiaôopaTopHbin 
uiTaMM KHineHHOH najiOHKH coAepxcHT 4288 reHOB, cpeAHaa 


5.2 Hmcjio reHOB y pa3Hbix óaKTepMÍí BapbMpyeT b AecBTKM pa3 85 


















AJiHHa KOTopbix cocTaBJíaeT okojio 950 nH, a npoMexcyTKOB 
MOKjjy hhmh — 118 nH. TeM He MeHee uiTaMMbi Moryr chjib- 
ho pa3JiHHaTbca. MaKCHMa^bHbie h MHHHMajibHbie 3Hane- 
hha /ym E. coli BapbHpyioT b npe^ejiax ot 4,6 MnH h 4249 
reHOB j\ o 5,5 MnH h 5361 reH. 

J\o chx nop mbi He 3HaeM (JjyHKíjHH Bcex ôaicrepHajib- 
hbix reHOB. ôojibinen nacra reHOMOB npoKapHOT okojio 
60% reHOB MoryT ôbitb onpeflejieHbi Ha ocHOBaHHH tomo- 
jioraH c yxce H3BecTHbiMH reHaMH ppymx bh/job. 3th reHbi 
fleJWTCfl Ha HeCKOJIbKO npHMepHO paBHblX KJiaCCOB: koah- 
pyiomne ôeJiKH MeTa6ojiH3Ma, CTpyicrypHbie ôejiKH kjictkh 
(hjih KOMnoHeHTbi TpaHcnopTHbix CHCTeM), h peryjwTop- 
Hbie ôejiKH. O^HaKO npaKTHHecKH b kzxrom reHOMe ecTb 
okojio neTBepTH reHOB, kotopbim mbi He MOxceM npHnHcaTb 
HHKaKOH (JjyHKU.HH Ha OCHOBaHHH CpaBHeHHfl C 6a3aMH flaH- 
hbix. npH stom ôojibinyio nacTb sthx reHOB moxcho Haň™ b 
pOflCTBeHHblX OpraHH3MaX, HTO CBHAeTeJIbCTByeT O KOHCep- 
BaTHBHOCTH BbinOJIHJieMOH HMH (JjyHKU.HH. 

B CBB3H C Me^HI^HHCKOH 3HaHHMOCTbIO OCOÔOe BHHMa- 
HHe y^ejmercH onpe/jeJieHnio nocjie^OBaTejibHOc™ reHOMOB 
naToreHHbix óaKTepnn. BaxcHbiM BKjia^OM b pa3BHTne npefl- 
CTaBJíeHHH o npnpofle naToreHHOcm CTajio OTKpbime Toro, 



PMC. 5.4 Hmcjio reHOB b reHOMax 3yKapnoT npwHMMaeT 3HaMeHMfl ot 
6000 flo 40 000 BHe Koppejifmmi c pa3MepoM reHOMa wim cjiowhoc- 
TbK) OpraHH3Ma 


hto xapaicrepHOH nepToň hx reHOMOB bbjihiotcb TaK Ha3bi- 
BaeMbie «octpobkh naToreHHoam 3 to npoTaxceHHbie pe- 
raoHbi (nopjmKa 10-200 ttih), npHcyrcTByiomHe b reHOMax 
naToreHHbix bh,zjob óaKTepnn h OTcyTCTByioiij.He b reHOMax 
HenaToreHHbix uiTaMMOB Tex xce hjih poflCTBeHHbix hm bh/job. 
HyKneoTOAHbíň (G+C) cocTaB sthx peraoHOB oóbihho otjih- 
naeTca ot ocTajibHoro reHOMa, h, cxopee Bcero, ohh Moryr 
MHrpHpoBaTb MOK^y óaKTepnHMH no MexaHH3My ropH30H- 
TajibHoro nepeHoea. TaK, HanpHMep, Oaicrepna, Bbi3bmaiomaa 
CHÓHpcKyio H3By (Bacillus anthracis ), coflepxorr rbc óojibuihx 
ruia3MH^bi (aKCTpaxpoMOCOMHbie KOJibi^eBbie MOJieicyjibi 
AHK), K2ÚKR2R H3 KOTOpblX HeCeT OCTpOBOK naTOreHHOCTH, 
BKjnonaiomHH reHbi, KOflnpyiomHe óaKTepnajibHbin tokchh. 


5.3 


fljlfl HeCKOJlbKMX 3 yKapMOTMHeCKMX 
OpraHM 3 MOB M 3 BeCTHO 
oómee nmcjio reHOB 


KnioHeBbie noHATM^: 


• Y ApofOKeíí — 6000 reHOB, y MepBeíí — 18 500. y Myx — 
13 600, y Ma/ieHbKoro pacreHMfl Arabidopsis — 25 000, 
y Mbiiueíí m jHOfleči, BepoaTHO, — ot 20 000 ao 25 000. 


KaK yxce ôbijio CKa3aHO, cbb3b Mexc/iy pa3MepoM reHOMa h 
hhcjiom reHOB pjm reHOMOB oyKapnoT OTcyrcTByeT. IeHOMbi 
OAHOKJieTOHHbix ayKapnoT no pa3Mepy nona^aiOT b oflHy 
rpynny c caMbiMH óojibuiHMH OaicrepHajibHbiMH reHOMaMH. 
KaK MOXCHO BHfleTb H3 P^c. 5.4, y BblCUIHX SyKapHOT ÓOJIbUie 
reHOB, ho hx hhcjio He KoppejinpyeT c pa3MepaMH reHOMa. 

HaHÓOJibinee KOJinnecTBO /jaHHbix no hh3uihm ayKapno- 
TaM nojiyneHO b pe3yjibTaTe H3yneHHa nocjieflOBaTejibHOCTen 
reHOMOB Apoxcxcen Saccharomyces cerevisiae h Schizosac- 
charomyces pombe. Ha P M c. 5.5 npe^CTaBJíeHbi hx otjihhh- 
TejibHbie nepTbi. IeHOMbi othx flpoxoKeň (pa3MepoM 12,5 h 
13,5 MnH) coflepxcaT okojio 6000 h okojio 5000 reHOB co- 
OTBeTCTBeHHO. Jpmm cpeflHen otkphtoh paMKH CHHTbma- 
hhh cocTaBJíaeT okojio 1,4 ttih. riojiynaeTca, hto okojio 70% 
reHOMa othx /jpoxoKen 3aHaTO KO/^HpyiomHMH peraoHaMH. 
OcHOBHoe OTjiHHHe Mexc,ny hhmh 3aKJiiOHaeTca b tom, hto 



PMC. 5.5 ľeHOM 5. cerevisiae, pa 3 MepoM 13,5 MnH coflep>KMT 6000 reHOB, cpe^M KOTopbix noMTM HeT npepbi- 
BMCTbix. ľeHOM 5. pombe, pa 3 MepoM 12,5 MnH co/iepwMT 5000 reHOB: noHTM no/iOBMHa M 3 hmx MMeeT MHTpo- 
Hbi. 5. cerevisiae m 5. pombe oó/ia/jaiOT cxo^humm pa 3 MepaMM n reHOB, n npoMonyTKOB MOKfly reHaMM 
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jiHuib 5% reHOB S. cerevisiae (no cpaBHeHnio c 43% S. porribe) 
coflepacaT hhtpohh. ILioTHOCTb pacnojioxceHHH reHOB bhco- 
Ka, a nx opraHH3amiH b ucjiom cxo/ma, xora y S. cerevisiae 
paccroHHne Mexcfly reHaMH nyTb MeHbine. Okojio nojiOBHHbi 
oÔHapyxceHHbix b pe3yjibTaTe nojiHoreHOMHoro ceKBeHnpo- 
b3hhh reHOB jihóo óhjih H3BecTHbi paHee, jihôo OKaaajiHCb 
poflCTBeHHbi H 3 BecTHbiM reHaM. OcTaBinneca reHbi — HOBbie, 
h sto flaeT HeKOTopoe npeflcraBjíeHHe o nncae hobhx tmiob 
reHOB, Koropbie Moryr. 6bm> OTKpbiTbi. 

BblflBJíeHHe AJIHHHblX OTKpbITblX paMOK CHHTbIBaHHH 
Ha OCHOB3HHH aHajiroa HyioieoTHflHOň nocjieflOBaTe^b- 
HOCTH — flOCTaTOHHO TOHHblH MCTO/I OIipe/ieaCHlIH reHOB. 
OflHaKO paMKH CHHTbIBaHHH, KO/UipyK)ni,He <100 3MHHO- 
khcjiot, He Moryr 6hti> onpe/iejiCHbi tojihko Ha ochob3hhh 

OTCyTCTBHH CTOn-KOflOHOB (H3-3a HaCTOrO B03HHKH0BCHHH 
jiojki iono. ! io>KiiTCjibi ibix peayjibTaTOB). Anaaiia sKcnpeccHH 
reHOB noKa3biBaer, hto y S. cerevisiae npnMepHO 300-600 

T3KHX paMOK HBJIHIOTCH HCTHHHbIMH reHaMH. 

jlOCTäTOHHO S(j)(j)CKTHBI IblM CnOCOÓOM nQHTBepJKJieHHH 

CTpyicrypbi reHa hbjihctch cpaBHeHHe nocjieflOBaTejibHoe- 
Teň y npeflCTaBHTejieň 6jiH3KopoflCTBeHHbix bh^ob — eoin 
reH aKTHBHbíň, oh, cKopee Bcero, óyfleT KOHcepBaTHBHbiM. 
CpaBHeHHe nocjie/iOBaTeabHOCTeň neTbipex 6 jih3Khx bh^ob 
A poxoKeň /jeMOHCTpupyeT, hto 503 reHa, oÓHapyaceHHbix y 
S. cerevisiae , He HMeiOT napraepoB b reHOMax apyrHx bhaob 
H, T3KHM OÓpa30M, flOJDKHbl ÓbITb HCKJIIOHeHbl H3 CnHCKa aK- 
thbhhx reHOB. Jpm S. cerevisiae sto npHBO/iHT k yMeHbine- 
hhk) oómero HHCJia reHOB #o 5726. 

I locae/jOBaTCJibi ioctb reHOMa Caenorhabditis elegans 
npeflcraBJíeHa Kai< óoraraMH Ha reHbi pernoHaMH, TaK h 
peraoHaMH, b kotophx reHbi BCTpenaiOTCH ptyiKO. Iloanaa 
noc/ie/iOBaTe/ibHOCTb coflepxcHT okoho 18 500 reHOB. Toab- 
ko 42% H3 hhx HMeiOT npeflnojiaraeMbix roMOJioroB 3a npe- 
fleaaMH loiacca HeMaTOfl. 

HecMorpa Ha to hto reHOM Myx no pa3Mepy óoabiue 
reHOMa nepBeň, b HeM conepxcHTca MeHbmee hhcjio reHOB 
(okojio 13 600 y D. melanogaster). BMecre c TeM hhcjio pa3- 
hhx TpaHKpHnTOB y hhx flocmraer 14 100, hto oóbHCHHeTCH 
ajibTepHaraBHbiM eiuiaHCHHroM. HeacHO, noneMy Myxa — Ka- 
3ajiocb 6bi, oojiee cjiojkho ycipoeHHbíň opraHH3M — co/iq> 
hcht JiHinb 70% ot oómero HHCJia reHOB y nepBeň. 3to erne 
pa3 noflnepKHBaeT OTcyTCTBHe hctkoh b33hmocbh3h mctkav 
HHCJIOM reHOB H CJIOXHOCTbK) opraHH3aijHH. 

ľeHOM pacTeHHH Arabidopsis thaliana no pa3Mepy 3a- 
HHMaer npoMOKyroHiioc iiojiojkchhc MOKfly nepBCM h My- 
xoh, ho npn stom coflepxcHT óojibmee hhcjio reHOB, h cm 
jiioóoh H3 hhx (nopuflKa 25000). 3 to Taioxe noflTBepxcfla- 
er OTcyTCTBHe cbh3h MOKfly hhcjiom reHOB h oioxcHOCTbio 
opraHH3Ma h noflnepKHBaeT ocoóoe cbohctbo pacreHHH, y 
KOTopbix MOxceT 6bm> óojibme reHOB (BCJieflCTBHe nyiuíHKa- 
Uhh y npeflKOB), neM b jkhbothmx KJieTKax. Bojibuiaa nacTb 
reHOMa Arabidopsis HaxoflHTcn b AyiuiHijHpoBaHHbix cer- 
Memax, hto CBHptreabCTByeT o /ijxbhcm v/usociihu reHOMa 
(flJIH B03HHKHOBCHHH TeTpaiUIOHflHOCTH). JlHIIIb 35% reHOB 
Arabidopsis upe/iCTaiuieiibi e/iminHiibiMii KomiHMii. 

TeHOM pnca ( Otyza sativa ) npnMepHO b 4 pa3a óojib- 
rne, neM y Arabidopsis, TeM He MeHee no HHCJiy reHOB oh 
npeBbimaeT ero JiHinb Ha 50% (BepoHrao, okojio 40 000). 


noBTopjiiomHeai nocjieflOBaTejibHOCTH 33 hhm3iot 42-45% 
reHOMa. Bojiee 80% reHOB, HaťmeHHbix y Arabidopsis, Bcrpe- 
HaioToi h b reHOMe pnca. H3 sthx oóiiihx reHOB okojio 8000 
BCTpenaiOTCH y Arabidopsis h pnca, ho He BCTpenaiOTDi hh b 
OflHOM H3 H3BeCTHbIX HepaCTHTejIbHblX ľCHOMOB. BepOHTHO, 
stot Haóop reHOB KOflnpyeT tpyiiKHHH, CBOHCTBeHHbie TOJib- 
KO paCTCHHTM (HanpHMep, (J)OTOCHHTe3). 

Ha npHMepe reHOMa Myxn mojkho nojiynHTb npe/icraB- 
jieHne o tom, CKOJibKO reHOB coct;ih;miot OTpe.'ibiibie cjsyn- 
KUHOHajibHbie KJiaccbi ócjikob. Ha p m c. 5.6 cyiuecrByioiHHC 
tjíyHKUHOiiaabHbie KJiaccbi ócjikob pa3ÓHTbi Ha HecKOJibKO 
KaTeropHH. Cpe/in H3BecTHbix reHOB mh iiaxo/uiM 2500 
reHOB, KOflHpyiomHx cpepMeHTbi, okojio 750, KOflHpyromnx 
TpaHCKpHnpnoHHbie cjjaKTopbi, npnMepHO 700, KOflnpyio- 
mnx óejiKH-TpaHcnopTepbi h ócjikh hohhhx KaHajiOB h no- 
pmiKa 700, KOflHpyromnx ócjikh, BOBjíeneHHbie b nepe^any 
CHraajiOB. Okojio nojiOBHHbi reHOB KOflnpyioT npo/iyKTbi, 
BbinojiiiHK)inne noKa HeH3BecTHbie 4)vhkhhh. npHMepHO 
20% óejiKOB paenoaojKCHbi b MeMópaHax. 

Pa3Mepbi óejiKOB yBejiHHHBaiOTCH b pn;iy ot npoKapnoT 
h apxeň k syKapnoTaM. TaK, y apxen M. jannaschii h óaK- 
TepHH E. coli cpc/ii im>i BejiHHHHa óejiKOB cocTaBjweT 287 h 
317 aMHHOKHCJiOT cooTBeTCTBeHHO, Tor/ui KaK v 3. ceňvisiae 
h C. elegans cpeflHJw fljiHHa ócjikob — 484 h 442 3mhho- 
KHCJiOTbi. BojibniHe óejiKH (óojiee 500 3mhhokhcjiot) pe/iro 
BCTpenaiOTCH y óaicrepHH, ho cocTaBJífliOT 3HaHHTejibHyio 
nacTb (okojio 1/3) óejiKOB syKapnoT. YBejiHHeHHe jyiHHbi 
flOCTHraeTCH 3a chct /io6anjiciiH>i /ionojiHHTCJibHbix jiomc- 
HOB, KaJKflbIH H3 KOTOpblX, KaK npaBHJIO, COCTOHT H3 100— 
300 aMHHOKHCJiOT. BMecTe c tcm yBeanneHne pa3Mepa óeji- 
kob oneHb cjiaóo bjihhct Ha pa3Mep reHOMa. 

nOflCHCT aKTHBHblX reHOB n03BOJIHCT B3rjIHHyTb Ha HX 
hhcjio c flpyroň cropoHbi. Ecjih onHpaTbCH Ha opeHKy HHCJia 
pa3JiHHHbix BHflOB mPHK, BcrpcHaiomnxoi b KJieTKe, moxho 
CfleJiaTb BbIBOfl, HTO B CpeflHeM B KJieTKe n03BOHOHHbIX SKC- 

npeccHpyercH ot 10 000 ro 20 000 reHOB. 3HaHmejibHoe 


0yHK4MM 6oiiee no/iOBMHbi reHOB Myxn nona HeH3BecrHbi 


MaHMnyjiflĽiMM c flHK 
(peruiMKauiMH, peKOM- 
ÔMHauMH, penapauMH) 

■ TpaHCKpMnuMH 

□ TpaHC/iflUMfl 

□ Oo/lflHHľ 6e/lKOB 
(manepoHbi m t. n.) 

■ KneTOHHbiM 14MK/1 

M K/ieTOHHaH CMepTb 

■ UlmocKe^eT 

■ OepMeHTbi 

□ Cuma^bHbie nyin 

■ K^eTOHHan aAre3MH 

fl TpaHcnopiepbi m KaHa^bi 

□ OyHKbiMH HeM3Becma 


PMC. 5.6 Y Myx Drosophila -20% reHOB KOflMpyeTÓe^KM^yHacTByiomMe 
b o6cjiy>KMBaHMM reHOB (noflflep>KaHMM m aKcnpeccMM), m <10% reHOB 
KOflMpyeTÓe^KM, 3afleíícTBOBaHHbie b oóecneMeHMM HopMa^bHoroxofla 
mieTOHHoro umuia m pa3/iMHHbix CMTHa/ibHbix nyreíí. ľlo/iOBMHa reHOB 
Drosophila KOflMpyeT 6en\i\A, (fiyHKUMfl KOTopbix Hen3BecTHa 



5.3 HeCKO/lbKMX 3yKapHOTMHeCKMX Opr3HM3MOB M3BeCTHO oóiuee HMC/IO reHOB 87 








cxoflCTBO nonyjmijHH mPHK pa3JiHHHbix ranoB kjictok no3- 
bojihct npeAnojioxcHTb, hto oômee hhcjio aicmBHbix reHOB 
(zyw flaHHoro opraHH3Ma) ôy^eT b HecKOJibKO pa3 ôojibine 
SToro 3HaneHHa. Ecjih npHHnTb bo BHHMaHHe, hto tchom 
H ejiOBeKa co^epxGiT 20 000-25 000 reHOB (cm. pa3£. 5.5 
«B reHOMe nejiOBeica MeHbine reHOB, neM KaxceTOi»), to cjiefly- 
er npH3HaTb, hto b Kax^OH OT^eJibHOH mieTKe SKcnpeccnpy- 
eTca 3HanHTe^bHaa nacrb ot oômero HHCJia reHOB. 

3yKapHOTHHecKHe reHbi TpaHCKpHÓHpyioTca nooflHHOH- 
xe. Kax^bíň reH npoH3BO£HT MOHoyHcrpoHHyio («OAHoreH- 
Hyio») mPHK. Xotji H3 3Toro npaBHJia ecTb h HCKjnoneHHfl: 
b reHOMe C. elegans okojio 15% reHOB CHHTbreaiOTCfl b bh #e 
nojiHi^HCTpoHHbix npe-MPHK (bhahmo, /y m bo3mojkhocth 
Hcnojib30BaHna mpanc-cumPicuHľ^ , no3BOjmiomero skc- 
npeccHpoBaTb reHbi, pacnojioxceHHbie cyiyecTBeHHO Hrnce 
npoMOTopa; cm pa3A. 26.13 «B peaicijHflx mpanc-cľuimcuH- 
ra ynacTByioT Majibie PHK»). 


BI CKOJibKO cymecTByeT pa3JWHHbix 

TMDOBreHOB? 

Hapjyiy c yHHKajibHbiMH reHaMH cymecTByiOT MHOxcecTBeH- 
Hbie reHbi, o6pa3yK)mne ceMencTBa, HJieHbi kotophx cxo- 
XCH (HO OÔblHHO He H^eHTHHHbl) nO nOCJieflOBaTeJIbHOCTH. 
C yBejiHneHHeM pa3Mepa reHOMa aojui yHHKajibHbix reHOB 
yMeHbinaeTca, a aojiíi reHOB, npHHa/yiexcaiyHx ceMenc- 
TBaM, yBejiHHHBaeTca. Y óaicrepHH MHHHMajibHoe hhcjio 
ceMefícTB reHOB cocTaBJíaeT >1000, y Apoxcxcefí — >4000, 
a y BbícniHx syicapHOT — ot 11000 ao 14000. 

HeKOTopbie reHbi npeflcraBjíeHbi ôojiee neM oahoh ko- 
nnen (hjih oneHb cxo jkh no noaieflOBaTejibHOcra c Apyra- 
mh); TaKHM o6pa30M, hhcjio pa3Hbix ranoB reHOB MeHbine, 
neM o6ni.ee hhcjio reHOB. Bce reHbi mojkho pa3AejiHTb Ha 
rpynnbi, cocToan^He H3 cxojkhx no noaieflOBaTejibHOC- 
tam npeflCTaBHTejieň, npHneM hx cxo/jctbo onpe/jenneTca 
cpaBHeHHeM 3K30hob. (CeMencTBO reHOB B03HHKaeT nyreM 
AynjíHKayHH npeAKOBoro reHa h nocjie,oyiomero Haiconjie- 
HHfl H3MeHeHHH B B03HHKHIHX KOnHflX. Hailje Bcero HJieHbl 
ceMencTBa cxoahbi, ho He H/jeHTHHHbi.) 06mee hhcjio ce- 
MencTB reHOB mojkho onpeflejíHTb nyreM npHÔaBJíeHHa k 
HHCJiy yHHKanbHbix reHOB (ajih kotophx HeT cxoahbix no 
nocneflOBaTeJibHOCTH napmepoB) k HHCJiy ceMencTB, bkjiio- 
naioiyHx a Ba hjih 6o;iee HjieHOB. 

Ha pmc. 5.7 npnBefleHO cpaBHeHHe oômero HHCJia reHOB 
C HHCJIOM pa3JIHHHbIX CeMeHCTB reHOB RJIK meCTH 3BOJIIOIJH- 

ohho flaJieKHx reHOMOB. Bhaho, hto y ôaicrepHH no^aBjm- 
loiyee ôojibuiHHCTBO reHOB yHHKajibHbi, h hhcjio ceMencTB 
6jih3ko no 3HaneHHio k oômeMy HHCJiy reHOB. O^HaKO yxce 
y ApoxoiceH S. cerivisiae, OTHOomj,Hxai k hh3uihm syicapno- 
TaM, CHTyauHa MeHaeTcn, h aojw noBTopjnomuxai reHOB y 
hhx B03pacraeT. HmepecHO, hto npn nepexoAe k bmcuihm 
syxapHOTaM hhcjio reHOB yBejiHHHBaeTcn CKanKOo6pa3HO, a 
hhcjio ceMencTB reHOB npaKTHnecKH He MeHaeTcn. 

Ha pmc. 5.8 noKa3aHO, hto aojw yHHKajibHbix reHOB 
ôbicTpo yMeHbinaeTcn c yBejiHneHHeM pa3Mepa reHOMa. 



PMC. 5.7 B npouecce 3bojiiouhh MHorne reHbi AyruinnnpyiOTCfl; noa- 
TOMy b reHOMax Bbicwnx ayKapnoT hhcjio pa3JiMHHbix ceMeíícTB reHOB 
3HaHme/ibHO MeHbiue oómero HMC/ia reHOB 


Hhcjio ceMencTB y Beji hm h BaeTCH BMecre c pa3MepoM reHOMa 


0praHM3M 

YHMKaJlbHbie 
reH bi 

CeMencTBa 
n3 2-4 
reHOB 

CeMencTBa 

H3 4-x n 
6o/iee reHOB 

H. influenzae 

89% 

10% 

1% 

S. cerevisioe 

72% 

19% 

9% 

D. melanogaster 

72% 

14% 

14% 

C. elegans 

55% 

20% 

25% 

A. thaliana 

35% 

24% 

41% 


PMC. 5.8 flo/ifl reHOB, npeflCTaB/ieHHbix b reHOMe HecKO/ibKMMM cxo- 
>kmmm KonMflMM,yBe^MHMBaeTCfl BMecre c pa3MepoM reHOMa m aoctm- 
raeT MaxcnMyMa y BbiciuMx ayKapnoT 


Ecjih nocMOTpeTb Ha hhcjio npeflcraBHTejieH ceMencTB, 
BH^HO, HTO y ÔaKTepHH H HH3UIHX 3yKapHOT HHCJIO HJie- 
hob Rj\n Kaxc^oro ceMencTBa Heôojibinoe, a y BbicuiHx 
syxapHOT — flOBOJibHO BbicoKoe. Tax, ôojibinan nacTb re- 
hob Arabidopsis bxo^ht b ceMencTBa, cocToaiyne H3 4 h 
6ojiee HjieHOB. 

Ecjih npe^nojioxcHTb, hto SKcnpeccHpyeTcn Kaxc^biH 
reH, to oômee hhcjio reHOB ^ojixcho npnMepHO coBna^aTb 

C OÓIIJHM HHCJIOM ÔeJIKOB, HeOÔXOflHMbIM pjlSi CpOpMHpOBa- 
Hnn opraHH3Ma (npoTeoMOM). Ha caMOM ^ejie rec ocoôeH- 
HOCTH BJIH5IIOT Ha TO, HTO HHCJIO ÔeJIKOB, COCTaBJíniOmHX 
npoTeoM, OTJiHnaeTcn ot HHCJia reHOB. nocKOJibicy reHbi 
AynjiHyHpoBaHbi, HeKOTopbie H3 hhx KO^HpyiOT o^hh h 
tot xce ôejioK (xoth CHHTe3npoBaH oh MoxceT óbitb b pa3- 
jiHHHoe BpeMn h b pa3Hbix MecTax), a HeKOTopbie KO^Hpy- 
iot noxoxcne ôejiKH, KOTopbie onnTb xce Moryr BbinojmnTb 
cxoAHyio (JjyHKyHio b pa3Hbix MecTax h b pa3Hoe BpeMn. 
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S OJI b !U H H CTB O feHOB MyXM He MM66T OpTOJlOrOB 


KpoMe Toro, hhcjio ôejiKOB, cocraBjmiomHx npoTeoM, mo- 
)kct npeBbimaTb hhcjio reHOB, nocKOJibKy b pe3yjibTaTe 
ajibTepHaTHBHoro cnjiaňcHHra HeKOTopbie reHbi npoH3BO- 
Aat óojiee o^Horo ôejiKa. 

KaKOB xce MHHHMajibHbíň pa3Mep npoTeoMa (Haôo- 
pa pa3JIHHHbIX THnOB ÔeJIKOB, cocraBjwiomHx opraHH3M)? 
OueHHTb MHHHMajibHoe 3HaneHHe moxcho no HHCJiy ce- 
mchctb reHOB, yBejiHHHBaiomeMyca b p>my opraHH3MOB ot 
1400 y óaicrepHH h hcckojibko ôojiee 4000 y ApoxoKeň ao 
11 000-14 000 y Myx h nepBeň. 

Kax pacnpe^ejieH npoTeoM no KJieTKe? 6000 ôcjikob 
npoTeoMa ApoxoKeň BK/nonaiOT 5000 BOAopacTBopHMbix n 
1000 MeMÓpaHHbix ôejiKOB. Okojio nojiOBHHbi H3 hhx pac- 
nojioxceHbi b uHToruia3Me, neTBepTb b flApe, n ocraBinaaai 
HaCTb OTHOCHTCfl K MHTOXOHApnflM H 3HAOnJia3MaTHHeCKO- 

My peraicyjiyMy hjih annapaTy rojib/pcn. 

Kaxoe hhcjio reHOB aBjmeTOi oôiijhm /yia Bcex opra- 
hh3mob (hjih KpynHbix rpynn rana 6aKTepHH hjih BbícniHX 
syKapnoT) h ckojibko reHOB cneuH(J)HHHbi ajia aaHHoro 
rana opraHH3MOB? Ha pmc. 5.9 npHBe^eHO cpaBHeHHe re- 
HOB ApOXCXCeBOH KJieTKH, HepBfl H MyXH. TeHbl, KOTOpbie B 
pa3JiHHHbix opraHH3Max KOflnpyiOT roMOJiorHHHbie ôejiKH, 
Ha3biBaiOT opTo^oraMH. npHHflTO CHHTaTb, hto npoAyK- 
Tbi flByx reHOB b pa3Hbix opraHH3Max Moryr BbinojiHaTb 
cxoAHbie (JjyHKí^HH, ecjiH nocjieflOBaTejibHoera srax re- 
hob coBna^aiOT ôojiee HeM Ha 80%. PyKOBOACTByacb sthm 
K pHTepneM, cjie^yeT npeAnojioxcHTb, hto okojio 20% re- 
hob Myx HMeiOT opTOJioroB y ApoxoKeň. Cxopee Bcero, sth 
reHbi HeoôxoflHMbi BceM syKapnoTaM. npn cpaBHeHHH 
MyxH h nepBfl aojui Taxnx reHOB B03pacTaeT ao 30%, hto, 
no-BH^HMOMy, 03HanaeT AOóaBjíeHHe reHOB, oôiijhx rjik 
MHoroKJieTOHHbix syxapHOT. HecMOTpa Ha sto, ocHOBHaa 
nacTb reHOMa no-npexcHeMy npeAcraBJíeHa reHaMH, koah- 
pyioiAHMH cnei^H(J)HHHbie AAfl Myx hjih nepBeň ôejiKH. 

Co3AaTb npeACTaBJíeHHe o npoTeoMe moxcho, hcxoaa 
H 3 KOJiHnecTBa h cTpyKTypbi reHOB, a moxcho — c noMOiAbio 
npHMoro HCCJieAOBaHHfl ôejiKOBoro coAepxcHMoro kjictkh 
hjih Bcero opraHH3Ma. 3ra noAXOAti k HCCJieAOBaHHio 
ÔCJIKOB n03BOJIHJIH JIOKaJIH30BaTb reHbl, KOTOpbie CJIOXCHO 
6biJio onpeAejíHTb Ha ocHOBaHHH aHajiH3a nocjieAOBaTejib- 
hocth reHOMa. JIjir KpynHOMacmTaÔHoro nccjieAOBaHHa 
ôejiKOB Hcnojib3yiOT hcckojibko mctoaob. C i^ejibio hach- 
ra({)HKauHH óejiKOB, HaxoAflmnxai b CMecH, nojiyneHHOH 
H3 KJieTOK hjih raaHeň, npHMemnoT Macc-cneKTpoMeTpHio. 
flpyrHM mctoaom aBjíaeTca nojiyneHHe TaK Ha3biBaeMbix 
rnópHAHbix óeJiKOB (Hecyin,Hx acjxjjHHHbie mctkh) nyreM 
SKcnpeccHH MOJieicyji KflHK c Hcnojib30BaHHeM reHHO-HH- 
)KeHepHbix BeKTopoB. TaKHe KflHK-ÔHÔJiHOTeKH no3BOJia- 
K)T OAHOBpeMeHHO aHaJIH3HpOBaTb MHOXCeCTBO ÔeJIKOBblX 
npoAyKTOB. MeTOAH cpaBHeHHH ôejiKOB TaioKe 3(J)(J)eKTHB- 
Hbi npn cpaBHeHHH AByx TKaHeň (HanpHMep, raaHH 3 ao- 
poBoro HHAHBHAyyMa h naunema, ACMOHCTpnpyiomero to 
hjih HHoe 3a6ojieBaHHe) h ycraHOBJíeHHfl cymecTByiomHx 

MCKffy HHMH OTJIHHHH. 

Tenepb, KorAa HaM h3bcctho o6mee hhcjio ôejiKOB, mbi 
MOXceM nonbiTaTbca BbwcHHTb, KaK ohh B3aHMOACHCTBy- 
K)T Apyr c ApyroM. no onpeAejieHHio, ôejiKH, o6pa3yioiAHe 
CTpyKTypHbie MHoroKOMnoHeHTHbie KOMnjieKCbi, aojdkhbi 



PMC. 5.9 B reHOMe Drosophila ecrb reHbi, KOTOpbie, CKopee Bcero, 
ecrby Bcex ayKapMOT. flono/iHmejibHafl rpynna reHOB npMcyTCTByeT, 
CKopee Bcero, y Bcex MHoroK/ieTOHHbix ayKapMOT. Ho Bce-TaKM 6o/ib- 
iuaa nacTb reHOB flaHHoro reHOMa cneuMctwHHa AJi* npeACTaBMTe/ieíí 
OAHoro noApoAa 

(J)OpMHpOBaTb CTaÔHJIbHbie CB5I3H APyT C ApyroM. B3aHMO- 
AeňcTBHe xce óejiKOB CHrHajibHbix nyTeň hocht BpeMeHHbíň 
xapaicrep. H Te, h Apyrne ranbi B3aHMOAcňcTBHň moxcho 
B bmBHTb c noMOiAbio noAxoAOB, ocHOBaHHbix Ha ycrae- 
HHH 3(J)(J)eKTa HCCJieAyeMOrO B3aHMOACHCTBH5I. OAHOH H3 
Hanóojiee nonyjmpHbix CHCTeM TaKoro poAa aBJíaeTca ABy- 
rnópHAHbiH aHajiH3, oócyacAaeMbíň b pa3A. 25.3 «CBa3bma- 
Hne flHK h aKTHBai^Ha TpaHCKpHni^HH ocyni,ecTBJiaiOTca 
He3aBHCHMbiMH AOMeHaMH (J)aKTopa». TaKoň ran aHajiH3a 
He no3BOJiaeT onpeAejíHTb Becb cneicrp B3aHMOACňcTBHň 
b KJieTKe: HanpHMep, ecjiH b MeTaôojiHnecKOM nyTH oahh 
H 3 (JjepMeHTOB BblCBOÔOXCAaeT paCTBOpHMblň MeTaÔOJIHT, 
KOTopbíň 3aTeM B3aHMOAeňcTByeT co cjieAyioiAHM (JjepMeH- 
tom, to MtyKffy ynacTByiomHMH b stom npouecce ôejiKaMH 
npaMbie B3aHMOAeňcTBHa Moryr OTcyTCTBOBaTb. 

Ha npaKTHKe nonapHbíň aHajiH3 B3aHMOAcňcTBHň Mexc- 
Ay ÓeJIKaMH MOXCeT AaTb HaM HHCj)OpMaiJHIO O MHHHMaJIB- 
hom HHCJie He3aBHCHMbix CTpyicryp hjih nyTeň. Tecrapo- 
BaHne Bcex 6000 (npeACKa3aHHbix) ApoxcxceBbix ôejiKOB Ha 
B3aHMOAeňcTBHe b nonapHbix KOMÓHHaijraix acmohctph- 
pyeT, hto okojio 1000 óejiKOB Moryr CBa3biBaTbca no Kpaň- 
Heň Mepe c oahhm napraepoM. npaMoe HCCJieAOBaHne Ha 
(JjopMHpoBaHHe KOMnjieKcoB no3BOJiHJio onpeAejíHTb 1440 
pa3JIHHHbIX ÓeJIKOB B 232 MHOrOKOMnOHeHTHBIX KOMnJieK- 
cax. 3to JiHiiib HanajibHaa CTaArai nccjieAOBaHHa, KOTopoe 
AOjixcho, b kohchhom CHeTe, npHBecTH k onpeAejieHHio HHC- 
Jia (JjyHKíi.HOHajibHbix KOMnjieKcoB h peryjmTopHbix nyTeň. 
CpaBHHTejibHbíň aHajiH3 8100 ôejiKOB nejiOBeKa bbihbhji 
2800 B3aHMOCBH3eň, OAHaKO b KomeKCTe ctojib KpynHoro 
npoTeoMa nojiyneHHbie pe3yjibTaTbi 3HanHTejibHO cjioxcHee 
HHTepnperapoBaTb. 

IIomhmo (JjyHKu.HOHajibHbix reHOB cyni,ecTByioT Konnn, 
yrepaBinHe cboio 4)yHKn,Hio (BbmBJíaeMbie no npepbmaHHaM 
KOAnpyiomeň noejieAOBaTejibHOCTH). Taícne Konnn Ha3bi- 
BaiOT nceBAoreHaMH (cm. pa3A. 6.6 «nceBAoreHbi — TynHKH 
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3bojhoijhh»). nceBfloreHOB b reHOMe MoaceT 6biTb MHoro. B 
reHOMax mmiiih h nejiOBexa Ha hx aojiio npHxoAHTOi oko- 
jio 10% ot HHCJia (noTeHu,HajibHo) aKTHBHbix reHOB (cm. 
pa3fl. 4.8 «KoHcepBaraBHOCTb opraHH3au,HH reHOMa noMO- 
raeT BbWBHTb reHbi»). 

C OflHOH CTOpOHbl, 3HaTb nJIOTHOCTb TCHOB HyXCHO /ym 

Toro, htoôbi oi^eHHTb hx o6mee hhcjio. Ho OAHOBpeMeH- 
ho cjieflycr 3aAaTbai BonpocoM: HMeeT jih STa njiOTHOCTb 
caMOCTOHTejibHbíň ÓHOJiorHHecKHH CMbicji? CymecTByioT 
jih CTpyicrypHbie orpaHHneHHfl, 3acraBjwiomHe reHbi ôbitb 
pa3HeceHHbiMH Ha onpeflejieHHbie paccroflHHa, h Hacxojib- 
ko CHJibHO stot (jjaicrop oôycjiOBJíHBaeT óojibniHe pa3Mepbi 
reHOMOB syKapnoT? 


5.5 


B reHOMe weiiOBeKa MeHbuie reHOB, 
neM KaweTCJi 


KjnoneBbie noHHTMH: 


• To/ibKO 1% reHOMa Me/icmeio coctoht m KOflMpytomMx 
perMOHOB. 

• 3K30Hbi cocTaB/ifHOT oko/10 5% ot oómeíí fl/iMHbi reHa; C3MM 
reHbl (3K30Hbl M MHTpOHbl) COCTaB/lfllOT OKOJIO 25% reHOMa. 

• ľeHOM He/ioBeKa coflep>Km ot 20 000 ao 25 000 reHOB. 

• Okojio 60% reHOB we/ioBeKa MoryT 3KcnpeccnpoBaTbCfl no 
MexaHM3My ajibTepHaTMBHoro cnjiaiícMHra. 

• flo 80% c/iyMaeB a/ibTepHaTMBHoro cn/iatícMHra npMBOAflT k 
M 3MeHeHMio nocneAOBaTejibHocTM óe/wa; tbkmm o6pa30M, 
npoTeoM MejioBexa npeAcraBjíeH 50 000-60 000 pa3/WHHbix 
no^MnenTMAHbix ueneíí. 


CpeAH no3BOHOHHbix nepBbiM reHOMOM, pjín KOToporo 
6 buia onpeAejieHa nojiHaa HyKJieoraAHaa nocjieAOBaTejib- 
HOCTb, craji reHOM nejiOBexa. PemeHHe stoh cjioxcHeHineH 
3aAaHH A^JIO OrpOMHblH o 6 T>eM HH(J)OpMaAHH 06 yCTpOHC- 
TBe Harnero reHOMa h ero sbojiioijhh. no3AHee, c onpeAe- 
jieHneM nocjieAOBaTejibHOCTH reHOMa mbiiiih, cTajio B03- 
MOXCHblM CpaBHeHHe 3THX 6jIH3KOpOACTBCHHbIX reHOMOB, 
hto eme ôojibine yrjiyÔHJio HaníH 3HaHHa. 

ľlo BejiHHHHe reHOMbi npHMaTOB h rpbi3yHOB npax- 
THnecKH paBHbi: hx pa3Mep cocTaBjíaeT okojio 3 x 10 9 
HyKJieoTHAOB (cm. pa3A. 4.5 «noneMy reHOMbi Taxne 6ojib- 
uiHe?»). MbiuiHHbiH reHOM npHMepHO Ha 14% MeHbine 
HejiOBenecKoro, h Bbi3BaHO sto, BepoaTHee Bcero, noBbi- 
rneHHOH HaCTOTOH B03HHKH0BeHHH AOJIdJHH. riOAaBJía- 
iomaa nacTb reHOB OAHoro reHOMa HMeeT opTOJioroB b 
ApyroM, to ecTb reHOMbi coAepxcaT cxoxchh Haôop reHOB 
h hx ceMeňcTB, OAHaxo no HHCJiy HJieHOB ceMeňcTBa mo- 
ryT pa3JiHHaTbca (b ocoôeHHOCTH sto xacaeTca reHOB, ko- 
AHpyiOIUHX BHAOCneUH(})HHHbie (JjyHKUHH) (cm. pa3£. 4.8 
«KoHcepBaTHBHOCTb opraHH3auHH reHOMa noMoraeT on- 
peAejíHTb reHbi»). Ha ceroAHauiHHH aohb CHHTaeTca, hto 
no HHCJiy reHOB reHOMbi MbiníH h nejiOBexa npHMepHO 
paBHbi (ot 20 000 ao 25 000 reHOB). Ha pmc. 5.io npHBe- 
AeHa rncTorpaMMa pacnpeAejieHHa MbiuiHHbix reHOB no 
rpynnaM. PÍ3 30 000 reHOB, KOAnpyiomHX ôejiKH, okojio 
4000 aBjíaioTca nceBAoreHaMH. npHMepHO 800 reHOB ot- 



PMC. 5.10 ľeHOM m bi luh coAep>KMT -30 000 reHOB, KOAMpyiomMx 
6ejiKn; 3tmm reHaM cooTBeTCTByeT -4000 nceBAoreHOB. B stom >Ke 
reHOMe npiicyTCTByeT -1600 reHOB, KOHeHHbiMM npoAyKTaMM koto- 
pbix AB/ifliOTCfl pa3^MHHbie He KOAMpyioiAMe 6e/iOK PHK. HHcfjopMa- 
Amh no 3tmm reHaM npeACTaB/ieHa b npaBOíí nacTM AwarpaMMbi, rAe 
MaciuTaó KpynHee. CiOAa othocatch -800 reHOB pPHK, -350 reHOB 
tPHK (kotophm cooTBeTCTByeT -150 nceBAoreHOB) m -450 reHOB 
ApyrMX HeKOAupyioiMMx 6e/iOK PHK (HanpMMep, Ma/ibix AAepHbix 
PHK m MMKpoPHK) 


BenaiOT 3a oôpa30BaHHe PHK, He KOAnpyiomHx ôejiKH;* b 
ôojibuiHHCTBe CBoeM Taxne reHbi HeBejíHKH (xpoMe pPHK) 
h npHMepHO nojiOBHHa H3 hhx KOAnpyeT tPHK (ajib ko- 
Topbix Taoce BbiaBjíeHO ôojibinoe hhcjio nceBAoreHOB). 

ľanjiOHAHbiH reHOM nejiOBexa coctoht h3 22 ayrocoM, 
a Taoce X hjih Y-xpoMOCOMbi. /(jiHHa xpomocom BapbH- 
pyeT ot 45 ao 279 MnH h b oômen cjioxchocth A^eT re¬ 
HOM pa3MepoM 3286 MnH (3,3 x 10 9 nH). Ha ocHOBaHHH 
CTpyKTypbi xpomocom reHOM moxcho pa3AejiHTb Ha syxpo- 
MaTHH (noTemiHajibHO coAepxcaiAHH aKTHBHbie reHbi) h 
reTepoxpoMaTHH (cm. pa3A. 28.7 «XpoMaraH noApa3Ae- 
jiaiOT Ha syxpoMaTHH h reTepoxpoMaTHH»). 3yxpoMaraH 
cocTaBJíaeT ôojibinyio nacTb reHOMa — okojio 2,9 x 10 9 
nH (t. e. npHMepHO 90% nocjieAOBaTejibHOcra). Homhmo 
Toro, hto nocjieAOBaTejibHOCTb HymieoTHAOB KOAnpyeT 
PHK h 6eJiKH, OHa Taxxce onpeAeJiaeT BaxcHbie CTpyKTyp- 
Hbie ocoôeHHOCTH reHOMa (cm. pa3A. 28.8 «Y xpomocom 
npoaBJíaiOTca nojiocaTbie naTTepHbi OKpaniHBaHHa»). 

Ha pmc. 5.ii noxa3aHO, hto sk30hbi (coôcTBeHHO 6e- 
jiOK-KOAHpyiomHe nocjieAOBaTejibHOCTH) 3aHHMaiOT jihiub 
M ajiyio nacTb reHOMa (okojio 1%). Hhtpohbi, cocTaBJíaiomHe 
óojibinyio nacTb reHa, yBejiHHHBaiOT oômee KOJinnecTBO bob- 
jieneHHOH b CHHTe3 ôejiKOB J \HK ao 25%. Kax noxa3aHO Ha 
pmc. 5 . 12 , «cpeAHHH» reH HejiOBexa HMeeT pjimrf b 27 Tím 
H COCTOHT H3 9 SK30HOB, B CyMMe OÔpa3yiOIAHX nOCJieAO- 
BaTejibHOCTb b 1340 nH. TaKHM o6pa30M, cpeAHaa ôejiox- 
KOAnpyiomaa nocjieAOBaTejibHOCTb cocTaBjweT jihiub 5% ot 
oômeH a^ihhbi reHa. 


90 MABA 5 ľlocAeAOBaTeAbHOCTM reHOMa m hmcao reHOB 

















Bcero 1 reHOMa He/iOBena KOAMpyet 6enm 


nOBTOpflK)l4MeCfl 

nocjieAOBaiejibHOCTM 


Ocra/ibHasi flHK Mhipohu, 24% 
b npoMe>KyTKax 
Me>KAy reHaMM 


PMC. 5.11 Xotíi 25% reHOMa He/iOBeKa 3aH5ľro reHaMM, noc/ieAOBa- 
Te/lbHOCTM, KOTOpbie Ha CaMOM AG-ne KOAMpyiOT 6e/lKM, COCTaBJlfllOT 
JlMUJb KpOlUeHHyK) HaCTb 3TOÍÍ (J)paKLlMM 


flBe He32BHCHMO npeflnpHHaTbie nonbiTKH onpeflejieHHtf 
nojiHOH noaieAOBaTe^bHOCTH reHOMa HejiOBeKa mím oijeHKy 
oômero HHCJia coflepacamHxai b HeM reHOB Ha ypoBHe 30 000 
H 40 000. OflHHM H3 CnOCOÔOB OljeHKH TOHHOCTH BbinOJIHCH- 
Horo aHajiH3a nocjieflOBaTeJibHOCTeH 6buio cpaBHeHHe bbihb- 
jieHHbix reHOB. KaKOBO ace óbuio y/íHB7ieHHe HcejieflOBaTejien, 
Kor^a nepeKpbmaHHe MOKflyflByMa HaóopaMH reHOB cocraBH- 
jio jiHiiib 50% (pmc. 5.13). ripeflbmyiiiHH aHajiH3 reHOB nejio- 
Bexa, ocHOBaHHbiH Ha PHK-TpaHCKpHnTax, oôHapyacnji oko- 
jio 11 000 reHOB, npHneM nonTH Bce ohh npHcyTCTBOBajiH h 
b toh, h b flpyroH rpynne reHOB, onpeflejieHHbix npn aHajiH3e 
reHOMa (mxopyumcb b oôjiacra nepeKpbiBaHHa mokay 3 ™ - 
mh rpynnaMH), to ecTb floCTOBepHOCTb BbWBJíeHHa npHMep- 
ho nojiOBHHbi reHOB HejiOBeKa non™ He Bbi3brcajia coMHe- 
HHH. OCTaBaJICB BOnpOC CO BTOpOH nOJIOBHHOH KaXCAOrO H3 
BapnaHTOB TpaicroBKH reHOMa. HaôJiiOflaeMbie pa3JiHHHa rb- 
JUUIHCb CJieflCTBHeM OIIIHÓOK CeKBeHHpOBaHHa CTOJIb KpynHO- 


ro reHOMa! ľlpn flajibHeHiueM aHajiH3e nocjieflOBaTejibHOCTH 
(h no Mepe Toro, xax onpeflejuuiH nocjie/jOBaTejibHOCTH re- 

HOMOB, C KOTOpbIMH MOJKHO 6bUIO npOH3BOflHTb CpaBHeHHe) 
HHCJIO AOCTOBepHO JIOKaJIH30BaHHbIX reHOB yMeHbUiaJIOCb, H 
no HbiHeuiHHM npeACTaBJíeHHaM oho cocTaBJweT npHMepHO 
20 000-25 000. 

npH jiioôom coBpeMeHHOM cnocoóe oijeHKH, o6mee 
hhcjio reHOB HejiOBeKa OKa3brcaeTCfl 3HanHTejibHO MeHbine, 
neM CHHTajiocb paHee. flo Toro, Kax 6buia onpejiejieHa tioji- 
Haa nocjieAOBaTejibHOCTb reHOMa HejiOBeKa, CHHTajiocb, hto 
b HeM co^ep^cHTca nopa^Ka 100 000 reHOB. TeHOM HejiOBeKa 
AeMOHCTpHpyeT jihiub HeKOTopoe B03pacTaHHe HHCJia re- 
hob no cpaBHeHHio c MyxaMH h nepBaMH (13 600 h 18 500, 
cooTBeTCTBeHHo), He roBopa yxce o reHOMe pacTeHHa^rab/- 
dopsis (25 000) (pne. 5.2), xota Hac b npHHijHne He aojdkho 
yAHBjmTb to, hto ajia nocTpoeHHa 6ojiee cjioacHoro opra- 

HH3M3 HeT HeOÔXOJJHMOCTH B flOÔaBJíeHHH 3HaHHTeJIbHOrO 
HHCJia reHOB. HanpHMep, pa3HHija Mexc^y nocjieflOBaTejib- 
hoctamh flHK HejiOBeKa h uiHMnaH3e oneHb He3HaHHTejibHa 
(MeHee 1%), noKa3biBaa, hto (JjyHKíjHH h B3aHMOfleHCTBHa 
cxoechx HaôopoB reHOB Moryr npHBOflHTb k pa3JiHHHbiM pe- 
3yjibTaTaM, a (JjyHKíjHH OTflejibHbix rpynn reHOB Moryr 6biTb 
OCOÔeHHO 3HaHHMbIMH. HOflpOÔHOe CpaBHeHHe OpTOJIOrOB 
HejiOBeKa h uiHMnaH3e fleMOHCTpnpyeT, hto onpeflejieHHbie 
KJiaccbi reHOB (BKJHonaa reHbi, BOBJíeneHHbie b npoueccbi 
paHHero pa3BHTHa, CBjmHHbie c oôohuhhcm, cjiyxoM, h b 
iiejiOM c BH£OcneijH(j)HHHbiMH (JiyHKíiHaMH) npeTepnejiH 
3HanHTejibHbie H3MeHeHHa. 

AjibTepHaTHBHbiH eiuiaHCHHr aBJíaeTca npHHHHOH Toro, 
hto hhcjio reHOB MeHbine HHCJia bo3mo^chbix ôejiKOB, a oh 
nojiyHHJi óojibinee pa3BHTne y HejiOBeKa no cpaBHeHHio c 
MyxaMH h nepBaMH. AjibTepHaraBHbiH cruiaHCHHr y nejiOBe- 
Ka MOxceT 3aTparaBaTb ro 60% reHOB, yBejiHHHBaa pa3HHijy 
Mexcjiy pa3MepaMH npoTeoMa HejiOBeKa h flpyrax ayxapHOT 
6e3 nponopu,HOHajibHoro yBejinneHra HHCJia reHOB. Hc- 
cjieflOBaHne reHOB, pacnojioäceHHbix Ha flByx xpoMocoMax, 
noKa3ajio, hto BKJiafl ajibTepHaTHBHoro enjiaHCHHra b H3Me- 
HeHne nocjieAOBaTejibHOCTH óejiKa mo^cct AOCTHraTb 80%. 
3to MOxceT npHBecTH k yBejiHneHHio HHCJia ôejiKOB, cocTaB- 
jihioiiíhx npoTeoM, ao 50 000-60 000. 


To^bKO 57o A/iMHbi cpeAHecTaTMcrMHecKoro reHa MeaoBeKa KOAMpyiOT 6e/iOK 


7 BHyipeHHMx 3K30H0B co cpeAHeň a^mhom 145 nH 


L, 


5'-UTR, 300 ph 


B cpeAHeM, Ka>KAbiM mhtpoh 
cocTaB/iBeT 3365 nH 


ľr 


3'-UTR. 770 nH 


J 


PMC. 5.12 CpeAHecraTMCTMHecKMM reH neAOBeKa meer AJiMHy 27 trh. B HeM AeBflTb 3K30 hob: Aea 
AJIMHHblX KOHLjeBblX 3K30Ha M CeMb BHyTpeHHMX 3K30HOB. UTR, HeTpaHCAMpyeMbie (HeKOAMpyiOlAMe) 
perMOHbi, coAep>KaTCfl b Ka>KAOM M3 KOHiieBbix 3K30 hob. (Bce noKa3aieAM paccMMTaHbi kbk cpeAHMe 
apM(j)MeTMHecKMe. Y neAOBeKa HeKOTopbie reHbi Hpe3BbiHaííH0 AJiMHHbie; c nonpaBKOíí Ha hmx noAy- 
naeM cpeAHiOK) AJiMHy 14 trh c tcmm we ceMbio 3K30H3 mm.) 
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Asa pacMeimix Ha6opa reHOB nenosená 
cosnaflaiOT to/ibko Ha 50% 


-/v 

HAeHTMHHbl 

15 852 


Bcero 


Bcero 

39 114 

PaHee 

M3BeCTHbie 

reHbi 

29 691 


PMC. 5.13 flBa Haóopa reHOB, MfleHTMcjDMLiMpoBaHHbix b no/iHOCTbio 
ceKBeHMpoBaHHOM reHOMe ne/iOBeKa, nepeKpbiBaiOTCfl jiMWb nacTUH- 
ho (KaK flBa 6o/ibiuMx xpyra BBepxy). BMecre 06a Haóopa BK/iiOMaiOT 
b ce6a noHTM Bce paHee M3BecTHbie reHbi (sto bmaho no nepexpbi- 
BaHUtO ÓOJIbLUMX KpyrOB C MeHblUMM KpyrOM B HM>KHeM HaCTM AMa- 
rpaMMbi) 


OieAyeT otmcthtb, hto Ha ypoBHe HHCJia ceMeHCTB re- 

HOB OTJIHHHfl M OKffy HtJl OBOCOM H ApyTHMH SyKapHOTaMH He 
TaK y)K BeJIHKM. BOJIbUIHHCTBO reHOB HCJIOBeKa BXOAHT b co- 
craB MyjibTHreHHbix ceMeHCTB. B pe3yjibTaTe aHajiH3a okojio 
25 000 reHOB, ôbijio oÔHapy>KeHO 3500 yHHKajibHbix h 10 300 
napHbix reHOB. KaK bhaho h 3 pne. 5.7, sto jihuib HeMHoraM 
óojibine, neM hhcjio ceMeHCTB reHOB y nepBUKa hjih MyxH. 


5.6 


Kax reHbi n npoHue 
noaieAOBaTe/ibHocTM 
pacnpefle/ieHbi no reHOMy? 


KniOHeBbie noHATMa: 


• ľloBTopflioiAMecfl noc^eAOBaie^bHocTM (npeAcraBjíeHHbie 6o/iee 
neM oahoíí KonMeň) cocraBjiflioT>50% reHOMa ne/iOBeKa. 

• 3HaHMTe^bHbiíí npoueHT noBTopaiomMxcfl nocneAOBaiejibHocTeM 
npeACTaBjíaeT coóoíí koomm HecfjyHKAMOHajibHbix TpaHcno30HOB. 

• B reHOMe ne/ioBeKa ecTb Ayn/iMKauMM 3HaHMTe/ibHbix no 
pa3Mepy perMOHOB xpomocom. 


PaBHOMepHO jih pacnpeAejieHbi reHbi no reHOMy? HeKOTO- 
pbie xpoMOCOMbi aobojibho ôe^HH reHaMH h ôojiee neM Ha 
25% cocroflT H3 «nycTbiHb» — ynacTKOB nocjieAOBaTejib- 
hocth ôojiee 500 toh, He coflepacamHx reHOB. fla^ce noc- 
jieAOBaTejibHoera Hanóojiee ôoraTbix reHaMH xpomocom 
ôojiee neM Ha 10% coctout h3 TaKHx ynacTKOB. B ijejiOM 
okojio 20% reHOMa nejiOBeKa npeACTaBjíeHO «nycTbiHHbi- 
mh» ynacTKaMH, He HecymHMH reHOB. 

Kax noKa3aHO Ha P M c. 5.14, noBTopjuomHecu nocjieAO- 
BaTejibHocra cocTaBJwioT óojiee 50% reHOMa nejiOBeKa. Hx 
AejiHT Ha miTb óojibuihx KjiaccoB: 


• TpaHcno30Hbi (KaK aKTHBHbie, TaK h HeaKTHBHbie) co- 
CTaBjunoT 45% reHOMa. Bce TpaHcno30Hbi npeACTaBJíe- 
Hbl MHO^CeCTBeHHblMH KOnHflMH. 

• nceBAoreHbi (Bcero okojio 3000 — to ecTb 0,1% ot Bcefí 
JX HK). 3to nocjieAOBaTejibHOCTH, B03HHKaiomHe b pe- 
3yjibTaTe BCTaBKH ^HK-kohhh nocjieAOBaTejibHOcra 
mPHK oópaTHO b reHOM (cm. pa3A. 6.6 «nceBAoreHbi — 
3TO TynHKH 3BOJHOU,HH»). 

• ľlpocTbie noBTopbi (BbicoKonoBTopaiomaaca flHK THna 
(CA) n , cocTaBJwiomafl okojio 3% reHOMa). 

• CemeHTHbie AynjiHKau,HH (ynacTKH ot 10 ao 300 toh, 
AynjiHiiHpoBaHHbie h nepeHeceHHbie b hobbih pera- 
oh), cocTaBJíaiomHe 5% reHOMa. npHneM jihiub He- 
óojibiuaa uacTb sthx AynjíHKaijHH pacnojioxceHa Ha 
oahoh h toh xce xpoMOCOMe, a ôojibuiHHCTBO npHHa- 
AJieacaT pa3HbiM. 

• TaHAeMHbie noBTopbi oahoh h toh xce nocjieAOBaTejib- 
hocth (ocoôeHHO nacTO pacnojiaraiomHeca b uempo- 
Mepax h Ha KOHu,ax xpomocom). 

ľlo nocjieAOBaTejibHOCTH reHOMa nejiOBeKa moxcho 

CyAHTb O 3HaHHMOCTH TpaHCn030H0B. TpaHCn030HbI MO- 
ryT caMopenjiHiiHpoBaTbca h BCTaBjíaTbCH b HOBbie ynacT- 
kh. npH stom ohh MoryT (JjyHKíiHOHHpoBaTb KaK b Kanec- 
TBe 3JieMeHTOB Jl HK (cm. tji. 21 <<TpaHcno30Hbi»), TaK h b 
BHfle aKTHBHOH PHK (cm. tji. 22 «PeTpoBHpycbi h peTpo- 
n030Hbi»). Hx pacnpeAejieHHe no reHOMy nejiOBeKa npefl- 
CTaBJíeHO Ha pne. 22.18. Eojibuiau nacTb TpaHcno30HOB 
reHOMa nejiOBeKa HecjjyHKu.HOHajibHa; b aKTHBHOH cjjopMe 
cymecTByiOT jihiub HeMHorae H3 hhx. To, hto 3HanHTejib- 
Hau nacTb reHOMa 3aHUTa sthmh nocjieAOBaTejibHOCTUMH, 
03HanaeT, hto ohh HrpajiH óojibmyio pojib b (JjopMHpoBa- 
hhh reHOMa. HmepecHO, hto HeKOTopbie H3 coBpeMeH- 
HBIX reHOB H3HanaJIBHO B03HHKJIH B BH^e TpaHCn030H0B 


Bóiibuiyio Madb reHOMa MenoBena 
cocraBjmiOT «6eccMbic/ieHHbie» noBTOpbi 


TpaHcn030Hbi. 45% 

Kpyn- leAyn/TMKaAMM, 5% 
ľlpocTbie noBTopbi, 3% 

OcTa^bHoíí Maiepna^ 
b npoMe>KyTKax Mhtpohw, 24% 

Me>KAy reHaMH, 22% 


PMC. 5.14 CaMbiíí BecoMbiíí KOMnoHem reHOMa ne^OBeKa — 3 to 
T paHcno30Hbi. KpoMe hmx ecTb m APyrne noBTopínoiAMecíi noc^eAOBa- 
Te/ibHOCTM (HanpMMep, KpynHbie Ayn/iMKaAMM m npocibie noBTopbi) 
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H BnOCJieflCTBHH 3BOJIIOĽI,HOHHpOBaJIH B HblHeiIIHIOIO (J)Op- 

My, noTep^B npn stom cnocoÔHOCTb nepeMemaTbca no 
reHOMy. noAOÔHbiM o6pa30M bo3hhkjio okojio 50 Hbme 
cymecTByiomHx reHOB. 

CerMeHTHbie AymíHKaijHH b npocroM cjiynae npeAcraB- 
jihiot coôon TaH^eMHyK) AynJíHKaijHio HeKoero pernoHa 
b npeflejiax oahoh xpoMOCOMbi (KaK npaBnjio, no upmu- 
He HenpaBrabHOH peKOMÓHHaijHH bo BpeMH Meňo3a; cm. 
pa3 a. 6.7 «HepaBHbin KpoccnHroBep npHBOAHT k peopra- 
HH3au,nn reHeTHHecKHx KJiacTepoB»). OflHaKO bo MHornx 
cjiynaflx AynjinunpoBaHHbie pernoHbi pacnojioxceHbi Ha 
pa3Hbix X-xpoMOCOMax, hto CBH^eTejibCTByeT jihôo o tom, 
hto ohh H3HaHa;ibHO ôbuiH TaH/^eMHOH AymíHKaijHeH, OAHa 
H3 Konnn KOTopon 3aTeM 6buia nepeHeceHa Ha hobbih ynac- 
tok, jihóo hto AynJíHKai^Ha no KaKOMy-TO HHOMy MexaHH3- 
My cpa3y B03HHKJia Ha Apyroň xpoMOCOMe. KpanHHM cjiyna- 
eM cerMeHTHOH AynJiHKau,HH HBJweTai AynJiHKau,HH u,ejioro 
reHOMa (HanpHMep, Kor^a H3HanajibHO AnnjiOHAHbiH reHOM 
npeBpamaeTca b TeTpamiOHAHbiH). Ecjih AynjiHijHpoBaHHbie 
KonnH HaKomrr cymecTBeHHbie pa3JiHHHH, to tchom MoaceT 
bhobb cTaTb AHnjiOH^HbiM (xoth MOK/iy KonHaMH ocraeTOi 
cxoactbo, no3BOjmiomee cyAHTb o hhx KaK o pe3yjibTaTe 
AyrníHKau.HH). TaKHe coôbiTHH Hanóojiee xapaicrepHbi /ym 
reHOMOB pacTeHHH. AHajiH3 reHOMa nejiOBeKa no3BOjmcr 
roBopHTb o cymecTBOBaHHH MHOxcecTBa oTflejibHbix /jynjiH- 
UHpoBaHHbix peraoHOB. Ho ycTaHOBHTb, HBJíaiOTai jih ohh 
pe3yjibTaTOM /jynjiHKau,HH Bcero reHOMa, npoH3omeAmeH 
KOľfla-TO B JIHHHH n03B0H0HHbIX, CJIOXCHO. 

JIioôonbiTHOH ocoôeHHOCTbio reHOMa nejiOBeKa hbjih- 
era HajiHHHe nocjieAOBaTejibHOcren, AčMOHcrpHpyiomHx 
BblCOKyiO 3BOJIIOIJHOHHyiO KOHCepBaTHBHOCTb, HO npH 3TOM 
He BbinojiraiomHX ôejiOK-KOAnpyiomyio (fjyHKíjHio. no pe- 
3yjibTaTaM cpaBHeHHH c flpyrHMH reHOMaMH (b nepByio 
onepe^b — c reHOMOM MbiuiH) TaKHe nocjieAOBaTejibHOCTH 
cocraBjíaiOT okojio 5% ot Bcero reHOMa. Bo3moxcho, sth 

nOCJieAOBaTeJIbHOCTH HBJIHIOTOI KOAHpyiOIIJHMH C (JjyHKUH- 
OHajibHOH tohkh 3peHHH? HanpHMep, njiOTHOCTb pacnojio- 
mmví TaKHx ynacTKOB Ha 18-h xpoMOCOMe TaKaa xce, KaK 
H Ha JIIOÔOH APyrOH, XOTH KOHU,eHTpayHÍI Ôe^OK-KOflHpyiO- 
hjhx reHOB Ha Hen 3HanHTejibHO Hrnce. 3to OTnac™ noA- 
TBepxc/jaeT, hto (fjyHKíjHH AaHHbix peraoHOB He CBjmHa co 
CTpyKTypoH hjih SKcnpeccHen reHOB, KOAHpyiomnx óejiKH. 


BI B Y-XpOMOCOMe eCTb HeCKOJlbKO 
reHOB, cneuM(|)MHHbix aíih caMUOB 


KniOMeBbie iiohbtmb: 


• Y-xpoMocoMa coflep>KMT okojio 60 reHOB, 3KcnpeccnpyiomMxcfl 
TOJlbKO B CeMeHHMKaX. 

• CneLjMcJjMHHbie fl/in caMuoB reHbi npeflCTaBjíeHbi 
MHO>KeCTBeHHblMM KOľlMBMM B nOBTOpfUOlMMXCB CeľMeHTaX 
Y-XpOMOCOMbl. 

• ľeHHaB KOHBepCMB, npOMCXOAMBUJafl Me>Kfly MHOJKeCTBeHHblMM 
KOľlMBMM reHOB Y-XpOMOCOMbl/ n 03 B 0 JlMJia aKTMBHbIM reHaM 
COXpaHMTbCB B 3 BOJ 1 IOUMM. 


Onpe^ejieHHe noejie^OBaTejibHOCTH nejiOBenecKoro reHOMa 
cymecTBeHHO npoABHHyjio Hac b noHHMaHHH pojín nojio- 
BblX X-XpOMOCOM. CHHTaeTCa, HTO X- H Y-XpOMOCOMbl npo- 
H30iiniH ot oahoh OHeHb ApcBHen ayTOCOMbi. B npou,ecce 
3 BOJHOU.HH X-XpOMOCOMa COXpaHUÍia ÔOJIblIIHHCTBO HCXOA- 
Hbix reHOB, a Y-xpoMocoMa npaKTHHecKH Bce yrepajia. 

X-xpoMOCOMa Be^eT ceôa KaK ayrocoMa, nocKOJibKy y 
xceHiyHH OHa npe^CTaBJíeHa b ^Byx Konnax — Mexc/iy hhmh 
MOxceT npoHexoAHTb peKOMÓHHauHa. njiOTHOCTb pacnojio- 
xceHHa reHOB Ha X-xpoMOCOMe cpaBHHMa c TaKOBOH y ^py- 
THX XpOMOCOM. 

Y-xpoMocoMa no pa3Mepy ropa 3 flO MeHbine, neM X, h 
coflepxcHT 3HanHTejibHO MeHbine reHOB. OcoôeHHOCTb Y 3a- 
K/noHaeTca b tom, hto OHa BCTpeHaeTca tojibko y MyxcHHH 
h b e^HHCTBeHHOH Konnn, to ecTb Jioicycbi, cu,enjieHHbie c 
Y-xpomocomoh, He AHnjiOH^Hbi, KaK Bce ocTajibHbie reHbi 
nejiOBeKa, a ranjiOH^Hbi. 

Ha npoTflxceHHH MHornx JieT CHHTajiocb, hto Y-xpo- 
MOCOMa HeceT HCKjiiOHHTejibHO reHbi, onpe^ejiaiomHe 
pa3BHTHe MyxccKoro opraHH3Ma. fleHCTBHTejibHO, 6 ojib- 
rnaa nacTb Ý-xpoMocoMbi (>95% ee nocjie^OBaTejibHOC- 
th) He cnocoÔHa k KpoccHHroBepy c X-xpomocomoh, Ha 
ocHOBaHHH nero bo3hhkjio npe^CTaBJíeHHe 06 OTcyTc- 
TBHH B Y-XpOMOCOMe aKTHBHblX reHOB (nOCKOJIbKy Kpoc- 
CHHroBep flBjíaeTca oahhm h3 cnocoôoB npeAOTBpaiyeHHH 
HaKomieHHfl ACJieyHH). O^HaKO stot perHOH (J)JiaHKHpo- 
BaH kopotkhmh nceBAoayTocoMHbiMH ynacTKaMH, cno- 
COÔHblMH BO BpeMB MeH03a (y CaMIJOB) OÔMeHHBaTbCa 
HH(J)OpMäU,HeH C X-XpOMOCOMOH. PeľHOH Y-XpOMOCOMbl, 
pacnojioxceHHbiH Mexc^y kopotkhmh nceBAoayTOCOMHbi- 
mh ynacTKaMH 6 bui H3Hana;ibHO Ha3BaH HepeKOMÓHHHpy- 
ioiahm, OAHaKO Tenepb oh Ha3biBaeTca caMeu,cneyH(J)HH- 
HblM perHOHOM. 

fleTajibHbiH aHajiH3 nocjieAOBaTejibHOCTH Y-xpomoco- 
mh noKa3aji, hto caMeycneu,H(J)HHHbiH pernoH coctoht h3 
Tpex THnOB ynaCTKOB (PMC. 5.15): 

• JlocjiedoeamejibHocmu , nepenecennue U3 X-xpOMO- 
comu coctoht H3 3,4 MnH, coôpaHHbix b KpynHbie 
ôjiokh h B03HHKUIHX b pe3yjibTaTe hx nepeHOca b 
Y-xpoMOCOMy H3 ^OKyca q21 X-xpoMOCOMbi okojio 
3-4 m jih JieT Ha3aA- 3 th nocjieAOBaTejibHOCTH cne- 

IJH(j)HHHbI Rjm JIIOAeH, OHH He peKOMÓHHHpyiOT c 
X-XpOMOCOMOH H ÓOJIbUieH HaCTblO HeaKTHBHbl. Ha 
CerOAHaUIHHH AeHb H3BeCTHO TOJIbKO ABa aKTHBHblX 

reHa b cocTaBe TaKHx nocjieAOBaTejibHOCTeň. 

• X-eupOMdennue cementmi Y-xpoMOCOMbi HecyT 
nocjieAOBaTejibHOCTH, HMeiomne oôiyee npoHexoxe- 
AeHne c X-xpomocomoh (B03Bpamaacb k oômeH ayTO- 
COMe, OT KOTOpOH np0H30I0JIH X- H Y-xpOMOCOMbl), 
h coAepxcaT reHbi (hjih nceBAoreHbi), roMOJiorHHHbie 
reHaM X-xpoMOCOMbi. CiOAa othocht 14 aKTHBHbix 
reHOB h 13 nceBAoreHOB. npHneM aKTHBHbie reHbi 
KaKHM-TO 0Ôpa30M npOTHBOCTOaT AäBJíeHHIO OTÓOpa, 
OÔblHHO npHBOA^IACMy K HCHe3HOBeHHIO aKTHBHblX 
reHOB H3 He peKOMÓHHHpyiomHx b Meno3e perHOHOB 
XpOMOCOMbl. 

• AMruiUKOHHbie cemenmu coctoht h3 10,2 MnH h 
MHoroKpaTHO noBTopaiOTca Ha Y-xpoMOCOMe. Cy- 
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Y-xpoMOCOMa Hecet -70 aKTMBHbix reHOB 
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LlempoMepa P8 P7 P6 P5 P4 

'NM 
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06/iacTM-aMrmMKOHbi 

TpaHC^oqupoBaHHbie 

X-cerMeHTbi 

Bbipo>KAeHHbie 

X-cerMeHTbi 


ľlaJlMHApOMbl 
B aMľUlMKOHaX 

ľlceBAoayTOCOMHbie 

ynacTKU 

LlempoMepa 
m reiepoxpoMaTMH 


MHoroKonnííHbie reHbi 

ľeHbi, npeAdaB^eHHbie 
oahoíí Konneíí 


PMC. 5.15 Y-xpoMOCOMa BK/iioHaeT b ce6a BbipowfleHHbie X-cernem-bi, TpaHc/iOLiMpoBaHHbie X-cer- 
Membi, a TaiOKe o6/iacTM-aMruiMKOHbi. Bbipo>KAeHHbie n TpaHCJiounpoBaHHbie X-cerMeHTbi coAepwaT, 
cooTBeTCTBeH ho, flBa m HeTbipHafluaTb reHOB; Ka>KAbm M3 3tmx reHOB npeAcraB/ieH eAHHCTBeHHOíí 
Konneíí. B aMľiAMKOHax coAepwmcfl BOceMb KpynHbix na/iMHApoMOB (P1-P8) c reHaMM acbatm ce- 
MeŕícTB. Ka>KAoe M3 3tmx ceMeíícTB ripeAcraB/ieHO kbk MMHMMyM AeyMfl KoriMflMM 


mecTByeT boccmb óojibiiihx najiHHApoMHbix ôjiokob. 
OHH BKJIIOHaiOT ACBÄTb CCMCHCTB reHOB (KOAHpyiO- 
nj,HX ôejiKH) no 2-35 koíihh Ha ceMencTBO. Ha3BaHHe 
«aMnjiHKOHHbie» OTpaacaeT tot cjjaKT, hto sth nocjie- 

AOBaTejibHOCTH 6buiH BHyTpeHHe aMnjiH(j)HijHpoBaH- 

Hbi Ha Y-xpoMOCOMe. 

B ijejiOM b nepeHHCJieHHbix perHOHax Y-xpoMOCOMbi 
coflepacHToi óojibine reHOB, neM oacHAajiocb: 156 TpaHC- 
KpHmiHOHHbix eAHHHii, nojiOBHHa H3 KOTopbix npe#- 
CTaBJíaeT reHbi, KOflHpyiomHe 6ejiKH, a nojiOBHHa — nceB- 
AoreHbi. 

CoxpaHeHHe b Y-xpoMocoMe aKTHBHbix reHOB, no 
BCeH BH/JHMOCTH, CBfl3aHO C TeM, HTO npHCyTCTBHe He- 
CKOJIbKHX rOMOJIOrHHHblX KOnHH reHOB B aMnJIHKOHHblX 
cerMemax no3BOjmeT Hcnojib30BaTb nepexoA reHOB 
Mexc/íy MHO^CeCTBeHHblMH KOnHflMH AJIfl BOCCTaHOBJíeHHa 
aKTHBHblX KOnHH. OÔblHHO HeOÔXOAHMOCTb BO MHOJKeC- 
TBeHHblX KOnHHX TeHa HOCHT KOJIHHeCTBeHHblH (HyXCHO 
MHoro ôejiKa) hjih KanecTBeHHbiH (HyxcHO HecKOJibKO no- 
XOJKHX HJIH CHHTe3HpyeMbIX B pa3HOe BpeMa H B pa3HbIX 
MecTax óejiKOB) xapaKTep. B cjiynae ace Y-xpoMOCOMbi 
AOnOJIHHTeJIbHOH (JjyHKIJHeH MHOJKeCTBeHHblX KOnHH 
reHOB flBjmeTca SBOjnouHOHHan (JjyHKUHa. CymecTBOBa- 
Hne MHO^cecTBeHHbix Konnn no3BOJiaeT ocymecTBjmTb 
peKOMÓHHaiiHio b npe^ejiax caMOH Y-xpoMoeoMbi. 3 to 
H eoôxoAHMO Rím co3AaHHa 3BOjnou,HOHHoro pa3HOOô- 
pa3na, b HopMe cjjopMHpyeMoro 3a cneT peKOMÔHHaijHH 
Me^KAy rOMOJIOrHHHblMH xpOMOCOMaMH. 

BojibniHHCTBO reHOB, pacnojioaceHHbix b aMnjíHKOH- 
hbix cerMemax, SKcnpeccHpyeTca b ceMeHHHKax h, Be- 
poaTHO, BOBJíeneHO b npou,ecc cjjopMHpoBaHHa MyxccKoro 
opraHH3Ma. Ecjih h3 oômero HHCJia reHOB (okojio 25 000) 
«MyxccKHx» reHOB okojio 60, to mojkho CKa3aTb, hto reHe- 
THHeCKHe pa3JIHHHa MOKfly MyXCHHHaMH H ^CeHIIÍHHaMH co- 
CTaBJíaioT Bcero 0,2%. 


5.8 


YCi10}KHeHlie OpraHM3MOB 
B XOfle 3 B O/l K) UHM npOMCXOAM/lO 
3a cmgt noBB/ieHHB y reHOB 
HOBblX (JjyHKUMM 


KAioHeBbie noHHTMH: 


• CpaBHeHMe pa3/inHHbix reHOMOB ag m o h crp n pyeT AOCTOBepHoe 
yBe/iMMeHMe HMC/ia reHOB c nocTOBHHbiM noBB/ieHMeM hobhx 
reHOB B pHAy HM31UMX 3yKapMOT, MHOrOKJieTOHHblX OpraHM3MOB, 
MMBOTHblX M n03BOHOHHblX. 


• BOJlbĽJMHCTBO reHOB, BCTpeMaiOlAMXCB TO/lbKO y ľl03BOHOHHblX, 
OTHOCBTCB K MMMyHHOÍÍ HJIH HepBHOM CMCTeMe. 


CpaBHeHHe nocjieAOBaTejibHOCTH reHOMa nejiOBeKa c noc- 
jieAOBaTejibHOCTAMH Apyrnx bhaob no3BOJiaeT y3HaTb mho- 
ro HOBoro o npoiiecce 3 bojhou,hh. Ha p m c. 5. i 6 npHBeAeH 
aHajiH3 reHOB nejiOBeKa c tohkh 3peHra hx pacnpocTpaHe- 
h™ b npHpoAe. 21% reHOB nejiOBeKa aBJíaeTca oôiiíhm jyw 
syKapHOT h npoKapHOT (BepxHHH npaBbiH yroji pncyHKa). 
OHH b ÓOJIbUIHHCTBe CBOeM KOAHpyiOT ÔeJIKH, HeOÓXOAH- 
Mbie BceM ^chbhm opraHH3MaM: ynacTByiomne b 6a30Bbix 
MeTaôojiHnecKHx npoueccax, penjíHKauHH, TpaHCKpHnuHH 
h TpaHCJiau,HH. ^BHraacb no nacoBOH cTpejiKe, mbi oÓHapy- 
^CHBaeM, hto 32% reHOB BCTpenaiOTca y Bcex syxapHOT (hx 
mo^cho HaňTH ^a^ce y ApoaoKen). 3 th reHbi KO^HpyioT 6eji- 
KH, BOBJíeneHHbie B OCHOBHbie (jjyHKIJHH SyKapHOTHHeCKHX 
KJieTOK (ho He ôaKTepHH), — HanpHMep, ohh Moryr ôbitb 
CB a3aHbi c opraHejuiaMH hjih KOMnoHemaMK u,HTOCKejieTa. 
Cjie^yiomne 24% reHOB xapaKTepHbi jyvi Bcex ^chbothbix. 
Ohh BKJiiOHaiOT reHbi, HeoôxoAHMbie /yw (JjopMHpoBaHra 
MHOrOKJieTOHHOCTH H flJIH pa3BHTHa pa3JIHHHbIX THnOB 
TKaHen. 22% reHOB BCTpenaiOTca tojibko y no3BOHOHHbix. 
B ÔOJIbUIHHCTBe CBOeM OHH KOflHpyiOT ÓeJIKH HMMyHHOH H 
HepBHOH CHCTeM. BMeCTe C TeM OHH KOAHpyiOT JIHIIIb He- 
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ľeHbi, oóecneMMBaioiMMe HOBbie 4>yHKi4MM, AOÔaB/iaiOTCfl 
b npouecce bbojikjamu 


ľlOBblUJeHMe CJIOWHOCTM 
opraHM3aunM 


HepBHaa 

CMdeMa 

HMMyHHaB ] 

CMcreMa 



cpyHKUMM, Heo6xoAMMbie 
JHOÓOÍÍ {pOpMe >KM3HM 


KneTOHHbie 

KOMnapTMeHTbi 


WHOrOKJieTOMHOCTb 


Pa3BMTMe 


PMC. 5.16 ľeHbi ne/iOBeKa mo>kho K/iaccn4)MUMpoBaTb Ha ocHOBaHMM 
lum poTbi pacnpocrpaHeHMfl mx roMO/ioroB y npeACTaBmejieíí pa3Hbix 
rpynn opraHM3MOB 


Y aynapMOT HacMMTbiBaeTCfl okojio 1300 KJiiOMeBbix c|)yHK4MM 



TpaHCKpnn4MB 
M TpaHC^BUMB 

■ Oo/iflUHr 
6e/lKOB 

□ Pen^MKaunB 

□ TpaHcnopT 

■ MeTa6o/in3M 


PMC. 5.17 y Bcex 3yKapMOT KJHOHeBblMM KJieTOHHbIMM 4)yHKUmiMM 
33BeAyK)T npMMepHO oahm m Te >ne 6enm 


ôojibmoe hhcjio cj)epMeHTOB, hto CBHAeTejibCTByeT o ApeB- 

HeM npOHCXCOKAeHHH (J)epMeHTaTHBHbIX CHCTeM H O TOM, 
hto MeTaóojiHMecKHe nyra bo3hhkah Ha paHHHx CTa^rax 
3BOJiK)Li I HOHHoro npoijecca. TaKHM o6pa30M, Mbi bhahm, 
HTO npH ABHXCeHHH OT ÓaKTepHH K n03B0H0HHbIM B03HH- 
Kacr HeoóxoAHMOCTb b AOÓaBJíeHHH rpynn reHOB, KOAHpy- 
lOIIJHX HOBbie (^yHKIlHH, HeOÓXOAHMbie Ha KaXCAOH HOBOH 
CTyneHH sbojiioľi.hh. 

OóiAHe ajiä Bcex npoTeoMOB nojmnenTHAbi, CKopee 
Bcero, 6ynyT OTHOCHTbca k Hanóojiee KAiOMeBbiM óejixaM 
echbmx CHCTeM. ľIpH A^TajibHOM cpaBHeHHH npoTeoMa 
nejiOBena c npoTeoMaMH flpyrax opraHH3MOB moxcho 
3aMeTHTb, hto 46% npoTeoMa ApoxoiceH, 43% npoTeoMa 
nepBfl h 61% npoTeoMa Myxn npeACTaBJíeHbi b npoTeo- 
Me nejiOBena. ľlpHcyTCTByiomHH bo Bcex neTbipex npo- 
TeoMax «6a30BbiH Ha6op» coctoht npHMepHO H3 1300 


óejiKOB. Bojibmaa nacTb oóiijhx óejiKOB othochtoi k TaK 
Ha3biBaeMOH rpynne óejiKOB «AOManiHero xo3aňCTBa» 
(housekeeping), OTBenaiomHx 3a KJnoneBbie (J)yHKu,HH 
h pa3AejiaeMbix Ha HecKOJibKO THnoB, npeACTaBJíeHHbix 
Ha PMC. 5.17. OCHOBHbie HX (j)yHKĽI 1 HH CBH3aHbI C TpaHC- 
KpHnu,HeH h TpaHCJunjHeH (35%), MeTa6o;iH3MOM (22%), 
TpaHcnopTOM BemecTB ( 12 %), penjíHKaijHeH h moah(J)h- 
Kau,HeH flHK (10%), yKJiaAKOH h Aerpa^aiiHeH fi tJlK0B 
(8%), h oómeioieTOHHbiMH npou,eccaMH (6%). 

B cpaBHeHHH c npoTeoMaMH Apyrax syxapHOT, npo- 
TeoM nejiOBena npnoópeji MHOxcecTBO hobhx óejiKOB, ho 
mhcjio óejiKOBbix AOMeHOB npH 3TOM npaKTHMeCKH He H3- 
MeHHjiocb. Bojibinaa nacTb óejiKOBbix AOMeHOB aBJíaeTca 
oómen Rľin npeACTaBHTejieH ijapcTBa xchbothmx. HOBbie 
ÓeJIKH (J)OpMHpyiOTC5I B OCHOBHOM 3a CHeT KOMÔHHHpO- 
BaHra cymecTByiomHx AOMeHOB. Ha PMC. 5.18 noKa3aHO, 
mto AJia Bbicmnx syxapHOT HaHóojibniHH npnpocT nncjia 
hobhx ôejiKOB npoHexoAHT b rpynnax TpaHCMeMÔpaH- 
hhx h BHeKjieTOMHbix MOJieicyji. y Apoxcxcen noAaBJíaiomee 
ÔOJIblIIHHCTBO HOBblX CTpyKTyp CB5I3aHO C BHyTpHKJieTOn- 
HbiMH óejixaMH. Y Myxn (xax h y nepBfl) pa3HOo6pa3He 
BHyTpHKJieTOHHbix óejiKOB yBejiHHHBaeTca B^Boe, ho npH 
3TOM (Ha (})OHe B03HHKai0meH HeOÓXOAHMOCTH CJI02C- 
HblX B3aHMOAeHCTBHH MeXCAy KJieTKaMH MHOrOKJieTOH- 
Horo opraHH3Ma) 3HanHTejibHO yBejiHMHBaeTca mhcao 
T paHCMeMÓpaHHblX JH BHeKJieTOMHblX ÓeJIKOB. y n03BO- 
HOHHbix (nejiOBena) mhcao BHyTpnioieTonHbix CTpyKTyp 
yBejiHHHBaeTca He3HanHTeAbHO, ho npn stom BHOBb 


yc/io)KHeHHe opraHwaauiHH 
TpeôyeT noBB/ieHMH BHeícneTOMHbix ^hkamm 


BHeK/ieTOMHbie 

TpaHCMeMÓpaHHbie 

BHyipmuietoMHbie 


1500 


1000 


500 



PMC. 5.18 yBe/iMHeHMe cao>khoctm opraHM3aumi 3yKapnoTMHecKnx 
opraHM3MOB conpoBO>KAaeTca HaKon^eHMeM pa3HOBMAHOCTeíí 6e/i- 
kob, o6cAy>KMBaK)iAMx TpaHCMeMÓpaHHbie n BHeK/ieTOHHbie (fjyHKumí 


5.8 YcAO>KHeHMe opraHM3MOB b xoAe 3boak)amm npoMcxoAMAO 3a cneT noaBAeHMB y reHOB HOBbix c}Dy hkí4míí 95 

























npoHcxoflHT cmibHoe yBejiHMeHHe pa3Hoo6pa3Ha 
TpaHCMeMÓpaHHbix h BHemieTOHHbix MOJiexyji. 

H3BecTHO, mto reHeraHecxne pa3JiHHHa MexcAy ne;iOBe- 
kom h oiHMnaH3e (HaniHM ójiHXcaňniHM poactbchhhkom) 
HeBejíHKH. HaníH reHOMbi coBna^aiOT npuMepHO Ha 99%. 
OnpeflejieHne nojiHon noejieAOBaTejibHOCTH reHOMa iiihm- 
naH3e no3BOJiaeT HaM óojiee AeTajibHO Hcc;ieAOBaTb 1% ot- 
JIHHHH H BbWCHHTb, MOXCHO JIH CpeflH 3THX OTJIHHHH HaHTH 
OCOÓeHHOCTH, OTBeTCTBeHHbie 3a (J)OpMHpOBaHHe npncy- 
mnx nejiOBexy npH3HaxoB. CpaBHeHne tchomob no3BOJiaeT 
BbiflBHTb 35 x 10 6 OAHOHyK/ieoTHflHbix 3aMeH (Bcero OKOJIO 
1,2% pa3JiHHHH MOtysy nocjieAOBaTejibHOCTHMH), 5 x 10 6 
Ae^eU,HH HAH HHCepiJHH (npHBOAHIAHX K (})OpMHpOBaHHK) 

npHMepHO 1,5% cneu,H(J)HqHbix jum xaxcAoro BHAa syxpo- 
MaTHnecKHx noc^eAOBaTejibHOCTeň) h mhoxccctbo xpoMO- 
comhhx nepecTaHOBOK. ľoMOJiorHHHbie óejixn nejiOBexa h 
niHMnaH3e, xax npaBrmo, oneHb noxoxcn; 29% nojmnenTH- 
AOB BOOÓme H^eHTHHHbl, a JUm ÓOJIblIIHHCTBa OCTaJIbHblX 
MOJiexyn pa3JiHHra MexcAy BHAaMH npeACTaBjíeHbi oahoh 
hah aB yMa aMHHOxHCJiOTHbiMH 3aMeHaMH Ha 6e;iox. Hme- 
pecHO, hto b reHax, KOflHpyiomHx óejixn, onpeAejunomHe 
xapaKTepHbie jum nejiOBexa npH3Haxn, HyxaeoTHAHbie 3a- 
MeHbi BCTpenaiOTCfl jx 2 oh ce pexce, neM b cpeflHeM no reHaM. 
ľlosTOMy moxcho npeAnojioacHTb, hto SBOjnou.Ha 6e;ixoB He 
nrpajia DiaBHyio pojib b (J)opMHpoBaHHH pa3JiHHHH MexcAy 
ne;iOBexoM h niHMnaH3e. B TaxoM oiynae ochobhmmh xaH- 
AH^aTaMH Ha pojib «HejiOBexoo6pa3yx)mHx» craHOBaTca 
óojiee MacniTaóHbie H3MeHeHra b crpyicrype reHOMa h/hah 
H 3MeHeHHa MexaHH3MOB peryjiau,HH paóoTbi reHOB. 3aMe- 
THM, HTO npHMepHO 25% OAHOHyKJieOTHAHblX 3aMeH 3aTpa- 
THBaiOT CpG J\U HyKJieOTH/Jbl (ÓOJIblIIHHCTBO H3 KOTOpblX 
aBJíaioTca noTeHijHajibHbiMH peryjiaTopHbiMH camaMH). 


5.9 


KaKan nacrb reHOB 
AeííCTBMTeilbHO HeoóxoflMMa? 


K/iioHeBbie noHBTMB: 


• He Bce reHbi OAMHaKOBO BawHbi. y ApowweM n Myx yAa/ieHne 
eAMHCTBeHHoro reHa M3 reHOMa npMBOAMT k BMAMMOMy a^eioy 
jiMWb A/ifl Ka>KAoro BToporo reHa. 

• Ecjim ABa min 6o/iee reHOB bb^biotcb npoAy6/nipoBaHHbiNm 
(BbipO>KAeHHblMM), TO MyTaAMfl B OAHOM M3 HHX MO)KeT He 
OKa3biBaTb BMAMMoro anexia Ha (J)eHOTMn. 

• Mbi He ao KOHAa noHMMaeM n p m m m h bi cymecTBOBaHMfl b reHOMe 
5ibho Heo6B3aie^bHbix reHOB. 


EcTecTBeHHbin OTÓop — sto cnjia, rapaHTHpyiomafl coxpa- 
HeHHe b reHOMe no;ie3Hbix reHOB. Bo3HHKHOBeHHe MyTa- 
Uhh hocht cjiynaHHbiH xapaxTep, h npH hx nonaAaHHH b 
OTK pbITyKD paMKy CHHTbIBaHHfl HaHÓOJiee BepOaTHbIM 3(J)- 
c})eKTOM cTaHeT HapymeHHe CTpyKTypbi óejixa. OpraHH3M, 
Hecym,HH noBpexcAaiomyio óejiox MyTau,Hio, c sbojhou.hoh- 
HOH TOHKH 3peHH5I OKaXCeTCa B HeBblľOAHOM nOJIOXCeHHH, H 
B KOHU,e KOHU.OB HOCHTeJIb TaKOH MyTau,HH (o6jiaAaiomHH 
noHHXceHHoň xcH3Hecnoco6HOCTbio) 6y^eT sahmhhhpo- 
BaH. MacTOTa aji^ejia b nonyAau,HH onpeflejiaeTca óajiaH- 


com MexcAy npoueccaMH (J)opMHpoBaHHa hobhx ajuiejien 
h 3JiHMHHHpoBaHHeM CTapbix. Ecjih B3ľAaHyTb Ha sto npa- 
BHJIO C Apyroň CTOpOHbl, MOXCHO CKa3aTb, HTO npH OÔHa- 
pyXCeHHH KOHCepBaTHBHOH OTKpbITOH paMKH CHHTbIBaHHa 
cjieflyeT AonycTHTb, hto ee npoAyKT HrpaeT BaxcHyio pojib 
b opraHH3Me. EcTecTBeHHbin OTÓop npoTHBOAencTByeT 
HaKonjieHHK) H3MeHeHHH b reHe. BMecTe c TeM «Heo6a- 
3aTe;ibHbie» reHbi MOiyr óbicTpo HaKanjiHBaTb MyTau,HH, 
MHor^a H3MeHaa ncxo^Hyio nocjieAOBaTeAbHOCTb ao Hey3- 
HaBaeMOCTH. 

3BOJiK)Li 1 HOHHaa KOHcepBaTHBHOCTb reHa 03HanaeT, 
hto oh A^eT opraHH3MaM cejieKTHBHoe npeHMym,ecTBo. 
npHneM b npou,ecce sbojiioli.hh Aaxce Majierimee npeHMy- 
mecTBO cTaHOBHTca npeAMeTOM ecTecTBeHHoro OTÓopa 
(OAHaxo MyTau,HH AäJiexo He BcerAa cKa3biBaioTca Ha cj)e- 
HOTHne). HmepecHO y3HaTb, cxojibKO reHOB b achctbh- 
TejibHOCTH neoôxoduMO xchboh cncTeMe (b tom CMbic^e, 
HTO OTCyTCTBHe AlOÓOrO H3 HHX AeTaJIbHO jum OpraHH3Ma)ľ 
/Via AHnaoHAHbix opraHH3MOB npH3HaxoM HeoóxoAHMoe- 
th reHa 6yj\eľ jieTajibHOCTb roM03HroTHon Hyab-MyTau.HH. 

Moxcho npeAnojioxcHTb, hto jjojw HeoóxoAHMbix reHOB 
6yAeT naAaTb c yBejiHneHHeM pa3Mepa reHOMa (nocKOJibxy 
óojiee xpynHbie reHOMbi MOiyr coAepxcaTb MHOxcecTBO cxo- 
xchx no (f>yHKijHaM KonHH onpeAejieHHoro reHa). OAHaxo 
sto Aonynj,eHHe He BnojiHe coraacyeTca c HMeioiAHMHca 
AaHHbIMH (cm. pne. 5.2). 

Oahhm H3 noAxoAOB, Hcno;ib3yeMbix jum onpeAeaeHna 
MHcaa HeoóxoAHMbix reHOB, aBJíaeTca MyTau,HOHHbin aHa- 
jih3. Ecah Mbi HacbimaeM aeTajibHbiMH MyTau,HaMH Hexnn 
ynacrox xpoMOcoMbi, to Ha xapTe sth MyTau,HH aojixchh 
nonacTb b onpeAe;ieHHoe mhcao xoMnaeMeHTauHOHHbix 
rpynn, cooTBeTCTByiomee HHcay aeTajibHbix aoxycoB b stom 
peraoHe. ílepeHOca 3Ty CHTyau,HK) Ha Becb reHOM, moxcho 
nocMHTaTb, cxojibxo Bcero HeoóxoAHMbix reHOB b HeM co- 
AepxcHTca. 

y OpraHH3Ma C CaMbIM MaJieHbXHM (H3 H3BeCTHbIX) 
reHOMOM ( M.genitalium ) cjiynaňHbie HHcepu,HH npHBOAflT 
x 3aMeTHOMy sc})cl)exTy jiHiiib y AByx TpeTeň reHOB. C no- 
xoxcen CHTyau,Hen Mbi cTajixHBaeMca h b cjiynae c E.coli, 
y xoTopoň HeoóxoAHMbiMH aBAax)Tca MeHee nojiOBHHbi 
reHOB. Y Apoxcxcen S.cerevisiae AOJia HeoóxoAHMbix reHOB 
eme MeHbrne. AHa;iH3 pe3yjibTaTOB CAynaHHbix BCTaBOx b 
hx reHOM noxa3a;i, hto jiHiiib 12% HHcepuHH oóJiaAajiH 
aeTaabHbiM 3(})(})exTOM, a eme 14% noAaBJuuiH pocT. Bojib- 
OIHHCTBO (70%) HHCepU,HH BOOÓIAC He OXa3bIBaJIH BHAH- 
Moro 3(J)(l)exTa. Bojiee rayóoxoe HccjieAOBaHHe, 3axax)MaB- 
rneeca b noonepeAHOM yAaaeHHH xax(Aoro H3 5916 reHOB 
Apoxcxceri (>96% H3BecTHbix reHOB), noxa3aao, mto TOJibxo 
18,7% H3 hhx BaxcHbi npH pocTe Ha óoraTbix nHTaTeabHbi- 
mh BemecTBaMH cpeAax. Ha p m c. 5.19 noxa3aHO, mto b co- 
CTaB «BaxcHeHiiiHx» reHOB nonajiH reHbi npaxTHnecxn Bcex 
xaTeropHH. CaMaa 3HanHTejibHaa nacTb sthx reHOB (oxojio 
50%) xoAHpyeT npoAyxTbi, BOBaeneHHbie b CHHTe3 óejixa. 
He ôyjxtM 3a6biBaTb, mto noAxoA c OTÓopoM MyTaHTOB Ha 
óoraTOH cpeAe He no3BOJiaeT BbiaBHTb Bce reHbi, oŤBeTc- 
TBeHHbie 3a )KH3HeAeflTejibH0CTb Apoxcxcen b ycjiOBHax ec- 
TecTBeHHOH cpeAbi (rAe Haóop nHTaTejibHbix BemecTB, xax 
npaBHjio, orpaHHMeH). 


96 TJIABA 5 ľlocAeAOBaTeAbHocTM reHOMa m hmcjio reHOB 






P M C. 5.19 Bo Bcex 4)yHKUMOHa/ibHbix Kaieropmix reHOB 5. cerevisiae 
eab HeoóxoflMMbie reHbi 


pmc. 5.20 cyMMupyeT pe3yjibTa™ aHaaH3a 3(})c})eKTOB 
ot cucTeMaTHMecKoro y^ajieHra reHOB nepBa C. elegans. 
PeraoHbi reHOB ómjih npeACKa3aHbi nyreM KOMnbioTepHO- 
ro aHa;iH3a noziHon nocjieAOBaTe/ibHOCTH reHOMa, a hx bh- 
lononeHne npoBOAH^H npn noMonjH npmjejibHoro ynm- 
ToaceHHa TpaHCKpunTOB mctoaom HHTepcJ)epHpyK)mHx 
PHK (cm. pa3A. 13-10 «PHK-HHTepc})epeHLi I ra — npmum 
MOjraHHfl»). TaKHM oópa30M ómjih noJiyneHbi nepBH, b 
KaJKflOM H3 KOTOpblX (})yHKIJHa O/JHOrO H3 npe,o;cKa3aHHbix 
reHOB 6bma noflaBJíeHa. TojibKo y 10% sthx «HOKayTOB» 
6buiH oÓHapyxceHbi scjxjjeKTbi, oKa3biBaiomHe BH/jHMoe 
BJiHBHHe Ha ^eHOTHn, a, cjieflOBaTejibHO, óojibinaa nacrb 
reHOB qepBeň He nrpaeT HcioiioHHTejibHOH pojin. Iopa3- 
Ao óojibinaa /jojia 3HanHMbix reHOB (21%) 6buia noKa3aHa 
/Via jioKycoB, HMeiomHx roMOJioroB y Apyrnx syxapnoT (to 
ecTb KOHcepBaTHBHbie reHbi b óojibmen cTeneHH CBa3aHbi 
c K/noHeBbiMH (J)yHKU,HaMH opraHH3Ma). KpoMe Toro, aojib 
«H eo6xoAHMbix» reHOB OKa3aaacb Bbirne h jyia nocne/jOBa- 
TejibHOCTeH, cyiijecTByioiijHx b eflHHCTBeHHOH KonHH Ha 
rariJIOHflHblH reHOM (b CpaBHeHHH C MHOJKeCTBeHHbIMH KO- 
IIHaMH rOMOJIOrHHHblX HJIH HAeHTHHHblX reHOB). Moxcho 
npeAnojioxcHTb, hto 3HanHTejibHaa nacrb MHOXcecTBeHHbix 


reHOB HepBeň npe/icTaBJíaeT coóoh OTHOCHTejibHO He^aB- 
HHe flymíHKaijHH, cnocoÓHbie 3aMeHaTb /jpyr j\ pyra b bm- 

nOJIHeHHH TeX HJIH HHblX (jjyHKĽI.HH. 

IloApoÓHbiH aHa^H3 HHc;ia 3HanHMbix reHOB y BbícniHx 
syicapnoT 6bui npoBe/jeH h /yia Drosophila. CyTb aHa;iH3a 3 a- 
Kjnonajiacb b nonbiTKe Hanm B3aHMOCBa3b Mexc/iy bhahmm- 
MH (b MHKpOCKOn) OCOÓeHHOCTBMH XpOMOCOMHOH CTpyK- 
Typbl H HHCJIOM (})yHKIJHOHaJIbHbIX reHCTHHeCKHX eAHHHU,. 
H/jea o bo3mo)khocth TaKoro aHa^H3a B03HHKJia ójiaroflapa 
H3JIHHHK) BH^HMblX nia30M nOJIOC B nOJIHTeHHblX X-xpOMO- 
coMax D. melanogaster. (3th xpoMOCOMbi Bcrpenaiorca Ha 
onpeAeaeHHbix CTa/jrax pa3BHraa h npe/íCTaBJíaioT coóoh 
MyjIbTHIUIHIJHpOBaHHbie XpOMOCOMbI, Ha KOTOpblX xoporno 
3aMeTHO (b MHKpocKon) qepeAOBaHHe K0MnaKTH30BaHHbix 
(HeaKTHBHblx) H ,0;eKOMnaKTH3OBaHHbIX (aKTHBHblx) perH- 
OHOB; CM. pa3fl. 28.10 «nOJIHTeHHbie XpOMOCOMbI Bbir^aAHT 
no^ocaTbiMH».) ripeAnojiOKHB, hto sth nojiocbi npe/icTaB- 
jiaiOT coóoh reHbi, moxcho nonpoóoBaTb onpeAejíHTb xop- 
pejiau,Hio MtTKffy opraHH3au,HeH reHOB h opraHH3au,HeH 
nojioc. raruiOH^HbiH Haóop xpomocom D. melanogaster 
c})opMHpyeT okojio 5000 nojioc; sth nojiocbi oTjiHnaiOTca 
no pa3Mepy npHMepHO b 10 pa3, o/umo b cpe/jHeM hx pjm- 
Ha cocraBJíaeT okojio 20 Tím Ha nojiocy. 

npocTeHiiiHM noAxoAOM k jiOKajiH3au,HH reHa aBJíaeT- 
ca Hacbinj,eHHe peraoHa xpoMOCOMbi MyTaijHaMH. Oómhho 
perHcrpHpyioT jieTajibHbie Myraunn óe3 onpe/iejieHHa npn- 
qHHbi CMepro. Jlioóaa jieTajibHaa Myrauna cjiyaarr HH/jHKa- 
TopoM KpaHHe 3HanHMoro /yia opraHH3Ma jioKyca. MHor/ja 
Myrai/HH npHBO/vrr k (J)opMHpoBaHHio bh/jhmmx HapyuieHHH, 
h b TaxoM cjiynae, Aaxce ecjiH ohh He npnBOAaT k jieraabHOMy 
HCX0Ay, hx Toace moxcho Hcno;ib30BaTb b KanecTBe HH^HKa- 
Topa 3HanHMoro JioKyca. Yloaie pacnpeAe/ieHHa Myrai/HH no 
KOMnjieMeHTau.HOHHbiM rpynnaM qnoio sthx rpynn moxcho 
epaBHHTb C HHOIOM nOJIOC B AaHHOM peľHOHe. OTfle/IbHbie 
KOMnjieMeHTai/HOHHbie rpynnbi //aace moxcho npnnncaTb k 
onpe//ejieHHbiM nojiocaM. B pe3ynbTaTe sthx SKcnepHMeHTOB 
HCcae^OBaTe/iH nbiTajincb ycraHOBHTb, ecTb jih neTKaa B3an- 



PMC. 5.20 CucTeMaTMHecKMÍí aHaau3 yipaTbi (Jdyhkľimm, npoBeAeH- 
h bi m /yia 86% reHOB C. elegans, cBUfleieabCTByeT o tom, hto Hapyme- 
Hue paóoTbi zimuj b 10% reHOB npoBBziaeica 4)eHOTMľiMHecKM 
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M0CBA3b MOKffy nojiocaMH h reHaMH, HanpHMep cnpaBeAJín- 
bo m to, hto b KaacAOH nojioce HaxoAHTca oahh reH? 

06o6maa aHajiH3, npoBOAHMbiH b TeneHHe nocjieAHHx 
30 Jicr, moxcho cKa3aTb, mto hhcjio jieTajibHbix KOMimeMeH- 
TauHOHHbix rpynn cocraBJíaeT okojio 70% ot nHCJia nojioc. 
OTKpbiTbiM ocTaeTca Bonpoc, cym,ecTByeT jih (JjyHKíjHOHajib- 
Haa B3anMOCBH3b reHOB h nojioc. OijeHKa HHCJia jieTajibHbix 
reHOB Drosophila flaeT 3HaneHHe nopaAKa 3600. ripn jiio- 
6om cnocoóe H3MepeHHa, hhcjio jierajibHbix ji oxycoB y Dro¬ 
sophila 3HaHHTe;ibHO MeHbrne oómero HHCJia reHOB. 

Ecjih AOJia «He3aMeHHMbix>> reHOB nejiOBeKa cxoaca c 
TaKOBOH y a pyrnx synapnoT, moxcho npeACKa3aTb HajiHHHe 
4000-8000 reHOB, MyTaijHH b KOTopbix 6yAyT jieTajibHbiMH 
HJIH ÓyAyT npHBOAHTb K OHeBHAHbIM HeraTHBHbIM 3(})C})eK- 
TaM. Ha ceroAHtfiiiHHH AeHb BbiaBjíeHO okojio 1300 reHOB 
HejiOBena, MyraijHH b KOTopbix Bbi3biBaioT BHAHMbie ac- 
(J)eKTbi. YHHTbiBaa tot (jjaKT, hto jieTajibHbie MyraijHH, Kax 
npaBHJio, AeňcTByioT Ha crojib paHHHx craAHax pa3BHma, 
HTO yBHAeTb HX 3(})C})eKT npaKTHHeCKH HeB03MO)KHO, 4HCJI0 
TaKHx MyrauHH MOxceT cocraBJíaTb BecoMyK) aojiio ot o6- 
mero MHCJia jieTajibHbix hjih npHBOAamnx k cj)eH0THnH4ec- 
KHM AecJ)eKTaM MyTaiJHH. 3TOT SC^CKT, B HaCTHOCTH, MOXCeT 
oó'bacHHTb pe3yjibTa™, npeACTaBjíeHHbie Ha p m c. 5.2 i, rAe 
nOKa3aHO, 4T0 ÔOJIblIIHHCTBO H3BeCTHbIX reHeTHHeCKHX AC- 
c})eKTOB 4ejiOBeKa Bbi3BaHO T04e4HbiMH MyrauraMH (reH, 
Kax npaBmio, coxpaHaeT ooiaóJieHHyio c^yHKUHio). 

Kax ace oó'bacHHTb HajiH4He b reHOMe reHOB, yAajieHHe 
KOTopbix He npHBOAHT k BHAHMOMy 3(J)c})eKTy? BepoaTHee 
Bcero, b opraHH3Me cymecTByioT ajibTepHaTHBHbie nyTH pe- 
ajiH3aijHH oahoh h toh ace cJ)yHKi^HH. ŤaKaa (JjyHKíjHOHajib- 
Haa H3ÔbiTOHHOCTb B03MO)KHa ójiaroAapa cymecTBOBaHHio 
MHOxcecTBeHHbix KonHH reHOB. ľloATBepxcAeHHe 3TOMy Mbi 
HaxoAHM b SKcnepHMeHTax, b KOTopbix AJifl noJiyneHHa 
3(J)(J)eKTa HeOÓXOAHMO «BbIKJIK)MHTb» BCe KOnHH AäHHOrO 
reHa. Boaee Toro, opraHH3M MoaceT oóJiaAaTb h BOBce He- 
3aBHCHMbiMH nyraMH BbinojiHeHHa onpeAejieHHOH (})yHK- 
ijhh. HHaKTHBaura OAHoro H3 npoAyôjiHpoBaHHbix nyneH, 
CKopee Bcero, He a^ct cj)eHOTHnH4ecKoro 3(})c})eKTa, OAHaKO 
OAHOBpeMeHHoe HapymeHHe Bcex nyTeň npHBeAeT k Hapy- 
ineHHio cJ)yHKi^HH h (jpeHorana. 


BoiibUJMHCTBO reHeTMMecKMX fletfjeKTOB Me/ioBeua 


<>6ycjiOB/ieHO Heôo/ibwwMM MyraijHiiMM 


MliCCeHC M HOHCeHC 

58% 

Oujmókm cn/iaňoiHra 

10% 

Myraumí b pery/iBTopHbix o6/iacTBx 

<1% 

HeóoJibLUMe Ae/ieumí 

16% 

Heóo^bUJiie MHcepuMM 

6% 

KpynHbie Ae/ieumí 

5% 

KpynHbie nepecTpoííKM 

2% 


PMC. 5.21 EojibiUMHCTBo M3BecTHbix Hac/ieACTBeHHbix 3a6o/ieBa- 
hmm ne/iOBeKa o6yc/ioB/ieHO TOHeHHbiMM MyiauMBMM. Eojibwaa nacrb 
3 tmx Myiauuíí HanpBMyio B/iuBeT Ha aMMHOKMcnoTHyio noc^eflOBa- 
Te^bHOCTb KOHKpeTHbix óe^KOB. Ocia^bHbie reHeTMHecKMe fleífjeKTbi 
oóyc^OB^eHbi pa3Hbix pa3MepoB BdaBKaMM, fle^euMBMM m nepe- 
CTpOÍÍKaMM 

OiynaH AyÔJiHpoBaHna c})yHKi^HH moxcho BbiaBHTb, kom- 
ÓHHHpya MyTau,HH. HanpHMep, b ABa reHa OAHoro h Toro xce 
niTaMMa bboaht ACJieu,™, no oTAeabHocro He aBJiaioiij,Heca 
aeTajibHbiMH. Ecjih abohhoh MyraHT OKa3biBaeTca hokh 3- 
HecnocoóHbiM, niTaMM Ha3biBaioT CHHTenraecKH jierajib- 
hwm Pa3pa6oTKa mctoaob 3(J)(J)eKTHBHoro oÓHapyaceHHa 
ABOHHblX MyTaHTOB n03BOJIHJia AOCTHMb 3HaHHTeJIbHbIX 

ycnexoB b H3yHeHHH ApoxcxceH. MeTOA nojiynHji Ha3BaHHe 
SGA (reHeTHMecKHH aHa;iH3 Ha MHnax, synthetic genetic ar- 
ray analysis). Ha puc. 5.22 npeACTaBJíeHbi pe3yjibTa™ SGA, 
npoBeACHHOH jyw KaxcAoro H3 132 >KH3Hecnoco6Hbix MyTaH¬ 
TOB nyreM TecrapoBaHra Ha BbDKHBaeMOCTb b KOMÓHHai^HH 
c KaxcAOH H3 4700 >KH3Hecnoco6Hbix jiejicuyiň. KaJKAbíň H3 
TecTHpyeMbix reHOB a^ji, no xpanHen Mepe, OAHoro naprHe- 
pa, KOMÓHHaura c kotophm 6 bnia jieTajibHoň. Bojihiihkctbo 
xce reHOB oôHapyacruio MHOxcecTBO TaKHx napmepoB (b cpeA- 
HeM — okojio 25). /Via OAHoro H3 reHOB 6bmo oÓHapyaceHO 
Hanóoabmee hhcjio aeTajibHbix napmepoB — 146. Heóojib- 
rnaa AOJia B3aHMOAencTByioiAHx MyraHTHbix nap (OKoao 10%) 
KOAHpOBaJia (J)H3HMeCKH B3aHMOAeHCTByiOIAHe 6eaKH. 


HeneTanbHbie MyTauMM Moryr AaBaľb zieTa/ibHbie kom 6 mh 3 ijimm 
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Hmcjio reHOB c^eia/ibHbiM a^eKTOM B3anMOfleiícTBMfl (M3 4700) 


PUC. 5.22 132 MyiaHTHbix McnbiTyeMbix reHa flaioT ^eia^bHbie KOMÓMHauMM c He/ieTa/ibHbiMM Myia- 
Umbmm b Apymx 4700 reHax. flMarpaMMa oipa>KaeT KO/uiHecTBO jieia/ibHbix coneiaHMÍí, no^yneHHbix 
AJia Ka>KAoro M3 McnbiTyeMbix reHOB 


98 TJ1ABA 5 ľlocjieAOBaTejibHocTM reHOMa m hmcao reHOB 















nojiyHeHHbie Ha ApoxoKax pe3yjibTaTbi no3BOJiaiOT npo- 
flBHHyTbCa B OÓbHCHeHHH CJiaÓOCTH 3(})(})eKTa ÓOJIblHHHC- 
TBa cjiynaHHbix AejieuHH. EcTecTBeHHbin OTÓop AeňCTByeT 
npoTHB TaKHx flejieu,™, TOJibKO ecjiH ohh npncyTCTByiOT 
b nonapHbix jieTajibHbix KOMÓHHaitrax. B HeKOTopoň cre- 
neHH opraHH3M 3amHmaeT ce6a ot pa3pyniHTejibHoro B03- 
AeňcTBHa MyTau,HH nyTeM (JjopMHpoBaHra (JjyHKíjHOHajib- 
HOH H36bITOHHOCTH. OflHaKO IUiaTOH 3a STO CTaHOBHTCfl 
noBbimeHHe «reHeTHHecKOH Harpy3KH», 3aKJiioHaiomeHC5i b 
HäKoruieHHH MyraijHH, He Bbi3biBaiomHx noTepn (jjyHKíjHH, 
ho cnocoÓHbix Bbi3biBaTb cepbe3Hbie npoóJieMbi b KOMÓHHa- 
\\m c flpyraMH MyTau,HaMH b nocjieflyiomHx noKOJieHrax. 
Hcxoah h3 TeopHH ecTecTBeHHoro oTóopa, mojkho npeflno- 
jio^HTb, hto yrpaTa HeKOTopbix reHOB cnocoócTByeT coxpa- 
HeHHio Apyrnx reHOB b xofle 3bojhou,hh. 


5.10 


reHbl OT/IMHaiOTCfl 
no cieneHM 3Kcnpeccnn 


lOnoHeBbie noHBTMB: 


• B K/ieTKe óo/ibUJUHCTBO reHOB 3KcnpeccnpyeTca Ha 
cpaBHMTe/ibHO HM3KOM ypoBHe 

• ľo/ibKO Heóojibiuoe hhcjio reHOB, onpeAe/ifliomHx flaHHbiíí mn 
mieim 3 KcnpeccnpyK)TC 5 i Ha bwcokom ypoBHe. 


no KOJiHnecTBy /J.HK, cnocoÓHon rH6pH,oiH30BaTbca c PHK, 
mo)kho onpeflejíHTb aojiio flHK, npeflcraBJíeHHyio b mPHK 
TaKoň aHa;iH3 oómhho BbiaBJíaeT okojio 1% .QHK (oneBH j\- 
ho, cnocoÓHoň cjiy^cHTb MaTpHu,eH Rjm CHHTe3a mPHK). 
OcHOBbiBaacb Ha stom c})aKTe h hcxoah H3 3HaHHa cpefl- 
Heň AJiHHbi mPHK, mojkho npHMepHO onpeflejíHTb oómee 

THCJIO paÔOTaiOmHX B flaHHblH MOMeHT reHOB. Rm HH3- 
iuhx 3yxapHOT (HanpHMep, juín ApoxoKeH) hhcjio oaho- 
BpeMeHHO paóoTaiomHx reHOB oómhho cocraBJíaeT oko- 
jio 4000. B coMaTnqecKHx TKarax Bbiciimx syxapHOT sto 
thcjio KOJieóJieTca ot 10 000 flo 15 000. ľlpHMepHO Taícne 
xc 3HaneHHa oTMeneHbi /yiÄ pacreHHH h no3BOHOHHbix. 
(BaxcHbiM HCKJiiOHeHHeM HBJíaeTca M03r MJieKonHTaiomHx, 
b kotopom paóoTaeT 3HaHHTejibHO óojibine reHOB, oflHaKo 
TOHHOe HX HHCJIO HeH3BeCTHO.) 

Rm onpe/tejieHHa CTpyKTypbi nonyjiflUHH mPHK 
mo)kho Hcnojib30BaTb aHajiH3 KHHeTHKH peaccoitHaijHH. 
06mhho stot THn aHajnm no3Bo;meT pa3ÓHTb Becb nyji 
mPHK syKapHOTHnecKOH kjictkh Ha 3 cocraBjmiomHx cy6- 
nonyjiauHH (PHK-KOMnoHeHTa). Kax h b cjiynae c kphboh 
peaccouHai^HH flHK, KaxcAbin H3 KOMnoHemoB peaccoijH- 
npyeT b HHTepBajie, 3axBaTbiBaiomeM npHMepHO flBa no- 
p«AKa 3HaneHHH noKa3aTejm Rot (BejiHHHHbi, oTpaxcaiomeH 
MOJieKyjiapHyio KOHitempaitnio PHK, noMHoaceHHyio Ha 
BpeMa peaKUHH). Pa3ópoc 3HaneHHH Rot, BbixoAHiitHH 3a 
npeflejibi AByx nopa^KOB BejiHHHHbi, othocat Ha cneT Ha- 
jihhhh b nyjie Apyrnx cocraBJunomHx. OnncaHHbie «koh- 
itempaitHOHHbie MaKCHMyMbi>> Hanóojiee sc})c})eKTHBHO 
BbiHBjíaiOTca npn noMontH MaTeMaTHqecKoro crjiaKHBa- 
nm cyMMapHOH kphboh KOMnbioTepHbiMH MeTo^aMM. TeM 


He MeHee oneBHAHO, hto KpHBaa peaccou.Hau.HH OTpaxcaeT 
HenpepbiBHbíň cneKTp HyioieoTHAHbix nocjieAOBaTejibHoc- 
Teň b KjieTOHHOM ny^e mPHK. 

npHMep TpexKOMnoHeHTHOH kphboh, xapaKTepH3y- 
lomeň rH6pH,oiH3aitHK) H3óbiTKa mPHK c k,Z1,HK, npHBeAeH 
Ha PMC. 5.23: 

• nepBbiH KOMnoHem peaKi^HH no BceM xapaKTepncTH- 
KaM COOTBeTCTByeT B3aHMOAeHCTBHK) OBaJIbÓyMHHOBOH 
mPHK co CBoen kR HK b KOHTpojibHOH peaKi^HH. 3to 
03HanaeT, mto nepBbin KOMnoHem, no cym, aBjmeTca 
mPHK OBajibóyMHHa (KOTopan Ha caMOM jxtnt 3aHHMaeT 
okojio nojiOBHHbi Maccbi mPHK b TKaHH aHiteBOfla). 

• OieAyioiitHH KOMnoHem peaiotHH BKjnonaeT okojio 1 5% 
MOJieicyji c oómen cjioxaiocTbio 15 TnH, hto cootbctc- 
TByeT 7-8 BH/taM mPHK co cpeflHen ajihhoh b 2000 oc- 

HOBaHHH. 

• nocjieAHHH KOMnoHem BKJiioqaeT 35% MOJieicyji oónteH 
CJIOJKHOCTblO 26 MnH. 3TO COOTBeTCTByeT npHÓJIH3H- 
TejibHO 13 000 bhaob mPHK co cpenmií ajihhoh b 2000 

OCHOBaHHH. 

H3 npnBe/teHHbix /jaHHbix mojkho c^ejiaTb bhboa, hto 
okojio nojiOBHHbi ot oóuten Maccbi mPHK b KJieTKe npe^- 
CTaBjíeHO eAHHCTBeHHbiM bhaom mPHK, 15% Maccbi npefl- 
CTaBJíeHO 7-8 BH/taMH mPHK, h 35% Maccbi pa3AejieHO Mexc- 
13 000 bhaob mPHK GieflOBaTejibHO, npeACTaBJunontHe 
Ka^biH KOMnoHem MOJieicyjibi mPHK aojdkhm npHcyTCTBO- 
BaTb b KJieTKe b pa3Hbix KOJiHnecTBax. 



PMC. 5.23 rn 6 pMAM 3 auMB M 36 biTKa mPHK c KflHK no3BO/i5ieT Bbi- 
H/ieHMTb HecKO/ibKO KOMľiOHeHTOB b ny^e mPHK M3 K/ieTOK aííueBOAa 
Kypwubi. Ka>KAbm KOMnoHeHTxapaKTepn3yeTca coócTBeHHbiM 3Hane- 

HMeM R 0 t 1/2 peaKUHH 


5.10 ľeHbi OT/iMHaiOTCfl no CTeneHM 3KcnpeccMM 99 















CpeflHee hhcjio MOJieicyji mPHK KaacAoro ™na Ha KJieT- 
Ky Ha3biBaiOT hx npeACTaBjíeHHOCTbio. Ecjih h3bcctho 
o6mee hhcjio MOJieicyji mPHK Ha KjieTKy, to npeflcraBJíeH- 
HOCTb xa^oro KJiacca MOJieicyji mojkho jierKO nocnHTaTb. 
B npHMepe, npHBeAeHHOM Ha pne. 5.23, cyMMapHaa mPHK 
BKjnonaeT 100 000 KonHH nepBoro KOMnoHema (mPHK 
OBajibóyMHHa), okojio 4000 KonHH KaacAoro H3 7-8 bhaob 
mPHK BToporo KOMnoHeHTa h b cpeflHeM jiniiib no 5 Ko¬ 
nHH Ka^oň H3 13 000 mPHK, cocraBJíaiomHx TpeTHH kom- 
noHeHT. 

no npeACTaBjíeHHOCTH nonyjumHio mPHK mojkho pa3- 
Aeji HTb Ha a Ba ochobhhx KJiacca: 

• Otmcthm, hto Tax MHoro (xaK b npHBCfleHHOM npHMe- 
pe) mPHK OAHoro eAHHCTBeHHoro reHa BCTpenaeTca 
AOBOJibHO pe^KO (b npHMepe sto mPHK OBajibôyMHHa b 
imeTKax AHijeBOfla), b óojibiiiHHCTBe ace cjiynaeB b kjict- 
xe coflep^cHTca HecKOJibKO pa3Hbix BwcoKonpeACTaB- 
jieHHMx mPHK 3tot KOMnoHeHT oóhmho coctoht H3 
<100 pa3JiHHHbix mPHK, npeACTaBjíeHHbix 1000-10 000 
KonHH Ha icieTKy. Kax npaBHjio, otot KOMnoHeHT co- 
CTaBJíaeT 3HanHTejibHyio aojiio (nopíiAxa 50%) ot Bcen 
mPHK KJieTKH. 

• OcTaBmaaca nojiOBHHa mPHK coctoht H3 óojibiiioro 
nncjia pa3Hbix no noaieflOBaTejibHocTH MOJieicyji (no- 
paAxa 10 000), Ka^aa H3 KOTopbix npeAcraBjíeHa JiHinb 
HeóojibniHM hhcjiom KonHH (MeHee 10). 3 tot KJiacc 
Ha3biBaioT HH3KonpeACTaBjieHHOH (peAKoň), hjih 
KOM iuieKCHOH, mPHK HMeHHO 3 tot KJiacc onpefle- 
jiaeT Bbixofl rpac})HKa Ha miaTO. 


5.11 


CKO/ibKO reHOB 3KcnpeccnpyeTCB 
B KaJKAbIM MOMeHT BpeMeHM? 


KjiiOHeBbie noHama: 


• Haóopbi mPHK, npon3BOAflLUnecfl b KJieTKe Ha hm3kom ypoBHe, 
oneHb noxo>KM fy\* pa3JiMHHbix mnoB KJieTOK. 

• mPHK, npeflCTaB/ieHHbie b KJieTKe b óojibwoM kojím necTBe, nacro 
cneuMífjMHHbi ajib flaHHoro TMna K/ieTOK. 

• y BblCUJMX 3yKapMOT OKOJIO 10 000 pa3HblX TpaHCKpMľlTOB MOryT 
ÓbITb OÓHapyJKeHbl B ÓOJlbWMHCTBe TMľlOB KJieTOK OpraHM3Ma. 


B óojibinen nacTH coMaTnnecKHx TKaHen BbícniHx syxapHOT 
paóoTaeT ot 10 000 ao 20 000 reHOB. KaKOBO ace nepeKpbi- 
BaHHe HaóopoB reHOB, paóoTaiomHx b pa3JiHHHbix TKarax? 
B neneHH KypHijbi SKcnpeccnpyeTca npHMepHO ot 11 000 
AO 17 000 reHOB, a b flHíjeBOAe — 13 000-15 000. Kaxaa 
Aojia TpaHCKpnnTOB b sthx TKaHax oómaa, a Kaxaa — TKa- 
HecneuH(J)HMHa? OTBeT Ha sth Bonpocbi mo^cho nojiynHTb, 
aHajiH3Hpya TpaHCKpnnTOM — bcio mPHK a3hhoh KJieTKH 
HJIH TKaHH. 

Kax npaBHjio, HaHóojibniHH BKjiaA b (JjopMnpoBaHHe 
pa3JiHHHH Me^CAy TpaHCKpnnTOMaMH bhocat mPHK, otho- 
camneca k KJiaccy npeoójiaAaiomHx. HanpHMep, OBajibóy- 
MHH CHHTe3HpyeTC5I TOJIbKO B flHIjeBOAe H BOBCe He OÓHa- 
pyacnBaeTca b neneHH. 3 to 03HanaeT, mto Kax MHHHMyM 


nojiOBHHa ot Bceň mPHK anueBOAa cneuHcJ)HMHa jy ia jym- 
Horo rana TKaHH. 

OAHaxo BbicoKonpeACTaBjíeHHbie mPHK cocraBJíaiOT 
jiHinb Majiyio nacTb ot oómero nncjia paôoTaiomHx reHOB. 
Rtw nOHHMaHHH TpaHCKpnniJHOHHblX pa3JIHMHH, CymeCTBy- 
IOIAHX Me^KAy pa3JIHHHbIMH THnaMH KJieTOK, TOpa3AO Baxc- 
Hee onpeAejíHTb pa3HHU,y b cocTaBe (JjpaKijHH HH3xonpeA- 
CTaBjíeHHOH mPHK 

CpaBHeHHe TpaHCKpnnTOMOB pa3JiHMHbix TKaHen no- 
Ka3biBaeT, hto, HanpHMep, okojio 75% mPHK jyw neneHH h 
aHU,eBOAa oóiAHe. flpyrHMH cjiOBaMH, okojio 12000 reHOB 
SKcnpeccHpyeTca h b neneHH, h b aHijeBOAe, a cnei^Hc})HM- 
hhmh jym 3thx TKaHen aBjmioTca okojio 5000 h 3000 reHOB 
COOTBeTCTBeHHO. 

HH3KonpeACTaBJieHHaa mPHK jym pa3Hbix TKaHen 
cnjibHO nepeKpbiBaeTca. B KJieTKax neneHH h nomen Mbirnn 
coBnaAaeT okojio 90% HH3KonpeAcraBjieHHbix mPHK, mto 
ocTaBjmeT Ha pa3Jinnra Me^KAy sthmh TKaHíiMH (BbipaxceH- 
Hoe b nncjie aKTHBHbix reHOB) 1000-2000 reHOB. Oóiahh 
pe3yjibTaT, nojiyneHHbiH npn HecxojibKHx cpaBHeHnax 
noAOÓHoro poAa, coctoht b tom, hto JiHinb 10% ot nncjia 
pa3Hbix mPHK kjictkh TKaHecneu.HíjjHMHbi. BojibniHHCTBO 
TpaHCKpnnTOB aBjmiOTca oóiahmh a^i óojibinHHCTBa (bo3- 
mojkho, h jym Bcex) TnnoB kjictok. 

3to 03HanaeT, mto mhcjio reHOB, OTBeTCTBeHHbix 3a 
BbinojiHeHHe KjnoneBbix c})yHKiiHH (HeoóxoAHMbix BceM 
THnaM KJieTOK), cocraBjmeT y MjiexonHTaioiAHX nopaAKa 
10 000. HHorAa reHbi, BbinojiHaioiAHe Taxne (JjyHKu.HH, 
Ha3biBaioT reHaMH AOMauiHero xo3HňcTsa (house- 
keeping genes), hjih kohcthtythbhumh reHaMH 
(constitutive genes). Hx npoTHBonocraBjmioT reHaM, 
BbinojiHaioiAHM cneu,HajiH3HpoBaHHbie (JjyHKu.HH (KaK, 
HanpHMep, reHbi OBajibóyMHHa hjih rjioóHHa), HeoóxoAH- 
Mbie TOJibKO KjieTKaM onpeAejieHHoro THna. TaKHe reHbi 
HHorAa Ha3biBaioT reHaMH pockouih (luxury). 


5.12 


H MC/io 3KcnpeccMpyioiiiMxcfl 
reHOB mo/kho onpeflejiMTb 
3a oamh noflxofl 


KjnoneBbie noHííTMíi: 


• TexHOJiorMíi «HMnoB» no3BOJiíieT óbicipo «c(J)OTorpac|3MpoBaTb» 
3KcnpeccMio Bcero reHOMa Apo>K>KeBOM KJieTKM. 

• ľlpMMepHO 75% (okojio 4500 reHOB) reHOMa Apo>K>KeM 
3KcnpeccMpyeTca b HopMajibHbix ycjiOBMHx. 

• C ľlOMOLUbK) HMľlOB MO)KHO ľipOBeCTM nOApOÓHOe CpdBH6HM6 AJl^ 
pa3Hbix KJieTOK >KMBOTHbix, HanpMMep, c uejibto onpeAejieHMíi 
pa3JiMHMÍí b 3KcnpeccMM reHOB Me>KAy HopMajibHoíí 

m onyxojieBoií KJieTKaMM. 


CoBpeMeHHbie TexHOJiornH no3BOJiaioT ocyiAecTBJíaTb 
óojiee rjiyóoKyio h TOHHyio oueHKy MHCJia paóoTaioiAHx 
b AäHHbin MOMeHT reHOB. nepBbiH noAXOA (SÁGE, seriál 
analysis of gene expression) npeAnojiaraeT Hcnojib30Ba- 
Hne yHHKajibHOH MapKepHOH nocjieAOBaTejibHOCTH jym 


100 TilABA 5 ľlocjieAOBaTejibHocTM reHOMa m hmcao reHOB 







y ApoxoKeň npeACTaB/ieHHOCTb pa3/iMHHbix 
BHAOB mPHK CHJlbHO pa3/!HMaeTCH 



PMC. 5.24 y ApoxoKefí Becb cneKTp pa3/niHHbix bmaob mPHK pa36po- 
caH b MHTepBa/ie ot MeHee oahoíí Ha K/ieTKy (3 to 03HaHaeT, hto TaKaa 
mPHK ecrb He b KaxíAOÍí K/ieľKe) ao 6o/iee 100 (laxné mPHK KOAMpy- 
lOTcaMbie BOCTpeóoBaHHbie 6e/iKn) 

Kä^AOň mPHK. TexHOJior™ no3BOJiaeT onpeAejíHTb ot- 
HOCHTejibHoe coAepxcaHHe KaxcAoro Tanoro Mapxepa b 
CM ecH. 3 tot noAxoA BbMBJíaeT 4665 paóoTaiomHx reHOB 
y pacTymnx b HopMajibHbix ycjiOBnax S.cerivisiae c otho- 
CHTejibHbiM hhcjiom TpaHCKpniiTOB KaxcAoro THna OT 0,3 
AO CBbirne 200 Ha loieTKy. 3 to 03HanaeT, hto b AaHHbix 
ycjiOBHax SKcnpeccHpyeTca okojio 75% ot oômero hhc- 
ji a reHOB (npHMepHO 6000 jyw ApoxoKen). Ha pmc. 5.24 
npuBeAeHO kojihhcctbo OTAejibHbix mPHK j\j m KaxcAoro 
H3 ypoBHeň npeACTaBJíeHHOCTH. 

Oah 2 H3 HaHóojiee MomHbix TexHOJioraH ouchkh 
T paHCKpHnu,HOHHoro npoc})Hjra Hcno;ib3yeT Tax Ha3breae- 
Mbie HHnbi: Haóop npHcoeAHHeHHbix k HeKOTopoň noBep- 
xhocth ojiHroHyioieoTHAOB c 3apaHee h3bccthoh nocjieAO- 
BäTejibHOCTbio (high-density oligonucleotide arrays, HDA). 
B pe3yjibTaTe onpeAejieHra nojiHbix nocjieAOBaTejibHOCTen 
reHOMOB cTajio bosmoxchhm co3A3HHe HHnoB, coAepxcamHx 
reHocneu,H(})HHHbie ojiHroHymieoTHAbi ajm KaxcAoro rem 
AaHHoro opraHH3Ma. B cjiynae c S. cerivisiae KaxcAaa H3 
1681 OTxpbiTbix paMOK cHHTbiBaHHa npeACTaBAeHa Ha HHne 
20 ojiHroHyioieoTHAaMH, KaxcAbin hx KOTopbix coctoht H3 
25 Hymieora/joB, b tohhocth cooTBeTCTByiomHx nocjieAO- 
BäTejibHOCTH mPHK, h 20 ojmroHyKjieoTHAaMH, OTjiHnaio- 
iijhmhch ot TpaHcxpHnTa Ha oahh HyioieoTHA. YpoBeHb sxc- 
npeccHH xaxcAoro reHa BbicHHTbiBaeTca nyreM BbiHHTaHra 
(})OHOBoro CHraajia (nojiyneHHoro ot nacTHHHO HecoBna- 
Aaiomero ojiHroHyioieoTHAa) H3 CHmajia, nojiyneHHoro ot 
nojiHOCTbio KOMmieMeHTapHoro ojiHroHyioieoTHAa. Becb 
ApoaoKeBon reHOM mojkho «pa3MecTHTb» Bcero Ha neTbi- 
pex TaKHx HHnax. npHneM TexHOJiorra AOcraTOHHO nyBC- 
TBHTejibHa jyw Toro, hto6m AeTeKTnpoBaTb TpaHCKpHnra 
5460 reHOB (sto okojio 90% ot Bcex reHOB). OKa3a;iocb, hto 
MH orae reHbi SKcnpeccHpyiOTCfl Ha oneHb hh3kom ypoBHe, 


c npeACTaBjíeHHOCTbio b 0,1-0,2 TpaHCKpnnTa Ha KJiency 
(npeAcraBJíeHHOCTb MeHee 1 TpaHcxpHnTa Ha KJiency 03Ha- 
HaeT, HTO B AaHHblH MOMeHT He BCe KJieTKH COAepXCaT R2H- 
HblH TpaHCKpHnT). 

TexHOJiorra no3BOJiaeT He TOJibKO H3MepaTb ypoBeHb 
SKcnpeccHH reHOB, ho h BbWBJíaTb pa3JiHHra b npoc})HJuix 
SKCnpeCCHH B pa3JIHHHbIX CHCTeMaX: MyTaHTHblX KJieTKaX 
no cpaBHeHHio c KjieTKaMH j\ukoto rana, Mexc^y KJieTKaMH, 
paCTyiIJ,HMH B pa3JIHHHbIX yCJIOBHflX h t. a. Pe3yjibTa™ cpaB- 
HeHHH AByX COCTOflHHH npeACTaBJIfllOTCíI B BH/je CeTKH, B 
KOTopoň KaJK/jaa KJienca npeACTaBjmeT onpeAejieHHbiH reH, 
a u,BeT BbipaxcaeT OTHOCHTejibHbie H3MeHeHra ypoBHa ero 
SKcnpeccHH b H3ynaeMOH cHcreMe. JleBaa nacTb pmc. 5.25 
ACMOHCTpHpyeT sc})c})eKT ot MyTau,HH b reHe PHK-nojiHMe- 
pa3bi II ((JjepMeHTa, cHHTe3Hpyiomero mPHK), KOTopaa, KaK 
moxcho npeAnojioxcHTb, 3HanHTejibHO yMeHbmaeT ypoBeHb 
SKcnpeccHH óojibiiiHHCTBa reHOB. npaBaa nacTb noKa3biBaeT, 
hto MyTai^Ha bo BcnoMoraTejibHOM KOMnoHeme annapaTa 
TpaHCKpHniiHH ( SRB10 ) OKa3biBaeT ôojiee cjiaôbin 3 c[)$eKT 
h, b HeKOTopbix cjiynaax, HanpoTHB, Bbi3bmaeT noBbimeHHe 
ypoBHa SKcnpeccHH reHOB. 

nepeHoe stoh TexHOJioraH Ha xcnBOTHyio KJiency no3- 
BOJiaeT npeBpaTHTb AOBOJibHO 061 ijne CBeAeHra, nojiyneH- 
Hbie Ha ocHOBaHHH rH 6 pHA,H 3 au I HH oTAejibHbix PHK, b ôojiee 
TOHHbie AaHHbie o tom, Kaicne HMeHHO reHbi SKcnpeccHpy- 
lOTca h KaxoB ypoBeHb npeACTaBJíeHHOCTH hx TpaHCKpHn- 
tob b a^hhom THne KJieTOK. Ha onpeAejieHHon cTaAHH >kh3- 
HeHHoro uHKJia, KapTa reHHoň SKcnpeccHH D.melanogaster 
AeMOHcrpHpyeT TpaHCKpHmj,HOHHyio aKTHBHOCTb npaKTH- 
necKH Bcex (93%) npeACKa3aHHbix reHOB h noKa3biBaeT, hto 
40% H3 hhx npeAcraBJíeHbi (JjopMaMH, nojiyneHHbiMH b pe- 
3yjibTaTe ajibTepHaTHBHoro crniancHHra. 


KOHAeHTpaAMH KOHKpeTHblX BHAOB mPHK 
Mo>KeT 6biTb M3MepeHa 


RPB1 M3MeHeHne b pa3bi SRB10 

24 22 12 14 24 22 12 14 


PMC. 5.25 CoBpeMeHHbie TexHO/iormi no3BOA5UOT 4)MKCnpoBaTb 
M3MeHeHne b 3KcnpeccMM Ka>KAoro reHa. Ka>KAa5i KpoxoTHaa K/ie- 
tohk 3 npeACTaBJíaeT oamh reH (BepxHaa AeBaa cooTBeTCTByeT 
nepBOMy reHy xpoMOCOMbi I, HM>KHaa npaBaa — nocAeAHeMy reHy 
xpoMOcoMbi XVI). M3MeHeHne b 3Kcnpeccnn no OTHOiueHmo k ah- 
KOMy TMny o6o3HaneHO uBeiaMii: KpacHbiM (yMeHbiueHMe), cmhmm 
( yBe/iMHeHMe) mam óenbiM (6e3 n3MeHeHMÍí). OoTorpa^mi Aio6e3Ho 
npeAOCTaBneHa Riek A. Young, Whitehead Inštitúte, Massachusetts 
Inštitúte of Technology 
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5.13 


Pe3K>Me 


Ha ceroflHímiHHH j\tuh ycTaHOBJíeHa nojiHaa nocjieAOBa- 
Te^bHOCTb reHOMOB MHorax óaKTepHH h apxen, reHOMbi 
ApoxoKeH, MepBa, MyxH, MbiníH h nejiOBeKa. MnHHMajibHoe 
hhcjio reHOB, HeoéxoAHMoe /yia co3AaHHH npocreHineH 
xchboh KJieTKH (oójmraTHoro BHyTpuKJieTOMHoro napa3H- 
Ta), cocraBJíaeT okojio 470. MHHHMajibHoe hhcjio, Heoóxo- 

flHMOe JJjm C03AaHH5I CBOÓOAHOXCHBymeH KJieTKH, — OKOJIO 

1700. TnnHMHaa rpaMOTpHijaTejibHaji óaKTepra coAepxcm 1 
npHMepHol500 reHOB. UlTaMMbi E. coli no STOMy napaMeT- 
py BapbnpyiOT ot 4300 ao 5400 reHOB. BaKTepnajibHbin reH, 
b cpeflHeM, coctoht H3 1000 nH n OTflejieH ot cjie^yiomero 
reHa ynacTKOM okojio 100 nH. flpoxoKH S. pombe n S. serevi- 
siae coflepacaT 5000 h 6000 reHOB cooTBeTCTBeHHO. 

HecMOTpa Ha to hto miOAOBaa MyniKa D.melanogaster ; 
Ha nepBbin B3rjia/í, ôojiee cjio^chhh opraHH3M, a ee reHOM 
npeBbimaeT no pa3Mepy reHOM nepBa C.elegans, y Myxn MeHb- 
rne reHOB (13 600), neM y nepBa (18 500). ľeHOM pacreHra 
Arabidopsis coflepacm 25 000 reHOB, h OTcyrcTBHe neTKon 
B3aHMOCBH3H MexcAy pa3MepoM reHOMa h hhcjiom reHOB jyw 
pacreHHH moxcho npofleMOHCTpnpoBaTb TeM, hto reHOM 
pnca, KOTopbiH b 4 pa3a óojibiiie, no HHCJiy reHOB npeBbima- 
eT reHOM Arabidopsis jimiib Ha 50% (nopa/^Ka 40 000 reHOB). 
ľeHOMbi MbiníH h nejiOBeKa coAepxcaT ot 20 000 a o 30 000 
reHOB, mto 3HanHTejibHO MeHbrne paHee npeAnojiaraBmHxca 
3HaneHHH. CyAA no BceMy, cjioxcHOCTb ycrpoHCTBa opraHH3- 
Ma MO^ceT b HeMeHbmeH creneHH 3aBnceTb ot npnpoAbi B3an- 
MOAeHCTBHa MOKAy reHaMH, neM ot caMoro nncjia reHOB. 

Okojio 8000 reHOB aBJímoTca oóiijhmh /yia npoKapn- 
ot h syxapHOT, h ohh, CKopee Bcero, BOBJíeneHbi b Bbinoji- 
HeHHe KjnoneBbix BHyTpHKjieTOHHbix (jjyHKíjHH. Apyrne 
12 000 reHOB xapaKTepHbi aj ia MHoroKJieTOHHbix opraHH3- 
mob. Eme 8000 reHOB BcrpenaiOTca TOJibKO y ^chbothhx, h 
8000 (b ochobhom OTBenaiomHx 3a (JjyHKíj.HOHHpoBaHHe 

HMMyHHOH n HepBHOH CHCTeM) — CneUH(J)HMHbI nm n03- 
BOHOMHbix. y KaxcAoro opraHH3Ma (nocjieAOBaTejibHocTb 
reHOMa KOToporo onpeAejieHa) TOJibKO n ia nojiOBHHbi 
reHOB ycTaHOBJíeHa onpeAejieHHaa (jjyHKíjHa. AHajiH3 jie- 
TajibHbix MyTau,HH no3BOJiaeT CAejiaTb bmboa, hto jmiiib 
Heóojibinaa nacTb reHOB y KaacAoro opraHH3Ma aBJíaeTca 
CTporO HeOÓXOAHMOH. 

nocjieAOBaTejibHoc™ syKapHOTHnecKHx reHOMOB Ae- 
JiaT Ha Tpn rpynnbi: yHHKajibHbie (HenoBTopaiomneca) noc- 
jieAOBaTejibHocTH, yMepeHHO noBTopaiomHeca nocjieAOBa- 
TejibHOCTH (noBTopaiomneca Heóojibinoe KOJiHnecTBO pa3 h 
pa36pocaHHbie no reHOMy b bhac noxoacnx, ho He hachthh- 
hhx nocjieAOBaTejibHOCTen), h KopoTKne BbicoKonoBTopa- 
lom^eca nocjieAOBaTejibHocTn (oóhmho npeACTaBJíeHHbie 
TaHAeMHbiMH noBTopaMH). CooTHomeHHe nocjieAOBaTejib- 
HOCTeň KaxcAoro ™na aBJíaeTca xapaKTepHOH nepTon Kaac- 
Aoro reHOMa. Upu stom b óojiee KpynHbix reHOMax nom 
yHHKajibHbix noejieAOBaTejibHOCTeH CHnacaerca. JIomth 
nojiOBHHa reHOMa nejiOBeKa coctoht h 3 BbicoKonoBTopa- 
lomnxca nocjieAOBaTejibHOCTen, óojibuiHHCTBO H3 KOTopbix 
cooTBeTCTByeT nocjieAOBaTejibHOCTaM TpaHcno30HOB. ľeHbi, 
KOAMpyiomne 6ejiKH, óojibmeH nacTbio npeAcraBJíaiOT coóoh 


yHHKajibHbie nocjieAOBaTejibHoc™ RUK. Rum yHHKajibHbix 
perHOHOB RHK 3HanHTejibHO jiynme OTpaacaeT cjioacHOCTb 
opraHH3Ma, HeacejiH AAHHa reHOMa b ijejiOM. MaKCHMajibHaa 
AJiHHa HenoBTopaiomeHCfl flHK (a^jbi coBpeMeHHbix >KHBbix 
CHCTeM) AOCTHraeT 2 x 10 9 nH. 

YpoBeHb SKcnpeccH reHOB BapbHpyeT b niHpoKOM A^a- 
na30He 3HaneHHH. B toierce MO>xeT coAep^caTbca 10 5 KonHH 
mPHK eAHHCTBeHHoro npeBajinpyiomero reHa (nanpHMep, 
KOAnpyiomero óejiOK, aBJíaiomHHca rjiaBHbiM npoAyKTOM 
AaHHOH KJieTKH), 10 3 KonHH KaxmoH H3 HecKOJibKHx (no- 
paAKa 10) cpeAHenpeACTaBJíeHHbix mPHK, h MeHee 10 ko- 
nHH Kaxmoň mPHK nM >10 000 cjiaóosKcnpeccnpyiomHx- 
ca reHOB. nepeKpbiBaHHe MexcAy nonyjiau,HaMH mPHK a^ 
pa3HbIX THnOB KJieTOK MO>KeT ÓbITb BeCbMa 3HaMHTejIbHbIM; 
noAaBjíaiomee óojibinHHCTBO mPHK npncyTCTByeT bo Bcex 
THnax KJieTOK. 

HeMeHAejieBCKoe HacjieAOBaHHe oó^acHiieTca HajiHMH- 
eM reHOMa b opraHejmax. Mhtoxohaphh h xjioponjiac™ 
npeACTaBJíaioT coóoh AByMeMÓpaHHbie opraHejuibi, b koto- 
pbix CHHTe3npyeTca Jinuib qacTb cocTaBJíaiomHx hx óejiKOB, 
b to BpeMa KaK Apyraa nacTb HMnopTHpyeTca H3 i^HTonjia3- 
Mbi. ľeHOMbi opraHejui oóhmho npeACTaBJíeHbi KOJibueBOH 
MOJieKyjioň flHK, KOAHpyiomcH Bce PHK, HeoóxoAHMbie A^ia 
COÓCTBeHHOH 6eJIOK-CHHTe3HpyiOmeH CHCTeMbI, H HeKOTO- 
pyio nacTb óejiKOB. 

MHTOxoHApnajibHbie reHOMbi BapbnpyiOT ot 16 tuh 
(b MHTOXOHAPHAX MJieKOnHTaiOIAHX) ao 570 TnH (b mh- 
TOxoHApnax BbícniHx pacTeHHH). CnHTaeTca, hto óojiee 
KpynHbie MHTOxoHApnajibHbie reHOMbi KOAHpyiOT Aonoji- 
HHTejibHbie 4}yHKu,HH. ľeHOMbi xjioponjiacTOB BapbnpyiOT 
no pa3Mepy ot 120 ao 200 TnH. Te H3 hhx, Hba nocjieAO- 
BaTejibHOCTb onpeAejieHa, HMeioT cxoxcyio opraHH3aijHio h 
KOAHpyiOT npHMepHO OAHHaKOBblH Haóop (JjyHKUHH. H B 
MHTOxoHApnax, h b xjioponjiacTax MHorne óejiKOBbie kom- 
njieKCbi OAHOBpeMeHHO BKjnonaioT cyó'beAHHHUbi, CHHTe- 
3npoBaHHbie b npeAejiax opraHejuibi, h cyó'beAHHHUbi, hm- 
nopTnpoBaHHbie H3 UHTonjia3Mbi. 

MHTOxoHApnajibHaa flHK (mt,D,HK) MjieKonHTaiomHx 
TpaHCKpHÓHpyeTCa B eAHHCTBeHHblH npOTHXCeHHblH PHK- 
npeAinecTBeHHHK, a OTAejibHbie mPHK c})opMHpyiOTca 3a 
cneT npou,eccHHra stoh npe-PHK. B mt^HK Apoxcxcen ao- 
BOJibHO nacro BCTpenaioTca nepecTpoHKH. KpoMe Toro, 
MexcAy MHTOxoHApnajibHbiMH reHOMaMH (paBHO KaK h Meac- 
Ay reHOMaMH xjioponjiacTOB) oÓHapyxceHa peKOM6HHau,Ha. 
CymecTByeT nepeHoc perHOHOB reHOMHOH REK xjiopon- 
JiaCTOB H MHTOXOHAPHH b aAepHbiH reHOM. 
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Ksiacrepbi m noBTopbi 


KPATKOE COflEP>KAHl/IE ITlABbl 


i»f BBeAeHne 

ľ#H flyn/iMKauMB reHOB — ochobh 3 b ABMwyinafl CM/ia 

3 BO/ltOI 4 MM 

• C HaKon^eHneM pa3 /imhmíí Ayn/iMUMpoBaHHbie /íOKycbi 
MoryT npeBpamaTbCB /im 6 o b HOBbie reHbi,/iM6o b 
HeaKTMBHbie Konnn. 

lil K/iacrepbi reHOB r/ioÓMHOB bo 3 hmk/im nyieM 
Ayn/iMKai 4 MM m AMBepreHLjMM 

• Bce r/io 6 nHOBbie reHbi B 03 HMK/ 1 M nyieM Ayn/iMKauMM m 
H aKon/ieHMfl MyrauMM. Bce ohm npoMexoAflT ot oómero 
npeAKa, coAep>KaiAero TpM 3 K 30 Ha. 

• ľlpeAKOBbiíí reH p,an Hana/io MMor/ioÓMHy, 
/íerreMor/ioÓMHy, a TaK>Ke a- m p-r/ioÓMHaM. 

• Pa 3 Ae^eHMe a- m p-r/ioÓMHOBbix reHOB npoM 30 w/io 
Ha paHHeŇ ct 3 amm 3 bo/iioamm no 3 BOHOHHbix, nocne 
nero Ayn/iMKauMM npMBe/iM k noflB/ieHMio oówMpHbix 
K/iacTepoB a- m p-noAOÓHbix reHOB. 

• C MOMeHTa B 03 HMKH 0 BeHMfl MHaKTMBMpyiOLAeM reH 

MyTauMM Aa/ibHeíiLUMM npoijecc HaKon/ieHMB MyrauMM 
Mo>KeT npMBecTM k (JjopMMpoBaHMK) nceBAoreHa, 
roMO/iorMHHoro aKTMBHOMy reHy (reHaM). 

IBM flMBepreHAMB noc/ieAOBaie/ibHOCTeM BB/ineTCfl 

OCHOBOÍÍ 3 BOAtOAMOHHblX H 3 COB 

• ľloc/ieAOBaie/ibHocTM roMO/iorMHHbix reHOB y pa 3 Hbix 
BMAOB pa 3 ^MHaiOTCB C 3 MT 3 MM 3 aMeH (b KOTOpblX MyTaUMB 
npMBe/ia k 3 aMeHe aMMHOKMC/iOTbi) m mo/ih 3 iammm 
C aŕÍTaMM (MyTaAMM B KOTOpblX He npMBOA^T K M 3 MeHeHMK) 
3 MMH 0 KMC/ 10 TH 0 M nOC/ieAOB 3 Te/lbHOCTM 6 e/lKa). 

• MyTauMM b MO/inaiAMx caííTax HaKan/iMBaioTCB npMMepHO 
b 10 pa 3 óbicrpee, neM b caŕÍTax 3 aMeH. 

• BBOJlIOAMOHHbie P 33 / 1 MHMB AByX 6e/lKOB Bbipa/KaiOT 
nepe3 npoueHT ot/imh 3 iolamxc 5 i 3 Mmhokmc/iot. 

• l"locne pa 3 Ae/ieHMfl reHOB MyTaLiMM HaKan/iMBaioTOi 
b hmx c 6 o/iee m/im MeHee paBHoŕí CKopocrbio, 
t 3 kmm o 6 pa 30 M, AUBepreHUMB Me>KAy /i k> 6 om napoíí 
r/ioÓMHOBbix noc/ieAOBaTe/ibHocreM nponopuMOHa/ibHa 
BpeMeHM, npoujeAineMy c MOMeHTa mx pa 3 Ae/ieHM 5 i. 

EQ flMBepreHAMB nOBTOpfltOLAMXCfl 

nocAeAOBaTeAbHOCTeíí OTpa>KaeT CKopocTb 

HaKonAeHMB HeiÍTpa/ibHbix 3 aMeH 

• B reHOMe Mbimeŕí cpeAHeroAOBan CKopocTb 
B 03 HMKH 0 BeHMB HeMTpa/lbHblX 3 aMeH BblWe, HeM B 
reHOMe He/ioBexa. 

ilii ľlceBAOreHbi — TyriMKM 3 bo/ik)amm 

• nceBAoreHbi He 06 /iaAaiOT KOAMpyiomeŕí (JjyHKAMeM, 
OAHaKO ananm noc/ieAOBaTe/ibHocreM no3BO/i/ieT 
onpeAe^MTb mx poactbo c cymecTByioiAMMM 


6.7 


6.8 


6.9 


(JjyHKAMOHajibHbiMM reHaMM. nceBAoreHbi bo3hmk3iot 
nyieM aKKyMy/inuMM MyrauMM b (HeKorAa) 
({jyHKUMOHa/ibHbix reHax. 

HepaBHbiíí KpoccMHroBep npMBOAm 
k peopraHM 3 aL(MM reHeTMHecKMx K/iacrepoB 

• Ec/im reHOM coAep>KMT K/iacrep reHOB co cxo>kmmm 
noc/ieAOBaTe/ibHOCTnMM, cnapMBaHMe Hea/i/ie/ibHbix 
reHOB MO>KeT npMBOAMTb k HepaBHOMy KpoccMHroBepy. 
3 to BeAeT k (JjopMMpoBaHMK) Ae/ieijMM b oahoíí M3 
peKOMÓMHaHTHblX XpOMOCOM M COOTBeTCTByiOlAeM 
Ayn/1MK3I4MM B Apyroŕí. 

• Pa3/iMHHbie Ta/iacceMMM Bbi3BaHbi ag/icambmm, 
3/lMMMHMpyiOlAMMM Cl- M/IM P-r/lOÓMHOBbie reHbl. 

Tn>KecTb 3a6o^eBaHMB y AaHHoro mhahbmab 33bmcmt ot 
M ecTa Ae/ieuMM. 

ľeHbi pPHK 4 )opMMpytOT TaHAeMHbie noBTopbi 

• PMÓocoMa^bHan PHK KOAMpyeTcn 60/ibWMM hmc/iom 
MA eHTMHHblX TaHAeMHO nOBTOpniOlAMXCB reHOB, 
(JjopMMpyioLAMx oamh M/i m HecKO/ibKO K/iacTepoB. 

• Ka/HAbiíí K/iacTep pflHK opraHM 30 BaH tbkmm 
o 6 pa 30 M, hto KOAMpyioiAMe npeAwecTBeHHMK pPHK 
TpaHCKpMnAMOHHbie eAMHMAbi nepeMejKaiOTCfl 
HeTpaHCKpMÓMpyeMbiMM cneíícepaMM. 

MHO>KecTBeHHbie reHbi pPHK coxpaHBtoT 
nocTOBHCTBO CBoeíí noc/ieAOBaTe/ibHOCTM 

• Bce reHbi, pacno/io>KeHHbie b K/iacrepe pflHK 
MAeHTMHHbi no CBoeií noc/ieAOBaTe/ibHOCTM. 

• Ka/HAbiíí HeTpaHCKpMÓMpyeMbiŕí cneŕícep coctomt 
M 3 6 o/iee KOpOTKMX nOBTOpjUOlAMXCfl eAMHMU, HMC /10 
KOTOpblX BapbMpyeT T 3 KMM o 6 pa 30 M, HTO A*nHHbl 
OTAe/ibHbix cneíícepoB pa 3 /iMHaioTC 5 i. 

PeKOMÓMHaAMOHHan ({/MKCaUMB MO>KeT 
ľlOAAep>KMBaTb MAeHTMHHOCTb nOBTOpOB 

• HepaBHbm KpoccMHroBep M3MeHneT pa3Mep K/iacTepoB 
TaHAeMHblX nOBTOpOB. 

• OTAe/ibHbie noBTop/uoiAMecB eAMHMAbi MoryT 6biTb 
3/iMMMHMpoBaHbi M3 K/iacTepa m/im BbmeceHbi 3a ero 
npeAe/ibi. 

CaTe/viMTHafl flHK nacTO pacnoAO>KeHa b 
reiepoxpoNiaTMHe 

• BbicoKonoBTop/uoma/iCB flHK coctomt M3 oneHb 
KOpOTKMX nOBTOp/UOLAMXCB noc/ieAOBaTe/ibHocTeíí M He 
HeceT KOAMpyiomeŕí (fjyHKAMM. 

• OHa BCTpenaeTcn b BMAe xpynHbix 6 /iokob, KOTopbie 
MoryT MMeTb pa3/lMHHbie ())M3MKO-XMMMHeCKMe CBOMCTB3. 

• OHa nacTo BB/ineTcn ochobhom cocTaBHoŕí nacTbio 
AeHTpoMepHoro reTepoxpoMaTMHa. 
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CaTe/viMTHafl flHK H/ieHMCTOHorMx coctomt M 3 oneHb 

KOpOTKMX MfleHTMHHblX nOBTOpOB 

• ľlOBTOpíUOmneCfl eflMHMI 4 bl CaTe/UIMTHOM flHK 
H/ieHMCTOHOrMX COCTaBJlfllOT Bcero HeCKOJlbKO 
HyK/ieOTMflOB B fl/lMHy. EoJlbLUMHCTBO KOľlMM 
ľlOC/ieflOBaTe/lbHOCTM MfleHTMHHbl. 

CaTe/uiMTHafl flHK M/ieKoriMTatomMx coctomt M 3 

MepapXMHeCKMX nOBTOpOB 

• CaTe/uiMTHafl flHK Mbnueŕí 3BOJHOAMOHnpoBajia 
nyTeM flyn/iMKauMM m MyTMpoBaHMfl mcxoahom 

KOpOTKOM nOBTOp5UOLAeííC51 eAMHMLJbl B OCHOBHyiO 
noBTopBioiAyiocfl eAMHnuy pa3MepoM 234 riH, b 
ľlOJlOBMHe, HeTBepTM, M BOCbMOM H3CTM KOTOpOÍÍ MO)KHO 
pacno3HaTb ncxoAHbiíí noBTop. 


6.14 


6.15 


MMHM-CaTeAAMTbl MO>KHO MCn0/lb30BaTb npM 
reHeTMHecKOM KapTMpoBaHMM 

• Bapnaóe^bHOCTb A-nnHbi MMKpocaTe/uiMTOB 
M MMHM-CaTe/UlMTOB OTfleJlbHblX reHOMOB MO>KHO 
ncnoJib 30 BaTb AJifl onpeAe/ieHMfl cTeneHM mx 
6 no/iornHecKoro poACTBa. fl/ia 3 *roro aoct 3 tomho 
ľlOKa 3 aTb, HTO 50% MCCJieAOBaHHblX MMKpOCaTe/UlMTOB 
m MMHM-caTe/uiMTOB MHAMBMAyyMa no^yneHbi ot 
onpeAe/ieHHoro poflHTe/ia. 

Pe 3 tOMe 


BBefleHwe 

Haôop reHOB, npoH3omefliiiHx nyTeM MHoroxpaTHbix 
flynjíHKauHH oômero npeflinecTBeHHHxa c nocjieflyiomHM 
HaKonjieHneM otjihhhh, Ha3biBaiOT ceMeňcTBOM reHOB. 
HjieHbi ceMencTBa MoryT 6biTb coôpaHbi b o/jhom MecTe 
reHOMa hjih pacnpeflejieHbi no pa3HbiM xpoMOCOMaM. 
HccjieflOBaHna noKa3ajin, hto MHorne reHbi npeflCTaBjíe- 
Hbi ceMencTBaMn. 25 000 reHOB nejiOBexa pacnpeflejieHbi 
npHMepHO no 15 000 ceMencTB, TaxHM oôpa30M, b cpefl- 
HeM, Kaxcflbin reH npeflCTaBjíeH b reHOMe flByMa «poflc- 
TBeHHHKaMH» (pne. 5.7). CeMeňcTBa cnjibHO OTJinnaiOTca 
no CTeneHM poflCTBa Mexcfly cocTaBJíaioiflHMH nx njie- 
HaMH. HeKOTOpbie COCTOflT H3 MHOJXeCTBa HfleHTHHHblX 
npeflCTaBHTejien, a HeKOTopbie BXjnonaiOT hjichob, cba- 
3aHHbIX OneHb flaJIbHHM pOflCTBOM. OÔbIMHO reHbl cxo- 
jxh nocjieflOBaTejibHOCTHMH 3X30H0B h OTjiHnaiOTCfl hh- 
TpoHaMH (cm. pa3fl. 3.5 «riocjieflOBaTejibHoc™ 3X3ohob 
KOHcepBaTHBHbi, a hhtpohob — Bapna6ejibHbi»). TeHbl 
MoryT ôbiTb roMOJiornMHbi jinnib nacTbio cbohx 3K30hob, 
b ocTajibHOM ocTaBaacb yHHKajibHbiMn (cm. pa3fl. 3.9 «He- 
KOTOpbie 3K30HbI HanOMHHaiOT nOCJieflOBaTeJIbHOCTH, ko- 
flnpyioiflHe uejibie 6ejiKn»). 

CoÔbITHeM, npnBOflaiflHM K B03HHKH0BeHHI0 poflc- 
TBeHHblX 3K30H0B HJIH IjeJIblX TCHOB, CJiyXCHT flymiHxa- 
u,Híi, cjjopMHpyiomafl b npeflejiax reHOMa xonHio Hexoň 
noejieflOBaTejibHOCTH. TaHfleMHbie flynjiHxaijHH (b koto- 
pbix napbi KonHH paenojioxceHbi paflOM) MoryT bo3hh- 
KaTb b pe3yjibTaTe ouihôok penjíHKauHH hjih pexoMÔHHa- 
u,hh. Pa3flejieHHe sthx nap mojkct oeymecTBJMTbCfl nyTeM 
TpaHCJiOKai^HH, Korfla MaTepnaji H3 oahoh xpoMoeoMbi 
nepeHOCHTca b flpyryío. KonHH MoxceT B03HHKHyTb h Ha 
hobom MecTe b reHOMe. 3 to moxcct npoHcxoflHTb b pe- 
3yJIbTaTe TpaHCn03HU,HH, CB5I3aHHOH C KOnHpOBaHHeM 
ynacTKa flHK, paenojioxceHHoro b HenoepeflCTBeHHOH 
6 jih30cth ot TpaHcno30Ha. flynjiHiiHpoBaTbai MoryT xax 
uejibie reHbi, Tax h Hecxojibxo 3K30H0B hjih flaxce eflHHHH- 
Hbie 3K30Hbi. npn flynjiHKau,HH u,ejioro reHa, cjjopMHpy- 
IOTCH flBe KOnHH, BbinOJIHHIOIflHe OflHHaKOByiO (jjyHXU.HIO, 
oflHaxo BnoejieflCTBHH 3a cneT bo3hhkhobchhh MyTaijHH 
3TH KOnHH HaxanJIHBaiOT pa3JIHHHfl. 

TecHO CBH3aHHbie no CBoeň cTpyxType MJieHbi ee- 
MeHCTBa oôbiMHO BbinojiHHiOT cxoflHbie (hjih flaxce HfleH- 


THMHbie) (f}yHKU,HH, XOTfl OHH MoryT SKCnpeCCHpOBaTbCH 
B pa3JIHMHOe BpeMfl HJIH B pa3HbIX THnaX KJieTOK. Tax, B 
3MÔpHOHaJIbHbIX H B3pOCJIbIX 3pHTpOU,HTaX SXCnpeCCH- 
pyiOTCH pa3JiHMHbie ôejixn ceMeňcTBa rjioÔHHOB, Torua 
xax pa3JiHHHbie axTHHbi noMHMO xjieTox MyexyjiaTypbi 
Hcnojib3yiOTCH b niHpoxoM enexTpe flpyrax xjieTox. Ecjih 
reHbi CHjibHO pa3JiHnaiOTai hjih ecjiH ohh roMOJiorHMHbi 
jiHiiib no HexoTopbiM 3X30HaM, xoflHpyeMbie hmh ôejixn 
MoryT HMeTb pa3Hbie ({jyHXij.HH. 

HexoTopbie ceMencTBa reHOB coctoht h 3 HfleHTHHHbix 
npeflCTaBHTejieH. Oô'beflHHeHHe b xjiacTepbi HBjmeTCH npefl- 
nocbuixoH jxm coxpaHeHHH TOJKAecTBeHHOcra reHOB, xoth 
reHbi, npHHaflJiexcaiflHe oflHOMy xjiacTepy, He 0ÔH3aTejibH0 
HfleHTHMHbl. Pa3MepbI B03HHXIIIHX 3a CMCT flynjiHxau,HH 
reHHbix KjiacTepOB MoryT BapbHpoBaTb b flHana30He ot 
flByx cMexcHbix reHOB flo cotch HfleHTHMHbix reHOB, TaH- 
fleMHO pacnojioxceHHbix Ha ynacTxe flHK. MHoroxpaTHbie 
TaHfleMHbie noBTopbi reHa MoryT B03HHxaTb b Tex cjiynaax, 
xorfla xoflHpyeMbíň hmh npoflyxT HyxceH b ôojibinoM xo- 
jiHnecTBe. THnHMHbiM npHMepoM cjiyxcaT reHbi pPHK hjih 
ôejixoB thctohob. TaxHe CHTyaiiHH B03HHxaiOT ôjiaroflapa 
COXpaHeHHIO HfleHTHMHOCTH TCHOB H flaBJíeHHIO eCTCCT- 
BeHHoro OTÔopa. 

KjiacTepbi reHOB flaiOT HaM B03MoxcHocTb ou,eHHTb 
BjiHHHHe chji, BOBjíeneHHbix b 3BOJHOU.HIO reHOMa, Ha 6o- 
jiee xpynHbix ynacTxax, HexcejiH OTflejibHbie reHbi. flyn- 
jiHu,HpOBaHHbie noejieflOBaTejibHOCTH (b ocoôchhocth 
pacnojioxceHHbie paflOM flpyr c flpyroM) ^bjiíhotcb ocho- 
boh fljia flajibHeHineH 3bojhou,hh nyTeM pexoMÔHHauHH. 
nonyjiínj,Híi SBOjnou.HOHHpyeT 3a cneT xjiaccHnecxoH pe- 
XOMÔHHaflHH C TOMHbIM XpOCCHHrOBepOM (CM. P M C. 6.1 H 
6,2). PeXOMÔHHaHTHbie XpOMOCOMbI HMdOT Ty )xe OpraHH- 
3au,Hio, mto h poflHTejibcxHe. Ohh coflepxcaT Te xce Jioxycbi, 
pacnojioxceHHbie b tom xce nopaflxe, oflHaxo ajuiejiH b hhx 
npeflCTaBJíeHbi b flpyrnx xoM6HHau,Híix. flajibine b paôoTy 
c sthm «cbipbiM» MaTepnajioM BXjnonaeToi ecTecTBeHHbiH 
OTÔOp. flynJIHXan.HH flBJWIOTCfl HCTOMHHXOM CJiynaHHblX 
OTXjioHeHHH ot npaBHJibHoro TeneHHíi pexoM6HHau,HOH- 
Hbix npou,eccoB, npHBOfla x H3MeHeHHio He TOJibxo xom- 
ÔHHaflHH ajuiejieň, ho h cMbicjia reHOB. 

HepaBHblII KpOCCHHrOBep (H3BeCTHbIH T2KKC xax 
Hepei^HnpoKHaa peKOMÔHHai^HH) npeflCTaBjíaeT co- 
6 oh pexoMÔHHaiiHio, npoHCxoflaiflyx) Mexcfly flByMa Hero- 
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B KpoccHHroBep BcrynaioT ABe wa Metbipex tienoHex AH K 





5nBa/ieHT 

coflep)KHT 4 xpoMaTHAbi, 
no flBe ot xa>KAoro 





H3 poflHTejieň 



\ 

\ 

XwaaMa 

npeACTaBnneT co6oň 
nepeceMeHne 

A ^ 

j b 

4- B 


AByx XpOMaTMfl 

Q ' 

flBe XpOMOCOMbl OCTaiOTCfl 

6e3 M3MeHeHnŕí (AB n ab ). 

1 

\ 

B 


PeKOMÓHHaHTHbie xpOMOCOMbl 

uprvT rPHPTMMPrKwň M3TPni/iPin 



nCLV 1 1 CnC 1 rnCturlKI rlu 1 UUrlG^I 

ot nňnwY nnnMTPnpň m morkip 



U1 WVJUrIA jJU^rl 1CJICH rl nUDDIC 

coHeiaHkm anneneň (Ab m aB ). 




PMC. 6.1 06pa3OBaHMe xna3Mbi npeAiuecTByeT noflB/ieHMX) pexoM- 
ÓMHaHTOB 



PMC. 6.2 lipu peKOMÓMHaunu nponcxoAMT B3anMOfleMCTBne xoMn/ie- 
MemapHbix ueneŕí m pa3Hbix ncxoflHbix Ayn/iexcoB flHK 


MOJIOľHHHblMH CaHTaMH. B03M0)KH0CTb TaXOľO COÔblTHfl 
oôyaiOBJíeHa HajiHHHeM noBTopaiomHxai noc/ieAOBaTejib- 
HOCTeň. Ha P M c. 6.3 noKa3aHO, 4T0 npn HepaBHOM xpoccHH- 
roBepe OAHa Konm. noBTopa (pacnojioxceHHaa Ha oahoh h 3 
ľOMOJIOrHHHblX XpOMOCOM) BMeCTO Toro, HTOÔbl peKOMÔH- 
HHpOBaTb C TOMOJIOrHHHblM peľHOHOM BTOpOH xpOMOCOMbl, 
mo^cct peKOMÔHHHpoBaTb no MecTy pacnojioxceHra Apyroň 
Konnn noBTopa. ľlpH pexoMÔHHaiiHH sto yBejiHHHBaeT hhc- 


jio noBTopoB Ha oahoh xpoMOCOMe h yMeHbinaeT Ha Apy- 
toh. Ha caMOM AeJie OAHa H3 pexoMÔHHaHTHbix xpomocom 
nojiynaeT acjiojhio, a Apyraa — HHcepu,Hio. 3 tot MexaHH3M 
oTBeTCTBeHeH 3a sbojhou.hio xjiacrepoB noBTopjnomHxca 
nocjieAOBaTejibHocTeH. Mbi MoxceM oTCJieAHTb stot npo- 
u,ecc no yBejiHneHHio hjih yMeHbmeHHio aahhh noBTopaio- 
nj,Hxca ynacTKOB xax Ha npHMepe reHHbix xjiacrepoB, Tax n 
AJifl peraoHOB BbicoxonoBTopaiomeHai flHK. 

OpaKU,Hfl BbicoKonoBTopínonj,Hxca noaieAOBaTejib- 
HOCTeň reHOMa npeflcraBjíeHa mhojkcctbom TaHACMHO 
pacnojioxceHHbix xonHH kopotkhx noBTopínonj,Hxca eAH- 
hhu,. 3Ta cppaKu,™ flHK oéjiaAaeT HeoóbiHHbiMH cbohc- 
TBaMH. Bo-nepBbix, OHa BbiaBjíaeTca b bhac OTAejibHoro 
nnxa npn ijeHTpHcjjyrHpoBaHHH JX HK b rpa^Heme njioT- 
hocth (nooTOMy AäHHaa (fjpaxuiHfl nojiynHJia Ha3BaHHe 
caTejuíHTHOÔ AHK). KpoMe Toro, BbicoxonoBTopaio- 
mnecfl nocjieAOBaTejibHOcra nacro accou,HHpoBaHbi c 
HeaKTHBHbIMH peľHOHaMH XpOMOCOMbl, B HaCTHOCTH C 
u,eHTpoMepaMH (b xoTopbix pacnojioxceHbi MecTa npHco- 
eAHHeHHa k MHTOTHnecKOMy hjih MeHoranecxoMy Bepe- 
TeHy fleJieHHfl). H3-3a noBTopaiomeHai cTpyxTypbi caTeji- 
jíHTHaa RHK ACMOHCTpHpyeT cxoAHoe (b 3bojhou,hohhom 
CMbicjie) noBeAeHHe c KnacTepaMH TaHfleMHbix tchob. 
KpoMe coôctbchho caTejuíHTHbix nocjieflOBaTejibHOCTeH, 
cyniecTByioT ôojiee KopoTKHe noBTopbi b R HK, Ha3breae- 
Mbie MHHH-caTejuíHTaMH (h b uejioM Be^yiilHe ce6a Tax 
xce, xax caTeJiJíHTHaa A,HK). MHHH-caTejuíHTbi xoporno 
nOAXOAHT RJlft ACMOHCTpaU,HH pa3JIHMHH MeXCAy OTAe- 
jibHbiMH reHOMaMH, mto no3BOjmeT ycneuiHo Hcnojib30- 
BaTb hx npn xaprapoBaHHH. 

Bce onHcaHHbie coôbiTHa h3mchíhot cTpoeHHe reHO- 
Ma h AOBOJibHO pe^KH, OAHaxo ohh HrpaiOT BaxcHyio pojib 
b npon;ecce sbojhou.hh. 



PMC. 6.3 HepaBHbiŕí xpoccMHroBep AB/ifleTca c/ieACTBueM cnapMBa- 
HMfl Me>KAy He3KBMBa/ieHTHblMM yHaCTK3MM B CJiyHaflX, KOľAa HaCTb 
xpOMOCOMbl, rAe o6pa3yeTca xna3Ma, coctomt m noBTopoB AH K. Ha 
pncyHKe, rAe eAMHUHHbiŕí noBTop o6o3HaneH xax ABC, bmaho, hto 
T peTníí noBTop Ha ro/iyóoŕí xpoMocoMe no oiUMÓxe npmije^ b coot- 
BeTCTBMe c nepBbiM noBTopoM Ha HepHoŕí xpoMocoMe. (ľlocxo^bxy 
OÓ^aCTb B3aMMOAeMCTBMfl XpOMOCOM AOCTaTOHHO OÓLBMpHa, COCeA- 
Hwe noBTopbi TO>xe npmiJ^M b cooTBeTCTBMe «He c TeMM» noBTopaMM 
Ha Apyroŕí xpoMocoMe.) npon30iije^ cabmt xpomocom APyr othocm- 
Te^bHo Apyra. ľloc^e 3aBepiueHMfl xpoccMHroBepa no^ynaTca xpoMO- 
coMbi, Hecymwe luecTb n AecaTb noBTopoB (BMeCTO AByx no BoceMb, 
xax npn HopMa/ibHOM xpoccMHroBepe) 
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6.2 


AynjiMKauiifl reHOB — ocHOBHan 
ABiDKyiuan CMJia 3 B 0 J 1 K>UHH 


KntoneBbie noHfiTMfi: 


• C HaKormeHMeM pa3/iMHMM Ayn/inuupoBaHHbie jiOKycbi MoryT 
npeBpamaTbCB jim6o b HOBbie reHbL jim6o b HeaKTMBHbie Konnn. 


9K30Hbi — sto MOAyJín /yifl nocTpoeHHH reHOB, HcnbrraH- 
Hbie B npouiecce SBOJHOU.HH B pa3JIHHHbIX KOM6HHai],HflX. C 
OAHOH CTOpOHbl, JIIOÔOH OTfleJIbHO B35ITbIH 3K30H HCKOTO- 

poro reHa mojkct 6biTb AynJiHijHpoBaH h Hcnojib30BaH npn 
«nocTpoeHHH» HOBoro reHa. C Apyroň cTopoHbi, AynJíHKa- 
u,hh MoxceT 3aTparHBaTb Becb reH (Biononaa Bce ero 3K30Hbi 
H HHTpOHbl). B 3TOM CJiynae B OAHOH H3 KOnHH, BCJie/l.CTBHe 
oTcyTCTBHa HeraTHBHoro bjihhhh5i ecTecTBeHHoro oTôopa, 
MoryT HaKanjiHBaTbca MyTau.HH. BnocjieACTBHH 3Ta Konna 
MOXCeT H3MeHHTbCfl HaCTOJIbKO, HTO npHOÔpeTCT HOByK) 
CjDyHKlJHK) (HanpHMep, HOByK) aKTHBHOCTb HJIH enOCOÔHOCTb 
SKcnpeccHpoBaTbca b Apyroe Bpem hjih b ApyroM MecTe). 

Ha pmc. 6.4 npHBeAeHbi coBpeMeHHbie npeACTaBjíeHHH 
o AHHaMHKe 3Thx npoijeccoB. BepoaTHOCTb AynJíHKaijHH 
HeKOToporo oTAejibHO B3aToro reHa 3a mhjuihoh jieT paBHa 
npHMepHO 1%. MyTaiJHH, B03HHKaK)LHHe B KaJKAOH H3 KOnHH 
nocjie /jyiuíHKauHH, cjjopMHpyioT pa3JiHHHa MOKAy hhmh. 
MyTaLíHH HaKanjiHBaíOTca co CKopocTbio ~ 0,1% 3a mhjijih- 
oh JieT (cm. pa3A. 6.4 ^HBepreHu.Hfl nocjieAOBaTejibHocTeH 
aBJíaeTca ochoboh 3BOJiiouHOHHbix nacoB»). 

OpraHH3My HeT hcoôxoahmocth coxpaHaTb ABe ujxch- 
THHHbie KonHH reHa. HaKamiHBaiomHe pa3JiHHHH KonHH mo- 
iyr pa3BHBaTbca flByMa nyniMH: 


• 06a reHa cTaHOBATca BaxcHbiMH jijw opraHH3Ma. 9to 
MoxceT npoH30HTH b tom cjiynae, ecjiH HaKomieHHbie 
OTJIHHHB npHBOAaT K CHHTe3y ÔeJIKa C HOBbIMH CBOHCT- 
BaMH hjih ecjiH HOBbie reHbi npHoôperaiOT enoeoÓHOCTb 
SKcnpeccHpoBaTboí b pa3Hoe BpeMa hjih b pa3JiHHHbix 
MecTax. 

• Ecjih 3Toro He npoHcxoAHT, oahh h3 reHOB, cKopee 
Bcero, ôy/jeT y/^ajieH H3 reHOMa (TaKOH flcrceu,HOHHbiH 
MyraHT He ôy^eT HcnbiTbmaTb AäBJíeHHH HeraTHBHoro 
OTÔopa). OôbiHHO /yia 3Toro hcoôxoahmo okojio 4 mjih 
JieT. Bbiôop KonHH, KOTopaa cTaHeT HeaKTHBHOH, ho- 
cht cjiynaHHbiH xapaKTep (h sto moxcct 6biTb ochoboh 
(J)OpMHpOBaHHB pa3JIHHHH MOKAy OTAeJIbHbIMH OCOÔfl- 
mh, a b cjiynae noTepn aKTHBHoem pa3JiHHHbix KonHH b 
pa3Hbix nonyjumHíix, ^axce npHBOAHTb k o6pa30BaHHio 
HOBblX BH^OB). 

TeHOM nejiOBeKa npHMepHO Ha 5% coctoht H3 Ayn- 
jíHKaijHH eerMeHTOB, BapbHpyiomHx no rjih He ot 10 ao 
300 TnH. 9 th AynJíHKauHH bo3hhkjih cpaBHHTejibHO He- 
AaBHO (t. e. npomeAinero BpeMeHH OKa3ajiocb HeAOCTaTon- 
ho nm Toro, HToôbi oKOHnaTejibHO cTepeTb nepTbi, yo3bi- 
Baiomne Ha hx poactbo). Ohh co/jepxcaT cTaHAapTHyio A-fifl 
reHOMa aojiio sKcnpeccHpyeMbix sk3ohob (okojio 6%), hto 
yKa3biBaeT Ha He3aBHCHMoe ot cymHocTH reHeTHnecKoro 
MaTepnajia B03HHKHOBeHHe AynjíHKaijHH. IeHbi, jioKamne b 
sthx AynJíHKauHííx, npeACTaBjíaiOT ocoômh HHTepec, noc- 
KOJIbKy OHH 3BOJIIOLI,HOHHpOBaJIH CpaBHHTeJIbHO HCAaBHO 
h, TaKHM o6pa30M, MorjiH HrpaTb BaxcHyio pojib b coôhth- 
ax, npoHCxoAHBinHx b HOBeHinen sbojhou,hh (HanpHMep, 
npn npoHCxoxcAeHHH nejiOBeKa ot o6e3b*iHbi). 


AynAHUMpoBaHHbie reHbi 
MoryT AMBepnipoeaTb hah aaMOAKarb 




AyruiMKaijMfl reHOB npokicxoAm c HacTOToň 1% 
3a MHJUIHOH JieT 


s\Z\/\/\s\f\/X/X/\fX/X/\ 


HaKonjieHHe pa3JiHHHH MejKfly KonHHMH reHa 
HfleT CO CKOpOCTbKD 0,1% 3a MHJUIHOH JieT 


/X/X/X/X/X/X/\/XjX/X/X/X 


1/lHaKTHBauHíi (caííjieHCHHr) oahoh KonHH reHa 
33HHM3eT ~4 MJIH JieT 


AKTHBHblH rlOJIHamHH 


PMC. 6.4 llocneToro KaK reH OKa3a/iC5i AynJinunpoBaH, Me>KAyAByMfl 
ero KoriMAMM MoryT B03HMKaTb n HaKaruiMBaTbca pa3/iMHna. Konnn 
reHa MoryT npno6pecTM pa3Hbie (fjyHKLiMM, oAHa M3 hmx mojkct 6biTb 
HHaKTHBHpOBaHa 


6.3 


Kiiaaepbi reHOB rAOÓMHOB 
bo 3 hhkjih nyreM AynjíHKauHH 
m AMBepreHAMM 


KntoneBbie noHjmifl: 


• Bce r/ioÓMHOBbie reHbi bo3Hmkjim nyTeM Ayn/iHKai4HM n 
HaKon/ieHHH MyTauMŕí. Bce ohm npoMcxoAAT ot oómero npeAKa. 
coAepjKamero Tpn 3K30Ha. 

• ripeAKOBbiíí reH AaJi Hana/io MMomoÓMHy, JierreMor/ioÓMHy, a 
T3K>Ke a- m p-rnoÓMHaM. 

• Pa3Ae/ieHMe a- m p-rnoÓMHOBbix reHOB npoM30iujio Ha paHHeŕí 
CTaAMM 3BO/UOL|MM n03BOHOHHblX, nOCJie Hero Ayn/lMKaAMM 
ľipMBe/lM K nOHB/ieHMK) OÓLUMpHblX KJiaCTepOB a- M P-nOAOÓHblX 
reHOB. 


• C MOMeHTa B03HMKHOBeHMH MHaKTMBMpyiOLAeM reH MyTaUMM, 
Aa/ibHeMLUMÍí npouecc HaKoruieHMfl MyTauMÍí mojkct npMBecTM k 
(J jopMMpoBaHMK) nceBAoreHa, roMo/iorMHHoro aKTMBHOMy reHy 
(reHaM). 


Haii^e Bcero AynjiHKau,HH npHBOAHT k (JjopMHpoBaHHio bto- 
pofí KonHH reHa b6jih3h ot nepBOH. B HeKOTopbix cjiynaax 
o6e KonHH Tax h ocTaiOTca p^aom, h TorAa cjieAyiomaa AymiH- 
KaniHH MoxceT ccJjopMHpoBaTb yxce n;ejibiH KJiacTep poactbch- 
Hbix reHOB. CaMbiM xoporno oxapaKTepH30BaHHbiM npHMe- 
poM miacTepa reHOB aBjunoTai reHbi tjioôhhob, cocTaBjmio- 


108 ľJlABA 6 Kjiacrepbi m noBTopbi 














r/ioÔHHOBbie reHbt opraHM 30 BaHbi b A»a miacrepa 


mne ApeBHee ccmchctbo, CBH3aHHoe c BbinojiHeHHeM oahoh 
H 3 caMbix BaxcHbix pjw npeACTaBHTejiefi u,apcTBa xchbothhx 
( j)yHKUHeH: TpaHCIIOpTOM KHCJIOpOfla C KpOBOTOKOM. 

IjioÔHHOBbiH TerpaMep aBJíaeTca maBHOH cfjyHXijHO- 
HajibHoň nacTbio 3pHTpOL],HTa. BMecTe c reMOM (rpynnoH, 
CBB3biBaiomeH >xe;ie3o) oh cfjopMHpyeT reMorjioÔHH. y 
npeACTaBHTejieň pa3Hbix bhaob pa6oTax)mHe reHbi rjio- 
6hhob cxoxch no CBoeMy cTpoeHHio (xax 6biJio noKa3aHO 
paHee Ha pne. 3.7, ohh BK/nonaiOT rpu 3X30Ha). OcHOBbma- 
acb Ha AäHHOM cxoACTBe, moxcho c^ejiaTb bmboa, hto Bce 
ohh npoH3omjiH ot oômero npeAxa. H3ynaa pa3BHTHe ot- 
AejibHbix rjioÔHHOBbix reHOB Ha BHyTpH- h mokbhaobom 
ypoBHflx, moxcho nojiynHTb npeACTaBjíeHHe o MexaHH3Max, 
BOBjíeneHHbix b 3bojik)ijhk) ccmchctb reHOB. 

B 3pHTpOU,HTaX B3pOCJIbIX OpraHH3MOB rjIOÔHHOBblH 
TeipaMep coctoht h3 AByx HAeHTHHHbix a-u;eneH h AByx 
HAeHTHHHblX P-U,eneH. OAHaKO B KneTKaX XpOBH 3MÔpH- 
OHa TeTpaMepbi reMorjioÔHHa oTjiHnaiOTca ot c{)opMbi, 
pa6oTajOHj,eH b x^eTxax B3pocjioro opraHH3Ma. Y 3 m 6- 
pnoHa Kaxc^bin TeTpaMep eoAepxcHT ABe HAeHTHHHbie a- 
noAOÓHbie u,enH n ABe HACHTHHHbie p-noAOÔHbie u.enH, 
Ka)KAaa H3 KOTopbix roMOJiorHHHa eooTBeTCTByx)meMy 
«B3pocjioMy» nojiHnenTHAy, kotopmm BnoejieACTBHH n 
3aMeHaeTca. 3 to npHMep xoHTpojmpyeMoro pa3BHTHa, 
npn kotopom npoHexoAHT ycneniHoe BiononeHMe h bm- 
KJHoneHHe reHOB, npHBOAHHj.ee k CHHTe3y ajibTepHaraB- 
HblX npOAyKTOB, BbinOJIHHIOHJ.HX OAHy H Ty xce (jtyHKUiHK), 
HO B pa3JIHHH0e BpeMfl. 

fleJieHHe LjeneH tjioôhhob Ha a-noAOÔHbie h p-noAo6- 
Hbie oTpaxcaeT ocoôchhocth cTpoeHHH reHOB. KaxcAbíň mn 
nioÔHHa 3aK0AHp0BaH reHaMH, npHHaAJioxamHMH OAHOMy 
mcTepy. OpraHH3an;HH AByx rjioÔHHOBbix KnacTepoB b re- 
HOMe BblCHIHX npHMaTOB H30ÔpaXCeHa Ha p n c. 6.5. 

p-ioiacTep, 3aHHMaiou^HH 30 toh, eoAepxcHT miTb ax- 
THBHbix reHOB (e, ABa y, ô h P) h oahh HeaxTHBHbiH (xpp). 
flBa reHa y ojiHnaiOTCH b CBoeň xoAHpyK)in,eH nacra jiHuib 
OAHOH aMHHOKHCJIOTOH: y BapHaHTa G B n03HUiHH 136 pac- 
nojioxceH tjihuíhh, a y Bapnama A — ajiaHHH. 

BoJiee KOMnaKTHbiH x/iacTep a 3aHHMaeT 28 mu h co- 
flepHCHT OAHH aKTHBHblH reH £, OAHH HeaXTHBHblH reH £, ABa 
äKTHBHbix h ABa HeaKTHBHbix reHa a, H OAHH reH 0, (J)yH- 
kapw KOToporo HeacHa. 06a axTHBHbix reHa a KOAHpyiOT 
oahh h tot >xe ôejioK. Rb2l (hjih ôojiee) HAeHTHHHbix reHa, 
pacnojioxceHHbix Ha oahoh xpoMocoMe, Ha3biBaiOTCH Heaji- 
JltJlh HbIMH KOnHHMH. 

fleTa^H nepexoAa MoxAy SMÔpHOHajibHbiMH h B3poc- 
jibiMH reMorjioÔHHaMH BapbHpyiOT y pa3Hbix opraHH3MOB. 
y nejioBexa 3pHTpou.HTbi npoxoAHT nepe3 Tpn cTaAHH: sm- 
ópnoHajibHyK), (J)eTajibHyK), h 3pejiyio. BbiAejieHHe 3M6pn- 
OHajibHOH h 3pe^oň CTaAHH xapaKTepHo ahh Bcex MJiexo- 
nHTaiouj.Hx, ho hhcjio npoMexcyTOHHbix CTaAHH BapbHpyeT. 
y HejioBexa a-noAOÔHbie u,enH Ha3biBaiOT ajib(J)a h 3eTa, a 
p-noAOÓHbie — 6eTa, raMMa, AeJibTa h sncmoH. Ha pmc. 6.6 
noKa3aHO, xax Ha pa3Hbix cTaAnax pa3BHTHH sKcnpeccHpy- 
iotch pa3JiHHHbie u,enH. 

riepBbiM y HejioBexa SKcnpeecHpyeTCH reH t, a-noAo6- 
hoh uenn, oAHaxo BCKope HanHHaeT SKcnpeecHpoBaTbCH 
reH a. B p-nym nepBbiMH SKcnpeecHpyiOTCH reHbi e h y, a 
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PMC. 6.5 KawAoe ceMeíícTBo a- m p-nofloÓHbix rAOÓMHOBbix reHOB 
0 praHM 30 B 3 H 0 B BMfle OAMHOHHOro KAaCTepa, B KOTOPOM eCTb M (fjyH- 
KLiHOHa/ibHbie reHbi, n nceBAoreHbi (íl)) 



PMC. 6.6 B pa3Hbie nepMOAbi MHAHBMAya/ibHoro pa3BMTM5i y ne^OBe- 
xa 3KcnpeccnpyioTCfl pa3Hbie reMOľAOÓMHOBbie reHbi 

ô h p 3aMeHHiOT hx no3xce. Y B3pocjibix jiiOAeH reMorjioÔHH 
Ha 97% npeACTaBJíeH (J)opMOH a 2 p 2 , Ha 2% (J)opMOH a 2 ô 2 h 
Ha 1% npeHaTajibHOH 4>opMOH a 2 y 2 . 

B HCM CMblCJI OTJIHHHH 3MÔpH0HaJIbHbIX H 3peJIbIX (JX)pM 
rjIOÔHHOB? fleJIO B TOM, HTO SMÔpHOHaJIbHbie H cf)eTajibHbie 
(J)OpMbI HMeiOT ÔOJIbHiee epOACTBO K KHC^OpOAy. 3to He- 
oôxoahmo jyin nojiyneHHH KHC^opoAa H3 xpoBH MaTepH. 
IIoHaTHO, noneMy noAOÔHbíň SKBHBajieHT oTcyTCTByeT, exa- 
xceM, y ubimiHT: y hhx SMÔpHOHajibHbie CTaAHH npoxoAHT 
BHe Tejia MaTepH (b Hňqe). 

OyHxn,HOHajibHbie reHbi oTJiHnaiOTCH enoeoÔHOCTbX) 
npoAyu,HpoBaTb mPHK h, b xohchhom cneTe, enoeoÔHOCTbX) 
npoH3BOAHTb xoAHpyeMbie hmh ôcjixh. MojraamHe reHbi He 
npoAyu.Hpyx)T ôejixn. CymecTByeT Heexojibxo npHHHH, no 
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y BbiciUHx no3BOHOMHbix p-r/ioônHOBbiM K/iacrep npaHHe Bapna6e/ieH 
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PMC. 6.7 Knacrepbi p-r/ioÓMHOBbix reHOB n nceBAoreHOB ecTb y Bcex no3BOHOHHbix. Y Kpo/inKa n 
Kypmjbi b 3tmx K/iacrepax no neľbipe reHa. Y mhlijm oh HacHMTbiBaeT ceMb reHOB: Aea reHa, 3Kcnpec- 
CMpytoiAMXcB b paHHeM 3M6pnoreHe3e, oahh — b no3AHeM 3M6pnoreHe3e, Aea reHa 3pe/ioŕí craAMM, 
a Tatone Aea nceBAoreHa 


KOTopbiM reHbi cTaHOBHToi HeaKTHBHbiMH. Hame Bcero sto 
npoHexoflHT H3-3a HapymeHHH npoijeccoB TpaHCKpHni^HH 
h/hjih TpaHCJiauiHH. TaKHe reHbi Ha3bmaiOT nceB^oreHaMH 
h o6o3HaMaioT ôyKBoň ÍIoAOÓHaa opraHH3aijHfl rjioÔH- 
HOBblX KJiaCTepOB BCTpeMaeTCB y MHOrHX II03B0H0HHbIX, 
ho, Kax noKa3aHO Ha PMC. 6.7, ranbi, hhcjio h nopnAOK re¬ 
HOB y hhx MoryT BapbHpoBam JIioóoh KJiacTep co/jepacHT 
h sMôpHOHajibHbie, h xapaKTepHbie ajw B3pocjibix (J)opM 
reHbi. CyMMapHaa rjihhz rjioÔHHOBbix KJiacTepoB BapbHpy- 
eT b uiHpoKHx npeflejiax. HaHÔojibinyio (cpe/jH H3yneHHbix) 
AJIHHy KJiaCTepOB HMOOT K03bl, y KOTOpblX ochobhoh Kjiac- 
Tep, cocTOímj,HH H3 neTbipex reHOB, AynjiHijHpoBaH ABax<Abi. 
ÍIpHHeM b KaxcAOM H3 «,oy6jiHKaTOB» aKTHBHbie reHbi h nceB- 
AoreHbi pacnpeAejieHbi no-pa3HOMy, hto HJUiiocTpHpyeT 
BepoaTHOcTHyio npHpofly npeBpameHHH o/jhoh h3 kohhh 
A ynjiHu,HpoBaHHoro reHa b HeaKTHBHyio cfiopMy. 

IIpHBeAeHHoe onHcaHHe rjioÔHHOBbix KJiacTepoB no3- 
BOJiaeT HaM c/jejiaTb BaxcHbiH BbiBOfl: e cmeúcmee zeme mo- 
Mem 6umb ôojibtue aKmuenbix u neaKmuenbix npedcma- 
eumeneú, nm momho npednojioMumb na ocnoee ancuitua 
ôejiKoe. ^ono/iHHTe/ibHbie aKTHBHbie reHbi MoryT npeACTaB- 
jmTb co6oh KonHH, KOAHpyK)in,He HAeHTHHHbie nojiHnen- 
THAbl, HJIH rOMOJIOrHHHbie (HO npH STOM OTJIHHaiOmHeai) 
H3BeCTHbIM ÓeJIKH (KOTOpbie OÔblHHO HapaóaTbiBaioTai 
KpaTKOBpeMeHHO HJIH B HeÔOJIbUIHX KOJIHHeCTBax). 

Bo3Bpanj,aacb k Bonpocy o tom, cKOJibKO flHK Heoô- 
xoahmo jyw Toro, HToébi 3aKOflHpoBaTb onpeflejieHHyio 
CjjyHKII.HIO, Mbl BHAHM, HTO RJW KOAHpOBaHHfl |3-n0fl06HbIX 
TJIOÔHHOB pa3JIHHHbIM MJieKOnHTaiOLUHM HyXCHO OT 20 flO 

120 tiih. 3to 3HaHHTejibH0 ôojibine, hcu moxcho 6buio 6bi 
npeAnojioxcHTb, ocHOBbiBaacb TOJibKO jiHinb Ha noflpoÔHOM 
aHaJIH3e H3BeCTHbIX ÔeJIKOB P-rJIOÔHHOB HJIH Aäxce npHHH- 
Maa bo BHHMaHHe oT/jejibHbie reHbi. 3aMeraM, hto KJiacTepbi 
TaKoro rana BCTpenaiOTai HenacTO; ôojibiiiHHCTBo reHOB cy- 
m,ecTByeT b BH^e yHHKajibHbix jioicycoB. 

Ha npHMepe opraHH3auiHH reHOB dioôhhob y npeflCTa- 
BHTeJieH pa3JIHHHbIX BHAOB MOJKHO npOCJieflHTb B03HHKH0- 


ľ^oÓHHOBbie reHbi AynanuMpoBa/incb m AHBeprwpoBa/in 
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PMC. 6.8 Bce rnoÓMHOBbie reHbi npoMcxoAflT ot oAHoro npeAKO- 
Boro reHa (npeTepneBiuero cepmo Ayn/íHKauMÍí, TpaHcno3MAníí n 
MyTaijMŕí) 


BeHHe coBpeMeHHbix KJiacTepoB reHOB rjioÔHHOB ot oómero 
npeAinecTBeHHHKa. HbiHeuiHHe npeACTaBJíeHHa 06 sbojhoií,h- 

OHHOM npOHCXO)KAeHHH rjIOÔHHOB H30ÔpaXCeHbI Ha PMC. 6.8. 
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3a npeflKOByio cjjopMy moacho npHHATb poACTBeHHbin tjio- 
ÔHHaM reH jierreMorjioÔHHa pacTeHHH. CpeAH HbiHe cymecT- 
ByiomHx tjioôhhob HaHÔojiee ôah3koh k npeAKOBOH cfjopMe 
aBJíaeTca nocjieAOBaTejibHocrb eAHHCTBeHHOH nenn reHa mh- 
orjioÔHHa MjieKonHTaK)iij,Hx, oTAeAHBinaaca ot ahhhh tjioôh- 
hob okojio 800 mhjuihohob jict Ha3aA. OpraHH3au.ua reHa mh- 
orjioÔHHa aHaaorHHHa TaKOBOH y Apyrax rAOÔHHOBbix reHOB 
(Tpex3K30HHaa cTpyicrypa MoaceT cjiyacHTb AonojiHHTejibHbiM 
AOKa3aTejibCTBOM o6m.HOCTH npoHCxoa^eHHa). 

y HeKOTOpblX «npHMHTHBHbIX pbl6» (MHKCHH H MHHOr) 
iipncyrcTByeT jiHinb oahh thii nioÔHHOBbix i/enen, t. e. b xo/je 
3BOJIIOUHH OHH flOJDKHbl ÔblAH OT/J.eJIHTbCH RO TOrO, KaK npeAOK 
moÓHHOBbix reHOB 6bui /íyiuiHijHpoBaH h asa Hana/io BapnaH- 
TaM a h p. BepoaTHee Bcero, sto npoH3onuio okojio 500 mhjiah- 

OHOB JieT Ha 3 afl BO BpeMA 3 BOJIIOUHH KOCTHCTblX pbl 6 . 

CAe/iyiomyio cTa^Hio 3BOJHOU.HH reHOB rjioÔHHOB mojk- 
ho oÔHapyxcHTb y jiaryniKH Xenopus laevis , HMeiomeň rľ2l 
raoÓHHOBbix KJiacTepa. O^Hano Kaxc^biH H3 KJiacTepoB y Hee 
cojiepxcHT KaK a-, TaK h p-reHbi, npHneM h AHHHHOHHoro, h 
B3poc;ioro TnnoB. TaKHM oôpa30M, KnacTep aojdkch óha sbo- 
jnouHOHHpoBaTb nyreM .aynjíHKau.HH cu.enjieHHbix a-p-nap 
c nocjie/iyiomHM pa 3 flejieHHeM oTAeAbHbix KonHH, h TOJibKo 
nocjie 3Toro Becb KJiacTep 6biJi /jynAHu.HpoBaH. 

3eMHOBOAHbie oTAeAHAHCb ot jihhhh nTHu. h MjieKonn- 
TäIOIIJ,HX OKOJIO 350 MHJUIHOHOB JieT Ha3aA- Cjie/íOBaTeJIbHO, 
pa3flejieHHe Ha a- h p-rjioÔHHOBbie reHbi CTajio pe3yjibTaTOM 
reHOMHOH nepecTpoHKH y HeKoero npejunecTBeHHHKa rnnu, h 
M jieKonHTaiOLUHx yace nocjie 3Toro coôbrma. Bo3mojkho, 3to 
npoH3onuio bo BpeMeHa paHHen sboaioli.hh no3BOHOHHbix. H 
y nTHH, h y MjieKonHTaiOLUHx /yia a- h p-rjioÔHHOB cymecT- 
ByioT oT/jejibHbie KJiacTepbi, cjieAOBaTejibHO, cf)H3HHecKoe pa3- 
AejieHHe a- h p-reHOB aojdkho ôbnio npoH30HTH ao Toro, KaK 
MJieKonHTaionj.He h nrau,bi pa3onuiHCb ot oômero npeAKa, to 
ecrb okojio 270 mhjuihohob JieT Ha3aA. 

KaK Mbi yBH£HM H3 npHBeAeHHoro b CAe/iyiomeM pa3Ae- 
ae onHcaHHa /i.HBepreHij.HH oxaejibHbix reHOB, H3MeHeHHa 
BHyTpn a- h p-KJiacTepoB bo3hhkjih no3xce. 


G9 flMBepreHUMA nocneflOBaTejibHocreií 
flBJlfleTCfl OCHOBOM 
3BOi1K)UMOHHblX M3C0B 


KnioHeBbie noHfnwn: 


• nocaeAOBaieabHOCTM roMO/iorMHHbix reHOB y pa3Hbix bmaob 
pa3JlMH3K)TCB CaŇTaMM 3aMeH (b KOTOpblX MyTaUMíl npMBeaa 
K 33MeHe aMMHOKMC/lOTbl) M MO/1H31AMMM C3MTaMM (MyTaAMM 
B KOTOpblX He npMBOABT K M3MeHeHMIO aMMHOKMC/lOTHOÍÍ 
nocaeAOBaieabHOCTM óe/wa). 

• MyľaLiMM b MoanaiAHx caŇTax HaKaruiMBaioTCfl npuMepHO b 10 
pa3 óbicrpee, neM b caŕÍTax 3aMeH. 

• SBOJiiOAMOHHbie pa3 nmm AByx 6e/iKOB BbipawaioT nepe3 
npOLieHT OT/lMHaiOlAMXCB aMMHOKMC/lOT. 

• ľlocne pa3AeaeHM« reHOB MyraunM Ha Karinu Ba tarca b hhx c 6o/iee 
MJ1M MeHee paBHOM CKOpOCTbK), T3KMM o6pa30M, AHBepreHAMfl Me>KAy 
jikd6oíí napoíí moÓMHOBbix nocneAOBaTejibHocreií nponopuMOHaabHa 
BpeMeHM, npoujeAUJeMy c MOMeHTa mx pa3AeaeHMB. 


ľjiaBHbiM MexaHH3MOM H3MeHeHHa nocjieAOBaTejibHocTH 
ôejiKa aBjíaeTca MeAJieHHoe HaKonjieHHe He3HanHTejibHbix 
MyTau,HH. ToneHHbie MyTai^HH, a TaiOKe HeôojibniHe BCTaB- 
kh h AčJieu.HH B03HHKai0T cjiynaHHO c ôojiee hjih MeHee 
paBHOH nacTOTOH bo Bcex peraoHax reHOMa. Hckjhohchh- 
eM H3 3Toro npaBHJia aBJíaiOTca TaK Ha3biBaeMbie «ropanHe 
TOHKH», B KOTOpblX MyTai^HH B03HHKaiOT HaiI^e OÔblHHOrO- 
Eojibinaa nacTb H3MeHaiOLHHx aMHHOKHCJioTHyio nocjie- 
AOBaTejibHOCTb MyTau,HH othochtcb k KJiaccy fleJieu.HH, 
KOTopbie 3JiHMHHHpyiOTca H3 nonyjiauHH nojj achctbhcm 
ecTecTBeHHoro oTôopa. 

O^HaKO HeKOTopbie MyTau,HH oĎJiaAaiOT nojioxcHTejib- 
hhm 3(J)(J)eKTOM. Bo3HHKaa, ohh ôbicTpo pacnpocTpaHaioT- 
ca b nonyjiaiiiHH, nocTeneHHO 3aMeHaa HCxo/jHbiH ajuiejib. 
Kor^a HOBbiH Bapnam 3aMemaeT npeAbi/iyiij.yio BepcHio 
reHa, roBopaT, hto oh 3a0UKCUpoecuicn b nonyaauHH. 

CnopHbiM ocTaeTca Bonpoc o nacTOTe TaK Ha3biBaeMbix 
HeHTpaJIbHbEX MyTaUHH, npHBOAamHX K aMHHOKHCJIOTHOH 
3aMeHe, He BJiHaiomeH Ha cjjyHKu.Hio ôejiKa, ho npn stom 
cnocoÔHbix HaKanjiHBaTbca b pe3yjibTaTe cjiynaHHoro 
Apeň4>a h 4>HKcau,HH. 

CKOpOCTb HaKOIUieHHa MyTan.HOHHblX H3MeHeHHH /Via 
Kmjipro ôejiKa CBoa h no KpanHen Mepe oTnacm oHa 3aBHCHT 
OT enOCOÔHOCTH 6CJIK2L COXpaHaTb CBOK) 4)yHKU.HIO npH 3aMeHe 
OTAeJIbHblX aMHHOKHCJIOT. BHyTpHBHAOBaa SBOJIIOIJHa ÓeJIKOB 
HAeT nyreM B03HHKHOBeHHa MyTamoB c nocjie/íyioiij.HM sjih- 
MHHHpoBaHneM hjih (f)HKcau,HeH b npe^ejiax eoBOKynHOCTH 
opraHH3MOB, cnocoÔHbix cKpeni.HBaTbca //pyr c flpyroM Baac- 
ho noMHHTb, mto npn aHajiH3e eoBOKynHOCTH ajuiejien jiio- 
6oro reHa, Mbi bh//hm TOJibKo Te BapnaHTbi, kotophm y/j,ajiocb 
coxpaHHTbca b 3bojhou.hh. MHoacecTBeHHbie Bapnamri reHOB 
jihôo CTaÔHJibHbi (nocKOJibKy hh oahh h3 hhx He AaeT aBHoro 
cejieKTHBHoro npeHMynj;ecTBa), jihôo HeKOTopbie H3 ajmejien 
Haxo/viTca b nepexoAHOH (pa3e 3aMeni,eHHa. 

ľlocjie pa3AejieHHa OAHoro BH//a Ha ABa hobhx, KaacAbiH 
H3 BHOBb OÔpa30BaHHbIX BH^OB CTaHOBHTCa 3BOJIIOI1HOHHO 
He3aBHCHM (c reHeTHMecKOH tomkh 3peHHa). CpaBHHBaa 
eooTBeTCTByioivHe ôejiKH y npe/jcTaBHTejieH ^Byx bhaob, 
mh bhahm oTJiHHHa, HaKonHBuiHeca y hhx c mex nop, KaK 
ux npedm nepecmanu CKpeu^ueambCH. HeKOTopbie ôejiKH 
oneHb KOHcepBaTHBHbi h npaKTHnecKH HeH3MeHHbi y npe^- 
cTaBHTejieH pa3Hbix bhaob. 3to yKa3biBaeT Ha to, mto npaK- 
ranecKH jnoôoe hx H3MeHeHHe npHBOAHT k noTepe ôcjikom 
CBO eH (JjyHKUHH, H TaKHe BapHaHTbl 3JIHMHHHpyiOTCa. 

Pa3JiHMHa Meac/iy AByMa ôeAKaMH BbipaacaiOT nepe3 hx 
AHBepremjHio — npon;eHT no3Hu,HH, no kotophm pa3JiH- 
naiOTca hx aMHHOKHCAOTHbie nocAeAOBaTenbHOCTH. 
reHiiiHa Meac/iy ÔeAKaMH MoxceT oTAHnaTbca ot AHBepreHu.HH 

COOTBeTCTByiOIAHX HM nOCACAOBaTeAbHOCTeH HyKAeHHOBblX 
KHCAOT. ripHMHHOH 3THX OTAHMHH aBJíaeTCa Bbipoa<AeH- 
HocTb reHeTHMecKoro KOAa, ÔAaroAapa neMy H3MeHeHHe 
HymieoTHAa He BcerAa BAHaeT Ha 3HaneHHe KOAOHa. 

HyioieoTHAHyio nocAeAOBaTeAbHOCTb KOAHpyK)nj.ero 
peraoHa moacho pa3ACAHTb Ha noTeHu.HaAbHbie caňTbi 3a- 
MeH h MOAHam,He caňľbi: 

• MyTau.Ha, pacnoAoaceHHaa b caňTe 3aMeH, npHBOAHT k 

3aMeHe aMHHOKHCAOTbl. 3(J)4)eKT, npOH3BOAHMbIH 3TOH 

MyTau.HeH (0TpHu;aTeAbHbiH, HeHTpaAbHbiH hah ÔAaro- 
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npHflTHblň) 3äBHCHT OT pe3yJIbTaTa, K KOTOpOMy npHBO- 
AHT 3aMeHa COOTBCTCTByiOmeň aMHHOXHCJIOTbl. 

• B MOJinamHx caňTax MyTauna npocTo 3aMeHaeT oahh 

CHHOHHMHHHblň KOflOH Ha flpyTOH (TO eCTb B CaMOM 
ÔCJIKe HHKaKHX H3MCHCHHň He npOHCXOAHT). OÔblHHO 
75% xoAHpyiomeň nocjieflOBaTejibHO cth eocTaBJíaiOT 
caňTbi 3aMeH, a ocTajibHbie 25% — MOJinamne eaň™. 
KpoMe xoAHpyiomeň nocjieAOBaTejibHocTH reH eoAep- 
xcht HeTpaHC^HpyeMbie perHOHbi. PaenojioxceHHbie b hhx 
Myrai^HH Taxxce noTeHu.HajibHO HeňTpajibHbi, He3aBHCHMo 
OT 3(J)(J)eKTOB, KOTOpbie OHH OKa3bIBaiOT Ha BTOpHHHyiO 
CTpyKTypy 6e;ixa wm Ha (oôbiHHO aobojimio KopoTKHe) pe- 
ryjmTopHbie CHraajibi. 

HecMOTpa Ha to hto MOJinamne MyTau,HH HeňTpajibHbi 
no oTHOineHHio k 6ejixy, ohh Moryr BjinaTb Ha sxenpeecHio 
reHa nyTeM H3MeHeHHa noejieAOBaTejibHOCTH PHK. Hanpn- 
Mep, H3MeHeHHH BTOpHMHOH CTpyKTypbl mPHK MOiyr BJIHflTb 
Ha TpaHCKpHnu,Hio, npou,eccHHr hah TpaHCJiau;Hio. Taxjxe 
B03M0XCHa CHTyaiJHfl, KOryja H3MeHCHHfl B CHHOHHMHHHblX 
KOAOHaX npHBO/JfiT K CBH3bIBaHHK) C pa3JIHHHbIMH TPHK (C 
pa3HOH npeACTaBJíeHHOCTbio b u,HToiuia3Me), BJinaa, TaKHM 
0Ôpa30M, Ha SCfxfjeXTHBHOCTb TpaHCJIHiyHH. 

MyTau,HH, pacnojioxceHHbie b caňTax 3aMeH, aojdkhm 
cooTBeTCTBOBaTb aMHHOKHCJioTHOH AHBepreHu,HH (onpeAe- 
jiaeMon Kax npoijeHT 3aMeH b nocjieAOBaTeJibHOcra 6e;ixa). 
Jl HBepreHijHfl HyxjieHHOBbix xhcjiot b caňTax 3aMeH Ha 
ypoBHe 0,45% cooTBeTCTByeT 1% AHBepreHijHH aMHHOxne- 
jiot (H3 pacneTa, mto b cpe^HeM Ha xoaoh npHxoAHTca 2,25 
caňTOB 3aMeH). Ha npaxTnxe npn H3MepeHHH AHBepreHijHH 
OTJIHHHfl, B03HHKaBUIHe B O^HOM H TOM XCe XOAOHe HCCXOJIb- 

ko pa3 b xoAe 3 bojhou,hh, He bhahh (oôbiMHO Ha sto AeJia- 
eTca nonpaBKa). 

Ha npHMepe HejiOBeneexHx p- h ô-rjioÔHHOBbix ijeneň 
MOXCHO yBM^eTb 10 OTJIHMHH B nOCJieAOBaTCJIbHOCTH H3 
146 aMHHOKHCJIOT, MTO COOTBeTCTByeT ypOBHK) AHBepreH- 

uhh b 6,9%. noc^eflOBaTejibHocTb flHK /yiHHOH b 441 Hyx- 
jieoTH# HeceT 31 otjihhhc. OAHaxo H3MeHeHHa paenpeAejie- 
Hbi no MOJinainHM eaňTaM n eaňTaM 3aMeH HepaBHOMepHO. 
H3 111 Mojramnx caňTOB oTjiHnaiOTca 20, a H3 330 caňTOB 
3aMeH — Bcero 1L C yneroM 3Toro oôcToaTejibCTBa moxcho 
nojiynnTb (xoppexTHyio) AHBepreHijHio Ha ypoBHe 3,7% jyw 
caňTOB 3aMeH h Ha ypoBHe 32% .zyni MOJinamHx caňTOB — 
3HaneHHa, oTjiHnaiomHeca nonra Ha nopaAOX. 

Taxaa cnabHaa pa3HHu,a b 3HaneHHH AHBepreHijHH jjjiä 
MOJiManj,Hx caňTOB h caňTOB 3aMeH noKa3biBaeT, mto Ha no- 
3HUÍHH HyKJieOTHAOB, BJIHflIOmHX Ha CTpOCHHC 6eJIXa, OXa3bI- 
BaeTca ôojibinee AäBJíeHHe, neM Ha no3Hu,HH HyxjieoraAOB, 
He BJiHHiomHx Ha ero CTpyxTypy. Moxcho npeAnojioxcHTb, 
MTO HeňTpaJIbHbIMH flBJWIOTCa JIHUIb HCMHOrae H3 aMHHO- 
KHC/ioTHbix 3aMeH b 3Thx ôejixax. 

npHMeM nacTOTy MyraniHň b MOJinamHx caňTax 3a Be- 
jiHMHHy, OTpaxcaioiAyio 6a30Byx) CKopocTb (jjHxeau.HH Myra- 
u,Hň (npn AonymeHHH, mto h3mchchhh b MOJinan^nx caňTax 
BOBCC He HCnblTblBaiOT BJIHflHHfl OTÓOpa). Tor/ja c MOMCHTa 
pa3AeneHHa |3- h ô-reHOB b 32% H3 330 caňTOB 3aMeH aojixc- 
HO 6bIJIO B03HHKHyTb 105 MyTaUHň, BCe KpOMe 11 H3 KO- 
TOpblX 6bmH 3JIHMHHHpOBaHbI, a 3TO 03HaHaeT, MTO OKOJIO 
90% MyTau,Hň «He BbixcHJiH». 


flHBepreHijHfl Mex^Ay Jiioôoň napoň noaieAOBaTeJibHOC- 
Teň tjioôhhob (b Toň hjih HHoň cTeneHH) nponopu,HOHajib- 
Ha BpeMeHH, npoine,miieMy c MOMema hx pa3,aejieHHH. 3to 
no3BOJiaeT HaM bbccth noHaTne sbojik^hohhmx nacoB, 
KOTopbie H3MepaiOT cpeAHioio CKopocTb HaKonneHHa Myra- 
u,Hň b xoAe SBOjnou.HOHHoro pa3BHTna AäHHoro 6e;iKa. 

CKopocTb AHBepreHUiHH moxcho Bbipa3HTb nepe3 npo- 
n;eHT oTjiHMHň 3a mmíi^hoh jieT vum nepe3 oôpaTHyio Be- 
jiHHHHy — eAHHHUiy SBOJnou.HOHHoro BpeMeHH (unit evolu- 
tionary periód, UEP), noKa3bmaioiAyK) BpeMa (b MHjniHOHax 
JieT), pjisí AHBepreHu,HH Ha 1%. ByAynH ocHOBaHbi Ha no- 

napHOM MeXCBHAOBOM epaBHeHHH (BCnOMHHM eaOXCHOCTH, 

B03HHKaBiiiHe npn ycTaHOBJíeHHH peajibHoro BpeMeHH npo- 
hcxox^achhh BHAa), sth naebi moxcho npHMeraTb k poAC- 
TBeHHbiM reHaM e npedejiax BHAa. BbiacHHB AHBepreHu,Hio 
rOMOJIOrHMHblX reHOB, MOXCHO nOCMHTaTb, CKOJIbKO BpeMe¬ 
HH nponmo c MOMema hx AynaHKaijHH. 

CpaBHHBaa noeaeAOBaTejibHOCTH roMOJioraMHbix reHOB 
B pa3HbIX BHAaX, MOXCHO OnpeACJIHTb CKOpOCTb AHBepreHUHH 
Kax b caňTax 3aMeH, Tax h b MOJinaiAHx caňTax (p M c. 6.9). 

nonapHoe epaBHeHHe AeMOHCTpnpyeT, mto y MneKonH- 
TaioiAHx, oTAejiHBinHxca okojio 85 mujuihohob JieT Ha3aA, 
AHBepreHUHa b caňTax 3aMeH xax a-, Tax h p-rjioÔHHOBbix 
reHOB eocTaBJíaeT 10%. 3 to cooTBeTCTByeT 3HaneHHK) exo- 
pocTH AHBepreHu,HH b caňTax 3aMeH Ha ypoBHe 0,12% 3a 
MHJUIHOH JieT. 

Ecjih pacnpoeTpaHHTb AäHHoe epaBHeHHe Ha reHbi, 
pa3,aejiHBmHeca paHbine, ypOBeHb ocTaHeTca HeH3MeHHbiM. 
HanpHMep, epeAHaa AHBepreHu,Ha no eaňTaM 3aMeH MexcAy 
eooTBeTCTByioiAHMH TJioÔHHOBbiMH reHaMH MJiexonHTaio- 
iahx h nTHu, eocTaBjíaeT 23%. OmocHTejibHO pa3AejieHna, 
npoH3omeAinero oxojio 270 mpwjihohob JieT Ha3aA, 3 to 
A aeT exopocTb Ha ypoBHe 0,09% 3a mkíi^hoh JieT. 

flBHraaeb eme AäJibine, Mbi moxccm epaBHHTb a- h 
P- rjioÔHHOBbie reHbi b npeAejiax bhaob. Ohh HaxamiHBaaH 
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OTJIHHHH, HaHHHHH CO BpeMeHH AyiUIHKaU.HH eAHHCTBCHHO- 

ro reHa, npoH3oineAmeň okojio 500 mhjuihohob jict Ha3aA 
(pne. 6 .8). CpeAHHH ^HBepreHUHa no caňTaM 3aMeH y hhx 
cocTaBjmeT npnMepHO 50%, hto ract CKopocTb Ha ypoBHe 
0,1% 3a MHJUIHOH JieT. 

CBOAHaa HHcjjopMau.HH no sthm AaHHbiM npeACTaBJíeHa 
Ha pne. 6.9. Ha hcm noKa3aHO, hto AHBepreHijHH no caň- 
TaM 3aMeH rjioÔHHOBbix tchob cocTaBjíneT b cpe^HeM okojio 
0,096% 3a mhjuihoh jict (hjih 10,4 UEP). C yneroM oihhô- 
kh onpeAejieHHH BpeMeHH pa3AejieHHH bhaob, nojiyneHHbie 
pe3yjibTaTbi CBH/íeTejibCTByiOT b nojib3y no/wep>KKH uncu o 
cymecTBOBaHHH jiHHeňHbix nacoB. 

flaHHbie no /i.HBepreHij.HH b MOJiHamHx caňTax MeHee 
o/j,H03HanHbi. Bhaho, hto AHBepreHu,HH b MOJiHanjHx caňTax 
CHJibHee, neM b caňTax 3aMeH, h KoscfxfjHLi.HeHT, oTpaxcaio- 
IIJHň 3TO OTJIHHHe, BapbHpyeT OT 2 flO 10. TaKHM OÓpa30M, 
pa36poc 3HaneHHH AHBepreHijHH jyw MOJiHamHx caňTOB 
(oueHHBaeMbix npn nonapHOM cpaBHeHHH) cjihhikom Be- 
jihk ajih Toro, HToôbi Hcnojib30BaTbcn b KanecTBe sbojholjh- 
ohhhx nacoB (a BpeMeHHbie cpaBHeHHH Ha^o cTpoHTb Ha 
AaHHbix no caHTaM 3aMeH). 

H 3 pne. 6.9 craHOBHTca noHHTHo, hto CKopocTb AHBepreH- 
Uhh b MOJinaiu,Hx caňTax HejiHHeňHa OTHOCHTejibHO BpeMeHH. 
Ecjiu npednwoommb, nmo e Mcmrnm dymumtifm dueepzeu- 
u,m paena nymo , mojkho 3aMeTHTb, hto Ha npoTHXceHHH nep- 

BblX 100 MHJUIHOHOB JieT (C MOMeHTa /lyiUIHKai^HH) CKOpOCTb 
AHBepreHUHH MOJiHamnx caňTOB ôy^eT Bbirne, neM b nocjie^y- 
K)mHH nepHOJÍ. 3TOT (JjeHOMeH MOJKHO O&bHCHHTb TeM, HTO 
HeKaa nacTb (npHMepHO nojiOBHHa) MOJiHamnx caňTOB 6bicr- 
po (3a nepBbie 100 mhjuihohob JieT) HacbimaeTCH MyraijHHMH, 
to ecrb ohh Be^yr ce6n ok hcthhho HeňTpajibHbie. flpyraa xce 
nojiOBHHa MOJiHam,Hx caňTOB HaKannHBaeT MyraunH ropa3AO 
Me/yieHHee, co CKopocrbio, npHÔJiH3HTejibHO paBHoň CKopo- 
cth HaKoruieHHH MyrauHH b caňTax 3aMeH. HecMOTpa Ha to 


rJlOÓMHOBbie reHbl 3BOJIIOAMOHHpOBa/IM 
6o;iee 500 mhjuihohob /i e t 



HTO 3TH CaHTbl C TOHKH 3peHHH aMHHOKHCJIOTHOH nOCJie/pBa- 
TeJIbHOCTH HBJIHIOTCH MOJIHaiIJHMH, nO K2KHM-TO ApyTHM npH- 
HHHaM ohh HcnbiTbiBaiOT AäBJíeHHe orôopa. 

noAcneT cKopocTH AHBepreHUHH mojkho Hcnojib30BaTb 
h pjm ou,eHKH BpeMeHH pa3AejieHHH tchob b npe^ejiax búrz. 
Y nejioBeKa otjihhhh b caňTax 3aMeH MexcAy reHaMH p h ô 
cocTaBjíaioT 3,7%. 3HaneHHe b 10,4 UEP noKa3biBaeT, hto 
reHbi flOJDKHbi 6buiH pa3AejiHTbca 10,4 x 3,7 = 40 mhjuih- 
ohob JieT Ha3aA — npHMepHO bo BpeMeHa pa3AejieHHH jih- 
HHň, BeAym,Hx k o6e3bHHaM HoBoro CBeTa, CTaporo CBeTa, 
HejiOBeKoo6pa3HbiM o6e3bHHaM h nejiOBeicy. Y Bcex sthx 
B bícniHx npHMaTOB ecTb reHbi p h ô, H3 nero mojkho c^ejiaTb 
BbiBOA, hto AyiuíHKaijHfl npoH30iiuia HenocpeACTBeHHO ne- 
pefl pa3AejieHHeM sthx jiHHHň b sbojhoijhh. 

ľlbiTaacb 3arjiHHyTb b eme ôojiee AaJiexoe npouuioe, 06- 
paTHMca k flHBepreHUiHH MexcAy caňTaMH 3aMeH tchob y h e, 
cocTaBjunonj,eň 10%, hto coothochtch c BpeMeHeM pa3Ae- 
JieHHH 3THX reHOB OKOJIO 100 MHJUIHOHOB JieT Ha3aA- TaKHM 
o6pa30M, pa3,qejieHHe Ha SMÔpHOHajibHbie h cfieTajibHbie 
reHbi rjioÔHHOB Morjio HenocpeACTBeHHO npejimecTBOBaTb 
noHBJíeHHio MJieKonHTaiOĽUHx hjih npoHexoAHTb oAHOBpe- 
MeHHO C HX (J)OpMHpOBaHHeM. 

CTpoeHHe 3 BOJnon;HOHHoro flepeBa tchob rjioÔHHa ne- 
jiOBeKa npHBefleHO Ha pmc. 6 .io. XapaKTepHbie nep™, bo 3- 
HHKHIHe B pe 3 yjIbTaTe SBOJIIOniHOHHblX COÔbITHň, npOH 30 - 
meAinHx ao noaBJíeHHH MJieKonHTaiOĽUHx (HanpHMep, TaKHx, 
KaK OTAejieHHe p/ô ot y), AOJixcHbi npncyTCTBOBaTb y Bcex 
MJieKonHTaiomHx. CoóbiTHH npoH 3 omeAniHe nocjie sto- 
ro (HanpHMep, pa 3 AejieHHe p- h ô- tchob rjioÓHHa), AOJixaibi 
npocjiexcHBaTbca b OTAejibHbix jihhhhx MJieKonnTaioiAHx. 

Y KaxcAoro H3 bhaob b CTpyKType miacrepoB mojkho 
OÔH apyXCHTb H CpaBHHTeJIbHO HeAäBHHe H3MeHeHHH. K HHM 
OTHOCHTCH OTJIHHHH B HHCJie TCHOB (O^HH 3peJIblň P-TJIOÔHH 
y nejioBeKa h ABa — y MbiiiiH) hjih b hx mne (Hanj,e Bcero 
Kacaiomneca HajiHHHH oTAejibHbix SMÔpHOHajibHbix h npe- 
HaTajibHbix reHOB). 

TaKHM OÔpa30M, npH HaJIHHHH AOCTaTOHHOrO KOJIH- 
necTBa AäHHbix omocHTejibHO onpeAejieHHbix nocjieAO- 
BaTejibHocTeň, nyreM cpaBHeHHH roMOJiorHHHbix reHOB y 
npeACTaBHTejieň pa3Hbix bhaob mohcho onpeAejíHTb cbh3h 
MOKA y TaKCOHaMH. 


6.5 


AMBepreHMMB noBTopaioiuMxcB 
noaieflOBaTejibHocTeM oTpamaeT 
CKOpOCTb B03HMKH0BeHMB 
HeŇTpa/ibHbix 3aMeH 


K/itoneBbie noHBTMa: 


• B reHOMe Mbiiueíí cpeAHeroAOBa^ CKopocTb bo3hmkhob6hmb 
H eŇTpa/ibHbix 3aMeH Bbime, neM b reHOMe nenoBeKa. 


PUC. 6.10 fluBepreHUMB caŕÍTOB 3aMeH b napax p-rnoónHOBbix re¬ 
HOB no3Bo/ifleT BoccTaHOBMTb KapTMHy 3BOJHOI4MM KHacTepa y HeHO- 
Bexa. CxeMa noKa3biBaeT ucTopmo o6oco6HeHM5i KHaccoB rnoÓMHo- 
Bbix reHOB 


H3yneHHe He KOAHpyioiAHx ôcjikh nocjieAOBaTejibHocTeň 
n03BOJIHeT HaHJiyHIIIHM OÔpa30M OIieHHTb CKOpOCTb B03- 
HHKHOBeHHH 3HMeH B HeňTpaJIbHblX CaňTax (TepMHH «Heň- 
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TpajibHbiH» BMecro TepMHHä «MOJiMämHH» b AäHHOM cjiyuae 
BbiôpaH pjm Toro, HToôbi noAHepKHyTb oTcyTCTBHe KOAHpy- 
iomero noTeHijHajia). TaK, HHíjĎopMaTHBHbiM MoxceT 6biTb 
cpaBHeHHe o6m,ero jyw uejiOBeKa h mmuih ceMeňcTBa noB- 
TopuiomHxai ojicmchtob reHOMa. 

npHHu,Hn aHajiH3a npHBe/i.eH Ha p M c. 6 . 11 . Bo3bMeM 
ceMeňcTBo roMOJiorHHHbix nocjieAOBaTejibHocreH, bo3hhk- 
uihx H3 hcxoahoh nocjieAOBaTejibHOCTH nyTeM AynjíHKaijHH 
h HaKoiuieHHH 3aMeH. npeAnojioxcHM, hto oômyio npeAKo- 
Byio noc^eAOBaTejibHocTb motkho cocTaBHTb H3 HaHÔojiee 
nacTo BCTpenaiomHxca b kvokroú h 3 no3HUHH HymieoTHAOB. 
rioc/ie 3Toro nocuHTaeM AUBepreHijHio jyin Kaxc^oro H3 ot- 
AejibHbix HjieHOB ceMeHCTBa b bhac aojih HymieoTHAOB, ot- 
jiHuaiomHxai ot nocjieAOBaTejibHocTO, npHrorroH HaMH 3a 
npeflKOByio. B AaHHOM oiyuae AHBepreHijHH pjm oTAejibHbix 
npeACTaBHTejiefí BapbHpyeT b Anana30He ot 0,13 ao 0,18 (b 
cpe^HeM — 0,16). 

Oaho h3 npoaHajiH3HpoBaHHbix TaKHM cnocoôoM 
ceMeňcTB b reHOMax uejiOBeKa h mmiem npoHexoAHT ot 
nocjieAOBaTejibHocTH, noTepuBiueH aKTHBHOCTb npHÔJiH- 
3HTejibHO bo BpeMeHa pa3AejieHHu BeTBeň npHMaTOB m 
rpbi3yHOB (ceMencTBO LINES; cm. pa3A. 22.9 «CHCTeMa- 
THKa peTpono30HOB»). 3to 03HanaeT, hto AaHHbie noc- 
jieAOBaTejibHocTH HaKamiHBajiH otjihhhu Ha npoTOKe- 
hhh paBHoro pjm oôohx bhaob npoMexcyTKa BpeMeHH, 
He HcnbiTbiBaa npn stom a^bjichmu oTôopa. Y uejiOBeKa 
cpeAHaa AHBepreHu.Hfl /yiu hjichob ceMeňcTBa LINES co- 
CTaBjíaeT npH(5jiH3HTejibHO 0,17 3aMeH Ha caňT, hto co- 
oTBeTCTByeT cKopocra b 2,2 x 10 -9 3aMeH Ha ocHOBaHHe 
3 a roA Ha npoTaxceHHH 75 mhjijihohob jieT (c MOMema 
AynjiHKau,HH). OieAyeT 3aMeTHTb, hto b reHOMe mmeim 
HenTpajibHbie 3aMeHbi B03HHKajiH b ABa pa3a ôbicrpee. 
AHBepreHu.HE a^ hhx cocraBjweT 0,34 3aMeHbi Ha caňT, 
a CKopocTb cocTaBjíaeT 4,5 x 10 -9 . ripn stom ecjiH nocuH- 


TaTb CKopocTb He 3a toa, a 3 a noKOJieHHe, to y uejiOBeKa 
OHa 6yAeT Bbirne (~2,2 x 10 -8 y uejiOBeKa npoTHB 10~ 9 y 

MblUIH). 

ľlojiyEeHHbie Ha ochobc ceMeňcTBa LINES AäHHbie, bo 3- 
MOTKHO, 3aHHXCaiOT CKOpOCTb HaKOIUieHHfl H3MeHCHHH b reHO¬ 
Me Mbimen. B MOMeHT p^aicum. jihhhh uejiOBeKa h mmuih 
CKO pOCTb H3MeHeHME B OÔeMX JIHHHHX AOJDKHa 6bUia ÔbITb paB- 
hoh (a HaôJiiOAaeMbie ceroAHa otjihhha HaKoiuieHbi km pa3 c 
MOMeHTa pa3AejieHHa npeAKOBbix jihhhh). HbiHeuuuw roAOBaa 
CKopocTb HaKonjieHHa HempajibHbix 3aMeH y Mbirnen, bo3moxc- 
ho, b 2-3 pa3a Bbirne, hcm cpeAHee 3HaueHHe 3a nepnoA, npo- 
meAuiHH c MOMema pa3Aejiemm npeAKOBbix jihhhh. CKopocTb 
HaKonjieHHa 3aMeH OTpaxcaeT ôajiaHc MexcAy B03HHKH0BeHHeM 
MyTauiHH h cnoeoÔHOCTbio CHCTeM penapaqHH HcnpaBJWTb hx. 
COBpeMeHHbie OTJIHHHa b CKOpOCTflX HaKOnneHHfl H3MeHCHHH 
pjm HeJIOBeKa H MblUIH MOXCHO OÓ'bflCHHTb pa3JIHHH5IMH B 3(J)- 
(JjeKTHBHOCTH HX penapaLJHOHHblX CHCTeM. 

CpaBHeHHe reHOMOB mmuih h uejiOBeKa no3BOjmeT on- 
peAejíHTb, cymecTByiOT jih ôojiee KOHcepBaTHBHbie oôjiac- 
th reHOMa hjih Bce nocjieAOBaTejibHocTH b paBHOH Mepe 
oTJiHuaiOTai Apyr ot Apyra (nponopijHOHajibHO CKopocra 
HaKoiuieHHH HenTpajibHbix 3aMeH). npou;eHT perHOHOB, Ae- 
MOHCTpnpyiomHx npH3HaKH KOHcepBHpyiomero a^bjichiui 
oTôopa, cocTaBjuuoT okojio 5 % reHOMa. 3to 3h auHTejibHO 
ôojibuie, ueM aojui nocjieAOBaTejibHOcreH, KOAHpyioui.Hx 
ôejiKH hjih cTpyKTypHbie PHK (Bcero okojio 1%). 3to 03Ha- 
uaeT, hto reHOM coAepxcHT Aaxce ôojibiue BaxcHbix hckoah- 
pyiomHx yuacTKOB, ueM nocjieAOBaTejibHOCTeH, KOAHpyio- 
Ej,Hx ôejiOK hjih PHK. Ha ceroAHauiHHH AeHb H3yueHa jiHuib 
Heôojibuiaa uacTb TaKHx peryjurropHbix nocjieAOBaTejibHOC- 
Teň. nojiyueHHbie AaHHbie Taioxe CBHAeTejibCTByiOT b nojib3y 
Toro, hto ôojibuiaa uacTb reHOMa (t. e. ocTaBuiHecu npHMep- 
HO 93%) He BbinOJIHUIOT KaKHX-JIHÔO ({jyHKU.HH, 3aBHamj,HX 
OT KOHKpeTHOH nOCJICAOBaTeJIbHOCTH HyKJieOTHAOB. 


H^eHbi ceMeíícTBa noBTopoB AMBeprwpyioT ot npeAKOBOÍí nooieAOBaie/ibHOCTH 


GCCAGCGTAGCTTCCATTACCCGTACGTTCATATTCGG 7/38 = 0,18 

GCTGGCGTAGCCTACGTTAGCGGTACGTGCATATTGGG 6/38 = 0,16 

GGTAGCCTACCTTAGGCTACCGGTTCGTGCTTGTTCGG 6/38 = 0,16 

GGTAGCCTAGCTTAGGTTATTGGTAGGTGCATGTCCGG 6/38 = 0,16 

GCTACCCTAGGTTACGTTATCGGTACGTGTCCGTTCGG 6/38 = 0,16 

GCCACCCCAGCTC ACGTTACCGGC ACGTGCATGATCGC 7/38 = 0,18 

CCTAGCCTCGCTTTCGTTAGCGGTACCTGCATCTTCCG 7/38 = 0,18 

GCTTGCCTAGTTTACGTTACTGGTACGCGCATGTTGGG 5/38 = 0,13 

GCCAGGCTAGCTTACGCCACCGGTACGTGGATGTCCGG 6/38=016 

í 

Mo)Kho 

Mo)kho BbiHMc/ímb nocjieflOBaTe/ibHOdb-KOHceHcyc Bbinuc^mb 


Í AMBepreHmiK) 

C KOHCeHCyCOM 

GCTAGCCTAGCTTACGTTACCGGTACGTGCATGTTCGG 


P M C. 6.11 ľlpeAKOByK) noc/ieAOBaTe/ibHOCTb-KOHceHcyc ceMeíícTBa noc^eAOBaTeAbHOdeíí mo>kho 
BOCCT aHOBMTb. fl/151 3TOľO B Ka>KAOe nOJ10>KeHMe nOCJieAOBaTe/lbHOCTM CT3BMTCB HyKJieOTMA/ CBOMC- 
TBeHHblM ČOJlbllJMHCTBy HJieHOB CeMeMCTBa. flMBepreHAMK) MO)KHO paCCHMT3Tb KaK AO/1K) ľlOJlO>KeHMM, 
no KOTopbiM H/ieH ceMeíícTBa oT/iMHaeTCB ot KOHceHcyca 
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6.6 


flceBAoreHbi — 

TyflMKM 3BO/1KJ4MM 


KniOHeBbie noHATMíi: 


• nceBfloreHbi He oónaflaiOT KOflupyiomeií (JjyHKLiMeií, oflHaKO 
aHajiM3 nocjieflOBaiejibHOcieŕí no3BOjiflei onpeflejímb mx 
pOflCTBO C CyiUeCTBytOlUMMM CJjyHKLlMOHajlbHblMM reHaMM. 
ľlceBAoreHbi B03HMKai0T nyTeM aKKyMyjiflflmi MyiaiiMÍí b 
(HeKoraa) (JjyHKUMOHajibHbix reHax. 


nceBfloreHbi (oóo3HanaeMbie ôyKBoň *¥ nepe/i Ha3BäHHeM 
reHa) xapaKrepH3yiOToi HajimneM nocjie/iOBaTejibHOCTeH, ro- 
MOJiormHbix nocjieflOBaTejibHocTHM (pyHiayiOHajibHbix reHOB, 
OAHaKO npn stom ohh He flaiOT (pyHKyHOHajibHbix ôcjikob. 

HeKOTopbie nceBfloreHbi oójiaflaicnr TeM ace nnaHOM crpo- 
eHHa, hto h äKTHBHbie reHbi. 3 k30hh h HHTpOHbi nceB/jore- 
Ha pacnojio^ceHbi b Tex ace MecTax, hto h y reHa-roMOJiora. 
nceBfloreHbi B03HHKaioT nyTeM noTepn reHOM aKTHBHOCTH b 
pe3yjibTaTe MyraijHH, HapymaiomeH OflHy (rjih HecKOJibKo) 
cra^HH sKcnpeccHH reHa. HapymeHra Moryr 3aTparHBaTb 
CHmajibi HHHi^Häi^HH TpäHCKpHni^HH, ciwaHCHHr b MecTax 
coeflHHeHna sk30hob h hhtpohob, rjih npoBOURpoBaTb npe- 
^eBpeMeHHyio TepMHHaiyno TpäHGJiaijHR 

06hhho nceBfloreH co/jepacHT HecKOJibKo flejieijHH. 
CKopee Bcero, oflHaxcflbi noTepaB aKTHBHOCTb, oh HanHHa- 
eT óecnperorrcTBeHHO HäKäruiHBäTb MyraijHH. nceBfloreHbi, 
npeflCTaBJunomRe coóoh HeaKTHBHbie KonHH cyiyecTByioiiíHx 
aKTHBHbix reHOB, ôbuiR HaňAeHbi bo MHorax ceMeňcTBax, 
Bmnonaa rjioôRHbi, HMMyHorjioôyjiHHbi h CRCTeMbi aHTnre- 
hob KOMruieKca rHCTocoBMecTRMOcm. B óojibiiiHHCTBe cjiy- 
naeB nceBfloreHbi pacnojioaceHbi b6jih3h miacrepa reHOB-ro- 
MOJioroB, qacTo flaxce nepeMexcaa äKTHBHbie KonHH reHOB. 

TnnHHHbiM npHMepoM nceB/joreHa aBJíaeTca wp2 npo- 
jíHKa, Hanóojiee 6 jih3khh no noaieflOBaTejibHOCTH äKTHB- 
HOMy reHy rjioÓHHa (31 h HMeiomHH c hhm oómyio cxeMy 


CTpoeHra. OflHaKo l I / |32 HeaKTHBeH. Ha p m c. 6.12 npHBefle- 
hh HapymeHHa, xapaicrepHbie /yw flaHHoro nceB/joreHa. fle- 
jieyra napbi HyioieoTHflOB b 20-m KOflOHe l F|32 npnBOflHT k 
cóoio paMKH CHHTbiBaHra h noaBJíeHHio CTon-KOflOHa nyTb 
flajibiue flejien, hh. BfloóaBOK, HecKOJibKo TonenHbix MyraijHH 
H3MemiIOT KOflOHbl BblCOKOKOHCepBaTHBHblX RJV I (3-rJIOÓH- 
HOB äMHHOKHGJIOT. Hh OflHH H3 flByX HHTpOHOB He COflepXCHT 
pacno3HaBaeMbix npn ciwaHCHHre cbh30k c SK30HaMH, no- 
STOMy flaxce ecjín 6bi reH TpaHCKpHÔHpoBajica, hhtpohh 6bi 
H3 PHK He Bbipe3a;iHCb. Ho Bce nepenHCJieHHbie HapymeHra 
nepeKpbiBaeT to, hto cooTBeTCTByiomHe STOMy nceB/joreHy 
TpaHCKpnnTbi BOBce OTcyrcTByioT (Bepoamo, no npnnHHe 
HapymeHHH b npoMOTopHOM pernoHe). 

npHBe/i,eHHbiH cnHCOKfle^eKTOB BKjnonaeT HapymeHra, 
noTeHynajibHO cnocoÓHbie noMemaTb KaxyjoH H3 craflHH 
SKcnpeccHH reHa, h HeBaxcHO, Kanoe H3 hhx H3HanajibHO 
HHaKTHBnpoBajio reH. Ecjih H3MepnTb flHBepreHynio Mexyiy 
nceBfloreHOM h (pyHKíyiOHajibHbiM reHOM, moxcho oyeHHTb 
nepnofl B03HHKH0BeHra nceBfloreHa h BpeMa Hanajia Ha- 
KonneHra MyrayHH. 

Ecjih nceBfloreH noTepíui aKTHBHOCTb cpa3y nooie flyn- 
jíHKayHH reHa (31, aie/iyeT oxcn^aTb paBHoro ypoBHa flHBep- 
reHyHH nan /ym MOJinamnx caňTOB, Tan h /ym caňTOB 3aMeH 
(nocKOJibKy CKopocTb flHBepreHijHH oTjiHnaeTca TOJibKo b 
cjiynae paóora reHa 3a cneT co3flaHHa cejieKTHBHoro rzb - 
jieHna Ha caň™ 3aMeH). Ä/ia nceB/i,oreHa l P(32 b MOJinamnx 
caHTax 3aMeH onasajiocb óojibiue. 3to 03HanaeT, hto cy- 
mecTBOBaji nepnofl paóoTbi sToro nceB^oreHa, b TeneHne 
KOTOporO npOHCXOflUJI OTÔOp npOTHB H3MeHeHHH B caH¬ 
Tax 3aMeH. ÓcHOBbiBaacb Ha oraocHTeabHOM hhcji e 3aMeH 
B caHTax pa3JIHHHbIX THnOB, MOXCHO OnpefleJIHTb, hto ^(32 
OTfleanjica ot (31 okojio 55 mrjuihohob jieT Ha3a£, npn stom 
Ha npoTaxceHHH 22 mrjuihohob JieT oh ocTaBajica (JiyHKyH- 
OHajibHbiM, a nocjie/i,HHe 33 MwuiHOHa JieT cyiyecTBOBaji b 
BH^e nceBfloreHa. 


B nceBfloreHax Hanan/iMBaiOTCii MHaKTMBwpyioiflHe MyraflMM 

AKTMBHblíí reH 


_ > f 1 t 



nHTpOH 1 3 k 30 v . 

HHTpOH 2 

tjaW ^ 




ílpn3HaKM aKTMBHoro reHa 

H3MeHeHMB b nceBfloreHe 
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MyraflHM b npoMOTope 
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rioxc»KHe pacne™ moxcho npoBec™ h ppn Apyrax nceB- 
AoreHOB. HeKOTopbie H3 hhx pp Toro KaK crraTb nceB^oreHa- 
mh, HeKOTopoe BpeMH óbuiH aicmBHbi, Apyrae xce c caMoro 
Hanajia 6 mjih HHaKTHBHpoBaHbi. Ochobhoh bmboa, KOTopbíň 
moxcho c/j,ejiaTb Ha ocHOBaHHH aHajiH3a crrpyKTypbi rji o 6 h- 
hobmx nceBAoreHOB, coctoht b tom, hto Ha npoTaxceHHH 
pa3BHTHH KjiacrrepoB reHOB rjioÓHHOB y pa3Hbix bhaob, xaxc- 
AblH H3 HHX 3BOJnOU,HOHHpOBaJI HC3aBHCHMO. 3TO pa3 
noATBepxc^aeT bmboa o tom, hto (JjyHKíjHOHajibHafi /jyiuíHKa- 
IJHfl Be^eT K (J)OpMHpOBaHHIO HOBblX reHOB, HaKaruiHBaiomHx 
OTJIHHHfl H npeBpamaiOmHXCfl JIHÓO B HOBblH aKTHBHblH reH, 
m 60 b HeaKTHBHbiH nceBfloreH. OHa npeAcraBjweT coóoh 
/yíHTejibHbíň npoijecc, npoHcxo/yimHH b npeflejiax KJiacrrepa 
reHOB. EoJibiiiHHCTBO ceMencTB reHOB co^epxcaT nceB^ore- 
Hbi, OflHaKo b i^ejiOM nceBfloreHbi cocraBjwioT jimiib Majiyio 
nacrb ot oómero nncjia reHOB b reHOMe. 

MbiuiHHbiH reH Wa3-r^oÓHHa oójia^aeT HHTepecHOH 
ocoôeHHOCTbio: y Hero HCKJiiOHHTejibHO tohho yrepaHbi 06 a 
HHTpoHa. Ilooie/íOBaTejibHOCTb *Pa3 moxcho conocrraBHTb 
(c yneTOM HaKomieHHbix MyrauHH) c mPHK a-rjioÓHHa. Ero 
AyiUIHKaiJHfl H HHaKTHBaLJHfl np0H30IIIJIH OflHOBpeMeHHO, 

H3 nero moxcho c/jejiaTb bmboa, hto HHaKTHBau.HH 6 buia cbb- 
3aHa c noTepen hhtpohob. 

HeaKTHBHbie nocjieAOBaTejibHocTH reHOMa, noxoxaie 
Ha PHK-TpaHCKpHnTbi, Ha3biBaiOT npou,eccHpOBaH- 
humh nceBAoreHaMH. CorjiacHo MexaHH 3 My peTpo- 
TpaHcno3Hi^HH, npoueccHpoBaHHbie nceBAoreHbi MOiyr 
B03HHKaTb nyreM BCTaBKH b cjiynaHHoe MecTo reHOMa 
flHK-KonHH, nojiyneHHOH c mPHK (cm. rji. 22 «PeTpoBH- 
pycbi h peTpono30Hbi»). Hx xapaicrepHbie ocoóchhocth 
npHBeAeHbi Ha pne. 22.19. 

Ecjih nceBAoreHbi — sto TynHKH sbojiioijhh h one- 
BH^HO Hexce^aTejibHbie nooie^cTBHa H3MeHeHHH tyyiiK- 
i^HOHa^bHbix reHOB, noneMy ohh coxparonoToi b reHOMe? 
BbinojironoT ohh Kaicyio-HHÓyAb (JryHKíjHio hjih xce ohh 
óeccMbioieHHbi h HanpaBjíeHHbiH Ha hx coxpaHeHHe ot- 
6 op oTcyTCTByeT? 

HeoóxoAHMO noMHHTb, hto mm paccMaTpHBaeM nceB- 
AoreHbi, npHcyTCTByK)iij,He b coBpeMeHHbix nonyjiHu.HEx, 
OflHaKO B XOfle SBOJHOU.HH MOľJIO ÓbITb 3JIHMHHHpOBaHO 

orpoMHoe 4 hcjio Apyrax nceBfloreHOB. Y^ajieHne nceB^o- 
reHa mowo npoHcxoflHTb nyreM flejieu.HH npoTaxceHHoro 
ynacnca nocjie^OBaTejibHOCTH hjih xce nyreM HaKoruieHHa 
MyTau.HH po ypoBHfl, Kor^a nceB^oreH yxce hcbo3mo^cho 
npHnncaTb k KäKOMy-jinóo ceMeHCTBy nocjieflOBaTejibHoc- 
Ten (BepoHTHO, sto eflHHCTBeHHO B03M0xcHaa cyzjbóa pm 
nceBfloreHa, KOTopbíň eiu,e He y^ajieH). 

Y/ÍHBHTeJIbHO, HO P2ÚKC TaKHe «nepeXCHTKH 3B0JII0LI 1 HH», 
Kax nceBfloreHbi, Moryr .nynjiHLi.HpoBaTbCH. ľeHbi p-rjioÓHHOB 
K03 npe/jcraBJíeHbi Tpera 3pejibiMH cjjopMaMH pA, pB h pC 
(pne. 6.7). OieBa ot Kax^oň H3 hhx eerb nceB^oreH, pacno- 
jioxceHHbiH b HecKOJibKHx toh ot aKTHBHoro reHa. IlceBflo- 
reHbi b ôo^bineH creneHH poflCTBeHHbi ^pyr flpyry, Hexce^H 
3pejibiM reHaM p-moÓHHOB (b nacmocTH, y hhx BCipenaeT- 
CH HeCKOJIbKO o6uj,HX HHaKTHBHpyK)UJ,HX MyTaU.HH). B CBOK) 
onepe^b, noaie^OBaTe^bHOCTH reHOB p-moÔHHOB ôo^bine 
noxoxcH Apyr Ha Apyra, neM Ha nceBfloreHbi. 3to 03HanaeT, 
hto HcxoAHaa wp-p-crpyicrypa /jynjiHu.HpoBajiacb h ^ajia 


Hanajio cjjyHKu.HOHajibHbiM p-reHaM (KOTopbie BnooieACTBHH 
npnoôpejiH pa3JiHHHH) h HecJ^yHKu.HOHajibHbiM nceBfloreHaM 
(npeBpaTHBuiHMca b coBpeMeHHbie nceB^oreHbi). 

Mexanumu, orneemermennue 3a dymumi^uK), de- 
jieUfUK) u nepecmpouKy zrna , deucmeyiom na ece nociie- 
doeamejibHocmu enympu KJiacmepa, ene 3aeucuMOcmu 
om mozo , <pyHKU í uoHanbHU onu um nem. OKomaTejibHaa 
AH({)({)epeH4Ha4Ha npo/iyKTOB ocymecTB^aeTca nyreM ec- 
TecTBeHHoro OTÓopa. 

no onpe^ejieHHio nceBAoreHbi He flaioT óchkob h o6hm- 
ho He Hecyr HHKaKon cJ)yHKn,HH (3a HcmnoneHHeM pa3Be hto 
peryjíHTopHOH). TaK, TpaHCKpnnuHH nceB^oreHa HHrHÔnpy- 
eT flerpa^aijHK) mPHK, CHHTe3HpoBaHHOH c roMo^oranHoro 
eMy aKTHBHoro reHa. Cxopee Bcero, 3a flerpa^aijHK) oTBe- 
naeT 6e^0K, cBB3biBaiomHHca co cne4H({)HnecKOH nooie- 
^OBaTejibHOCTbio Ha mPHK Ecjih 3Ta nocjieflOBaTejibHOCTb 
ecTb b PHK, TpaHCKpHÓHpyeMOH c nceB^oreHa, scJjcJjeKT, 

npOH3BOAHMbIH 3THM ÓeJIKOM, MOXCeT CHH3HTbCH. HeHCHO, 
HacKOJibKO pacnpocrpaHeH stot MexaHH3M, o^HaKo napo 
noMHHTb, hto TpaHCKpHÓHpyeMbix nceBfloreHOB TaKOH 
Tnn peryjiai^HH bo3moxcch. 
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K^ŕoneBbie noH5nM5i: 


• Ecjim reHOM coflep>KMT K/iacTep reHOB co cxo>kmmm 
nocjieflOBaTejibHocT^MM, cnapMBaHMe HeajuiejibHbix reHOB 
MOweT npMBOAMTb k HepaBHOMy KpoccMHroBepy. 3 to BefleT 
K 00 PM M po Ba H M fO AeJieUMM B OAHOÍÍ M3 peKOMÓMHaHTHblX 
XpOMOCOM M COOTBeTCTByjOmeíí AynJIMKaUMM B Apyroíí. 

• Pa3JlMHHbieTaJiaCCeMMM Bbl3BaHbl AeJieUMflMM, SJlMMMHMpyjOLUMMM 
a- mjim p-rjio6MHOBbie reHbi. TíonecTb 3a6ojieBaHM5i y AaHHoro 
MHAMBMAa 33BMCMT OT MeCTa AeJieUMM. 


nepecTpoHKH BHyrpH KJiacTepa noxoxcnx hjih hachthm- 
HblX reHOB B03HHKai0T AOBOJIbHO HaCTO. Pe3yjIbTaT TaKHX 
nepecTpoeK moxcho yBK^eTb, cpaBHHBaa KJiacTepbi p-rjio- 
6hhob MjieKonHTaiomHx (pne. 6.7). HecMOTpa Ha to hto 
KJiacTepbi BbinojiHaioT exoxene (JjyHiajHH h hmoot oómyio 
cTpyicrypy, ohh OTjiHnaiOTca no /yinne BCJieACTBHe pa3HH- 
u,h b MHCJie h THne p-rjio 6 HHOBbix reHOB, a Taicxce nncjie h 
CTpoeHHH nceBAoreHOB. Bce 3 TH otjihmhh aojixchh óhjih 
B03HHKHyTb C MOMCHTa nOBBJíeHHB MJieKOnHTaiOIAHX oko- 

jio 85 mjih jieT Ha3a^ (nocjieAHíw o6maa ppn Bcex Mjiexo- 
nHTaiOmHX TOMKa B 3B0JII04HH). 

CpaBHeHHe KjiacrrepoB noKa3biBaeT, hto AymíHKauHH, 
nepecrpoHKa h Bapnaijna reHOB — TaKOH xce BaxcHbin c{)aK- 
Top 3B0JH0UHH, KaK h MeAJieHHoe HaKomieHHe TonenHbix 
MyraijHH b oTAejibHbix reHax. KaKOBbi xce MexaHH3Mbi, ot- 
BeTCTBeHHbie 3a peopraHH3aijHio reHa? 

KaK 6buio cKa3aH0 bo bbcachhh k stoh rjiaBe, He- 
paBHbiH KpoccHHroBep npoHcxoAHT b pe3yjibTaTe cna- 
pHBaHHB AByX HCCOOTBeTCTByiOmHX CaHTOB. OÓblHHO 
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peKOMÔHHaijHfl 3aTparnBaeT OAHHaKOBbie ynacTKH AByx 
roMOJiormHbix xpomocom. B cjiynae npncyTCTBHB Ha 
Kxmoň H3 xpomocom AByx koiihh reHa, Mexc^y hhmh 
Mo^ceT B03HHKaTb HenpaBHjibHoe cnapHBaHHe (pjm 3Toro 
HeOÓXOflHMO, HTOÔbl H HCKOTOpbie H3 COCeflHHX ynaCTKOB 
omBajiHCb HecnapeHHbiMH). noAOÔHbie oiiihôkh Kpoc- 
CHHroBepa MOiyr npoH30HTH Ha ynacTKe kopotkhx noB- 
TopoB (cm. pne. 6.3) hjih b KJiacTepe reHOB. Ha p m c. 6.1 3 
noKa3aHO, hto HepaBHbiH KpoccHHroBep b miacrepe re- 
HOB MOXCeT npHBO^HTb K JJfiyM CJie^CTBHBM: KaHeCTBCHHO- 
My H KOJIHHeCTBeHHOMy: 

• Hhcjio noBTopoB yBejiHHHBaeTca b oahoh xpoMOCOMe 
h yMeHbinaeTCfl b Apyron (nocKOJibKy o^Ha peKOMÔH- 
HaHmaa xpoMOcoMa npHOôpeTaeT ptntnmo, a Apy- 
raa — HHcepu,Hio). npmeM pe3yjibTaT ôy^eT oahh, BHe 
3aBHCHMOCTH ot TOHHoro pacnojioxceHra nepeKpecrra. 
Y OflHoro H3 H3o6paxceHHbix Ha pncyHKe pexoMÔHHaH- 
tob hhcjio KonHH reHa yBejiHHHBaeTCB c AByx ao Tpex, a 
y flpyroro — yMeHbinaeTCB c AByx ao OAHoro. 

• Ecjih peKOMÓHHau.Ha nponcxoAHT b npeflejiax reHa (a 
He Mexc^y hhmh), pe3yjibTaT ôyper 3 aBHceTb ot Toro, 
HAeHTHHHbl peKOMÓHHHpyiOIIJ.He reHbl HJIH TOJIbKO no- 
xoxcH. Ecjih peKOMÓHHHpyiomHe KonHH reHOB nojiHO- 


CTbK) H^eHTHHHbl, TO H3MCHeHHH B nOCJie^OBaTeJIbHOCTH 
K20Kporo H3 reHOB He ôy^eT. HepaBHbin KpoccHHroBep 
MOXCeT npOHCXOflHTb H jyiH CXOJKHX, HO He HJ^eHTHHHbLX 
reHOB (XOTfl B 3TOM CJty^ae BepOHTHOCTb B03HHKH0BeHHa 

ouihôok cnapHBaHHa, bhahmo, HHxe). B stom cjiynae 
KaX^blH H3 peKOMÔHHaHTHblX reHOB Ôypcľ OTJIHHaTbCa 

ot poflHTejibCKHx nocjieflOBaTejibHocreH. 
nojiyHHT HOBaa xpoMOcoMa cejieKTHBHoe npeHMymecrr- 
bo hjih ôyper HcnbiTbiBaTb AaBJíeHHe OTôopa — 3aBHCHT Kax 
ot nocjieACTBHH H3MeHeHHa nocjieAOBaTejibHOCTH reHa, Táx 
h ot H3MeHeHHa HHCJia KonHH reHa. 

nperaTCTBHeM pjm HepaBHoro xpoccHHroBepa MOxceT 
nocjiyxcHTb npepbiBHcraa crpyKTypa reHOB. B cjiynaax, no- 
floôHbix rjioÔHHaM, cooTBeTCTByiomHe 3K30Hbi npnjiera- 
K)mHX KOnHH reHOB, nO-BH^HMOMy, HMeiOT AOCTaTOHHOe 
cxoactbo pjm Toro, HToôbi cnapHBaTbca ppyr c ApyroM, 
Tor^a xax nocjieAOBaTejibHocrci hhtpohob Moryr CHjibHO 
OTJIHHaTbCH. OrpaHHHeHHe CnapHBaHHB 3K30H0B 3HaHH- 
TejibHO coxpamaeT panny ynacTKa JX HK, BOBjíexaeMoro b 
K poccHHroBep, a sto noHHxeaeT BepojrmocTb HepaBHoro 
KpoccHHroBepa. TaKHM oópa30M, BapHaóejibHocTb hht- 
poHOB noBbimaeT craÓHjibHocTb KjiacTepoB reHOB, npe- 
nflTCTByfl B03HHKH0BeHHI0 HepaBHoro KpOCCHHľOBepa. 



PMC. 6.13 Hmcjio reHOB Mo>KeT M3MeHMTbCB b pe3yjibTaTe HepaBHoro KpoccMHroBepa. Ecjim reH 1 
oahom xpoMocoMbi o6pa3yeT napy c reHOM 2 (a He c reHOM 1) Apyroíí xpoMocoMbi, BTopbie koiimm 
reHOB He CMoryT BCTaTb b napy. B pe3yjibTaTe peKOMÓMHauMB Me)KAy HeBepHo cnapeHHbiMM reHaMM 
nopo>KAaeT xpoMocoMy c eAMHCTBeHHoíí (peKOMÓMHaHTHOÍí) Konneŕí reHa m xpoMocoMy CTpeMB ko- 
nMBMM reHa (no oahom ot KawAoro poAMTe/iB m OAHy peKOMÓMHaHTHyK)) 
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TajiacceMHH B03HHxai0T b pe3yjibTaTe MyTau.HH, ocjiaó- 
jmiomHX hjih npexpamaiomHx CHHTe3 a- hjih p-rjioôHHa. 
npnpoAa HeKOTopbix TajiacceMHH oó'bacHaeTca HepaBHbiM 
KpoccHHroBepoM b KJiacTepax reHOB rjioÔHHa nejiOBexa. 

BojibuiHHCTBO H3 HaHÓojiee Taxcejibix TajiacceMHH abjui- 
iotch pe3yjibTaTOM flejieu,HH nacra Kjiacrepa. ľlo xpaHHen 
Mepe, b HeKOTopbix cjiynaax xoHijbi flejiei^HH pacnojioxceHbi 
b roMOJiorHHHbix perHOHax, mto oneHb noxoxce Ha cHTya- 
uyao c HepaBHbiM KpoccHHroBepoM. 

Ha P u c. 6.14 npHBeAeHbi aejieijHH, Bbi3breaiomHe a-Tajiac- 
ceMHH. /lejieu.HH a-thal-1 3aTparaBai0T npoTJDxeHHbieyHacTKH 
flHK h pa3JiHnaiOTca no jioxajiH3aijHH cbohx jieBbix xohijob, 
Toryja xa k nonoxceHHe npaBbix kohijob ppia^uPi Haxo^HTca 3a 
npeAejiaMH Kjiacrepa. 3th acjicijhh ajiHMHHHpyioT o6a reHa a. 
HCJ ieiJHH a-thal-2 CpaBHHTCJIbHO KOpOTKHe H SJIHMHHHpyiOT 
jiHiiib OflHH H3 AByx reHOB a. Raiapm rana L npHBOflHT k yqa- 
jieHHio ynacrxa flHK b 4,2 ttih, Bxjnonaiomero b ce6n reH a2. 
BepoHTHO, 3Ta AeJieu,H^ B03HHxaeT b pe3yjibTaTe HepaBHoro 
xpoccHHroBepa, nocxojibxy KOHu,bi ^ejieuHH pacnojioxceHbi 
B TOMOJIOrHHHblX peľHOHaX XpOMOCOMbI, HaXOAHIAHXCH HyTb 

npaBee reHa xpa h qyTb npaBee reHa a2. rana R bb- 

jiaeTca pe3yjibTaTOM yflajieHHa 4)parMeHTa ,HHK pa3MepoM 
3,7 TTIH, HTO B TOHHOCTH COOTBeTCTByeT paCCTOJIHHK) MOKfty 
reHaMH al h a2. BeponTHO, OHa B03HHKJia b pe3yjibTaTe He- 
paBHoro KpoccHHroBepa Ha ynacrxe MOKyty sthmh reHaMH. 
OnHcaHHaa CHTyaijHfl H3o6paxceHa Ha pne 6.13. 

B 3aBHCHMOCTH OT flHIUIOH^HOH KOMÔHHaiyHH TaJiaCCe- 
MHHHblX XpOMOCOM, naiJHeHT MOXCeT HeCTH Jlioóoe HHCJIO 
a-iyenefí (ot Hyjw po Tpex). Mexcyy HH^HBH/iyyMaMH c flBy- 
Ma hjih TpeMa a-reHaMH h HH^HBH^aMH pumro THna (ne- 
Tbipe a-reHa) otjihhhh He 3 HanHTejibHbi. Ecjih xce nejiOBex 
HeceT TOJibKo oahh a-reH, to h36htok p-ijeneH npHBO^HT 
k (JjopMHpoBaHHio TeTpaMepa p 4 , Bbi3biBaiomero 3a6ojieBa- 
Hne reMorjioÓHHonaTHK) H (HbH). nojiHoe oTcyrcTBHe 
a-reHOB npHBO^HT k pa3BHTHio boahhkh iuioaa h ero rn- 
6ejin po hjih BCKope noejie po5K,aeHHa. 

HepaBHbin xpoccHHroBep (aHajioniHHbiH TOMy, xoiopbiH 
npHBeJI K (JjOpMHpOBaHHIO TaJiaCCeMHHHblX XpOMOCOM) MOXCeT 
npHBecTH k (JjopMHpoBaHHio xpoMOCOMbi c TpeMa a-reHaMH. 
JIioah, Hecymne Taxne xpoMOCOMbi, 6buin oÓHapyxceHbi b He- 
cxojibXHx nonyjiHUHHx. B Hexoropbix nonyjiauHHx nacroTa 
BCipeHaeMOCTH TpoHHoro a-jioxyca npHMepHO paBHa nacroTe 
BCTpeHaeMOCTH oAHHOHHoro a-jioxyca; b flpymx nonyjiaiiHflx 
TpoHHbie a-reHbi BCipenaioTCH 3HaHHTejibHO pe?tce, nm opu- 
HOHHbie. 3 to 03HanaeT, hto Ha paanmHbie nonyjiHu.HH pmc- 
TBOBajiH (HeH3Becmbie) (Jjaxropbi OTôopa, noAAepxcHBaioiij,He 
onpeAejieHHbiH ypoBeHb reHOB tjioôhhob. 

BapnaijHH HHCJia a-reHOB BCTpenaioTCH flOBOJibHO 
nacTO, 03Hanaa, hto HepaBHbin xpoccHHroBep b xjiacrepe 
BecbMa pacnpocTpaHeH. Co3flaeTca BnenaTjieHHe, hto b a- 
xjiacTepe HepaBHbiH xpoccHHroBep npoHcxoflHT Hame, ne m 
b p-xjiacrepe. O^Ha H3 bo3moxchhx npHHHH 3Toro coctoht 
B TOM, HTO HHTpOHbl a-reHOB XOpOHe H nOSTOMy B MeHbUieH 
CTeneHH npemiTCTByioT HenpaBHJibHOMy cnapHBaHHio Mexc- 
py HeroMOJiorHHHbiMH reHaMH. 

flejieuHH, Bbi3biBaioiAHe |3-TajiacceMHH, npHBeAeHbi 
Ha pmc. 6.15. B HexoTopbix (^OBOJibHO peflXHx) cjiynaax 
ohh 3aTparHBaioT TOJibxo reH p. B sthx cjiynaax oôHapy- 



PMC. 6.14 Pa3JlMHHbie C()OpMbl a-Ta^aCCeMMM pa3BMB3K)TC51 M3-3a 
pa3/iMHHbix AejieuMíí b a-rjioÓMHOBOM KJiacrepe 



PMC. 6.15 flejieuMM b p-mo6nHOBOM KJiaciepe bbjibiotcb npMHMHoň 
HecKOJibKMx (J)opM TajiacceMMM 


xcHBaeTca pojitupín b 600 nH, 3aTparHBaioiAaB ynacTox ot 
BT oporo HHTpoHa BnjioTb po 3'-({)JiaHXHpyioiAero peraoHa. 
B ppyrux cjiynaax acjioihh 3aTparHBaiOT cpa3y Hecxojibxo 
reHOB. Morae acjioihh AOBOJibHO npoTaxceHHbi h npocTH- 
paioTca Ha >50 toh ot 5'-xoHija. 

ľeMorjioÓHH THna Hb Lepore BBjíaeTca xjiaccHnecxHM 
npHMepoM B03HHXH0BeHHH pojiouyiií b pe3yjibTaTe HepaB- 
Horo xpoccHHroBepa Mexcyy cu,eiiJieHHbiMH reHaMH. Iloc- 
jieAOBaTejibHocTH p- h ô-reHOB oTjiHnaioTca Bcero Ha ~7%. 
HepaBHaa pexoMÔHHaiiHa npHBOAHT x yzjajieHHio ynacTxa 
J\ HK, pacnojioxceHHoro Moxpy 3thmh reHaMH, coepmwi hx 
(pne. 6.13). 06'beAHHeHHbiH reH npoAyu.HpyeT o^Hy p-no- 
AOÓHyio i^enb, cocToaiijyio H3 N-xohiicboh nocjieAOBaTejib- 
hocth 0-u.enH h C-xoHiieBOH nocjieAOBaTejibHoc™ p-iienn. 
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6.8 


Ha ceroflmmiHHH fleHb h3bcctho HecicojibKo ranoB re- 
modioôhhob Lepore, OTjiHnaiomHxai mcctom nepexoAa ot 
ô- k (3-noaie.aoBaTejibHOCTH. ľloaTOMy npn bo3hhkhobchhh 
HepaBHoro KpoccHHroBepa MOKAy cnapHBaiomHMHai ô- h 
( 3-reHaMH TOHHaa TOHKa peKOMÓHHaijHH onpeAejmeT mccto 
b aMHHOKHOioTHofí ijenH, ľRt npoH30HAeT nepeioiioHeHHe 
c ô- Ha p-nooieAOBaTe^bHocTb. 

^BjieHne, oópaTHoe onncaHHOMy, npuBOflHT k bo 3- 
HHKHOBeHHio reMorjioÔHHa rana aHTH-Lepore, npo- 
flyunpyeMoro reHOM, KOAHpyiomHM N-KOHijeByio nacTb 
(3- h C-KOHueByio nacTb ô-nocjieAOBaTejibHocm TaKOH 
«xnMepHbiH» reH pacnojiaraeToi MexcAy HopMajibHbiMH 
ô- w p-reHaMH. 

B nojib3y Toro, hto HepaBHbin KpoccHHroBep Moxccr 
npOHCXOAHTb H MOKffy «AaJIbHHMH pOACTBCHHHKaMH>>, CBH- 

AeTejibCTByeT oÓHapyxceHHe enj,e OAHoro «xHMepHoro» re- 
MorjioÓHHa — Kenya. Oh coflepxcHT N-KOHijeByio nocne- 
AOBaTejibHocTb reHa \ h C-KOHu,eByio nocjieAOBaTejibHocrb 
reHa (3.3Ta «xHMepa», cKopee Bcero, TaKxce flBJíaeToi pe3yjib- 
TaTOM HepaBHoro KpoccHHroBepa MOKjjy \ h p, nocjieAOBa- 
TeJIbHOCTH KOTOpblX OTJIHHaiOTOI npHMepHo Ha 20%. 

Ha ocHOBe pa3JiHHHH MOKffy KJiacTepaMH rjioÔHHOBbix 
reHOB y pa3JiHHHbix MjiexonHTaiomHx mojkho CAejiaTb bh- 
boa o tom, hto AynJíHKaijHfl h (HHorAa) cneAyioiAee 3a Hen 
HaKormeHHe otjihhhh cbirpajiH Ba>KHyio pojib b sbojiiouhh 
KaacAoro Kjiacrepa. TajiacceMHHecKne AeJieijHH nejiOBeKa 
AeMOHcrpHpyioT, hto HepaBHbiH KpoccHHroBep no-npe- 
mmy B03HHKaeT b oôohx KJiacTepax reHOB rjioÓHHa. Kaxc- 
Aoe Taxoe coôbrrae npHBOAHT k B03HHKHOBeHHio Kax Ayn- 
jiHKau[HH, TaK h ACJieijHH, h Mbi moxccm npocjieAHTb cyAbóy 
KaacAoro H3 AByx peKOMÓHHaHTHbix jioKycoB b nonyjiai^HH. 
flejieijHH (b npHHijHne) MoryT B03HHKaTb h b pe3yjibTaTe 
peKOMÓHHaijHH MOKpy roMOJiorHHHbiMH nocjieAOBaTejib- 
hocthmh, pacnojioxceHHbiMH na odnou u moú Me xpomoco- 
Me, npHneM TaKOH BapnaHT He BjieneT 3a coôoh noaBJíeHHe 
cooTBeTCTByiomeH AyruíHKauHH. 

flOBOJIbHO CJIOJKHO OIjeHHTb eCTeCTBCHHyiO HaCTOTy 
3thx npoueccoB, nocKOJibicy AäBjíeHHe OTóopa ôbicrpo Bbi- 
paBHHBaeT ypoBHH BapHaôenbHbix KJiacTepoB b nonyjMu,HH. 
CKopee Bcero, oTôop b ochobhom paôoTaeT npoTHB yMeHb- 
rneHHH HHCJia reHOB (b pe3yjibTaTe AeJieu,HH). B HeKOTopbix 
nonyjwuHHx MoxceT noflAepxcHBaTbCH ôajiaHc, AonycKaio- 
u\m cymecTBOBaHHe He3HaHHTenbHOH aojih xpomocom, 
Hecyni,Hx Aejieu,HK) h oójiaflaiomHx b cba3h c 3thm hochm 
npenMymecTBOM. 

CTpyKTypbi coBpeMeHHbix KJiacrepoB nejiOBeKa oÔHapy- 
)KHBaiOT HeCKOJIbKO /J,yrUIHKaiJ,HH, nO£TBep>KAaK)mHX 3HaHH- 
MOCTb onHcaHHbix MexaHH3MOB. &yHKU f uoHajibHue nocjie- 
AOBaTCJibHOCTH BKjnonaioT ABa reHa a, KOAHpyiomHx oahh 
H TOT >Ke ÔeJIOK, AOBOJIbHO ÓJIH3KOpOACTBeHHbie reHbi P H Ô, 
a TaioKe ABa non™ HAeHTHHHbix reHa y. 3th cpaBHHTejibHO 
HeAaBHHe He3aBHCHMbie AynJíHKauHH coxpaHHjiHCb b nony- 
nm\m\ 6e30TH0CHTe;ibH0 k 6o;iee apcbhhm AyruíHKaiAHHM, 
AaBniHM Hana^o pa3JiHHHbiM ranaM reHOB rjioÔHHOB. JJpy- 
rae AyiUIHKaUHH MOrjIH CnOCOÔCTBOBaTb B03HHKH0BeHHK) 
nceBAoreHOB hjih MorjiH óbiTb yTepaHbi. Ohcbhaho, hto 
AynjíHKauHH h Rentujm HrpaioT Ba>KHyK) po^b b c{)opMHpo- 
BaHHH Bcex reHHbix KJiacTepoB. 


TeHbi pPHK (JjopMMpyiOT 
TaHfleMHbie noBTopbi 


KnJoneBbie noHBTMa: 


• PMÓocoMaBbHafl PHK KOAMpyera óo^biiJMM hmcjiom 

MAeHTMMHblXTaHAeMHO nOBTOpflimAMXCfl reHOB, C{)OpMMpyK)LUMX 
OAMH MJ1M HeCKOJIbKO K/iaCTepOB. 

• Ka>KAbiM K^acTep pflHK opraHM30BaH TaKMM o6pa30M, hto 
KOAM pyraiAMe npeAiuecTBeHHMK pPHK TpaHCKpnni4MOHHbie 
eAMHMUbi nepeMe>KaK)TC5i HeipaHCKpMÓMpyeMbiMM cneňcepaMM. 

B npHMepax, KOTopbie Mbi oôcyxcAajiH a o chx nop, mok- 
Ay OTAejibHbiMH HJieHaMH KjiacTepa reHOB cyiAecTBOBajiH 
pa3JIHHHH, n03B0JIHBUIHe OTÔOpy OKa3bIBaTb He3aBHCHMOe 
BJiHHHHe Ha KaxcAbiH reH. OópaTHaa CHTyauHH HaÓJiiOAa- 
eTca AJifl AByx KpynHbix KJiacTepoB reHOB, coAepxcamHx 
MHOxcecTBO HAeHTHHHbix KonHH OAHoro h Toro xce reHa 
(hah reHOB). EojibiiiHHCTBO opraHH3MOB coAepxcaT mho- 
xcecTBeHHbie Konnn reHOB, KOAHpyioiAHx rucTOHbi, — 
ÔeJIKH, HBJIHIOIAHeCH BaXCHbIM KOMnOHeHTOM XpOMOCOM. 
KpoMe Toro, noHTH Bce opraHH3Mbi HecyT MHOxcecTBeH- 
Hbie KonHH reHOB, KOAHpyiomHX pHôocoMaAbHyio PHK. 
3th cjiynaH cTaBHT nepeA HaMH HHTepecHbie sbojiioijh- 
OHHbie Bonpocbi. 

PHôocoMaAbHaa PHK — sto ochobhoh npoAyKT TpaHC- 
KpHnu,HH, cocTaBJíaiOLAHH Kax y npoKapHOT, Tax h y syKapn- 
ot okojio 80-90% ot oĎmen Maccbi kjictohhoh PHK. Hhcjio 
reHOB pPHK BapbHpyeT ot ceMH y E. coli a o 100-200 y hh3- 
IIIHX 3yKapHOT H HeCKOJIbKHX COTeH y BblCUIHX 3yxapHOT. 
ľeHbi, KOAHpyioiAHe óoAbmyio h Ma^yio pPHK (bxoaaiahc 

B COCTaB, COOTBeTCTBeHHO, ÓOAbUIOH H Ma^OH CyÔ'bCAHHHI^ 
pHÓocoMbi), o6hhho (})opMHpyK)T TaHAeMHyio napy (cahhc- 
TBeHHblM HCKJIIOHeHHeM HBJIHIOTCH reHbl pPHK MHTOXOHA" 
pnajibHoro reHOMa Apo^ocen). 

OTcyTCTBne BbipaxceHHbix pa3JiHHHH b nocAeAOBa- 
TejibHocTHx MOJieKyji pPHK CBHAeTejibCTByeT o tom, hto 
B ce KonHH KaXCAOrO *H3 reHOB AOJDKHbl ÓbITb HAeHTHHHbl 
(hah, no KpanHen Mepe, hx otjihhhh aojixchh 6biTb Ha 
ypoBHe HHXce AeTeKrapyeMoro (~1%)). CjieAOBaTejibHO, 
AOJixceH cyiAecTBOBaTb MexaHH3M (hjih MexaHH3Mbi), 
nperaTCTByioiAHH HaKonjieHHio Bapnai^HH b oTAejibHbix 
nocjieAOBaTejibHocTHx. 

Y óaicrepHH MHoxcecTBeHHbie napbi reHOB pPHK pac- 
cpeAOToneHbi no reHOMy. B óojibuiHHCTBe xce reHOMOB 
syKapHOT reHbi pPHK coópaHbi b TaHAeMHbin KAacTep (hjih 
KJiacTepbi). HHorAa 3TH ynacTKH Ha3biBaiOT pflHK (B Hexo- 
Topbix cjiynaax óojibinoe kojihhcctbo pflHK h ee Heoôbin- 

HblH HyKJieOTHAHblH COCTaB n03BOJIHK)T BblAeJIHTb 3Ty flHK 

b BHAe oTAejibHOH (J)paKiAHH H3 (J)parMeHTHpoBaHHOH re- 
HOMHOH flHK) BaXCHbIM npH3HaKOM TaHAeMHblX KJiacTepoB 
HBjweTCH KOJibi^eBaa KapTa hx pecrpHKíjHH (Kax noKa3aHO 
Ha PMC. 6.16). 

ripeAnOJIOXCHM, HTO KaXCAblH OTAeJIbHO B3HTbIH nOB- 
TOp COAepXCHT TpH CaHTa peCTpHKU,HH. ECJIH HaHeCTH 3TH 
(JjparMeHTbi Ha oôbiHHyio pecTpHKu,HOHHyio KapTy, Mbi 
oÓHapyxcHM, hto 3a (J)parMeHTOM A cjieAyeT (JjparMeHT 
B, 3a KOTopbiM cjieAyeT C, 3a kotophm pacnojioxceH A, 
h t. a. TaKHM o6pa30M, c{)parMeHTbi (JjopMHpyioT Kax 6bi 
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Knacrepy noBTopoB cooTBeTCTByeT KO/ibi4eBan Kapia pecTpMtuiMH 


JlMHeŕíHafl npupofla K/iacrepa 


flOBTOp 1 


ľlOBTOp 2 


ľlOBTOp 3 


ľlOBTOp 4 


HeTpaHCKpn6npyeMbiií cneiícep TpaHCKpnrmnoHHafl eflMHima 

I I 

* VW v/W Y'\/W vvwvvw 


* 


* 


* 


* 


CaiÍTbl peCTptIKUMM 

X J A B C f A B C AB C 1 A B !Y 
KojibueBaa KapTa pecipuKunn 



PMC. 6.16 B KJiacrepe TaHfleMHbix Konníí reHa TpaHCKpnrmnoHHbie eAMHMLjbi HepeAyiOTCfl c He- 
TpaHCKpn6npyeMbiMM cneŕícepaMM; Kapiy pecrpHKUMM TaKoro K/iacrepa mo>kho npeflCTaBMTb b BMfle 

KOJÍ bLla 


KOJibiieByio KapTy (KaK ecnn 6 bi HK AencTBHTejibHo óbijia 

KOJIblieBOH). ĽCJIH KJiaCTep ÔOJIblIIOH, to BHyTpeHHHe 

(})parMeHTbi (A, B h C) ôyflyT npeAcraBJíeHbi b ropa3flO 
óoAbineM KOJiHMecTBe, nm KOHu,eBbie c{)parMeHTbi (X h Y), 
coeAHHBioiAHe íoiacrep c coccahhmh ynacTKaMH J\ HK. B 
KJiacrepe, cocimmeM h 3 100 noBTopoB, Ha rojiio X h Y 
ôy/jeT npHxoAHTbCB 1% ot ypoBHa A, B, h C. 3to MoaceT 
ycjioxcHHTb nojiyneHHe kohijob KJiacrepa reHOB h, KaK 
cjieACTBHe, noMemaTb upu co3AaHHH Kap™. 

B H^pe HMeeTca ocoóbin peraoH, b kotopom npoHcxo- 
Aht CHHTe3 pPHK — JiApuiiiKO. OHÔpHJumpHaa uempajib- 
Haa nacTb a/ipbimKa oKpyxceHa rpaHyjiapHbiM KopTeKcoM. B 
({)H6pHJuiapHOM u,eHTpe ocymecTBAaeToi TpaHCKpHmjHa 
pPHK Ha MaTpHH,e HK, a rpaHyjiapHbiH KopTeKc ccjiopMH- 
poBaH nacTHuaMH pHôoHyioieonpoTeHHa, b KOTopbie Bcrpa- 
HBaeTca pPHK. OcoôeHHOcra Mopc})o;iorHH fl/ipbimKa npo- 
/jeMOHCTpHpOBaHbl Ha PMC. 6.17. 

OTAeabHbie ynacTKH xpomocom, npocTpaHCTBeHHO 
aCCOUHHpOBaHHbie C HApbHIIKOM, Ha3bIBaiOT fl^pMIHKO- 
bumií opraHH3aTopaMH. KaxcAbiH a/j,pbmiKOBbiH opra- 
HH3aTop npeACTaBaaeT coóoh KjiacTep TaH^eMHO noB- 
TopaioiAHXca reHOB pPHK, pacnojioxceHHbix Ha oahoh 
xpoMOcoMe. CocpeAOToneHHOcTb TaH^eMHO noBTopaio- 
niHxca reHOB pPHK b onpeflejieHHOM MecTe *mpa, a Taoce 
HHTeHCHBHOcTb hx TpaHCKpHmjHH, oóycjiOBJíHBaeT xapaK- 
TepHyiO MOp({)OJIOrHK) HApblUIKa. 

napa ochobhhx pPHK TpaHCKpHÓHpyeTca b óaKTe- 
pHaabHbix KjieTKax h ayKapHOTHnecKHx a^pax b BH^e 
eAHHoro npeflmecTBeHHHKa. nocjie TpaHCKpHmjHH 
npeAiuecTBeHHHK pa3pe3aeTca Ha ABe oTAejibHbie mo- 
aeKyjibi pPHK. CaMbiíí kopotkhh pPHK-npeAinecTBeH- 
hhk — y óaKTepHH, a caMbíň j\j ihhhhh — y MjieKonHTa- 
lOIAHX (y KOTOpblX erO, B COOTBeTCTBHH CO CKOpOCTbK) 



PUC. 6.17 Ha tohkom cpe3e KJieTKM TpMTOHa Notophtalmus viríde- 
scens xopowo pa3/iMHHMo bap^iiuko. Bo/ioKHMCTaa (c()M6pMJuiapHaa) 
cepAUeBMHa BAPbiuJKa coctomt M3 TpaHCKpn6npyeMOM pflHK; cep- 
AueBMHy aAPbiiuKa 0Kpy>KaeT 3epHMCTbiíí (rpaHy/iapHbiŕí) KopTeKc, 
C0CT05UUMM M3 pMÓOCOMaJlbHblX CyÓbeAMHMA B COCTOflHMM CÓOpKM. 
OoTorpac()Ma jiK)6e3H0 npeAocTaBJíeHa Oscar MiLLer 

ocaxcAeHHa npn H,eHTpH(J)yrHpoBaHHH (ceAHMeHTaijHH), 
Ha3biBaioT 45S PHK). KnacTep p/l,HK coflepacHT MHOxcec- 
tbo eAHHHu, TpaHCKpHnu,HH, KaxcAaa H3 KOTopbix oT^ejie- 
Ha ot npeAbiAyuien HeTpaHCKpHÓHpyeMWM cneÄce- 
pOM. Pa3JIHHHB MeXCAy TpaHCKpHnH,HOHHOH eflHHHU,eH 
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B pflHK TpaHCKpMrmMOHHbie eAHHMiibi 


nepeMematoTCíi cnewcepaMH 



PMC. 6.18 TpaHCKpMnunfl K/iacrepoB pflHK BbirnaflHT KaK cepu* 
TpaHCKpMnuMOHHbix eflMHML^. Kawflafl TaKaa e ah Hmla («ejioHKa») 
OTfle^eHa ot npeAbiAymeíí m nocneAyioiAeM HeTpaHCKpMÓMpyeMbiMM 
cneŕícepaMM. 0oTorpac()Mfl jiK)6e3HO npeAOcraBjíeHa Oscar Miller 


h HeTpaHCKpHÔHpyeMbiM cnencepoM moxcho yBHfleTb Ha 
(J)OTorpa({)HHx, noAyneHHbix c noMombio 3JieKTpoHHoro 
MHKpocKona. ľlpenapaT, noKa3aHHbiíí Ha p nc. 6 . 1 8, nojiy- 
neH H3 KJieTOK TpHTOHa Notopthalmus viridescens. Ha <J>o- 
TOrpa(f>HH BHflHO, HTO CHHTC3 PHK Ha KaXCAOH TpaHCKpHn- 
IJHOHHOH eAHHHIie npOHCXOflHT HaCTOJIbKO HHTeHCHBHO, 
MTO B TpaHCKpnniJHK) OAHOH nOBTOpBIOIAeHCB eAHHHH,bI 
OAHOBpeMeHHO ocymecTBJíaeT mhoxccctbo PHK-nojiHMe- 
pa3. nojiHMepa3bi pacnojioxceHbi crojib njiOTHO, hto PHK- 
TpaHCKpHnTbi o6pa3yiOT xapaicrepHyio (})opMy, OTpaxca- 
lomyio yBejiHneHHe /yiHHbi npoflyKTa npn npoABHxceHHH 
(J)epMeHTa no TpaHCKpHniiHOHHOíí eAHHHije (ot npoMO- 
Topa k TepMHHaTopy). 


6.9 


MHomecTBeHHbie reHbi pPHK 
COXpaHBIOT flOCTOflHCTBO CBOeŇ 
nocaeAOBaieiibHocTM 


K/iiOMeBbie noHaTMa: 


• Bce reHbi, pacnojio>KeHHbie b KJiacrepe pflHK MAeHTMHHbi no 
CBoeň nocjieAOBaTe/ibHocTM. 

• Ka>KAbm HeipaHCKpMÓMpyeMbiíí cneiícep coctomt M3 
6o/iee KopoTKMx noBTopaiOLUHxcfl eAMHmj, hhcjio KOTopbix 
BapbMpyeTTaKMM o6pa30M, hto A-nnHbi oTAe/ibHbix cneňcepoB 
pa3JinHaioTC5i. 


HeTpaHCKpHÔnpyeMbie cnencepbi pflHK cnjibHO BapbHpy- 
K)T no AAHHe KaK MOKffy npeACTBHTCAHMH pa3JIHHHbIX BH- 
AOB, TaK h (HHOiyja) b npe/jejiax BH^a. Kopotkhh HcrpaHC- 
KpnÓHpyeMbin cneiícep ApoxoKeií HMeeT oraocHTejibHO 
nocToaHHyio pjiuny. Y D.melanogaster MOK^y pa3JiHMHbiMH 
KOmiflMH TpaHCKpHnU,HOHHbIX eAHHHU, Ha6jHOAaeTCfl nOMTH 
AByxpaTHaa Bapnaiina /yiHHbi HeTpaHCKpHÓnpyeMoro cnen- 
cepa. noxoxcaa CHTyau,HH h y X. laevis. B kxkpom H3 sthx 
cnyqaeB Bce TpaHCKpHnijHOHHbie eAHHHijbi npeAcraBJíeHbi 


oahhm TaHAeMHbiM KJiacrepoM, pacnoAOxceHHbiM Ha onpe- 
ACJieHHon xpoMOCOMe. (B cjiyqae c D.melanogaster — sto 
nonoBaa xpoMocoMa. lOiacrep Ha X xpoMOCOMe ôojibine, 
qeM Ha Y, 3a cneT qero y caMOK D.melanogaster óojibioe ko- 
nHH reHOB pPHK, qeM y caMijOB.) 

Y MJieKonHTaioiAHx noBTopmomaaai eAHHHija ropa3AO 
/yiHHHee, qeM y HaceKOMbix h 3eMHOBOAHbix. OHa bkjiio- 
qaeT TpaHCKpHmjHOHHyio eAHHHijy pa3MepoM ~13 TnH h 
H eTpaHCKpHÓHpyeMbiH cneíícep b ~30 tuh. OôbiqHO reHbi 
crpynnHpoBaHbi b HecKOJibKo paccpeAOToqeHHbix no pa3- 
hhm xpoMOcoMaM KJiacTepoB — y qejiOBeKa n Mbirnn iciac- 
Tepbi Haxo/iaTca Ha mrroií n rnecTOH xpoMOcoMax coot- 
BeTCTBeHHO. 

KaK xce KoppeKrapyiomHe MexaHH3Mbi, AeiícTByioiAHe, 
no Bcen bhahmocth, b npeflejiax o^Horo KJiacrepa h no#- 
AepxcHBaioiAHe nocroaHCTBO noaie/íOBaTe/ibHOCTH pPHK, 
paôoTaiOT npn HajinqHH HecKOJibKHx KJiacTepoB? 3to HHTe- 
pecHbíň Bonpoc, ho oTBeTa Ha Hero noKa HeT. 

H3MeHqHBOCTb /yiHHbi HeTpaHCKpHÔHpyeMbix cneíí- 
cepoB, npHHaflAexcaiAHx o^HOMy KAacTepy reHOB, koht- 
pacTHpyeT c KOHcepBaTHBHocTbio noaieflOBaTejibHOCTH 
TpaHCKpnnn,HOHHOH eAHHHn,bi. Ho Aaxce HecMOTpa Ha 3Ty 
H3MeHqHBOCTb, nooieAOBaTejibHocTH 6ojiee äahhhhx He- 
TpaHCKpHÓHpyeMbix cneíícepoB roMOJioraqHbi kopotkhm 
cneíícepaM. fle^o b tom, hto KaxcAbifí HeTpaHCKpHÔHpye- 
Mbíň cneíícep coflepacHT enympennue noemopu , h H3MeH- 
qHBOCTb ero /yiHHbi, Taxu m oópa30M, BBjíaeTCB pe3yjibTaTOM^ 
H3MeHeHHH HMOia nOBTOpOB HeKOTOpOÍÍ «3JieMeHTapHOÍÍ» 
cyô'beAHHHiibi. 

Ha pmc. 6.19 H3o6paxceHa oólAaa crpyKrypa HeTpaHC- 
KpHÔHpyeMoro cneíícepa X. laevis. yqacTKH (JíHKCHpoBaH- 
hoíí /yiHHbi qepe/iyioTCH c BapbHpyiomHMH no pjmm perao- 
HaMH. KaxcAbiíí H3 Tpex noBTopaioiij,Hxca yqacTKOB coctoht 
H3 pa3AHqHoro qHOia ôo^ee kopotkhx noBTopoB. Oahh h3 
yqacTKOB co/jepacHT noBTopbi /yiHHOíí 97 nH; ABa ppymx 
coAepxcaT noBTopaiomneca eAHHHiibi ajihhoíí 60 nH n 80 
nH. BapHaijHfl qHQia TaKHx eAHHHu, b peraoHax, coaepxca- 
IAHX nOBTOpbl, BHOCHT CBOÍÍ BKJiaA B H3MCHqHBOCTb BCeľO 

cneíícepa. PeraoHbi, coAepxcam;He noBTopbi, pa 3 Ae;ieHbi Tax 
Ha3bIBaeMbIMH Bam-OCTpOBKaMH — BblCOKOKOHCepBaTHB- 
HblMH KOpOTKHMH yqaCTKaMH (Bam-OCTpOBKH nOJiyqHJIH 
CBoe Ha3BaHHe ÓJiaroflapn hx oÔHapyxceHHio npn noMOiAH 
pecTpHxra3bi BamHI). ÓnncaHHbiíí Tnn opraHH3an,HH cbh- 
AeTejibCTByeT o tom, hto miacTep SBOAion.HOHHpoBaji nyreM 
AynjíHKaiiHíí, Bionoqaa h npoMOTopHbiíí peraoH. 

nonpoóyeM pa3o6paTbCB, noqeMy xce nooieAOBaTejib- 
hocth 3KcnpeccHpyeMbix Konníí noBTopBioiAHXCB reHOB TaK 
He3HaqHTenbHO OTjiHqaioTCH Apyr ot Apyra. B cootbctctbhh 
c oahoíí H3 MOAeneíí y kjictkh cylAecTByeT noTpeÓHOCTb b 
onpeAejieHHOM qncAe «xopouiHx» nooieAOBaTenbHOCTeíí. 
O^HaKO 3Ta MOACJib He 3anpemaeT MyTHpoBaBuiHM nooie- 
AOBaTejibHocTBM HaKamiHBaTbCH BmioTb ro Toro MOMema, 
Kóma hx pojm b KJiacrepe cTaHeT AOCTaToqHoíí jyw 3anyc- 
Ka npoueccoB cejiexrHBHoro OTóopa. nocKOJibKy BapnaiiHíí 
TaKoro rana b KJiacTepax hbho HeAOCTaToqHO, noAOÔHbie 
MOAeJIH MOXCHO HCKJIIOqHTb H3 paCC MOTpeHHH. 

Heóojibinoe hhcjio BapnaiiHíí nocjieAOBaTejibHOCTH 
reHOB yKa3biBaeT Ha HajiHqHe OTóopa, qyBCTBHTejibHO- 
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B npoMOTope p AH K ecrb yMacTKM H3 noBTopoB 


ynacTOK ynacTOK ynacroK 

nOBTOpOB 1 nOBTOpOB 2 noBTopoB 3 

OcrpOBOK OdpOBOK 

Bam Bam 


TpaHCKpununB 


OdpOBOK 

Bam 


-500 nH -300 nH -300 hh 

97 nH noBTopbi 60/81 nH noBTopbi 60/81 nH noBTopbi 
fl/iMHa BapbwpyeT fl/iMHa BapbnpyeT fl/uiHa BapbnpyeT 

« 2300-5300 hh » 


PMC. 6.19 HeTpaHCKpMÓMpyeMbiŕí cneŕícep pflHKX. laevis MMeeT BHyTpeHHJOK) pMTMMHecKyK) crpyK- 
Typy M3 noBTopoB. Hmcjio stmx noBTopoB (m, KaK cjigactbmg, A-n^Ha yMacTKOB, coctoblumx M3 3tmx 
noBTopoB) BapbMpyeT. yMacTKM noBTopoB pa3Aeji6Hbi ocipoBKaMM Bam — HGÓo/ibWMMM cerMeHTaMM 
flHK c oahom m tom >Ke nocriGAOBaTGJibHocTbK) 


ro K HHAHBHAyaJIbHbIM H3MeHeHHHM B TCHe. Eme OAHa 

MOAejib ocHOBaHa Ha npeAnojioxceHHH o nepHOAHHec- 
kom oÔHOBjíeHHH Bcero KjiacTepa 3a cneT OAHoro hjih 
HecKOJibKux ero npeACTaBHTejien. B npHHijHne, jiioóoh 
nOAOÓHblH MexaHH3M AOJIXCeH BKJIIOHaTb OÓHOBJíeHHe B 
KaxcAOM noKOJieHHH. O^HaKo 3Ty MOAejib Toxce motkho 
HCKjiiOHHTb, nocKOJibKy OHa npeAnojiaraeT oTcyTCTBue 
pa3JIHHHH H B HeTpaHCKpHÔHpyeMblX yHaCTKaX OTAe- 
JlbHblX nOBTOpOB. 

/(HJieMMa ao chx nop ocTaeTcn Hepa3pemeHHOH. H 3 - 
MeHHHBOCTb HeTpaHCKpHÓHpyeMbix perHOHOB yKa3biBaeT 
Ha TO, HTO no HHM AOBOJIbHO HaCTO npOHCXOAHT HepaB- 
Hbíň KpoccHHroBep. 3 to bcact k H3MeHeHHio pa3Mepa 
KjiacTepa, ho nocjieAOBaTejibHOCTH OTAejibHbix noBTopoB 
ocTaioTCH HeH3MeHHbi. Tax hto xce co3AaeT noMexn a^ 

HaKonjieHHH MyTau,HH? B cjieAyiomeM pa3Aejie Mbi yBH- 
AHM, HTO npHBeAeHHe K OAHOMy BHAy (rOMOreHH3aiJHfl) 
KonHH KjiacTepa hbjihctch pe3yjibTaTOM ero nocToaHHoro 
pacuiHpeHHH h cyxceHHH. 


6.10 


PexoMéuHaiuioHHafl (j)MKcaunB 
MO>KeT noAAep>KMBaTb 
MAeHTMMHOCTb nOBTOpOB 


KnfoneBbie noHATMfl: 


• HepaBHblíí KpOCCMHTOBep M3MGHAGT pa3MGp KJiaCTGpOB 
T3HAGMHblX nOBTOpOB. 

• OTAG/lbHbIG nOBTOpíHOlAMGCB GAMHMLJbl MOľyT 6blTb 
3/1MMMHMpOBaHbl M3 KJiaCTGpa MJ1M BblHGCGHbl 3a GľO npGAe/lbl. 


npH paCCMOTpeHHH aKTHBHblX AynJIHLJHpOBaHHblX TCHOB 
B03HHKaeT cAeAyioiAHH Bonpoc: Kax oTóop npeAOTBpama- 
eT HaKonjieHne MyrauHH b «jihiiihhx» KonHax reHa? 

TeoperanecKH AynJíHKaijHíi reHa npHBOAHT k He- 
MeAJieHHOMy OCJiaÔJieHHIO 3BOJHOU,HOHHOrO AaBJíeHHH 
Ha ero nocjieAOBaTejibHocTb. Tenepb, KorAa b reHOMe 


ecTb ABe HAeHTHHHbie KonHH, H3MeHeHne nocjieAOBa- 
TeJIbHOCTH JIIOÔOH H3 HHX He JIHUIHT OpraHH3M (J)yHK- 
H,HOHaJIbHOrO ÓeAKa, nOCKOJIbKy HCXOAHyiO aMHHOKHC- 
jioTHyio nocjieAOBaTeAbHocTb npoAOJDKaeT KOAHpoBaTb 
Apyraa Konna. flaBjíeHHe oTóopa pacnpeAejíHTca Ha o6e 
KonHH ao Tex nop, noxa HcxoAHaa cfjyHKíjHa oahoh H3 
HHX He H3MeHHTCfl HaCTOJIbKO, HTO OTÓOp HaHHCT A^HC- 
TBOBaTb Ha HHX He3aBHCHMO. 

Cpa3y nocjie AynjíHKaijHH reHa H3MeHeHHH b oahoh h 3 
KonHH aojdkhw HaKanjiHBaTbCH ôbicrpee, hto, b KOHue koh- 

IJOB, npHBeACT K B03HHKHOBeHHK) HOBOH (J)yHKlJ[HH (hjih k 
noTepe (})yHKij,HH h (JjopMHpoBaHHio nceBAoreHa). Ecjih y 
reHa noaBjíaeTca HOBaa (JiyHKíjHa, to oh npoAOJixcaeT 3 bo- 
jnou,HOHHpoBaTb, ho yxce MeAJieHHee, npHÓJiH3HTejibH0 co 

CKOpOCTbK), XapaKTepHOH A/IH 3BOJIIOIJHH HCXOAHOrO reHa. 
BepoHTHO, noAOÓHbie npoijeccbi oTBeTCTBeHHbi 3 a pa3Ae- 
jieHne (JjyHKíiHH MexcAy reHaMH 3MÓpHOHajibHoro h 3pe- 
jioro rjioÓHHa. 

OAHaKo cymecTByioT npHMepbi, KorAa AynJiHUHpoBaH- 
Hbie reHbi coxpaHaiOT cboio HCxoAHyio (})yHKij,HK) h npoAOJi- 
XCaiOT KOAHpoBaTb HAeHTHHHbie (HJIH nOHTH HAeHTHHHbie) 
óejiKH. Tax, y nejioBeKa HAeHTHHHbie 6aim KOAHpyioT ABa 
reHa a-nioÔHHa, a ABa óejiKa y-rjioÓHHa OTjiHHaioTca jiHuib 
OAHOH aMHHOKHCJIOTOH. KaKHM OÔpa30M CeJieKTHBHOe AaB- 
JieHHe nOMOrjIO COXpaHHTb HAeHTHHHOCTb 3THX nOCJieAO- 
BaTejibHocTeH? 

BepoHTHee Bcero, (JjyHKí^HH AByx reHOB (b KaxcAOM 
H3 npHBeACHHbix cjiynaeB) oTjiHHaiOTCH hckhm (hch 3- 
BecTHbiM) cbohctbom, HanpHMep MecTOM hjih BpeMe- 
HeM 3KcnpeccHH. flpyraa THnoTe3a coctoht b tom, hto 
AB e KonHH HyxcHbi A^ oôecneHeHHH npoAyKi^HH onpe- 
AejieHHoro KOJinnecTBa ôejiKa, h hh OAHa H3 hhx caMa 
no ce6e He cnpaBJíaeTca c npoH3BOACTBOM ero Heoôxo- 
AHMoro oĎTeMa. 

OAHaKo b pjiAe cjiynaeB, KorAa noBTopaeMocTb 
reHa OCOÔeHHO BeJIHKa, HeJIb3H HCKJIIOHHTb, hto xoth 
6bl OAHa H3 MHOXCeCTBa KOnHH He HBJíaeTCH XCH3HeH- 
ho BaxcHOH. Ecjih y reHa MHoro aKTHBHbix Kon hh, to 
3({)({)eKT OT B03HHKHOBeHHH MyTaiJ,HH B JIIOÔOH H3 HHX 
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AOJDKeH 6bITb OHtHb He3HaHHTeJIbHbIM. riOCJie/íCTBHa 
OT B03HHKH0BeHHfl OTAeJIbHblX MyTaUHH HHBCJIHpyiOT- 
Cfl ÓOJIblIIHM HHCJIOM aXTHBHblX XOnHH, COXpaHflIOmHX 

nocjieAOBaTe^bHocTb AHXoro rana. IlpoK^e neM Ha op- 
raHH3M 6y^eT 0Ka3aH jieTajibHbin 3({)({)exT onepeAHOH 
MyTauHH, b reHOMe aojdkho HaxonHTbca mhoto MyTaH- 

THblX KOnHH. 

JOJjiä MHoxcecTBeHHbix reHOB jieTajibHocTb cTaHO- 
BHTCfl «KOJIHHeCTBeHHOH», HTO MOXCHO npOACMOHCTpH- 

poBaTb Ha npHMepe xjiacrepoB pJlHK X. laevis hjih 
D. melanogaster. H3 3thx KjiacTepoB moxcho yAajíHTb 
nojiOBHHy noBTopaiomHxai eflHHHu 6e3 3aMeTHoro bjih- 
hhhh Ha (J}eHoran. Tax xax xce sth eAHHHijbi H36excajiH 
nocTeneHHoro HaxonjieHHa BpeflHbix MyTauHH? KaxoBa 
BepOHTHOCTb TOľO, HTO B03HHXIIiafl nOJie3Hafl MyTaUHH 
CMOxceT npofleMOHCTpHpoBaTb cboh npeHMymecTBa b 
x/iacrepe? 

OCHOBHOH ľipHHI^Hn MOACJieH, OÓ'bHCHHIOIAHX nOA- 
AepxcaHHe h^chthhhocth noBTopaiomHxai xonHH, co- 
ctoht b npeflnojioxceHHH, hto noBTopaiomHeai reHbi 
Hac^e^yiOTCH He He3aBHCHM0, a MoryT BHOBb h BHOBb 
BOCnpOH3BOAHTbCH C OÔHOÚ H3 XOnHH. IlpOCTeHUIHM 
npHMepoM MoryT cjiyxcHTb ABa hachthhhmx reHa. npn 
B03HHXH0BCHHH MyTaiJ[HH B OAHOH H3 XOnHH OHa JlHÓO 

ajiHMHHHpyeTCH (3a cneT nepeHoca nocneAOBaTejibHOc- 
th btopoh xonHH), ji h6o pacnpocTpaHaeToi Ha o6e 
xonHH (ecjiH HOBan Bepc™ 0Ka3biBaeTCH 6ojiee BbiroA- 
hoh). B oôohx cjiynaax MyTauna cjiyxcHT MaTepnajiOM 
AJia ecTecTBeHHoro oTôopa. B pe3yjibTaTe ABa reHa 3bo- 
jnoAHOHHpyiOT BMecTe, xax 6yATO ohh npeACTaBJíflxyr 
coóoh eAHHbin jioxyc. Taxoe ABJíeHHe Ha3biBaiOT corjia- 

COBaHHOH, HJIH COnpJDKeHHOH dBOJIIOI^Heň (HHOľAa 
KOSBOJIIOl^Heň). 

Oahh h3 MexaHH3MOB npeAnojiaraeT, hto nocjieAO- 
BaTeJIbHOCTH nOBTOpíHOLUiHXCH reHOB HenOCpeACTBeHHO 
cpaBHHBaiOTCfl Apyr c ApyroM h roMoreHH3HpyioTai noA 
AeňcTBHeM ocoóbix (JjepMeHTOB, pacno3HaioiiJiHx jnoóbie 
pa3JiHHra b nocjieAOBaTejibHOCTH Jl HK. HanpHMep, ro- 
MoreHH3au,H5i MoaceT npoHexoAHTb nyTeM oÔMeHa oah- 
hohhhmh i^enHMH flHK, b pe3yjibTaTe nero (})opMHpyK)T- 
ch reHbi, y KOTopbix nepBaa uenb nponcxoAHT ot oahoh 
KoriHH, a BTopan — ot Apyron. B stom cjiynae jiioóbie 
pa3JiHHHH MexcAy hhmh npoHBjíínoTCH b BHAe Hecna- 
peHHbix ocHOBaHHH, hto npHBjíexaeT BHHMaHHe ({)ep- 
MeHTOB penapau,HH, yAajiaiomHx HecooTBeTCTBHa Tax, 
<rro6bi ocraBajiHCb TOJibXo napbi A-T h G-C. 3tot npo- 
ijecc CBH3aH c pexoMÓHHaijHeH h Ha3biBaeTca reHHOň 
KOHBepcneň. OnpeAejíHTb, HMeeT jih 3tot npoijecc 
MecTo b xoHxpeTHOM cjiynae, moxcho nyTeM cpaBHeHHa 
nocjieAOBaTejibHOCTen AynJiHUHpoBaHHbix reHOB. Ecjih 
OHH 3BOJIK)4HOHHpyiOT COrJiaCOBaHHO, Mbl He AOJDXHbl 
yBHAeTb HaxonjieHHe 3aMeH b MOJinamHx camax (noc- 
xojibxy roMoreHH3auHH 3aTparHBaeT hx b toh xce cTene- 
HH, HTO H eaHTbl 3aMeiACHH5l). H3BCCTHO, HTO MexaHH3M 
BoccTaHOBjíeHHH Heo6H3aTejibHO pacnpocTpaHHeTCH 
3a npeAejibi reHa, nocxojibxy b HexoTopbix cjiynaflx 
AynjiHUHpoBaHHbie reHbi hmoot coBepmeHHO pa3Hbie 
(J)jiaHXHpyK)iAHe nocjieAOBaTejibHOCTH. fleHCTBHTejibHO, 


MOXCHO 3aMeTHTb, MTO rpaHHĽ[bI rOMOreHH3HpOBaHHbIX 
nocjieAOBaTejibHOCTeH pe 3 xo BbiAejiaioTca. 

HeOÓXOAHMO nOMHHTb, HTO HaJIHHHe OnHCaHHO- 
ro MexaHH3Ma MOXCeT CBeCTH Ha HeT TOHHOCTb OUeHXH 
nepnoAa, npomeAinero c MOMema AynJiHxau,HH Taxnx 
reHOB, no hx AMBepreHi^HH, nocKOJibKy dueepzemtm e 
dannoM cjiynae ompaycaem epeMn, npotuedtuee ne c 
MOMeuma ucxodnou dyruiuKaipuu, a c MOMenma noc- 
jiednezo «6upa6HU6anm». 

flpyraa MOAejib «BbipaBHHBaHHa» nojiywia Ha 3 Ba- 
HHe KpOCCOBepHOH (J)HKCail,HH. CorJiaCHO 3 TOH MO- 
AejiH, Becb xjiacTep cjiyxcHT npeAMeTOM HenpepbiBHOH 
peopraHH3a4HH no MexaHH3My HepaBHoro xpoccHHro- 
Bepa. Ecjih HepaBHbiH xpoccHHroBep npnBOAHT x (Jjh- 
3HHeCXOMy BOCnpOH3BeACHHIO Bcex xonHH H3 OAHOH, 
to npoijeccbi, onHCbiBaeMbie MOAejibio nepexpecraoro 
3 axpenjieHHH, MoryT oÓMCHHTb conpíixceHHyio sbojiio- 
u,hio reHOB. 

npoAOJDxaa npHMep, H 3 o 6 paxceHHbin Ha pne. 6.13, 
moxcho npeACTaBHTb, hto xpoMocoMa, Hecymaa Tpn xo¬ 
nHH reHa, MOxceT noTep^Tb oahh reH b pe 3 yjibTaTe j\t- 
jieuHH. TorAa nocjieAOBaTejibHocTH AByx ocTaBninxca 
reHOB 6 yAyT Ha V / 2 cocTOHTb H 3 nocjieAOBaTeJibHOCTH 
OAHOH H 3 HCXOAHblX xonHH h Ha x / 2 H 3 nocjieAOBaTejib- 
hocth BTopon xonHH reHa. MyTauHH, pacnojioxceHHa^i b 
nepBOM ( 6 ojiee a^hhhom) pernoHe, Tenepb MoxceT 3 a- 
TparHBaTb 06a reHa h HanHeT HcnbiTbiBaTb Ha ceóe a^b- 
jieHne ecTecTBeHHoro OTôopa. 

TaHAeMHoe pacnojioxceHHe reHOB b xjiacTepax ot- 
xpbmaeT uiHpoxHe bo 3 moxchocth a^b HenpaBHJibHoro 
cnapHBaHHH reHOB, nocjieAOBaTejibHocra xoTopbix oah- 
HaxoBbi, ho pacnojioxceHbi b pa3JiHHHbix MecTax xjiac- 
Tepa. 3a cneT HepaBHoro xpoccHHroBepa, npHBOAaiAero 
x HenpepbiBHOMy yBejiHneHHK) h yMeHbineHHio HHCJia 
eAHHHIJ, COCTaBJIHIOIAHX XJiaCTepbl, MOXCeT B03HHXaTb 
CHTyauHfl, npn xoTopoň Bce eAHHHii.bi npoTJDxeHHoro 
xjiacTepa 6epyT Hanajio Bcero ot Hecxojibxnx cahhhu 
npeAxoBoro xjiacTepa. Pa3JiHHHaa A-^HHa cnencepoB 
corjiacyeTCH c HAeen o tom, hto HepaBHbiH xpoccHH- 
roBep nponcxoAHT no cnencepaM h moxcct oôMCHHTb 
roMoreHHocTb reHOB b cpaBHeHHH c BapHaôejibHOCTbio 
cnencepoB. BjiaroAapn MexaHH3My «BbipaBHHBaHHa», 
cocTaBJiHK)iAHe xjiacTep MHOxcecTBeHHbie reHbi noABep- 
xceHbi AaBJíeHHio oTóopa; oAHaxo Ha cnencepbi oTóop 
He ACHCTByeT, h nosTOMy ohh coxpaHaiOT cnocoôHocTb 
HaxanjiHBaTb otjihmhh. 

Ha ynacTxax Jl HK c yHHxajibHbiMH nocjieAOBaTejib- 
HOCTHMH peXOMÓHHan,™ B 03 HHXaeT MOKAy COOTBeTC- 
TByKJIAHMH TOHXaMH Ha rOMOJIOrHMHblX XpOMOCOMaX, 
AaBaa, TaxHM o 6 pa 30 M, pen,HnpoxHbix pexoMÔHHaHTOB. 
B OCHOBe TaXOH TOnHOCTH JieXCHT CnOCOÔHOCTb AByx 
AynjiexcoB JIHK x cnen,H(J)HMHOMy cnapHBaHHK). H 3 Bec- 
THO, HTO HepaBHan peXOMÓHHaUHH MOXCeT npOHCXOAHTb 
Aaxce b tom cjiynae, ecjiH reHbi roMOJiorHMHbi jinnib cbo- 

HMH 3 X 30 HaMH (HCCMOTpH Ha TO MTO (})JiaHXHpyiOIAHe 
h npoMexcyTOMHbie ynacTXH MoryT pa 3 JiHHaTboi). 3 to 
nponcxoAHT H 3 - 3 a HenpaBHjibHoro cnapHBaHHa MexcAy 
COOTBeTCTByiOIAHMH 3 X 30 HaMH HeOJUieJlbHUX reHOB. 
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IlpeflCTaBbTe, HacxojibKO qame aojdkho B03HHKaTb 
HenpaBHJibHoe cnapHBaHHe b TaH^eMHOM KjiacTepe 
HfleHTHHHblX HJIH nOHTH HACHTHMHblX nOBTOpOB. 3a 
HCKjiioHeHHeM KOHi^eBbix ynacTKOB loiacrepa, BbicoKoe 
cxoactbo noBTopoB ^eJiaeT npaKTHHecKH hcbo3mo)khoh 
HA eHTH(J)HKa4HK) TOHHO COOTBeTCTByiOmerO nOBTOpa! 
3 to HMeeT Afia nocneACTBHfl: HenpepbiBHyio peryjiupoB- 
Ky pa3Mepa KjiacTepa h roMoreHH3aiiHio noBTopaiomHx- 
ca eA hhhij. 

PaccMOTpnM nocjieAOBaTe^bHOCTb, cocToamyio m 
noBTopniomeHCH eAHHHijbi «ab» c KOHiieBbiMH ynacT- 
KaMH «x» h «y». Ecjih nocneAOBaTe;ibHOCTb oahoh xpo- 
mocomh noKpacHTb HepHbiM, a nocneAOBaTejibHOCTb 
Apyrož xpacHbiM, to tohhoc BbipaBHHBaHne MexcAy «a;i- 
jie^bHbiMH» nocjieAOBaTejibHOCTHMH 6yAeT BbirjiHAeTb 
cneAyiomHM o6pa30M: 

xababababababababababababababababy 

xababababababababababababababababy 

OAHaxo rjw jitoôoú eAHHHu,bi ab, pacnojioxceHHon Ha 
oahoh xpoMOcoMe, cym,ecTByeT BepoaTHOcTb cnapHBaHHH c 
moóou Apyroň eAHHHi^en ab, pacnojioxceHHon Ha Apyron 
xpoMOcoMe. HenpaBHJibHoe BbipaBHHBaHHe motkct, Hanpn- 
Mep, BbirjMAeTb Tax: 

xababababababababababababababababy 

xababababababababababababababababy 

ynacroK cnapHBaHHH b stom oiynae HHnyTb He MeHee 
craôHjieH, nm HAea^bHO BbipoBHeHHaa napa, npocro oh 
H eMHoro Kopone. ílpoijecc cnapHBaHHH xpomocom nepeA 
peKOMÔHHaijHeH H3yqeH HeAoeraTOHHO, OAHaxo, BepoaTHee 
Bcero, oh HanHHaeTCH c B3aHMOAeHCTBHH kopotkhx ynac- 
tkob, pacnpocrpaHímcb 3aTeM Ha bcio a^ihH y xpoMOCOMbi. 
Eoih npouecc cnapHBaHHH HaHHeTcn b npeAenax caTejuíHT- 
hoh flHK, to oh CKopee npoH30HAeT co cabhtom, qeM b tom- 
hom cooTBeTCTBHH c MecronojioxceHHeM noBTopaiomerocfl 
aneMema b ioiacTepe. 

Tenepb npeAnojio)XHM, mto pexoMÔHHaijHfl npoAOJDxa- 
eTCH b npeAejiax HenpaBHJibHO cnapeHHoro yqacrxa. PexoM- 
ÔHHaHTbi b TaxoM oiyqae 6yAyr coAepxcaTb pa3JiHMHoe mhc- 
JIO nOBTOpHIOIAHXCH eAHHHU. OAHH H3 KJiaCTepOB CTaHeT 
AJiHHHee, a Apyron xopone, 

xababababababababababababababababy 

xabababababababax 

xababababaLabababababababababababy 

1 

xababababababababbabababababababababy 

+ 

xababababababaababababababababy 

rAe «x» o6o3HanaeT mccto nepeKpecTa. 

OôbiMHO npoijeccbi noAOÔHoro poAa npHBOAflT k 
nocTOAHHOMy yBejiHMeHHio h yMeHbineHHio rjiuhu xjiac- 
TepOB TaHACMHblX nOBTOpOB. np01j,ecc MOXCeT npHBeCTH 
k TOMy, hto onpeAejieHHaa noBTopjromaacfl eAHHHija 


flOBTOpbl (j)MKCMpyK)TCfl 3a CMeT HepaBHOM peKOMÓHHaitHM 


.1 


a r cde 

abcde 
abbcde 
abbcde 
abbbcde 
abbŕcce 


■1 


1 


9 


abbbcdcde 

abbbcdrde 

11 

abbbbbcdcde 

abbbbbcdtde 


1 


10 

bbbbbcdcde 

bbbbbcdcde 


1 

8 

bbDbbcde 

bobbbcde 


] 


10 

bbbbbbbcde 
bbbbbbbcde 


1 


7 

bbbbbbb 


PMC. 6.20 HepaBHaa peKOMÓMHauMa no3BOJiaeT oahom KOHKpeTHoíí 
noBTopaŕoiueŕíCB eflMHMiie reHOMHoŕí nocneAOBaTeJibHocTM 3aH5iTb 
Aejibiŕí KJiacTep. Hnaia o6o3HaMaK)T A-nuHy KJiacrepa Ha pa3Hbix 3Ta- 
nax 3KcnaHCMM noc/ieAOBaTe/ibHocTM b 


3anMeT Becb KJiacTep (p u c. 6 . 20 ). IlpeAnojioxcHM, mto 
H 3Haqa^bHO KJiacTep coctohji H3 nocjieAOBaTejibHocra 
abcde , rj\t xaxcAaa 6yKBa o6o3HanaeT onpeAe^eHHyio 
noBTopniomyiocH eAHHHuy. Pa3^HHHbie noBTopínomHecH 
eAHHHH,bi CBH3aHbi Apyr c ApyroM poactbom, AOCTaToq- 
hhm AJifl toto, MTOôbi AonycTHTb HenpaBHJibHoe cnapH¬ 
BaHHe npn pexoMÓHHauHH. 3aTeM, b pe3yjibTaTe cepHH 
HepaBHbix peKOM6HHau,HH, pa3Mep noBTopínoiAerocn 
yqacTKa yBejiHMHBaJiCH h yMeHbmajica, b pe3yjibTaTe 
qero OAHa H3 cahhhi^ no^yMHJia npeHMyiAecTBeHHoe 
pacnpocTpaHeHHe, 3aMeHHB ocTa^bHbie. 

MoAeiib xpoccoBepHOH (JíHKcauHH niacHT, mto mo- 
6an nocjiedoeamejibuocmb RHK\ ne ucnumueamufln 
na ceôe daenenm omôopa, nocmenenno npeepamumcn 
e cepuK) udenmuHHUx mandeMnux noemopoe 3a cnem 
npoi^eccoe, onucueaeMUX 3mouModejmo. BaxcHbiM Aony- 
meHHeM npn stom hbahctch to, mto npou,ecc c{)HKcaij,HH 
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npoHexoAHT ôbicTpee npouecca HaxonjieHHH MyTaijHH, h, 
TaKHM 0Ôpa30M, HOBbie MyTaU.HH JIHÔO 3JIHMHHHpyiOTOI 
(b pe3yjibTaTe y/jajieHm Hecymnx hx noBTopoB), jih6o 
pacnpocTpaHBioTCB Ha Becb KjiacTep. B cjiynae c xjiac- 
TepoM pflHK ero AajibHenmee pa3BHTne oôycjiOBJíeHO 
OTóopoM 3(J)(J)eKTHBHO TpaHcxpHÔHpyeMbix nocneAOBa- 
Te^bHocTeň. 


6.11 


CaTe/uiMTHafl AH K 
nacro pacno/io>KeHa 
b reTepoxpoMamHe 


ÍOnoMeBbie noHBTM5i: 


• BbicoKonoBTopaiomaflCfl flHK coctomt M3 oneHb kopotkmx 
noBTopBramMxcB noaieAOBaiejibHocTeií m He HeceT 
KOflnpyK)Lueií cJiyHKLiMM. 

• OHa BCTpenaeTCfl b BMAe KpynHbix 6 jiokob. KOTopbie MoryT MMeTb 
pa3^MHHbie C()M3MHeCKMe CBOÍÍCTBa. 

• OHa HaCTO BBJlflGTCB OCHOBHOÍÍ COCTaBHOÍÍ HaCTbfO 
AeHTpoMepHoro reTepoxpoMaTMHa. 


XapaKTepHOH ocoôeHHOCTbio ynacTKOB noBTopmomeH- 
ch flHK flBjmeTCfl hx cpaBHHTejibHO Bbicoxaa cicopocTb 
peHaTypauHH. BbicTpee Bcex peHaTypnpyeT komíiohcht 
SyKapHOTHHeCKHX reHOMOB, Ha3bIBaeMbIH BblCOKOnOBTO- 
pHIOmeHCB flHK, KOTOpblH COCTOMT H3 KOpOTKHX, MHOľO- 
Kparao noBTopeHHbix nocAeAOBaTejibHocTen, coôpaHHbix 
b KpynHbie TaHACMHbie KJiacTepbi. nocxojibxy ero noBTO- 
pniOIAHeca eAHHHH,bI AOBOJIbHO KOpOTKH, TaKHe ynaCTKH 
uHor/ja Ha3bmaiOT npocroii nocjieAOBaTejibHOCTbio 
AHK 3AeMeHTbi TaKoro THna ecTb b reHOMax Bcex bh- 
cuihx syxapnoT, OAHaxo npHxoAamaHca Ha hx aojiio nacTb 
reHOMa chjimio BapbnpyeT. B reHOMax MjiexonHTaiomHx 
ohh o6hhho cocTaBjíaioT MeHee 10% nocneAOBaTejibHoc- 
th, ho, HanpHMep y Drosophila virilis BbicoxonoBTopmo- 
iAaaca flHK 3aHHMaeT okojio 50% reHOMa. Homhmo xpyn- 
hmx xjiacrepoB, b KOTopbix BnepBbie 6bui h oÔHapyxceHbi 
TaKHe nocjieAOBaTejibHOCTH, cymecTByioT h MeHbuiHe no 
pa3Mepy KJiacTepbi, BKjnoneHHbie b cocTaB yHHxajibHOH 
flHK. OÔblHHO OHH COCTOflT H3 KOpOTKHX nocjieAOBaTejib- 
HOCTeH, nOBTOpaiOmHXCfl B BHfle HACHTHHHblX HJIH ÔJIH3- 
KOpOACTBeHHblX KOnHH. 

KopoTKne TaHAeMHbie noBTopbi oôhhho (})opMHpyioT 
(J)paKU,HK) C XapaKTepHbIMH (JjHBHHeCKHMH CBOHCTBaMH, 

no3BOJiaioiAHMH oTAejíHTb ee ot ocrajibHon flHK. B p*me 
cjiyMaeB HyxjieoTHAHbiH cocTaB BbicoxonoBTopmomHxoi 
noaieAOBaTejibHOCTeH oTjiHnaeTca ot cpe^Hero Hyxjieo- 
THAHoro cocTaBa reHOMa, hto no3BOJiaeT BbmejíHTb hx b 
oTAejibHyio c{)paKUHK) Ha ocHOBaHHH hx xapaKTepHOH 
iijiothocth. OpaKi^HH noAOÔHoro po/ja nojiyHHJiH Ha3Ba- 
Hne caTejníHTHOH flHK. TepMHH «caTejuiHTHaa flHK» no 
cym, BBnaeTca chhohhmom TepMHHa «npocTaa nocne/jo- 
BaTejibHocTb flHK». EyzjyHH cocraBJíeHa H3 kopotkhx TaH- 
AeMHbix noBTopoB, Taxaa flHK He TpaHCKpHÔnpyeTca h He 
TpaHCJiHpyeTca. 


TaH^eMHO noBTopaiomHeai nocneAOBaTejibHOCTH 6o- 
jiee Apyrnx noABepxceHbi HecoBna/jeHraM npn cnapHBa- 

HHH rOMOJIOľHHHblX XpOMOCOM. H03T0My pa3MepbI TaH- 
AeMHbix KjiacTepoB oneHb pa3Hoo6pa3Hbi b nonyjmuHH h, 
Kax npaBHJio, oTjinnaiOTca Ha HHAHBH/jyajibHOM ypoBHe. 
HeôojibuiHe KjiacTepbi Taxnx nocjieAOBaTejibHocren moxc- 
ho HcnoAb30BaTb /yia xapaKTepncTHKH HHAHBHAyajibHbix 
reHOMOB. MeTOA, Hcnojib3yiomHH stot npHHu,Hn, Ha3bi- 
BaiOT MeTOAOM «reHeTHnecKHx OTnenaTxoB najibijeB* (cm. 
pa3A. 6.14 «MHHH-CaTeAAHTbI MOXCHO HCn0JIb30BaTb npn 
reHeTHMecKOM KapTnpoBaHHH»). 

HnoTHOCTb flHK-AymieKca b pacTBope 3aBHCHT ot ero 
G-C cocTaBa h BbipaJxaeToi 3MnnpHMecKOH (JjopMyjion: 

p = 1,660 + 0,00098 (%G-C) t/cm-3 

Pa3Ae;ieHHe flHK no elhothocth yaoóho npoBOAHTb 
MeTOAOM n,eHTpH(J)yrHpoBaHHH b rpa^Heme iuiothocth 
CsCl, b kotopom flHK c{)opMHpyeT noAOcy b Mecre, coot- 
BeTCTByiomeM ee co6ctbchhoh mothocth. B rpa/íHeme 

rUIOTHOCTH OÓbIMHO pa3JIHMHMbI (})paKI^HH flHK, OTJIHHaiO- 

mneca no G-C cocraBy óo^ee neM Ha 5%. 

U,eHTpncJ)yrHpyH flHK b rpa^Heme tuiothocth, moxcho 
BbmBHTb ABa KOMnoHema reHOMa: 

• Bojibinaa nacTb reHOMa coctoht H3 (J)parMeHTOB, 
BbmBJíaiomHxcfl Ha rpacJ)HKe b BH^e AOBOJibHO umpo- 
Koro nnxa, ueHTpajibHaa nacTb KOToporo oTpaxcaeT 
3HaneHHe haothocth cooTBeTCTByiomee cpe^HeMy 
G-C cocTaBy reHOMa. 3to Tax Ha3biBaeMaa ocHOBHaa 
nojioca. 

• MHor/ja BbmBjíaeTca MeHbniHH no pa3Mepy nnx (hjih 
nHKH), hmooiahh Apyroe 3HaneHHe eltothocth. 3to h 
ecTb caTejníHTHaa flHK. 

CaTejníHTHaa flHK npHcyrcTByeT b ôojibniHHCTBe 
syKapHOTHnecKHx reHOMOB. OHa MoxceT óbiTb Kax jieme, 
Tax h TH)xejiee ochobhoh noAOCbi, OAHaxo pe^xo cocTaBJín- 
eT ôojiee 5% ot oômen Maccbi flHK. XopouiHM npnMepoM 
BB^aeTca flHK Mbirnen, pe3yjibTaT pa3AejieHHH xoTopon b 
rpa/íHeme iijiothocth H3o6paxceH Ha P M c. 6.21. 3tot rpa- 
(J)hk npeAcraBAaeT coóoh xojiHnecTBeHHoe oTpa^ceHHe 
OÔJiaCTeH, C({)OpMHpOBaHHbIX (J)parMeHTHpOBaHHOH MblUIH- 

hoíí flHK b pe3yjibTaTe u,eHTpH(JjyrHpoBaHHH b rpaAHeHTe 
iijiothocth CsCl. OcHOBHaa nojioca BKJiKraeT 92% MaTepn- 
ajia reHOMa, h ueHTpajibHaa nacrb ee nnxa cooTBeTCTByeT 
iijiothocth 1,701 r/cM -3 (mto cooTBeTCTByeT cpe^HeMy G-C 
cocraBy ~42%, THnnnHOMy ww MjiexonHTaioiAHx). Majibin 
nnx oTpaxcaeT ocTaBinneoi 8% reHOMa h HMeeT imoTHOCTb 
1,690 r/cM -3 . Oh coAepxcHT caTejmHTHyio flHK Mbirnen, G-C 
cocraB KOTopoíí (30%) 3HanHTenbHO HHxce, neM b cpe^HeM 
no reHOMy. 

PacnojioxceHHe caTejuíHTHOH flHK npn n,eHpH(J)yrH- 
poBaHHH b rpaAHeHTe njiOTHOcTH nacTo aHOMajibHo. no- 
3TOMy npn onpeAejieHHH HyxjieoTHAHoro cocTaBa caTeji- 
jíHTa ApyrHMH MeTOflaMH, Hepe^Ko oxa3biBaeToi, hto oh 
OTjiHHaeTCfl ot cocTaBa, npeAcxa3aHHoro Ha ocHOBaHHH 
ero njiaByneH mothocth. npHMHHa b tom, hto BejiHMHHa 

P 3aBHCHT He TOJIbKO OT HyKJieOTHAHOrO COCTaBa, HO H 

ot Toro, xaxne napbi bbjibiotcíi ôJiHxcanmHMH coccahmh. 
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B óojibmeň creneHH BjinaHne 3Toro (j)aKTopa 6y/jeT xa- 
caraca peryaapHbix nocjieflOBaTejibHOCTeň. flaa hhx ot- 
KJIOHeHHe IIJIOTHOCTHOH (jDOpMy^bl (He yMHTbIBaK)meH 
3 tot napaMeTp) 6y/jeT 6o;ibme. KpoMe Toro, caTejuinraaa 
flHK MoxceT 6biTb MerajinpoBaHa, hto Taioce 0 Ka 3 biBaeT 
BjinaHne Ha ee njiaBynyio naoraocTb. 

OcHOBHaa nacTb BbicoKonoBTopaiomeHca flHK re- 
HOMa MoxceT 6biTb Bbme;ieHa b bh /je caTe;uiHTOB. Ecjih 
KOMnOHeHT, COCTOanj,HH H3 BbICOKOnOBTOptfK)meHCtf 
flHK, He oT/jejiaeTca npn i^eHTpncjDyrHpoBaHHH b BH/je 
caTe;uiHTa, to noc;ie ero BbmeaeHHa /jpyrnMH cnoco- 
6aMH OH B KOHeHHOM HTOTe OKa3bIBaeTCa CaTeJUIHTHOH 
flHK. B LjeJIOM M05KH0 CKa3aTb, HTO BblCOKOnOBTOpaiO- 
maaca flHK coctoht h3 MHoacecTBa TaH/jeMHbix noB- 
TopoB, aHOMa^bHO Be/jymHX ce6a npn ueHTpHcjDyrnpo- 
BaHHH. He BbiaBjíaiomHeca npn u,eHTpH(J)yrHpoBaHHH 
CaTeJUIHTbl Ha3bIBaiOT CKpblTWMH (KpHnTiraeCKHMH). 

CxpbiTaa h HBHaa caTejuinrabie flHK BMecTe oómhho co- 
AepacaT Bce KpynHbie TaH/jeMHO noBTopaiomneca 6;io- 
kh BbicoKonoBTopaioiij.eHCtf flHK. Ecjih b reHOMe HMe- 
eraa 6o;iee o/jhoto rana BbicoKonoBTopaiomeHca flHK, 
Kaxc^bin H3 hhx npeflCTaBjíeH oT/jejibHbiM caTejuinrabiM 
nHKOM (xora HHor/ja pa3Hbie caTejuíHTbi npe/jCTaBJíeHbi 
0/J.HHM nHKOM). 

ľ^e ace b reHOMe pacnojioaceHbi 6jiokh BbicoKonoB- 
TopaiomeHca flHK? Pa3Bnrae tcxhhkh rn6pHAH3aLjHH 
HyioieHHOBbix khcjiot no3BOJin;io onpe/íe;iHTb pacnojio- 
xceHne pernoHOB caTejumraoH flHK npaMO Ha xpoMO- 
coMe. npn rn6pnAH3apnn in situ xpoMOCOMHyio flHK 
AeHaTypnpyK)T, oópaóaTbiBaa pacnjiacraHHbie Ha noK- 
PObhom cremie KJieTKH. 3aTeM k npenapaTy AoôaBJíaiOT 
paAHoaKTHBHO MeneHHyK) npoóy flHK hjih PHK. npoóa 
rn6pH/íH3yeTca c KOMnjieMeHTapHbiMH eň ynacTKaMH 
AeHaTypnpoBaHHOH xpoMocoMbi. PacnojioaceHne ynac- 
tkob rn6pHAH3ai4HH M05KH0 onpe/jejíHTb c noMonj,bK) 
aBTopaOTorpa(J)HH (cm. pne. 28.19). 

CaTejuiHraaa flHK nacTo oÓHapyacHBaeTca b oÓJiacra 
rerepoxpOMaTHHa. ľeTepoxpoMaraH — TepMHH, Hcnojib- 


Caieji/íHTHaji flHK Mbium f\aei MeTKyio no/iocy 



UeHTpoMepbi b xpoMOCOMax m bi m h coAepwaT 
caTe/i/iMTHyio AH K 



PMC. 6.22 ľ n6pMflM3ai4M51 pdAMOdKTMBHOM npoóbl C UMTO/lOrMHeCKM- 
mm npenapaTaMM xpomocom noKa3a/ia, hto caTe/i/iMTHaa flHK mulum 
H axoflMTca b ueHTpoMepax. QoTorpacfMfl /ito6e3Ho npeAocraB/ieHa 
Mary Lou Pardue and Joseph G. Gali Carnegie Institution 


3yeMbiň aj ia o6o3HaneHna HeaicraBHbix ynacraoB xpomocom, 
nocToaHHO HaxoAamnxca b KOMnaiemoH cnnpajiH30BaH- 
hoh cjDopMe, b oTjiHHne ot ayxpoMaTHHa, cocTaBJíaiomero 
ocHOBHyio nacTb reHOMa (cm. pa3A 28.7 «XpoMaraH acjiht- 
ca Ha syxpoMaraH h reTepoxpoMaraH»). ľeTepoxpoMaraH 
oóbiMHo pacnojioxceH b pernoHe LjeHTpoMep (ynacraoB, r/je 
npn MHT03e h Meňo3e cjDopMnpyiOTca KHHeToxopbi, koht- 
poaHpyioiAHe npoABnxceHne xpomocom k noawcaM BepeTe- 
Ha /jejieHHfl). PacnoaoxceHne caTe^anraon flHK b npnijeHT- 
poMepHOM pernoHe MoaceT 03HanaTb, hto b xpoMocoMe OHa 
BbinoaHaeT cTpyKTypHyio (J)yHKu,HK). 3Ta (J)yHKu,Ha MoxceT 
6biTb CBa3aHa c npoueccoM pacxoxcAeHna xpomocom npn 
AeJieHHH KJieTKH. 

Ha pmc. 6.22 npnBe/jeH npnMep jiOKajiH3auHH caTea- 
jihthoh flHK b xpoMOCOMax KJieTOK MbiniH. B stom oiynae 
MeneHbiMH OKa3bmaK)Tca kohi^h xpomocom, nocKoabKy 
HMeHHo TaM pacnoaoxceHbi ueHTpoMepbi xpomocom Mus 
musculus. 


6.12 


CaTe^^MTHan AH K 

HJieHMCTOHOrMX COCTOHT 
M3 OHeHb KOpOTKMX 
MfleHTMMHblX nOBTOpOB 


K/itOMeBbie noHííTMíi: 


• rioBTopatomMeca eflMHMUbi caTe/ 1 /iMTHoíí flHK 4/ieHMCTOHornx 
cocTaB/mtOT Bcero Hecxo/ibKO HyK/ieoTMflOB b fl/iMHy. 
Bo/lbUJMHCTBO KOnMÍÍ nOC/ieflOBaTe/lbHOCTM MfleHTMHHbl. 


PMC. 6.21 npn ueHTpnc(DyrMpoBaHMM b rpaflMeHTe n/i0TH0CTH x/iopn- 

Aa i\e3M (CsCl) flHK MbiiuM pa3Ae/iaeTca Ha Aee cppa kl^m m i ocHOBHyto CaTejuinraaa flHK MJieHHCTOHornx, ranHMHbiMH npe^- 

m caie/i/iMTHyK) CTaBHTejiaMH KOTopbix HBjíaioTca HaceKOMbie h paxo- 


126 TJ1ABA 6 Kaaciepbi m noBTopbi 


















o6pa3Hbie, no-BHflHMOMy, .qoBOJibHO roMoreHHa no 
cocraBy. OóbiMHo 6o;iee 90% caTe;uiHTa cocTaBjíaeT 
OflHa oneHb Koporaaa noBTopaioin.aaca e/jHHHija, hto 
cynj,ecTBeHHo ynpoin,aeT onpe/jeneHHe ero nocne/joBa- 
TejIbHOCTH. 

y Drosophila virilis ecTb Tpn ochobhhx rana caTejuín- 
TOB H 0/J.HH CKpbITblH CaTeJWHT, KOTOpbie BMCCTe COCTaBJía- 
kdt 6 oaee 40% reHOMa. noc;ieflOBaTe;ibHOCTH caTejwnTOB 
npHBe/jeHbi Ha pmc. 6.23. Tpn ochobhhx caTejuima cocToaT 
H3 CXOXCHX nOCJie/JOBaTeJIbHOCTeH. ,fl,OCTaTOHHO 3aMeHHTb 
oahh HyioieoTH/i, HToóbi caTejníHTHaa /(HK I Tnna npeBpa- 
Timacb b caTejuíHTHyio flHK II hjih III rana. 

ľlocjieAOBaTeabHocTb caTejuíHTHOH flHK I rana moxc- 
HO BCTpeTHTb H y R pyTHX BH£OB DľOSOphUa, pOACTBeHHblX 
D. virilis , noaTOMy OHa, Bepoarao, noaBHjiacb y hhx ein,e pp 
Toro, Kax ohh pa3AearaHCb Ha 0T/je;ibHbie bh^h. ľlocae- 
AOBaTeabHOCTH ranoB II h III, no Bceň bhahmocth, cneijH- 
(J)HHHbi jyw D. virilis (to ecTb ohh mohih o6pa30BaTbca H3 
caTejuíHTa I rana yace nooie pa3fle;ieHHa). 

ľJiaBHOH OTJIHMHTeJIbHOH HepTOH 3THX CaTCJUIHTOB aBJía- 
erca Majiaa ajihm noBTopaK)in,eHca e/jHHHijbi: Bcero 7 na ľlo- 
xoxcne caTejníHTbi BcrpenaiOTca y /jpyrnx bh^ob. HanpnMep, 
b reHOMe Z), melanogaster HMeerca mhoxccctbo caTejuíHTHbix 
flHK, npnneM HeKOTopbie H3 hhx hmoot oneHb KopoTKHe 
noBropaiomneca e/j,HHHijbi (5, 7, 10 kjih 12 nH). IloxoxcHe 
caTejníHTbi oÓHapyxceHbi y paKOo6pa3Hbix. 

Cxoactbo nocaeflOBaTeabHOCTen pa3Hbix caTeJuiHT- 
hhx Jl HK BHyTpn BH/j,a (Kax y D. virilis ) He aBJíaeTca npa- 
bhjiom. y /jpyrnx opraHH3MOB caTejuíHTHbie /(HK MoryT cy- 
mecTBeHHO pa3JiHnaTbca. Orhzko mMdan camejuiumnan 
flHK eo3HUKJia e pe3yjľbmame cmnjiuifiuKaiifUU onem ko- 
pomKOU nocjiedoeamejibHOcmu. 3Ta noc;ie/ioBaTe;ibHocTb 
jihôo npe/jcraBjíaeT coóoh BapnaHT npe/jcymecTBOBaBineH 
caTejuíHTHOH /(HK (Kax b cnynae c D. virilis ), jihôo HMeeT 
HHoe npoHCxoxc^eHHe. 

CaTeaanTHbie /(HK nocToaHHO B03HHKai0T h ncne3a- 
K)T H3 reHOMa. ÍIoaTOMy BbiaBaeHne 3BOJiioijHOHHbix B3a- 
HMOCBH3eH CaTCJUIHTOB CTaHOBHTCa /JOBOJIbHO CJI05KH0H 
3aAaneň. CymecTByioiij.aa b HacToanj.ee BpeMa caTejuíHTHaa 
/(HK Moraa npoH30HTH ot Hexoro npe/jKOBoro caTejuín- 


TeHOM 0 . virilis coAepwHT Metbipe poAcrseHHbix care/uíHTa 


Caiejuim flpeBajiupyíoiMa^ CyMMapHaa flo/ia 
noaieAOBaiejibHocTb fl/iMHa reHOMa 


I 

A C A A A C T 

T G T T T G A 

1,1 x 10 7 

25% 

II 

A T A A A C T 

T A T T T G A 

3,6 x 10 6 

8% 

III 

A C A A A T T 

T G T T T A A 

3,6 x 10 6 

8% 

KpunTMHeCKMií 

A A T A T A G 

T T A T A T C 




PMC. 6.23 Bce caie/i/iMTHbie flHK Drosophila virilis poflCTBeHHbi flpyr 
Apyry. Eo/iee 95% Kawfloro caTe/i/ima coctomt M3 TaHfleMHbix noBTo- 
poB npeBajiMpyiomeM nocaeflOBaTe/ibHocTM 


Ta, KOTOpblň BnOC/ieflCTBHH 6bUI yTepaH. BaXHOH OCOÓCH- 

HOCTbio caTejuíHTOB aBJíKCTCK to, HTo ohu npedcmaejíHKjm 
coôoú npomnMemue ynacmKU flHK, cocmomnue U3 ko- 
pomKux noemopoe, e npedenax Komopux MOMem coxpa- 
mrnbCH nocmonncmeo nocnedoeamejibHocmu. 

Eme OflHO OTJIHHHTejIbHOe CBOHCTBO CaTCJUIHTOB COCTO- 
ht b apuo BbipaaceHHoň acHMMerpHH HyKJieoTHflHbix nap 
flByx penen flHK. B npHMepe c caTejuíHTaMH D.virilis, H3o6- 
pa/KcinibiMii Ha pne. 6.22, b KajK^oň H3 ochobhhx (JjpaxpHH 
caTejuíHTHOH flHK oflHa penb cymecTBeHHO ôoraue Hyioieo- 
THflaMH T h G. 3to yBejiHHHBaeT ee iuiaBy^yio njiOTHOCTb 
t3khm oópa30M, uTo bo BpeMa flCHaTypapHH ee THMcejiaa 
penb (H) MOxceT 6biTb OTflejieHa ot KOMnjieMeHTapHoň eň 
jiencoň penH (L). 3to cbohctbo MoxceT 6biTb nojie3HbiM 
npn onpeflejieHHH HymieoTH^HOH nocjieflOBaTejibHOCTH ca- 

TeJUIHTHOH flHK 


6.13 


CaTejuiMTHafl AH K 

M^eKOnMTaWIAMX COCTOMT 

M3 MepapxMMecKMx 

nOBTOpOB 


KaiOMeBbie noHaTMB: 


• CaTe/iAMTHaa flHK Mbimeŕí 3BOAK)unoHnpoBa/ia nyTeM 
AynAMKaUMM M MyTMpOBaHMB MCXOflHOM KOpOTKOM 

noBTopatomeíiCB eflHHm^bi b ocHOBHyio noBTopaiomyiocfl 
eflMHMuy pa 3 MepoM 234 nH, b no/ioBMHe, neTBepTM n BocbMoŕí 
HaCTM KOTOpOÍÍ MO)KHO paCn 03 HaTb MCXOAHbIM noBTop. 


Ha npHMepe rpbi3yHOB noxa3aHO, hto y MaexonHTaionj.Hx 
BxoAamne b cocTaB caTenanraon flHK nocae/íOBaTeabHoc- 
th AeMOHCTpHpyiOT cnabHbie pa3anMHa b CTpyKType TaH- 
/j.eMHoro noBTopa. floMHHnpyionj.HH caTenanrabin noB- 
Top MoaceT 6biTb oÓHapyaceH 3a cneT ero npeoóaaAaHna 
cpe/j,H oJiHroHyKJieoTH/j,Hbix (JjparMeHTOB, noaynaeMbix 
npn XHMHnecKOH wm (jDepMeHTaTHBHon oôpaôoTKe flHK. 
3aMeraM, hto Aaace ^.OMHHnpyionj.HH noBTop oóhmho co- 
CTaBaaeT Toabxo Heóoabmyio nacTb ot Bcex caTeaanTHbix 
(JjparMeHTOB. flpyrne KopoTKHe noBTopbi CBa3aHbi c aomh- 
HHpyK)nj,HM nOBTOpOM MHOrOHHCaeHHbIMH HyKJieOTH/J,HbI- 
mh 3aMeHaMH, AeaeunaMH h HHcepunaMH. 

Haóop Taxnx «poACTBeHHbix» BapnaHTOB KopoTxoro 
noBTopa MoaceT cjDopMnpoBaTb 6 oaee ^jiHHHyio noBTopa- 
loinyioca eAHHHi^y, KOTopaa caMa no ce 6 e TaH/j,eMHo noB- 
TopaeTca c HexoTopbiMH H3MeHeHHaMH. TaKHM oôpa30M, 
caTeaanTHaa ÄHK MaeKonHTaK)nj,Hx coctoht h3 nepap- 
xnnecKH opraHH30BaHHbix noBTopaK)nj,Hxca cahhhu. 3th 
óojiee pjiHHHbit noBTopaK)nj,Heca eAHHHi^bi (jDopMnpyioT 
nocneflOBaTejibHOCTH, 3(f)(f)eKTHBHO peHaTypnpyioníHe 
npn npoBe^CHHH aHaaH3a mcto/íom peaccounaunn. Kpo- 
Me Toro, hx moxcho oÓHapyacnTb npn pacnj,enaeHHH flHK 
pecTpnKTa3aMH. 

Kor/ja caTejianTHyio HK pacnj,enjiaiOT (J^epMemoM, 
caňT y3HaBaHna xoToporo pacnoaoaceH b noBTopaiomeň- 
ca e/jHHHije flHK, /yia kzjkroPi m coflepacain.Hx stot canT 
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noBTopaiomHxai eflHHHu, oÓHapyxcHBaeTca cxoahhh cj^par- 
Mem. B fleňcTBHTejibHOCTH, npn oópaóoTKe tchomhoh RHK 
ayKapHOT pecrpHKTa3aMH, ocHOBHaa ee nacTb BCJieACTBHe 
cjiyHaHHoro pacnpe/je;ieHHfl caňTOB pecTpHKíjHH npn bjick- 
Tpo(J)ope3e b re;ie (jiopMHpyeT pa3MbiToe narao (uiMep). 
B cbok) oqepe/jb, caTejuíHTHaa flHK (jDopMHpyeT (Ha (J)OHe 
reHOMHoro niMepa) qeTKHe noiiocbi, nocKOJibKy npn pac- 
nj,eiuieHHH flHK no pacnoiioxceHHbiM qepe3 peryjiapHbie 
HHTepBajibi camaM pecTpHKíjHH o6pa3yeTca mhotkcctbo 
OAHH aKOBblX (jDparMeHTOB. 

ripaMoe onpeflejieHHe nocjie^oBaTejibHOCTH caTemíHT- 
HOH ÄHK MOXCeT BbI3bIBaTb 3aTpy/jHeHHfl. Moxcho nonbi- 
TaTbca onpe/je;iHTb ee nocjie/joBaTejibHOCTb (ceKBeHnpo- 
BaTb), Hcnojib3ya 0T/je;ibHbie noiiocbi, o6pa30BaBniHeca b 
pe3y;ibTaTe oópaóoTKH pecTpHKTa3aMH. K coxcajieHHio, npn 
HaJIHMHH CymeCTBeHHblX pa3JIHMHH MOK/iy OT^eJIbHblMH 
nOBTOpHK)mHMHCH e/l.HHHIJ.aMH B OflHOH H TOH 5Ke n03HLJHH 
pa3Hbix noBTopoB óyoyT pacnoiioxceHbi pa3Hbie HyKjieora- 
Ab i, nooTOMy CHKBeHCHaa 3;ieKTpocf)operpaMMa ^acT HeneT- 
Kyio KapTHHy. Ecjih ace otjihhhh noBTopjnomHxoi ójiokob 
H e3HanHTejibHbi — HanpHMep, b npe/je;iax 2%, — to craHo- 
BHTca B03M0)KHbiM onpe/je;ieHHe ycpe/jHeHHoro HyKJieo- 
THAHoro cocTaBa noBTopaiomeHca e/jHHHijbi. 

Eme o/jhh no/jxoA 3aKJiKmeTca b KjioHHpoBaHHH ot- 
AejibHbix ynacTKOB caTejuíHTOB npn noMomn mia3MHAHbix 
BeicropoB c upjibK) noc/ieflyiomero ceKBeHHpoBaHHa KJiOHa. 

GlOXCHOCTb 3/jeCb COCTOHT B TOM, MTO B pe3yJIbTaTe peKOM- 
ÓHHauHH b 6aicrepHH-xo3aHHe nocjieAOBaTejibHocTH ca- 
TejuíHTHOH RHK nacTo Hcne3aK)T H3 xHMepHbix rma3MHA. 
OAHaxo ee™ KJiOHHpoBaHHe npoxoAHT ycneniHO, noc/ieflo- 
BaTejibHOCTb KjioHHpoBaHHoro (J^parMeHTa moxcho onpefle- 

JIHTb flOBOJIbHO 0AH03HaMH0. HeCMOTptf Ha TO MTO TaKHM 06- 
pa30M moxcho onpeAe;iHTb peajibHyio nocjie/joBaTejibHocTb 
noBTopaiomeHca eAHHHijbi hjih e/jHHHLj, /yra BbuiBJíeHHH xa- 
paicrepa pa3JiHMHH, TnnHMHbix jyw caTejuíHTHon JlUK b ye- 
jiom, Mbi aojdkhh pacnoiiaraTb /jaHHbiMH o 3HanHTejibHOM 
MHC/ie TaKHx HHAHBHAyajibHbix noc^eAOBaTe^bHOCTeH. 

JIk) 6 oh Merofl npaMoro onpe/jejieHHH nocjie/jOBaTe;ib- 
hocth He A^e t HcqepnbiBaioiij.eH HH(J)opMayHH, nocmnbKy 
Bce ohh orpaHHneHbi ynacTKOM, noc/ieflOBaTe;ibHOCTb koto- 
poro MoxceT 6biTb onpe/jejieHa AaHHbiM motorom 3a o/jhh 
pa3. ľloBTopeHHe pa3JiHqaiomHxcfl TaimeMHbix Konnn fle- 
jiaeT HeB03MoxcHbiM BoccTaHOBJíeHHe óoiiee a™hhoh noc- 
jieAOBaTejibHocTH nyTeM KOMnbK)TepHoro conocraBJíeHHa 
oTAe^bHbix nepeKpbmaioiij.Hxca pecTpnKTHbix (J>parMeHTOB. 


CaTejníHTHaa JJJiK Mbirnn M. musculus paciyerumeTca 
(jDepMeHTOM EcoRII Ha p ha (J)parMeHTOB, Bioimaa ochobhoh 
MOHOMepHbíň 4>parMeHT a^hhoh 234 nH. 3tot (})parMeHT, 
no-BHAHMOMy, noBTopaeTca c HeóojibinnMH Bapnau.HflMH Ha 
npoTaxceHHH 60-70% ot Bcen caTejuíHTHon /ÍHK mhiuh (pac- 
merniaeMOH Ha MOHOMepHbie (jDparMeHTbi a^hhoh pecrpnK- 
Ta30H). ľIpoaHajiH3HpyeM 3Ty nocjieAOBaTejibHOCTb c tohkh 
3peHHH cocTaBjíaioiiJiHx ee noBTopoB MeHbinero pa3Mepa. 

Ha pmc. 6.24 noKa3aHbi ABa nojiynoBTopa otoh noc/ie- 
AOBaTejibHocTH. H3o6pa3HB noc^eAOBaTe^bHOCTb a^ihhoh b 
234 nH TaKHM o6pa30M, MToóbi nepBbie 117 nH pacno^ara- 

JIHCb HaA BTOpbIMH 117 nH, Mbl yBHAHM, MTO 3TH ABe nO^O- 
BHHbi AOBOJibHO noxoxcn ppyľ Ha Apyra. Ohh oTJiHnaioTca 
jiHiiib no 22 no3HynaM, mto cooTBeTCTByeT CTeneHH ah- 
BepreHyHH b 19%. 3to 03HanaeT, mto qnj.ecTByioiij.aa b Ha- 
CToaiyee BpeMa noBTopjnomaactf eAHHHya a^ihhoh 234 nH, 
no-BHAHMOMy, B03HHKJia b npom^OM b pe3y;ibTaTe Ayn^HKa- 
u,hh noBTopaK)nj,eHca eAHHHijbi a^ihhoh 117 nH, nocAe nero 
AyÔJIHKaTbl npHOÓpe^H pa3JIHMHH. 

B npeAe^ax nocjieAOBaTejibHOCTH a^ihhoh 117 nH moxc- 
ho oÓHapyxcHTb ABe Apyrne q^ó'beAHHHybi. KaxcAaa H3 hhx 
npeACTaB^aeT coóoh neTBepTb noBTopa (ot caTejníHTa b 
ye^OM). HeTbipe neTBepTH noBTopa BbipoBHeHbi Apyr otho- 
CHTejibHo Apyra Ha pmc. 6.25. Be BepxHne noc^eAOBaTe^b- 
hocth npeACTaBJiaK)T coóoh nepBbin noJiynoBTop nooieAO- 
BaTe^bHOCTeň, H3o6paxceHHbix Ha pne. 6.24, a ABe hhxchhc 
nocjieAOBaTejibHOCTH cocTaBJíaiOT BTopon noJiynoBTop. 
Bhaho, mto AHBepreHijHfl MexcAy qeTbipbMa neTBepTaMH 
noBTopa yBejiHMHBaeTca a o 23 H3 38 HyioieoTHAOB, hjih ao 
40%. ílepBbie Tpn neTBepTH noBTopa CBa3aHbi MOKAy coóoh 
H ecKOJibKo ^ynnie, a ochobhoh BKJiaA b AHBepreHynK) bho- 
caT H3MeHeHHH noc^eAHen neTBepTH noBTopa. 

PaccMaTpnBaa nocjieAOBaTejibHocTH neTBepTbnoBTo- 
pOB, MOXCHO OÓHapyXCHTb, HTO KaXCAblH H3 HHX COCTOHT H3 
AByx B3aHMOCBH3aHHbix eAHHHy (BOCbMbix nacTen noBTopa), 
oóo3HaneHHbix Ha pmc. 6.26 KaK a- h p-noc/ieAOBaTejibHoc- 
th. Bo Bcex a-noc/ieAOBaTe^bHOCTax ecTb BCTaBKa OAHoro 
HyioieoTHAa (C), a bo Bcex p-nocjieAOBaTejibHocTax — 
BCTaBKa TpnHyKjieoTHAa, cxoAHoro c oónj,eH KOHceHcycHOH 
noc/ieAOBaTe^bHOCTbK). 3 to no3BO^aeT npeAno^oxcHTb, mto 
neTBepTH noBTopa npoH3onniH nyreM AynjíHKaijHH noc^e- 
AOBaTejibHOCTH, noxoxceň Ha KOHceHcycHyio, noc^e nero 
KaXCAblH H3 HHX npHOÓpe^ H3MeHeHHH H C(f)OpMHpOBaJI 
KOMnoHeHTbi, oóo3HaneHHbie HaMH KaK a h |3. B AaJibHeň- 
meM MexcAy TaHAeMHo noBTopaiomHMHca noc/ieAOBaTejib- 


ABe no/iOBMHbi noBTopa caTe/wiMTHOM AH K MbiuiH oneHb noxoMíM Me>KAy coóoií 


10 20 30 40 50 60 70 80 90 100 110 

GGACCTGGAATATGGCGAGAAAACTGAAAATCACGGAAAATGAGAAATACACACTTTAGGACGTGAAATAT 6 GCGAGAAAACTGAAAAAGGTGGAAAATT T AGAAATGTCCACTGTA 

GGACGTGGAATATGGCAAGAAAACTGAAAATCATGGAAAATGAGAAAC ATC CACTTG ACG AC T TGAAA A ATGACGA AATC AC T A AAAAACGTGAAAAATGAGAAATG CAC ACTGAA 

120 130 140 150 160 170 180 190 200 210 220 230 


PMC. 6.24 ľloBTopatomaaca eflMHmja caie/ 1 /imHOM flHK mulum /yiHHoŕí 234 nH coctomt M3 AByx non- 
TM MAGHTMHHblX nOJlOBMH (Ha pMCyHKe 3TM nO/lOBMHbl pacnO/10>KeHbl Apyr nOA APyrOM, AGMOHCTpM- 
pyB, hto b noAaBJífliomeM 6o/ibUJMHCTBe no/io)KeHMM mx HymieoTMAbi coBnaAatoi) 


tŕ 


128 TJ1ABA 6 K/iacTepbi m noBTopbi 







Cate/uiMTHafl AH K MbiuiM MoweT 6biTb opraHM30B3Ha b MetsepTM noBTopoB 


10 20 30 40 50 

GGACCTGGAATATGGCGAGAAAACTGAAAATCACGGAAAATGAGAAATACACACTTTA 

60 70 80 90 100 110 

G T 

GGACGTGAAATATGGCGAGAAAACTGAAAAAGGTGGAAAATTAGAAATGTCCACTGTA 

120 130 140 150 160 170 

GGACGTGGAATATGGCAAGAAAACTGAAAATCATGGAAAATGAGAAACATCCACTTGA 

180 190 200 210 220 230 

CGACTTGAAAAATGACGAAATCACTAAAAAACGTGAAAAATGAGAAATGCACACTGAA 


P M C. 6.25 ConocTaBjíeHMe HeTBepieŕí noBTopa noKa3biBaeT óo/ibwoe cxoactbo Mewfly nepBoíí n bto- 
poíí no/iOBMHaMM Ka>KAoro no/iynoBTopa. ľlo/io>KeHM8,3aHMMaeMbie bo Bcex neibipex neTBepTflx oahm- 
MM M TeMM )Ke HyKJieOTMflaMM, OTMeHeHbl TO/iyÓblM UJpM(J)TOM M TeMHO-CepbIM c(dohom 


HOCTHMH a|3 HaKaraHBaJIHCb H3MeHeHHH, HTO H npHBCJIO 
k o6pa30BaHHio oTAejibHbix neTBepTb- h nojiynoBTopoB, 
cymecTByioiij.Hx b HacTOHnj.ee BpeMH. flHBepreHi^HH Mexc^y 
BocbMbiMH nacTHMH noBTopa cocTaBnaeT 19/31=61%. 

ľlpHMOH aHanH3 KOHceHcycHOH nocneAOBaTenbHOcra 
npHBe/íeH Ha P ne. 6.27, ryje noKa3aHO, hto HbiHeniHHH noc- 
jieAOBaTenbHOCTb caTejuíHTHon flHK MoxceT 6biTb npefl- 
CTaBneHa b bh /je npon3BO/jHbix ot nocjie/joBaTejibHocra 
/yiHHOH 9 nH. Kax oTMeneHO b hhxchch nacra pHcyHKa, Mbi 
MO)fceM pacno3HaTb Tpn Bapnama TaKoň nooie/jOBaTejib- 
hocth b cocTaBe caTejuima. Ecjih b o/jhom h3 noBTopoB 
Hanôojiee nacTo BCTpenaiomeeai ocHOBaHHe 3aMeHHTb b 


AByx nonoxceHHHx Ha cne/jyiomee no nacroTe Bcrpenae- 

MOCTH, TO Mbl nOJiyMHM TpH 6jIH3KHe nOCJie/JOBaTeJIbHOCTH 
/jjihhoh 9 nH: 

GAAAAACGT 
GAAAAATGA 
GAAAAAACT 

ľlpoHCxoxcAeHHe caTeiuíHTa JierKo oômcimcTCR npo- 
u,eccoM aMnnH(})HKauHH o/jhoto h3 othx Tpex HaHOMepoB. 
06maa KOHceHcycHaa noc;ieflOBaTe;ibHocTb HbiHeniHero ca- 
TenjíHTa MoxceT ôbiTb 3anHcaHa xax GAAAAAtcT, h OHa (pan- 


OAHa BocbMafl Mactb noBTopa cate/iiiMTa m bi um cooTBCTCTByeT oahomy npeAKOBOMy noBTopy 
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PMC. 6.26 ConocTaB/ieHMe BocbMbix načretí noBTopa noKa3biBaeT, hto KajKflafl neTBepTb noBTopa co- 
ctomt M3 noxo>KMX Apyr Ha APyra no/iOBMH, a m p. KoHceHcyc oahom BocbMoŕí nacTM 234 nH noBTopa 
oporne* oraHAapTHbiM cnocoóoM (b Ka>KAoe nojioweHMe oaBMTc* Han6o/iee nacro BcrpenafomHŕícfl 
HytoieoTMA). KoHceHcyc mojkct óbiTb 3KBMBa/ieHTOM «npeAKOBOÍí» nocneflOBaTejibHOCTM, ot KOTopoŕí 
AMBeprMpoBa/iM a m p 
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BHHaisuatnaed Hdaneu MiqHdaixedex iaawn 
nmiqw >|Htf tfeHiMiriŕdiB3 


-Á3 OHhiqgO KXOX) KHHE9EHCOU3Ed XHE3 XOXC 0J3ÍIIEXCd3tf03 
‘Edoxaon EXHEHdE9 OJOHH39X3HHtf3 XO HimiOCHOdu XHÍľ 
-XOEhÁ WOXG 9 90d0X90U HHd33 ‘ÁlMOWHtfH9-OU ‘KHHE9EHCOU 
-3Ed WOXHE3 WiqHH3I/3tt3duO 3 tlHHHtfO KDXHtaCHKdoxaOII 09 
-X33XCOHW XHXCdotfOO EXHI/I/3XE3 XOXOEhÁ HHX3H OXh ‘XHhEHC 

oxg %0l-£ woxcexo ‘^Htľ hohxhiítoxeo qxDEh oiÁmqirogoH 
qmHi/ xonuruotoEd hho oxEHtfo ’ooi/ou nndoo oiqaoxEHHtfo 
qxE9odHwdo(J) xoíExarotíodu hho ’MHÍ/ HOHXHinroxEO x oihh 

-3III0HX0 OU 3hEHH KQOD XÁ1/39 I9CEXXHdX33d OHjÁďtf 

‘HHtlEXÁW OXEXqirÁCOd 9 KHHE9EHC0U 
-3Ed XHE3 XHm9KdOXÁ c 90d0X90U HHH3I/3tf3du3Ed WOHHEh 
-áiío o x3Á9X3qi/3X3tfH93 ‘ť x h aodowndx ‘aodowntf Ei/DHh 
3HH0mqH0WA *82*9 ‘DM d EH ‘doWHduEH ‘XEX l 90XH3WJEd(j) 
HHd33 K33HÍII0IKd0X90U EH K3X3KIfU3ÍII3Ed XHlľ HOHXHIT 
-I/3XE3 qxDEh KEmqi/09 CExxndxood xradoxoxoH oiqftiowou 
3 •HHflXHdXDOd I9XHE3 HITHXEdxÁ FÄIHHHtfO 3HÍII0IEJ3irHdu 
390 EtfJOX — d3WHdx E ‘XHE3 EITHXEdxÁ EÍIHHHtfO EHtfO EtfJOX 
c KDX3ÁdHWdO(J) dOWHff *HHtoHdXD3d XHE3 XHXCdotfOO 90d0X 
-90U XHÍnOIEJOIiHdn XÁ9tf CH HiqtfXCEX HI/33 ‘OEhÁlD WOX 9 K3 
-X3ÁdnwdO(J) HU P£z WOdOWCEd EtlHHHtfO KEHdOWOHOJAÍ 

’HHlTIEXÄW 3XEX9IÍÁC 

-3d 9 HH'TIXHdXDOd XHE3 X3E9HhEdxÁ EtlHHHtfO KOKEÍIIOIKdOX 
-900 EtfJOX ‘X0IEXHHC09 HHO EXH3WJEd(J) OJOXG iqd3WEdX3X 
h iqdowndx ‘iqdowntf oxcxex KOxoiÄcEdgo ‘HHtandxood xhed 
HH ťo oxqirox qxoo hu p£z wodowcEd HxooHqi/oxEaotfoiíDou 
9 ojodoxox Kirtf ‘woxHOwdocf) XHlľ HOHXHinroxEO hhhoiíuoíii 

OEd Hdu XH3WJEd(J) HI9Hd3W0H0IM XEX HXD0Hqiľ3XE90ť3I/ 
-Don E8HITEHE KI M ITEHdOXEIM HiqHťOXDH HITE9iqDHU0 EťJOX 
‘90XHEHdE9 XHXG 3HHE909XD3ÍIIÄD HirE93WÁCEdťOn I9]A[ 

‘90d3XDEIíX 31/H9 9 I9HE90CHHEjdo 3HXÄdf 
XEX KW3d9 OX 9 ‘OHHEhÄlO H0HXHI/ir3XED 9 iqHOIT^ťodn 


-OEd XHH CH 3iqdOXOX3H ’HXHEHdEa 33 H 3XCXEX K3X0IEh3dX39 
‘EXHinf3XE3 9X3Eh OlÄmqirog X3KK9EX303 h E‘nHHHÍ/3 Exe KXOX 
‘HU p£z WOdOWCEd 90XH3WJEd(J) XI9HhHXH3tfH d0X90U XEX 
XHÍľ OlÄHXHinf3XE3 HITE9HdXEW33Ed I9W dou XH3 O^ 

•(uojÁdtf wodoxaouÄirou wiqd 

-0X9 03 X3ÁdudÁLEH3d HU3tl HOHťO d0X90UÁlT0U HI99d3U 
3EhÄlf3 W3HÍ/3Iľ30U 9) ÄHH90IT0UEH H XEX ‘OiqXDOHITOU XEX 
qXE90dHHh033E3d XÄJOW HU fáZ WOdoWCEd I9XH3WJEd(}) 
Axqiroxoou ‘hu l\\ wodowcEd doxaouÄirou ‘ÁwowHťua 
-OU ‘oxe — XHÍľ HOHXHinrOXED H0HHE90dHdÁXEH3tf H3U3ln 
XiqHqiTOťXO HHhEHhOOOEOd EhHHHtf3 ‘HU P£z W0d3WCEd EX 
-HirifOXEO EhHHHťO K3KEhl0IKd0X90U KEHHHIfť KEWE3 K3X3E9 
-HXCÄdEHgO HOCEXXHdX33d HHH3ITU3Ín3Ed Hdu ’EXH3WJEd(J) 
OJOHdOWOHOW 33 HX30Hqir3XE90ť3ir30U HOHH3Hť3d3Á W3 
-HH30dX3 KOXOIKirSťsduO XHl/ HOHXHKK3XE3 E9X3H093 
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XI9HH3tf39Hdu X3dx CH 933W3 HOgOO X3KIf9EX3ť3du HX33hHX 


B3Ä3H93H0X 0J0Hqi/B9d «90d0190U» XM1B 
X939 Ä 9MhMl/BH qiMtfd99ltfOU 19BJ0W0U y 90d0190U HU 6 CM M9frlK013 
-03 iqg XBX y BlM 1/1/91B3 M130Hqi/91B90tf9l/30U 9MHB3MUB|-| IZ'9 *3Md 
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mecTByer HecKOJibxo hhchob xnacrepa, yTepflBiiiHx canT b 
pe3yjibTaTe MyTauHH). 

CaTejuíHTHaaflHKno/íBep^KeHa B03/tencTBHK) HepaBHoň 
peKOMÓHHauHH, b ocoôchhocth xor/ta b noBTopflK)meHCfl 
eAHHHu,e ecTb BHyrpeHHHe noBTopbi. BepHeMca k HarneMy 
miacTepy, cocToameMy H3 noBTopoB ab. ľlpeAnojioxcHM, hto 
KOMnoHeHTbi noBTopaiomeHCH e^HHijbi a h b b 3HanHTe;ib- 
hoh CTeneHH cxoxch. B TaxoM oiynae pbz xnacrepa mcokho 

BbipOBHHTb TaKHM 0 Ôpa 30 M, HTOÔbl nOCJie/tOBaTeJIbHOCTH 
THna a o/jhoto KJiacTepa cooTBeTCTBOBajiH noc/ieflOBaTejib- 
hocthm rana b flpyroro. HacTOTa stoto coômthh ôyqeT 
3 aBHceTb ot CTeneHH cxo/jcrna Menený pnyMn BapnaHTaMH 
noBTopa^meHca tpmmixbi. OnncaHHbiM o 6 pa 30 M nponc- 
xoaht peaccounauHH yenen /jeHaTypnpoBaHHOH caTejuíHT- 
hoh RÚK MbiníH in vitro. 

B pe 3 y^bTaTe peKOMÔHHaijHH co c/jbhtom nponcxoflHT 
yBejiHHeHHe Hncia noBTopaioiij.Hxai e/tHHHij, BOBjíeneHHbix 
B peaKUHK): 

xababababababababababababababababy 

xababababababa bababababababahaby 

1 

xababababababababaababababababababy 

+ 

xababababababababbabababababababy 

B BepxHeM peKOMÔHHaHTHOM KJiacTepe tpyamup «ab» 6 buia 
3 aMeHeHa Ha e/tHHnuy «aab», a b hhdkhcm — Ha tp ranný «b». 

Taxaa peKOMÔHHaijHfl oô'bflCHaeT pecTpHxu,HOHHyK> 
KapTHHy, nojiyHax)myK)Cfl npH oôpaôoTxe MbiniHHOH caTen- 
jihthoh flHK pecTpHKra 3 aMH. Ha pne. 6.28 noxa 3 aHO, hto, 
noMHMO cepHH yejibix noBTopaK)iaHxca eflHHHij, b MeHb- 
rneM KOJinnecTBe npeACTaB^eHbi (jDparaeHTbi ajihhoh b x / 2 , 
172,272 h 372 0T a^iHHbi noBTopjnomeHca e/íHHHUbi. ripea- 
nojioxcHM, hto b npeAbiAymeM npHMepe ab npeACTaBjmeT 
noBTopaioiyyioca eAHHHijy MbiniHHOH caTejuíHTHOH flHK 
pa 3 MepoM 234 nH, o 6 pa 30 BaBinyioca npH pacmen/ieHHH no 
canTy, pacno^oxceHHOMy b cerMeme b. OparMeHTbi a h b 
cooTBeTCTByiOT noJiynoBTopaM ajihhoh 117 na 

Toiyja b BepxHeM peKOMÔHHaHTHOM xjiacTepe tp hhh- 
ya «aab» ccjjopMHpyeT cjjparMeHT, b nojrropa pa3a ôojibine 
pa3Mepa oômhhoh noBTopaiomeHca eAHHHijbi. B hhxc- 
HeM peKOMÔHHaHTHOM xjiacTepe eAHHHija «b» (jjopMHpyeT 
(J)parMeHT no pa3Mepy b /jBa pa3a MeHbine oôhhhoh noB- 
TopaiomeHca eAHHHijbi. (KopoTKne (jjparMeHTbi, coctoh- 
me H3 noJiynoBTopoB, (jDopMHpyiOTca Tax xce, KaK h ôojiee 
PHHHbie (jDparMeHTbi, cocToamne H3 yejibix noBTopoB. 3 to 
npOHCXOAHT H3-3a yTpaTbl HeKOTOpbIMH nOBTOpaK)nj,HMHCa 
eAHHHyaMH caňTOB pecTpHKíjHH b pe3yjibTaTe MyrayHH.) 

H HaoôopoT, HajiHMHe cepHH nojiynoBTopoB Ha rejie 
yKa 3 biBaeT Ha to, hto noBTopax)maaca eAHHHua ajihhoh 
234 nH COCTOHT H3 flByX nOJtynOBTOpOB, AOCTaTOHHO CXOA- 
Hbix toto, MToôbi MHor/^a npHHHMaTb ynacTHe b peKOM- 
ÓHHayHH. Ha pne. 6.28 moxcho 3aMeTHTb Hecxojibxo cjia- 
óOBbipaxceHHbix nnxoB, eooTBeTCTByx)iyHx (jjparaeHTaM, 
pa3Mep KOTopbix cocTaBJíaeT } / 4 h 3 / 4 ot pa3Mepa ochobhoh 
noBTopaK^meHca eAHHHijbi. Taxne (jjparMeHTbi oôpa3yx)Tca 


Tax >xe, xax h cjjparMeHTbi, cocraBJíeHHbie H 3 nojiynoBTo- 
poB, Kor^a peKOMÔHHayna B 03 HHxaeT Me^KAy x/iacTepaMH, 
BbipOBHeHHbIMH CO C/JBHTOM Ha MCTBepTb flJIHHbl. MeHblIiafl 
CTeneHb cxo^CTBa mokky neTBepTaMH noBTopa no cpaBHe- 
hhk) c nojiynoBTopaMH oô'bacHaeT yMeHbineHHe nacTOTbi 
nnxoB, cooTBeTCTByK)nj,Hx (J)parMeHTaM pa 3 MepoM l / 4 h 3 / 4 
no cpaBHeHHK) c nnxaMH nojiynoBTopoB. 


6.14 


MHHM-caTeiumTbi moíkho 
MC n0ilb30BaTb ľipw reHeTHMeCKOM 
KapTMpOBaHMM 


K^KDMeBbie noHATMíi: 


• Bapna6e/ibH0CTb AJiMHbí MMKpocaTe/i/iMTOB m MHHM-caie/i/imoB 
OTfle/ibHbix reHOMOB mo>kho ncno/ib30BaTb ftnfl onpefle/ieHMB 
CTeneHH hx ÓMo/iornnecKoro poflCTBa. fl/ia 3Toro flocTaTOHHo 
noKa3aTb, hto 50% MccneflOBaHHbix MHKpocaTe/uíHTOB h 
-MHHH- caTe/uíHTOB HHflHBMflyyMa no/iyneHbi ot onpefle/ieHHoro 
poflHTe/ia. 


B reHOMax MjiexonHTax)iij l Hx nacTo BCTpenax)Tca nocjieAOBa- 
TejibHocTH, xoTopbie no CTpoeHHK) HanoMHHaxDT caTejníHTbi 
(COCTOHT H3 TaH^eMHblX nOBTOpOB), HO npH 3TOM 3HaHHTCJIb- 

ho Kopone — /yiHHa hx MoxceT cocraBjmTb ot 5 ro 50 noBTo- 
poB. Hx oÔHapyxcHjiH cjiynaHHO b BH^e oneHb H3MemHBbix 
no pa3Mepy (J)parMeHTOB npH H3yneHHH ôhôjihotck reHOM- 
HOH AHK Me^OBexa. H3MeHMHBOCTb CTaHOBHTCH 3aMeTHOH, 
Kor^a nonyjiHu,HH co^ep^cHT (jpameHTbi, npe^,CTaBjiHK)mHe 
OAHH H TOT xce perHOH reHOMa, HO pa3HHHaK)IIJ,HeCH no pa3- 
Mepy; npH HH^HBH^yaJIbHOM TeCTHpOBaHHH HH/I,HBH/iyyMOB 
BbWCHHeTCH, HTO MOKfíy Tt HaMH CyiyCCTByeT 3HaHHTeJIbHbIH 
nOJIHMOp(J)H3M H HTO B nonyjIHUHH npHCyTCTByeT MH05KeCT- 
bo ajuienen Taxnx caTejníHTOB. 

TepMHH MHKpOCaTeJUIHT OÔblHHO HCnOHb3yK)T, KOT/^a 
KJi HHa noBTopax)iyeHCH tpmmuM cocTaBJíaeT MeHee 10 nH, 
a MHHH-caTejniHT — Kor/ja Kimm tpmmxbi mxopmcn b 
AHana30He ot 10 po 100 nH (xoth tohhoc onpeflejieHHe 
oTcyTCTByeT). B oônj,eM BH^e Taxne noaie/jOBaTejibHOCTH 
Ha3bmaK3T BapbHpyioiiiHMH no racjiy TaH^eMHbiMH 
noBTopaMH (variable number tandem repeats, VNTR). 

CyntecTBOBaHHe BapnaitHH MHxpocaTejníHTOB hjih 
MHHH-C aTeJUIHTOB MtTKpy HHflHBHAyaHbHblMH TeHOMaMH 
CBH3aH0 c TeM, hto pa3JiHHHbie ajuie^H coAepxcaT pa3Hoe 
hhcjio noBTopflxmjHxcfl eAHHHy. HanpHMep, MHHH-caTeji- 
jiht c /yiHHOH noBTopa b 64 nH pacnpeAeneH b nonyjiaitHH 
oie/^iyHM oôpa30M: 

1 % 18 noBTopoB 

11% 16 noBTopoB 

43% 14 noBTopoB 

36% 13 noBTopoB 

4% 10 noBTopoB 

CxopocTb reHeTHHecxHx H3MeHeHHH b nocJieAOBaTenb- 
HOCT5IX MHHH-CaTe/UIHTOB pOBOJlbHO BeJIHKa, COCTaBJIHH OKO- 
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jio 10" 4 m Tbioray nap HyK/ieoTHAOB. (CnHTaeTOi, hto nacroTa 
3aMeH b flaHHOM ^oKyce nponopu,HOHajibHa ero /yiHHe.) 3Ta 
CKopocTb npHMepHo b 10 pa3 Bbirne CKopocm roMOJioranHon 
peKOMÔHHauHH npn Meňo3e (to ecrb CKopocm peKOMÓHHa- 
u,hh moôoPí aiyqaHHO b3íitoh nocjieAOBaTejibHocm flHK). 

BbicoKaa H3MemHB0CTb MHHH-caTejuíHTOB ROiaer HX 
yAOÓHbiM MapnepoM pjm reHcmnecKoro KaprapoBaHna, noc- 
KOJibKy cym,ecTByeT BbicoKaa BepoaTHocrb toto, hto no ajnie- 
jwm ^aHHoro JiOKyca hhahbham ôy^yT oT/innaTboí. ripnMep 
KapmpoBaHHH c noMombio MHHH-caTejuíHTOB H3o6paxceH 
Ha P M c. 6.29. Ha HeM H3o6paxceH KpaHHHH cjiynan, KorAa a Ba 
HHAHBHAa reTepo3HroTHbi no MHHH-caTejníHTHOMy JiOKycy, 
h, no cym, Bce neTbipe zruiem pa3JMHHbi. Bce noTOMKH no- 
/iynaiOT no OAHOMy ajuiejno ot k2úkrow m poAHTejien, hto 
no3Bo;meT 0AH03HanH0 onpeAejíHTb, ot koto npHineji xaxc- 
Abin H3 ajmejien noTOMKa. B KOHTeKCTe reHeraKH nejioBeica, 
H3o6paxceHHbin Ha otom pncyHKe Meno3 BbicoKOHH(J)opMa- 
THBeH b CR/iy cymecTBOBaHHH BapnaijHH MOKAy ajmejiaMH. 

Oaho ceMeHCTBo MHHH-caTejuíHTOB b reHOMe nejio- 
Bena HMeeT oómyio ncxoAHyK) nocneAOBaTejibHOCTb. 3Ta 


nocneAOBaTejibHOCTb npeACTaBjíaeT coóoh G-C óoraTbin 
ynacTOK ajihhoh b 10-15 nH, AeMOHcrpnpyiomHH acHM- 
MeTpnK) b pacnpeAe^eHHH nypHHOBbix/nnpnMHAHHO- 
bmx ocHOBaHHH Ha AByx ijenax. Ka^Abíň 0 TAe;ibHbiH 
MHHH-CaTeJUIHT npeACTaBJICH COÓCTBCHHblM BapnaHTOM 
noBTopaiomeHca noc;ieAOBaTe;ibHOCTH, oAHaxo okojio 
1000 MHHH-caTejuíHTOB M05KHO A^TCKTHpOBaTb MCTO- 
AOM cay3epH-6;ioT rn6pHAH3aijHH c npoôoň, coAepaca- 
meň 6a30Byio noc;ieAOBaTe;ibHOCTb. 

npeACTaBbTe H3o6pa^ceHHbiň Ha pne. 6.29 npnMep, 
TOJibKo MHoroKpaTHo pacmnpeHHbiH 3a cneT cymecTBOBa- 
hhh MHOxcecTBa noAOÓHbix noc/ieAOBaTe^bHocTen. Pe3y;ib- 
TaTOM CyiIJ,eCTBOBaHHH MHO)KeCTBa JIOKyCOB CO MHOHCeCTBOM 
BapnaHTOB b ioxcaom oTAejibHOM jioxyce craHOBHTca cymec- 
TBOBaHne yHHKajibHoro narrepHa jyw KaxcAoro hhahbha^. 
3to ACJiaeT bo3moxchhm OAH03HanHoe onpeAejieHne poAC- 
TBa MOKAy poAnTejiaMH h noTOMCTBOM 3a cneT Toro, mto 
K axcAbin peóeHOK nojiynaeT pobho 50% JioxycoB ot xaxcAoro 
H3 poAHTe^eň. Ha otom ocHOBaH mctoa «reHeTHnecKnx ot- 
nenaTKOB najibueB». 


H MC/IO MHHHCaTe/l/IHTHblX nOBTOpOB BB/IfleTCfl MHAMBMAya/lbHbIM tlpM3HaKOM 



PMC. 6.29 A/ 1 /ie/in noKyca-MMHM-caTe/i/iMTa MoryT pa3/iMHaTbca no Mnc/iy noBTopoB m, 6/ia- 
roflapa 3TOMy, flaBaTb pecTpMKUMOHHbie c|)parMeHTbi, pa3JinnaK)mnecfl no fl/iMHe. Mcno/ib3ya 
MMHM-caie/1/inT, a/uie/iM KOToporo y AByx poAMTe/ieŕí OT/innaiOTca, mowho ncc/ieAOBaib naT- 
TepH Hac/ieAOBaHMB 


132 TJ1ABA 6 K/iacrepbi m noBTopbi 









































H MHKpOCäTeJUlHTbl, H MHHH-CäTCíUlHTbl ^HeCTaÓHJIbHbl, 
xotí] h no pa3HbiM npnHHHäM. MHKpocaTe/uíHTbi HaKarnin- 
BaioT HecnapeHHbie ocHOBaHna b pe3yjibTaTe npocKaab3bi- 
BäHna bo BpeMa peruíHKauHH, npHBOAamero k yBejinneHnio 
HHcna noBTopoB (puc. 6.30). B HcnpaBjíeHHH TaKHx H3MeHe- 
hhh BaxcHyio pojib nrpaiOT penapaunoHHbie chctcmm, pac- 
no3HaK}nj,He HecnapeHHbie ocHOBaHna. Myraunn b reHax 
CHCTeMbi penapaijHH nrpaiOT 3HaHHTejibHyio ponb b pa3BH- 
thh pana, nocKoabKy onyxojieBbie kjictkh nacTO fleMOHCTpn- 
pyiOT H3MeHHHBOCTb B nOCJieflOBaTeJIbHOCTflX MHKpoeaTeJI- 
jihtob. MHHH-caTe/uíHTbi, b cbok) onepeAb, npeTepneBaiOT 
HepäBHbíň KpoccHHroBep MOKfly noBTopaMH (no MexaHH3My, 
oneHb cxoxceMy c TeM, hto mm oócyflHjín /yia caTeaanTHon 
flHK (pne. 6.3)). BbicoKaa H3MeHHHBOCTb MHHH-caTejníHTOB 
fleaaer hx «ropaneH tohkoh» peKOMÔHHaunH npn Meno3e. 
PeKOMÓHHauna b ^.aHHOM caynae He aBaaeTca peKOMÔHHa- 
UHen MOK#y cjDJiaHKnpyiomHMH nocae/jOBaTeabHOCTaMH, OHa 
npnHHMaeT caoacHyio (J)opMy, Kor/ja hobmh MyraHTHbin aji- 
jieab oAHOBpeMeHHO nojiynaeT nacTb eecTpHHCKon xpoMara- 
flH n nacTb Apyron (tomojiothhhoh) xpoMocoMbi. 


OcTaeTca HeacHbiM, npn KaKoň }ymm noBTopaiomenca 
eAHHHu,bi nponcxoflHT nepexoA ot MexaHH3Ma C03flaHna 
hobhx BapnaHTOB nyTeM c/jBnra pen/íHKai^HH k peKOMÓn- 
HaunoHHOMy MexaHH3My. 


6.15 


non™ Bce reHbi bxoaht b cocTaB Toro vmu HHoro ceMencTBa, 
oô'beAHHaeMoro HajimneM cxoacnx nocaeAOBaTejibHocTen ok- 
3ohob MOK^y naeHaMH ceMencTBa. 3BOJiK)LiHfl ceMencTB o6yc- 
jioBjíeHa flymíHKauneH reHOB, c nocjieAyioiijHM HaKoruieHneM 
otjihhhh MOK^y KonHHMH. HeKOTopbie KonHH npnoóperaioT 
HHaKTHBnpyiomHe Myraunn n npeBpamaioTca b ncesfloreHH, 
He BbinojiHfflomne HHKaKoň (jDymcunn. KpoMe Toro, nceB/jore- 
hm Moryr B03HHKaTb b BH/je flHK-Konnn MOJieKyji mPHK 

3BoaiounoHnpyioiij l ne reHbi MOiyr cocTaBjíaTb efln- 
Hbíň KaacTep, ho MoryT 6biTb n pacnpefle/ieHbi no pa3HbiM 


M3-3a npocKaub3biBaHMfl pen/iMKauMM mmcjio noBTopoB yBe/iMMHBaeTOi 
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PMC. 6.30 ľloA npocKa/ib3biBaHneM pen/iMKauMM noflpa3yMeBaK)T cabmt AOHepHeŕí uenM BAO/ib Maľ- 
pMAbi Ha oamh noBTop Ha3aA- Ka>KAoe TaKoe coóbiTMe AOÓaB/iaeT AonepHeíí ueriM oamh /imujhmm noB- 
Top (ero HeT b MaTpMHHoŕí uenM, TaK hto b AonepHeM Ayn/ieKce /imujhmm noBTop 6yAeT MMeTb c(DopMy 
OAHOuenoHeHHoíí neuiM). B c/ieAytomeM payHAe pen/iMKauMM AonepHflfl uenb c /imujhmm noBTopoM 
noc/iy>KMT MaTpMueíí m a3ct Hana/io no/iHoueHHOMy Ayn/ieKcy flHK c /imujhmm noBTopoM 
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MecTäM xpomocomm ( 3 a cneT peKOMÓHHauHH). CrpyKTypa 
cymecTByiomHx miacTepoB HHorfla no3Bo;meT c/jejiaTb 3 a- 
KJIIOMeHHe O COÓbITHflX, npHBe/JIIIHX K HX (J)OpMHpOBaHHK). 
3 th coóbiraa bjihaiot CKopee Ha nocjie/joBaTejibHocTb, neM 
Ha (jDyHKUHK) H, TaKHM 06pa30M, 3aTpaľHBaK)T KaK aKTHB- 
Hbie reHbi, Tax h nceB/joreHbi. MyTaijHH B03HHKai0T name 
b MOJinamnx caňTax, neM b caírrax 3aMeH (iyje ohh Bbi3bi- 
BaiOT aMHHOKHCJIOTHbie 3aMeHbl). YpOBeHb AHBepreHLíHH B 
camax 3aMeH MOXCHO HCn0JIb30BaTb JXJIR C03/jaHHtf MOROm 
3BOJIK)IJHOHHbIX HaCOB, KOTOpbie M05KH0 OTKaJIHÔpOBaTb 
no npoueHTy #HBepreHUHH 3 a mhjuihoh ;ieT. 3 th nacbi 
no3Bo;unoT oi^eHHTb BpeMH pa3/jejieHHa /jByx ;no6bix njie- 
hob reHHoro ceMencTBa. 

TaH^eMHbie miacTepbi coctokt h 3 MHoacecTBa Konnn 

nOBTOpaiOIIJ.HXCH eflHHHLJ, BIOIIOHaiOIIJ.HX TpaHCKpHÓHpy- 
eMyio noc/ie/íOBaTe^bHocTb (nocJie/joBaTejibHocra) h He- 
TpacKpHÓnpyeMbiH cneňcep (cnencepbi). KnacTepbi reHOB 
pPHK KOAnpyiOT oflHy MOJieKyjry-npe/i.iiiecTBeHHHK pPHK. 
CoxpaHeHne axTHBHbix reHOB b miacTepax 3aBHCHT ot Ta - 
KHX MexaHH3MOB, KaK TtHH25{ KOHBepCHtf H HepaBHblH KpOC- 
CHHroBep, npHBOAHmnx k óbiCTpoMy pacnpocTpaHeHHK) 
MyTauHH Ha Becb miacTep h «no/(CTaBJieHHio» reHOB no/( 
AencTBHe oTôopa. 

CaTejuíHTHaa HUK coctoht h3 kopotkhx TaH^eMHO 
noBTop5nonj,Hxca nocjie/jOBaTe;ibHOCTeH. Ee HH/jHBH/jy- 
a;ibHbie (})H3HHecKHe CBoncTBa oó'btfCHjnoTca ocoóchhoc- 
thmh HyioieoTHAHoro cocTaBa. CaTe^HTHaa RHK ckoh- 
ueHTpnpoBaHa b reTepoxpoMaTHHe LjeHTpoMep, o/jHaKo 
ee (J)yHK 4 HH (ec™ TaxoBaa ecTb) Hen3BecTHa. OT/jejibHbie 
noBTopaioiij.Heca e/jHHHijbi caTe;uiHTHOH HUK njieHHCTO- 
Horax HAeHTHHHbi. CaTejuíHTbi MjieKonHTaK)mHx noxoxcn 
MOK^y coóoh h MoryT 6biTb opraHH30BaHbi nepapxHnec- 
KH, HTO CBH/I.eTeJIbCTByeT O BlOia^e B HX 3BOJIIOLJHIO TaKHX 
npoijeccoB, xa k aMnjiHcjDHKaijHtf h /jHBepreHijHfl (cjiynan- 
HO Bbl6paHHbIX nOBTOpOB). 

HepaBHbin KpoccHHroBep HBjíaeTCfl ochobhhm (J)axTo- 
poM, BJiHínoin,HM Ha CTpyKTypy caTejuíHTHOH HUK. Kpocco- 
BepHaa fyuKcmm oó^HCHneT B03M0)KH0CTb pacnpocTpaHe- 
HHa KOHKpeTHoro BapnaHTa noBTopaiomeroca ajieMema Ha 
Becb KaacTep. 

MHHH-CaTeaaHTbl H MHKpOCaTeJUIHTbl COCTOtfT H3 

6oaee kopotkhx (neM caTe;uiHTbi) noBTopjnomHxca noc- 
jieflOBaTejibHOCTen: MHKpocaTejuíHTbi — MeHee 10 nH, a 
MHHH-caTejuíHTbi — ot 10 ro 100 nH. Hhcjio noBTopaio- 
nj,Hxca e/jHHHij b KnacTepe oôhmho cocTaBjmeT ot 5 fl o 
50. MexcAy oT/jejibHbiMH reHOMaMH BHyrpn «HAa cymecT- 
ByeT 3HannTeabHaa H3MeHHHBOCTb no HHCJiy noBTopoB b 
KaacTepe. Hhcjio noBTopoB MHKpocaTejuíHTOB b KnacTepe 
MoxceT MeHaTbca b pe3yabTaTe CABnra bo BpeMa pemíHKa- 
ljhh; a nacTOTa CABnra 3aBHCHT ot paóora chctcm, pac- 
no3HaK)nj,Hx h HcnpaBjunomnx oiiihôkh npn penjíHKaijHH 
HUK. Hncao noBTopoB MHHH-caTejuíHTOB BapbnpyeT b 
pe3yjibTaTe coômthh, HanoMHHaK)nj,Hx HepaBHyx) pexoM- 
ÔHHaUHK). H3MeHMHBOCTb MHCaa noBTopoB MOXCeT ÔbITb 
Hcnoab30BaHa rjw onpeAejieHna poACTBeHHbix CBa3en 
npn npoBeAeHHH aHajiH3a, H3BecTHoro KaK mctoa «reHe- 
TnnecKHX oTnenaTKOB naabiíeB». 
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MaipMMHafl PHK 


KPATKOE COflEPMÍAHME rAABbTJ 


BBefleHne 

mPHK, noAyneHHafl b pe3y^bTaie TpaHCKpunuuM, 

TpaHC/iupyeTCB b aMMHOKMCAOTHyio 

noc^eflOBaie^bHocTb 6e/iKa 

• MaTpMueíí aaa CMHTe3a PHK c/iywMT Jimub oflHa M3 flByx 
ueneíí flHK. 

TpaHcnopTHaB PHK no (J)opMe HanoMMHaeT amct 

K^eBepa 

• tPHK coctomt M3 noc/ieflOBaTe/ibHOCTM 74-95 
HymieoTMAOB, ((DopMMpyHDmMx BTopuMHyto CTpyKTypy 
c neTbipbMfl BeTBBMM, HanoMMHaiomMMM amct K/ieBepa 
(y 6o/iee aamhhhx tPHK Mo>KeT (|)opMMpoBaTbCfl 
Aono/iHMTe/ibHaíi neTAfl). 

• ľlpM B03HMKH0BCHMM 3(|)MpHOM CBA3M Me>KAy 2'- MAM 
3'-0H-rpynnoíí pnóo3bi KOHijeBoro afleHMHa 
aKueriTopHOM neuiM tPHK m COOH-rpynnoíí 
aMMHOKMCJlOTbl (|)OpMMpyeTCfl aMMHOaLJMA-TPHK. 

• 3a cneuM(|DMHHOCTb aMMHoauMA-TPHK oTBeTCTBeHHa 

TO/ibKO noc/ieflOBaie/ibHocTb amHKOflOHa. 

AKuenTopHbiíí KOHeii m 3htmkoaoh pacnoAOweHbi no 

KpaBM npOCTpaHCTBeHHOM CTpyKTypbi 

• JImct K/ieBepa (|DopMMpyeT L-o6pa3Hyto TpeTMHHyto 
CTpyKTypy c aKuenTopHoíí pyKoíí Ha oahom KOHue n 
pyKOÍí aHTMKOAOHa Ha APyroM. 

MPHKTpaHCAnpyeTCB Ha pMÓocoMax 

• PMÓOCOMbl XapaKTepM3yK)TCÍ1 CKOpOCTbK) CeAMMeHTaUMM 
(70S aaa 6aKTepna/ibHbix pmóocom n 80S nnn pmóocom 

3yKapnoT). 

• PMÓOCOMa COCTOMT M3 ÓOAbUJOM CyÓteAMHMAbl (50S 
m 60S aaa ÓaKTepMM m ayKapMOT cooTBeTCTBeHHo) m 
M a/ioŕí cyóteAMHMAbi (30S m/im 40S). 

• PMÓocoMa co 3 AaeTycnoBMfl, b KOTopbix aMMHoauM/i- 
tPHK MOryT AOÓaB/IÍITb aMMHOKMC/lOTbl K 
pacTymeíi no/iMnenTMAHOM uenM b cootbctctbmm c 
nocneAOBaTe/ibHocTbK) TpMn/ieTOB koaohob. 

• PMÓocoMa ABMweTca no mPHK ot 5'- k 3'-KOHLjy. 

K OflHOÍÍ mPHK npMCOeAMHBeTCB MHO>KeCTBO 

PMÓOCOM 

• mPHK MO>KeT TpaHC/IMpOBaTbCB HeCKO/lbKMMM 
pMÓOCOMaMM OAHOBpeMeHHO. PMÓOCOMbl, 
3aKpen/ieHHbie Ha oahom mPHK, HaxoAflTca Ha pa3Hbix 
CT3AMBX CMHTe33. 

>KM3HeHHblíí UMKA 6aKTepM3AbHOM mPHK 

• y ÓaKTepMM TpaHCKpMnAMfl M TpaHC/IBAMB npOMCXOA^T 

OAHOBpeMeHHO. TpaHc/iíiuMB mPHK HanMHaeTCA eme ao 

OKOHH3HMA ee CMHTe33. 
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• mPHK ÓaKTepMM HecraÓM/ibHa. ľlepMOA ee no/iypacnaAa 
cocTaB/iíieT Bcero HecKO/ibKO MMHyT 

• BaKTepMa/ibHaíi mPHK mojkct óbiTb no/iMUMCTpoHHOM 
C HeCKO/lbKMMM KOAMpyiOLAMMM perMOHBMM, 
npeACTaB/iíuoiAMMM pa3Hbie reHbi. 

mPHK ayxapMOT npeTepneBaeT M3MeHeHMB 
b npouecce mam noc/ie TpaHCKpMnuMM 

• y ayKapMOT MPHK-TpaHCKpMnT npeTepneBaeT M3MeHeHMA 
b AApe (bo BpeMB mam BCKope nocne TpaHCKpMmjMM). 

• l/l3MeHeHMA BKAtonaiOT AoóaB/ieHMe MeTMAMpoBaHHoro 
K3na k 5'-KOHLjy m nocneAOBaTe/ibHOCTM noAM(A) 

k 3'-KOHAy. 

• mPHK nepeHOCMTca M3 AApa b i4MTon/ia3My TOAbKO 
nocne 3aBepujeHMA Bcex MOAMcfDMKauMM. 

Y ayxapMOT 5'-KOHeu mPHK KanMpoBaH 

• 5'-on c|DopMMpyeTCA nyTeM AOÓaBAeHMA G k KpaíÍHeMy 
HyKAeoTMAy TpaHCKpMnTa nocpeACTBOM 5'-5 'cba3m. K 
OCHOB3HMK) MAM pMÓ03e HOBOľO KOHLjeBoro ryaHMAMHa 
AOÓaBAfleTCA ot oahom ao Tpex MeTMAbHbix rpynn. 

3'-KOHeu noAMafleHMAMpoBaH 

• K AAepHOMy TpaHCKpMmy nocAe TpaHCAAUMM AOÓaBAAeTCA 
ynacTOK noAM(A) a^mhoíí okoao 200 HyKAeoTMAOB. 

• ľlOAM(A) CBA3blBaeTCA Cnei4M(j)MHeCKMM ÓeAKOM (PABP). 

• IIoam(A) npeAOxpaHfleT mPHK ot AerpaAauMM. 

B AerpaflauMio mPHK ÓaKTepMM BOBAeneHO 

MHO>KeCTBO (JjepMeHTOB 

• mPHK ÓaKTepMM AerpaAMpyeT b HanpaBAeHMM 
OT 5'- K 3'-KOHAy. 

• flerpaAauMA — sto pe3yAbTaT cepMM HecKOAbKMx 
pacmenAeHMM MOAeKyAbi 3HAOHyKAea33MM m 
nocAeAytoiAero pa3pymeHMA oópa30BaBWMxcfl 
(|DparMeHTOB 3K30HyKAea33MM B HanpaBAeHMM 

OT 3'- K 5'-KOHUy. 

CTaÓMAbHOCTb mPHK 33bmcmt ot ee crpyKTypbi m 

nocAeAOBaTeAbHOCTM 

• MoAMcfrnKauMM Ha KOHLjax mPHK 3aiAMiAatOT ee ot 
pa3pyUJeHMA 3K30HyKAea33MM. 

• HeKOTopbie nocAeAOBaTeAbHOCTM mPHK MoryT 
CTaÓMAM3MpOBaTb MAM AeCTaÓMAM3MpOB3Tb MOAeKyAy. 

• fleCTaÓMAM3aUMA MO>KeT ÓbITb cnpoBouMpoBaHa 
noTepeíí noAM(A). 

B AerpaflauMto mPHK bobachchn (JjepMeHTbi c 

pa3AMHHblMM 3KTMBHOCTBMM 

• flerpaAauMA mPHK Apo>K)KeM TpeóyeT yAaAeHMA 5'-K3na 
m 3 , -noAM(A). 
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• OflMH M3 nyTeií flerpaflauMM mPHK ApotoKeň ochob3h 
H a ee pacmeruieHMM 3K30HyK/iea3aMM pecTpMKUMM b 
H anpaBJíeHMM ot 5'- k 3'-KOHLjy. 

• flpyroíí nyľb flerpaflauMM ochob3h Ha ačmctbhm 
KOM ľineKca M3 HecKo/ibKMx 3K30HyK^ea3, paôoTaiomMX B 
HanpaB/ieHMM ot 3'- k 5'-KOHijy. 

• fleafleHnna3a mieTOK wMBOTHbix MO>KeT HanpflMyio 
CBfl3blB3TbCfl C 5'-K3ľlOM. 

HoHceHC-MyiauMM 3anycKaK)T«cncTeMy HaA3opa» 

• HoHCeHC-MyTaUMM flBJlfllOTCfl npMHMHOÍÍ 

AerpaflauMM mPHK. 

• ľeHbi, KOflMpyiomMe CMCTeMy flerpaflauMM, 6bmn 
HaMfleHbi y ApotoKeií n nepBeíí. 

PH K 3yKapnoTTpaHcnopTnpyeTCfl nepe3 MeMÓpaHy 

• TpaHCMeMÔpaHHbiíí TpaHcnopT PHK ocymecTB/iaeTCfl b 
cociaBe pn6oHyKJieonpoienHa. 
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• Bce PHK 3yKapnoT, paôoTaiomMe b miToruia3Me, Ao/>>KHbi 
6bUb 3KCnopTMpOB3Hbl M3 flflpa. 

• TPHK n PHK-KOMnoHeHT pn6oHyKJiea3bi MMnopTMpyiOTCfl 
B MMTOXOHflpmO. 

• mPHK pacTeHMÍí MO>KeT ocymecTB/iflTb A^MHHbie 
nyTeiuecTBMfl Me>KAy K/ieTKaMM. 

MecTOHaxo>KAeHMe mPHK MO>KeT 6biTb neTKO 

AeiepMMHMpoBaHO 

• mPHK Ashl ApoMMeti (J)opMMpyeT pn6oHyKJieonpoTenH, 
CBfl3blBaK)LAMMCfl C MM03MH0BblM MOTOpOM. 

• Motop TpaHcnopTMpyeT ee BAO/ib aKTMHOBbix 
(J)M/13MeHTOB B AOHepHIOK) KJieTKy. 

• B AOHepHeíí toieTKe OHa 3aflKopnBaeTCfl n 
TpaHC/iMpyeTCfl. TaKMM o6pa30M, 6e/ioK CMHTe3npyeTCfl 
TO/lbKO B AOHepHeíí K/ieTKe. 

Pe3K)Me 


BI BBeAeHMe 

PHK HBJíneTCH ochobhhm ynacTHHKOM npoijecca skc- 
npeccHH reHOB. CHanajia ee xapaKTepH30Bajin KaK npo- 
MexcyTOMHbíň npoAyKT cnHTe3a 6ejixa, OAHaKo c oTxpbi- 
THeM Apyrnx bhaob PHK CTano iiohhtho, mto ohh nrpaiOT 
CTpyKTypHbie h (f)yHKijHOHajibHbie pojín Ha Apyrnx 3Ta- 
nax aKcnpeccHH reHa. YnacTHe PHK bo MHoacecTBe npo- 
ijeccoB, Tax hjih Hrane CBjmHHbix c 3KcnpeccHeH reHa, 
noAAcpxcHBaeT pacnpocTpaHeHHyio Tonxy 3peHHH o tom, 
HTO HMeHHO PHK ÓbIJia HCXOAHbIM KOMnOHeHTOM, ocy- 
meCTBJIHBUIHM COXpaHCHHe H SKCnpeCCHK) reHeTHHeCKOH 
HHcjiopMai^HH Ha 3ape sbojhoijhh. MHorne (f)yHKijHH, nep- 
BOHanajibHO npHraAJiOKaBiiiHe PHK, óbuin BnocjieACTBHH 
nepeHeceHbi Ha ócjikh, H3MeHHHBOCTb KOTopbix Monia 
npHBeCTH K yBeJIHHeHHK) 3(f)(f)eKTHBH0CTH BbinOJIHHCMOH 
(ftyHKIJHH. 

Ha p M c. 7.1 H3o6paxceHbi Tpn ochobhmx miacca PHK, 
HanpaMyio BOBJíeneHHbix b npouecc CHHTe3a 6ejixa: 

• MaTpHHHaa (HHC^opMaiiHOHHaa) PHK (mPHK) HBJíaeTCH 
npoMexcyroHHOH Konnen nooieAOBaTeJibHOCTH flHK, 
Hecymeň HH^opMaijHK) o CTpoeHHH óejiKa. 

• TpaHcnopTHbie PHK (tPHK) — sto cpaBHHTejibHO He- 
óojibmne MOJieKyjibi, AOCTaBJíaiomHe cooTBeTCTByiomHe 
aMHHOKHCJIOTbl K KOflOHaM mPHK. 

• PnóocoMa^bHbie PHK (pPHK) — KOMnoHeHTbi pn6o- 
com — xpynHbix pnóoHyKJieonpoTeHHOBbix KOMmieKCOB, 
coAepxcaniHx mhotkcctbo ôejiKOB h PHK h ocymecTBjuno- 
ibíhx cHHTe3 noJiHnenTHAHOH i^enn H3 aMHHOKHDiOT. 

B xaxcAOM H3 3 Thx c^ynaeB PHK nrpaeT oTAejibHyio 
pOJIb. BaXCHOH OCOÓeHHOCTbK) MaTpHHHOH PHK HBJíaeTCH 
ee nooieAOBaTejibHOCTb: KaxcAbíň TpnruieT HyioieoTHAOB b 
npeAejiax KOAHpyiomeH nacra mPHK npeACTaBjweT aMH- 
HOKHCJiOTy b cooTBeTCTByiomeM óejiKe. OAHaKo CTpyKTypa 
mPHK h nooieAOBaTejibHOCTH, pacnojioxceHHbie no KOHiiaM 
KOAHpyiomero pernoHa, Moryr nrpaTb BaxcHyio pojib b pe- 
ryjiaiiHH ee aKTHBHOCTH, a c^eAOBaTejibHO, h b peryjiaiinn 
KOJinnecTBa npoH3BOAHMoro eio óejiKa. 

OyHKíiHH tPHK Taioxe onpeAeJiaiOTCH ee CTpyKTypon 
h nocjieAOBaTejibHOCTbio: b tPHK BaxcHa xax npocTpaHC- 


B cHHTeae 6e/iKa Mcnoiib3yiOTCfl TpM THna PHK 



PMC. 7.1 3KcnpeccnM ^io6oro reHa TpeôyiOTCfl PHK Tpex TkinoB: 
mPHK (Hocme^b KOAMpyiomeíí noc^eAOBaie^bHOCTM), tPHK (noc- 

T3BLAMK 3MMH0KMC/10T B CTpOľOM COOTBeTCTBMM C KOAOH3MM), M pPHK 
(ľ/iaBHblM KOMľlOHeHT pMÔOCOMbl, C03AaK)lAMÍÍ yC^OBMfl A-n^ CMHTe33 
6e^Ka) 


TBeHHaa CTpyKTypa, Tax h ee cnocoÔHOCTb k nonapHOMy 
B3aHMOAencTBHio c HyioieoTHAaMH APyron PHK (mPHK). 
Ha nepBOM 3Tane npocTpaHCTBeHHaa CTpyKTypa tPHK 
pacno3HaeTca (f)epMeHTOM, KOTopbin onpeAejiaeT cob- 
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MeCTHMOCTb PHK C KOHKpeTHOH 3MHHOKHCJIOTOH. ĽCJIH 
OHH COBMeCTHMbI, MOK^y HHMH (f)OpMHpyeTCfl CBH3b, 
npHBOAHman k o6pa30BaHHio aMHHoaiiHji-TPHK, KOTopan 
BnocjieACTBHH h Hcnojib3yeTCfl npn CHHTe3e ôejiKa. Cne- 
IJHC^HHHOCTb aMHHOaiJHJI-TPHK OIIpeACJIHeTCH ÍIpHHl^H- 
noM KOMnjieMeHTapHOCTH HyKneoraAOB, cocTaBJíniomHx 
aHTHKOAOH, h cooTBeTCTByiomero TpHnjieTa HyKneoTHAOB 
mPHK, KOAHpyioiiiiero AäHHyio aMHHOKHCJiOTy. 

B aiynae c pPHK Mbi HaóJiiOAaeM Apyroň ran aKTHBHOc- 
m O^Ha H3 ee (f)yHKij,HH — CTpyKTypHaa pPHK (f)opMHpyeT 
Kapnac, k KOTopoMy KpennTCH pHÓocoMa^bHbie óejim ľlo- 
mhmo 3Toro, pPHK npHHHMaeT HenocpeACTBeHHoe ynacTHe 

B 4)yHKU I HOHHpOBaHHH pHÓOCOMbl. O^HOH H3 OCHOBHblX 
(j)yHKLI,HH pHÓOCOMbl HBJIHCTCH ee CnOCOÓHOCTb KaT3JIH3H- 
poBaTb (J)opMHpoBaHHe nenTHAHoň cbh3h, nocpeACTBOM 
KOTopoň aMHHOKHdOTa npHKpeiumeTCH k óejixy. 3Ta (f)yH- 
peajiH3yeTca oahoh H3 pPHK. 

BaxcHO noHHMaTb, hto, nocKOJibKy Mbi npH3HaeM 
3HaHHMOCTb pojiH PHK b npouecce CHHTe3a óejixa, Mbi 
AOJDKHbi paccMaTpHBaTb ee kzk aKTHBHoro yMacTHHKa 
3Toro npoqecca, KOTopbíň, iiomhmo nponero, MOxceT 
6biTb MHuieHbio pjw peryjmpyiomero bo3achctbhh óeji- 
kob h Apyrnx PHK. HanoMHHM, mto PHK MorjiH óbiTb 
ochoboh nepBHMHoro annapaTa CHHTe3a óejixa. BaxcHbiM 
(J)aKTOpOM JIIOÓOH aKTHBHOCTH PHK HBJIHCTCH IipHHIJHn 
cnapnBaHHH ocHOBaHHH, nrpaiomHH KJHOMeByio pojib xax 
b (})opMHpoBaHHH ee BTOpHMHOH cTpyKTypbi, Tax h b cne- 
UH(J)HMHOCTH ee B3aHMOACHCTBHH C Apy^HMH MOJieKyjia- 
mh PHK. KoAMpyioman (f)yHKijHfl mPHK HcmiiOHHTejibHO 
Ba^cHa, OAHaxo tPHK h pPHK hbjihiotch npeACTaBHTejin- 
mh ropa3AO óojiee mnpoKoro KJiacca HeKOAHpyiomHx 
PHK, BbinojiHHiomHx pa3HOOÓpa3Hbie (f)yHKijHH b npo- 
ijecce SKcnpeccHH reHa. 


D mPHK, no/iyHeHHaa 

b pe3y/ibiaie TpaHCxpiinumí, 
TpaHc/iMpyeTCíi 
B aMHHOKMC/lOTHytO 
noc/ieflOBaTe/ibHOCTb ôe/ixa 


líniOMeBbie noHmm: 


• Maipm^eíi fl/ia CMHTe3a PHK cnywm jiMWb oflHa M3 flByx ueneíí 
flHK. 

3KcnpeccHH reHa ocymecTBJweTca b flBa 3Tana. 

• B pe3yjibTaTe TpaHCKpnnuHH (jDopMHpyeTCH oflHOijeno- 
neHHaa PHK, HfleHTHHHaa noc^eflOBaTejibHoera oahoh 
H3 u,eneň flHK-flyruieKca. 

• B pesyjibTare TpaiioiHniiH HyKfieoraflHaa nooieflOBa- 
TejibHOCTb mPHK nepeBOflHTCfl b noaieflOBaTenbHOCTb 
3MHHOKHOIOT, COCTaB/WK>mHX ôejioK nocflieflOBaTejib- 
HOCTb mPHK TpaHOiHpyeTCH He u,e;iHKOM, oflHaKo Kaxc- 
A aa mPHK coflepamT no KpaňHeň Mepe oflHH KOflHpy- 
lomnň ynacTOK, CBímHHbíň c noc^eflOBaTejibHocrbio 



PHC. 7.2 npn TpaHCKpunuMM o6pa3yeTCfl PHK, KOMnjieMewapHafl 
MaipMMHOM flenn flHK m (no nocneflOBaTenbHoc™ ocHOBaHMň) MfleH- 
TKMHafl KOflnpyiomeň flenn flHK. ľlpn TpaHcnmpiM Kawflbíň Tpnn^eT 
a30TMCTblX OCHOBaHMM 3TOŇ PHK nepeBOflMTCfl B OflHy aMMHOKMCnOTy 
CMHTe3npyeMoro čenna. Tpw nonHbix BMTKa flBoňHoň cnnpajín flHK 
coflepwaT Tpn/maTb nH, KOTopbie, ĎyflyMn KOflnpyK>mnMH, cooTBeic- 
TByKJTfleCflTM aMMHOKMCJlOTaM 


ôejiKa reHeraHecKHM koaom: KaTKflbin ipnmieT Hyioieo- 
THflOB (KOflOH) KOflnpyeT OflHy aMHHOKHCJiOTy. 

Jlmiib OflHa H3 u,eneň /(HK-flyroieKca TpaHCKpHÔHpyeTca 
b mPHK nosTOMy b flHK-flyruieKce npnHHTO pa3JiHMaTb 3 hth- 
CMbioioByio h CMbiaioByio (KOflHpyioíriyio) u,enH (pmc. 7 . 2 ). 

• Henb flHK peryjiHpyioiflaa chhtc3 mPHK nocpeflCTBOM 
KOMiuieMeHTapHoro cnapHBaHna HyioieoTHflOB, Ha3bi- 
BaioT MaTpHHHoň um\ aHTHCMwcjiOBOH Hciibio. (Tep- 
mhh aHmucMucnoean ncnojib3yeTCH fl^a oimcaiiHH 
noc/ieflOBäTe/ibHOCTO flHK h:ih PHK, KOMiuieMeiri'ap- 
hoh mPHK) 

• flpyraa uenb flHK coaepjKHT nocjieflOBaTejibHOCTb, 
udeHmuHHyK) iiocjieflOBaTejibHOcrn mPHK ( 3 a hc- 
lononeHHeM Toro, hto Ha MecTe U b flHK pacno.no- 
)kch T), h ee Ha3biBaiOT KOfliipyTomen, htih cmhc- 
jioboh penbio. 

B stoh raaBe mm oôcyflHM mPHK h ee Hcno;ib30BaHHe 
b KanecTBe MaTpHU,bi ajih cHHTe3a ôe^KOB. B ra. 8 «Chhtc 3 
6e^Ka» mm oôcyflHM caM npouecc CHHTe3a ôejiKa. B ra. 9 
«PacniHc|)poBK;i rcHCTHHecKoro KOfla» mm onmneM, KaK c 
noMoiflbio rcHCTHHecKoro KOfla HHTepiipeTHpyeTCH 3Hane- 
HHe noe^eflOBaTe^bHOCTH mPHK B m. 10 <‘Jl0Ka^H3an,HH 
ôe^Ka» mm paccMOTpHM Bonpoc, KaeaioiflHHCH MexaHH3- 
MOB npaBHJIbHOrO paenOJIOXCeHHH BHOBb CHHTe3HpOB3H- 
HblX ÔeJIKOB B KfieTKe. 


7.2 mPHK nojiyHeHHafl b pe3y/ibTaTe TpaHCKpnnunn, TpaHampyeTCfl b aMMHOKncnoTHyio noc/ieflOBaTe^bHOCTb 6e/ma 137 











tPHK c/iyjKMT aflamopoM 


D TpaHcnopTHan PH K no (|)opMe 
HanoMMHaeT jimct x/ieBepa 


KniOMeBbie noH mm: 


• tPHK coctomt m noc/ieAOBaTe/ibHOCTM 74-95 HymieoTMAOB, 
(JjopMMpyiomMX BTopMMHyK) CTpyKTypy c MeTbipbMfl n/ienaMM, 
HanoMMHaioiMMMM /imct K/ieBepa (y ôojiee fljiMHHbix tPHK MoweT 
cjDopMi/ipoBaTbCB AonoJiHMTejibHafl neT/ia). 

• ripM B03HMKH0BeHMM 3())MpHOM CBB3M Me>KAy 2 M /IM 3'-0H- 
rpynnoíí pMÔ03bi KOHAeBoro aAeHMHa aKLjenTopHOM neT/iM tPHK 

m COOH-rpynnoíí aMMHOKMC/iOTbi (J)opMMpyeTCfl aMMHoauM/i-TPHK. 

• 3a CľieAM(J)MMHOCTb aMMHOaUMJl-TPHK OTBeTCTBeHHa TO/lbKO 
noc/ieAOBaTe/ibHocTb aHTMKOAOHa. 


mPHK mo>kho OTAejíHTb ot annapaTa, oTBeTCTBeHHoro 3a ee 
TpaHc;iflĽi,HK), HcnoJib3ya ôecioieTOMHbie chctcmh CHHTe3a 
óejiKOB in vitro. CucmeMa cunme3a ôejim oduoú KJiemxu 
MOJtcem mpmcjiupoeamb mPHK KJiemm dpyzozo muna, a 
3Hmum, u zenemmecKuu koô, u annapam mpancjim^uu 
yHueepccuibHU. 

Kaxc/jbiH TpHiuieT HyiaieoTHAOB b mPHK KOAHpyeT aMH- 
HOKHCJiOTy. HecooTBeTCTBHe CTpyKTypbi TpHHyK/ieoTHAa 
H aMHHOKHCJIOTbl nOAHHMaeT Bonpoc O cnocoóe B3aHMO- 
AeňcTBHa koaohob h aMHHOKHCJioT. A^amropoM (nepexoA- 

HHKOM), HeOÓXOAHMbIM RJM 3TOrO B3aHMOACHCTBHH, flB- 
jiaerca TpaHcnopTHaa PHK (tPHK). tPHK oóJiaAaeT AByMa 
BaXCHbIMH CBOHCTBaMH: 

• C mii MOxceT KoecuieHmno CBH3biBaTbca OAHa aMHHO- 
KHCJIOTa. 

• OHa HeceT noaieAOBaTejibHOCTb H3 Tpex HyiuieoTHAOB 
(aHTHKOAOH), KOTopaa KOMrnimeHmapna Kodony, 
npedcmaejíHTOu^eMy dannyTO cmuHOKuaiomy. Ahthko- 
AOh no3BOJiaeT tPHK pacno3HaBaTb koaoh nocpe/^CTBOM 
KOMIUieMeHTapHblX B3aHMOACHCTBHH HyKJieOTHAOB. 

y Bcex tPHK OAHHaKOBaa BTopHMHaa h TpeTHMHaa 
CTpyKTypbi. BTopHMHyio CTpyKTypy tPHK moxcho npeACTa- 
BHTb b BH/je jiHcra iciesepa, r^e KOMmieMeHTapHbie ynac- 
TKH (J)OpMHpyiOT lIIIIHJIbKH, a HeKOMiuieMeHTapHbie — OA- 
HoqenoMeMHbie nerjiH (pmc 7.3). llInujibKH c neTJiHMH 
HOCHT Ha3BaHHe iuie^eň tPHK. Hx nocjieAOBaTejibHocra 
coAepxcaT HecraHAaprabie ocHOBaHra, ccJ)opMHpoBaHHbie 
b pe3yjibTaTe MOAH(f)HKaĽi,HH neTbipex oôbiMHbix HyioieoTH- 
AOB nooie CHHTe3a nojiHHyiuieoTHAHOH u,enH. 

CTpoeHHe jiHCTa mieBepa ôojiee AeTa^bHo paccMOTpeHo 
Ha pmc. 7.4. HeTbipe ochobhhx ruiena nojiynHjiH Ha3BaHHe b 

COOTBeTCTBHH CO CBOCH CTpyKTypOH H (f)yHKU;HeH: 

• AKi^enTopHwň KOHeu, coctoht H3 innHjibKH, 3axaH- 
HHBaiomeHCH HecnapeHHbiM yqacTKOM, CBoóoAHbie 
2'- hjih 3'-OH-rpynnbi KOToporo Moryr CBa3biBaTbca c 

aMHHOKHCJIOTOH. 

• TipC-iuieTO nojiyHHjio CBoe Ha3BaHHe H3-3a HZJímm 
TaKoro TpHnjieTa (xp 03HanaeT MOAH(f)HaHpoBaHHoe oc- 
HOBaHHe — nceBAoypnAHH). 

• ÄHTHKo^OHOBoe iuie*io (aHTHKOAOH) b u,eHTpe ner- 
jih Bcer/ja coAepxcHT aHTHKOAOH. 

• D-iuioto Ha3BaHO Tax H3-3a Hzuimim b ero cocTaBe 
AHTHApoypHAHHa (Apyroro MOAH(f)HijHpoBaHHoro Hyx- 
jieoTHAa tPHK). 



PMC. 7.3 Jlioôafl tPHK oô^aAaeT cbomctb3mm aAanTopa c aboííhom 
C ľieUM(J)MMHOCTbK): K 3MMH0KMC/10Te M K KOAOHy mPHK. AmMHOKMC^O- 
Ta npMĽJMTa KOBa/ieHTHOÍÍ CB513bK) K S'-KOHUeBOMy 3AGH03MHy tPHK. 
Ahtmkoaoh tPHK B33MMOAGMCTByeT c koaohom mPHK no npMHAMny 
KOMn/ieMeHTapHocTM 


BTopMMHan crpyicrypa tPHK HanoMHHaeT 
iiHcr Knesepa 
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PMC. 7.4 B K/ieBepHOM /íMCTe tPHK ecTb no^o>KeHMíi, 3aHMMaeMbie 
MHBapMaHTHbIMM M nO/iyMHBapMaHTHblMM pMÔOHytOieOTMAaMM, a TaK- 
>Ke KOHcepBaTMBHbiíí Ha6op KOMnneMeHTapHbix ynacTKOB pMÔoHyK- 
/íeoTMAHoii nocneAOBaTenbHocTM 
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• /JonojiHHTtyiJbiiaH neivm pacrio/ioaccHa mok^v TijiC- 

pyxon h pyKoň aHTHKOflOHa h no flJiHHe BapbnpyeT ot 3 

AO 21 HyKfieoTHfla. 

CncreMa HyMepau,Hn tPHK fleMOHcrpnpyeT nocro- 
hhctbo nx CTpyKTypbi. IIoshuhh HyMcpyiOTCH b HanpaB- 
JieHHH OT 5'- K 3'-KOHLJ,y B COOTBeTCTBHH C HaHÓOJiee 
nacro BCTpenaiomeHca cTpyKTypoň tPHK, coAepxcamen 
76 HyKjieoTH/iOB. Booóiue /uihhm tPHK napbnpyiOT b /uia- 
na30He ot 74 ao 95 HyioieoTHflOB. CymecTBOBaHne tPHK 

pa3HOH /UIHIIbl o6'b>ICIIHe'iCH H3MeHHHBOCTbIO D-II/iena H 

AonojiHHTe/ibHoro mnena. 

CnapHBaHne ocHOBaHnn, npinio/mmce k coxpaHeHHK) 
BTopHHHon cTpyicrypbi tPHK, H3o6paxceHO Ha pne. 7.4. B 
npe/iejiax paiiHoň tPHK oojibiiiaa nacre. nap npeACTaBJícHa 
A-U h G-C, oflHaKo H3peflKa BcrpenaiOTai napbi G-U, G-ij> 
min A-\p. flono/iHHTenbHbie ranbi nap HyioieoTHflOB MeHee 
CTaôn/ibHbi, HOKe/iH oôbiHHbie napbi, oflHaKO h ohh o6/iafla- 
kdt noTeHpnajiOM, flocraTOHHbiM jsjm (popMnpoBaHHH flByx- 
uenoneHHbix ynacncoB PHK 

npn cpaBHeHHH noc^eflOBaTe/ibHocTeH tPHK bha- 
HO, HTO HeKOTOpbie 11031111,1111 OCHOB3HHH HHBapnaHTHbl 
(min KOHcepBaTHBHbi); non™ Bcer^a b xoHcepBaraBHon 
n«3nnmi pacnojioxceH oupepejieHHbíň macacorn/p Hexo- 
Topbie no3HUHH onncbiBaiOT xax nojryíiHBapHaHTHbie 
(min nojryKOHcepBaTHBHbie), riocxo;ii>xy no hhm Moryr 
HaxoflHTbca ocHOBaHHH oflHoro rana (nypHHOBbie HJIH nH- 
pHMHAHHOBbie), OflHaXO STO MeCTO MOXCeT 33HHMaTb jnoôoe 
ocHOBaHHe flaHHoro rana. 

Korfla tPHK 3azpyycena aMHHoxncjioTOH, coot- 
BeTCTByiome h ee aHTnxoflOHy, ee Ha3biBaioT aMHHoa- 
IÍHJI TPHK AMHHOKHCJIOTa KpenHTCH C/IO)KH()3(})HpHOU 
CBH3bio CBoen KapóoKCHJibHon rpynnofi k ľ- n;m 3'-rnfl- 
poKcnjibHon rpynne pn6o3bi S'-kohucboto HymicoTHfla 
tPHK (sto Bceíyja afleHHH). npou,ecc 3arpy3KH tPHK xa- 
TaaH3HpyeTcn cpepMeHTOM aMHHoaijiiii-TPHK-CHHTa- 
30ÍI. Bcero HacHHTbiBaeTca (no xpaňHen Mepe) 20 3 mh- 
Hoaiína-TPHK-cHHTa3. Kaxcflaa n3 hhx pacno3HaeT oflHy 
aMHHOKHCJIOTy H BCe tPHK, K KOTOpbIM 3Ta 3MHHOKHCJIO- 
Ta možkct 6 biTb npncoc/iHHCHa. 

Ka»Aon aMHHOKHcaoTe cooTBeTCTByer xax MHHHMyM 
OflHa tPHK (oôhhho ôojibine). B H33B3HHH tPHK Bepx- 
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PMC. 7.5 3HaMeHMe tPHK onpefle/ifleTCfl aHTMKOflOHOM, ho He aMM- 
HOKMC/IOTOÍÍ 


hhm HH^eKCOM yKa3biBaioT TpexóyKBeHHyio aóópeBHaTy- 
py aMHHOKHCJIOTbl. ĽCJIH OflHOH H TOH XCe aMHHOKHCJIOTe 
cooTBeTCTByeT óojiee hcm oj\m tPHK, b hhjkhcm HH^eKce 
Ha3BaHHa yKa3biBaiOT u,H(f)pbi, no3BOJimomHe pa3JimaTb 

hx. HanpHMep, ABe tPHK pjín THp03HHa 6yAyr Ha3biBaTbca 
tPHK^h TPHK 2 Tyr . K Ha3BaHHio tPHK, Hecymeň aMHHOKHC- 
jiOTy (aMHHoau,Hji-TPHK), AOÔaBjímoT npecf)HKc, o6o3Ha- 
HaioniiHH aMHHOKHCJIOTy, to ecTb Ala-TPHK — sto tPHK^ 2 , 
Hecymaa cboio aMHHOKHCJIOTy. 

flOCTaTOHHO JIH OAHOH nOCJieAOBaTCJIbHOCTH aHTHKOAO- 
Ha/ym pacno3HaBaHHa npaBHJibHoro KOAOHa? KjiaccHnecKHH 
SKcnepHMeHT, KJunocrrpHpyioiij.HH otbct Ha stot Bonpoc, 
H3o6pa^ceH Ha p n c. 7.5. BoccraHOBHTejibHoe Aecyjib({)ypH- 
poBaHHe npeBpanj,aeT u,HCTeHHRji-TPHK Cys b ajiaHHJi-TPHK Cys . 
tPHK Hecer aHTHKOAOH, cooTBeTCTByioiij.HH KOAOHy UGU. 
MOAH(j)HKaiJH5I aMHHOKHCJIOTbl He BJIHaeT Ha CneUH(J)HH- 
HOCTb B3aHMOACHCTBHa KOAOH-aHTHKOAOH, TO eCTb B ÓeJIOK 
BMeCTO ĽI,HCTeHHa BCTpOHTCH 3JiaHHH. AMUHOKUCJlOma ne 
uzpaem ponu e cneup^mnocmu censueanm c mPHK, ona 
onpedejmemcH ucKmoHumejihno anmuKodonoM. 


EQ AKAenTopHbiŕí KOHeu 

m aHTMKOflOH pacnojioxíeHbi 
no KpanM npocipaHCTBeHHOM 
apyKTypbi 


K/uoHeBbie noHfiTMfi: 


• JImct KJieBepa (J)opMnpyeT L-o6pa3HyK) TpeTHMHyK) cipyKTypy c 
aKLjenTopHOÍí pyKOÍí Ha oahom KOHue n pyKOH aHTHKOfiOHa Ha 
ApyroM. 


BTopHHHaa CTpyKTypa kxkroíí tPHK (JjopMHpyeT kom- 
naKTHyio L-o6pa3Hyio TpeTHHHyio CTpyicrypy, b kotopoh 
3'-KOHeĽI„ CBH3bIBaK)nj,HHCB C aMHHOKHCJIOTOH, y^aJieH OT 

aHTHKOAOHa, B3aHMOACHCTByiomero c mPHK. Bce tPHK 
HMeioT OAHHaKOByio oómyio npocTpaHCTBeHHyio CTpyKTy- 
py, ho, TeM He MeHee, hmciot HHAHBHAyajibHbie otjihhhh. 

CnapeHHbie AByxu,enoHeHHbie iunHJibKH, xapaKTepHbie 
AJIH BTOpHHHOH CTpyKTypbl, COXpaHHIOTCH H B TpeTHHHOH 
CTpyKType, OAHaKo hx B3aHMHoe pacnojioxceHHe b Tpex- 
MepHOH CHCTeMe KOOpAHHaT (J)OpMHpyeT ABe ABOHHbie 
cnnpajiH, pacnojioxceHHbie noA npaMbiM yrjiOM Apyr k 
Apyry, KaK noKa3aHO Ha p u c. 7.6. AKqenTopHbíň ynacTOK h 
TijjC-mnHjibKa 4)opMHpyioT OAHy AJiHHHyio ABOHHyio cnn- 
paJIb C pa3pbIBOM. D-IimHJIbKa H aHTHKOAOH ({)OpMHpyK)T 
Apyryío ABOHHyio cnnpajib, Taoce c pa3pbiBOM. YnacTOK 
Me)KAy ABOHHbIMH CnHpaJIHMH, TRC L-OÓpa3Haa CTpyKTypa 
coBepmaeT noBopoT, coAepxcHT Ti^C- h D-neTJiH. TaKHM 
o6pa30M, aMHHOKHCJiOTa pacnojioxceHa Ha KOHu,e OAHoro 
H3 njieneH L-o6pa3Hoň CTpyKTypbl, a neTJia aHTHKOAOHa — 
Ha KOHu;e Apyroro. 

npocTpaHCTBeHHaa CTpyKTypa ({)opMHpyeToi 3a cneT 
BOAOpOAHblX CBH3eň MeXCAy OCHOBaHHHMH, KOTOpbie He 
yqacTByiOT b ({)opMHpoBaHHH btophhhoh CTpyKTypbl. 3 th 


7.4 AKuenTopHbiíí KOHeu m aHTMKOflOH pacnoAO>KeHbi no KpaaM npocTpaHCTBeHHOíí CTpyKTypbl 139 













P H C. 7.6 TpaHcnopTHafl PHK y/ioweHa b KOMnaKTHyio L-o6pa3Hyio Tpe- 
TMHHyio apyKiypy c aMMHOKMcnoTOÍÍ m amMKOflOHOM Ha pa3Hbix KOHLiax 


BOAOpOflHbie CBH3H (})OpMHpyiOT, B H3CTHOCTH, MHOPHe 
HHBapnaHTHbie wn h no/ryíiHBapHaHTHbie ochob3hhh, hto 
OÔBHCHaeT HX KOHCepB3THBHOCTb. Hh O/ma H3 3THX CBfl- 
3eň He HB/iaeTCH yHHBepcajibHoň, oAHaxo, BepoaTHO, ohh 
onpefle/iflioT zenepajitnyio MOflejib cTpyicrypbi tPHK. 

MojiCKyjiíipHaa MOfleJib crpyKTypbi TPHK Phe flpoxcaceň 
npmic/íCHa m P M c. 7.7. Il3o6p;meHne b Jieiioň m a cm pH- 
cyHKa cooTBeTCTByeT crpyicrype, H3o6paxceHHoň Ha hhxc- 
Heň nacTH pne. 7.6. B CTpyKType Apyrax tPHK oÔHapyxcH- 
B3JOTCH OTJIHMHB. TaKHM 06pa30M, I ICCMOTpM Ha TO, HTO BCe 
tPHK HMeiOT cxoAHyio CTpyKTypy, aotdkch cymecTBOBaTb 
cnocoô pacno3HaB3HHH ot/ihhhh Me>KAy hhmh. Tax, HanpH- 
Mep, yroji mokay AByMa ochmh tPHK^p nyTb ôojibiiie, h H3-3a 
3Toro MOJiexyna nyTb ôojiee «OTKpbiTa». 

PaccMaTpHBaa CTpyKTypy h cJ^hkuuh tPHK, motkho 
npHňra k cneAyiomeMy BbiBOAy: ynacmm MoneKyjiu, om- 
eemememnue 3a eunojmenue KOHKpemnux (pymiyiú, 
MaKCUManbHoydaneHU dpyz om dpyza. ÁMHHOXHOiOTa pac- 
no/ioxceHa HacTOJibKO asíicko ot aHTHKOAOHa, nacxo/ibKO 
9T0 B03M05XH0, HTO COľJiaCyeTCH C c|)yiIKHHCn, BblIIO/IIMO 

moh tPHK npH CHHTe3e óejixa. 


Q MPHKípaHCiuipyeTai 
Ha pnóocoMax 


fOuoMeBbie noHflTMfl: 


• Pn 60 C 0 Mbl XapaKTepM3yK)TC51 KOHCTaHTOM CeflMMeHTaUMM (70S 
AJifl 6aKTepnajibHbix pmôocom m 80S ajib pmčocom ayKapMOT)* 

• PMÔOCOMa COCTOMT M3 ÔO/lbWOM GyČteflHHMAbl (50S M 60S fl/lfl 
6aKTepnŕí M 3yKapM0T COOTBeTCTBeHHO) M Ma/lOÍÍ Cy6-beAMHMUbl 
(30S M/l m 40S). 

• PMČocoMa C 03 AaeTyc/i 0 BMíi, b KOTopbix aMMHoaAM/i-TPHK MoryT 
Ao6aB/i5iTb aMMHOKMC/iOTbi k pacTymeíi no/iMneriTMAHOM ueriM b 
COOTB eTCTBMM C nOC/ieAOBaTe/lbHOCTbK) TpMľineTOB KOAOHOB. 

• PMÔocoMa ABM>KeTC5i no mPHK ot 5'- k 3'-KOHLjy. 



P MC. 7.7 MoAe/ib, co3AaHHafl no MeTOAy 3ano/iHeHM/i npocipaHCTBa 
aTOMaMM, AeMOHdpMpyeT KOMnaKTHOdb TpeTMMHoíí CTpyKTypbi tPHK 
(J)eHM/ia/iaHMHa (TPHK phe ). MoAe/ib noKa3aHa b AByx paxypcax, no- 
BepHyTbix Apyr oTHOCMTe/ibHO Apyra Ha 90°. Jlio6e3HO npeAocraB/ie- 
ho Sung-Hou Kim, University of California, Berkeley 


TpaHCJiHu,HH mPHK b nojiHnenTHAHyio ijenb KaTaJiH3npy- 
eTCH pHÓOCOMOH. OÓblHHO pHÓOCOMbl xapaKTepH3yiOT 
(npH6jIH3HTeJIbHOH) CKOpOCTbK) CCAHMCHTaiJHH (HJIH 
ocaxcAeHHH, H3MepaeTca b CBeAÓeprax; óojiee BbicoKoe 
3HaMeHHe S 03HanaeT óojibmyio CKopocTb ocxK^cnm h 
ôojibinyio Maccy). y óaicrepHH KOHCTama ceAHMeHTauHH 
Phóocom okojio 70S, a y Bbicmnx ayxapHOT oóhhho oko- 
jio 80S. 

PnóocoMa npeACTaBjíaeT coóoh KOMnaKTHyio pHÔo- 
HyKjieonpoTeHHOByio nacTHijy, cocTonmyio m AByx 
cyó'beAHHHij. KaxcAaa cyó'beAHHHu.a coctoht H3 PHK 
(BKAKma OAHy oneHb A^HHHyio MOJieKyjiy) h MHOxcecTBa 
ÓeJIKOB. OopMHpOBaHHe pHÓOCOMbl H3 AByx CyÓ'beAHHHUi 
H3o6pa)KeHO m p m c. 7.8. In vitro ABe cyó'beAHHHu.bi ahc- 
COUiHHpyiOT C nOHHXCeHHeM KOHU;eHTpaĽI,HH HOHOB Mg 2+ . 
B KaxcAOM cjiyMae SojibinaH cy6i>eA;HHHi^a npHMepHo 
b ABa pa3a npeBbimaeT no Macce Majiyio cy6i>eA;HHHi^y. 
70S pHÓOCOMbl ÓaKTepHH COCTOHT H3 CyÓ'beAHHHq C KOH- 

CTaHTaMH ceAHMeHTaniHH 50S h 30S, a qHTonjia3MaTHMec- 
Kne pnóocoMbi ayxapHOT (80S) hmciot KOHCTaHTbi ceAH- 
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PwôocoMa AMCCOi 4 HMpyeT Ha cy6i>eAMHMAbi 


, 

EaKTepna/ibriafl pn6ocoMa, 70S 
noHM>KeHMe Mg 2+ J ^ noBbiiueHMe Mg 2+ 


50S 

30S 


PMC. 7.8 PnóocoMa coctoht H3 flByx cyó-beflHHnu 


MeHTau,HH 60S h 40S. 06e cyó'beAHHHijbi paóoTaiOT BMecre 

B COCTaBe pHÓOCOMbl, OAHaKO Ka?K£afl H3 HHX KOHTpOJIHpy- 
eT pa3JiHMHbie peaKijHH b npoijecce CHHTe3a óejiKa. 

Bce pHÓocoMbi, pacnojio)KeHHbie b /ja hhom KOMnapT- 
MeHTe KJieTKH, H^eHTHMHbi. B3auModeúcmeyH c pauimnu- 
mu mPHK, cocmoHti^UMU U3 KodupyTouifUX nociiedoeamejib- 
Hocmeú, puôocoMU ocyw í ecmejiH / K)m cunme3 po3JiUHHbix 
6ejiwe. 

PnóocoMa C03AaeT yaiOBHH, b KOTopbix ocymecTBJíaeT- 
Cfl peryJIHĽI,HH B3aHMOAeHCTBHfl KOflOHa MPHK H aHTHKOflO- 
Ha tPHK. npn CMHTbmaHHH reHeranecKoro Ko/],a, 3anncaH- 
Horo nocjieAOBaTejibHOCTbio TpnnjieTOB, ocymecTBJíaeTCfl 
CHHTe3 óejixa. Hanajio h koho], CHHTe3npyeMoro nojin- 
nenTHAa cooTBeTCTByiOT Hanajiy h KOHijy KOflnpyiomero 
ynacTKa mPHK. Tipu npodeuMenuu pučocoMU edojibMPHK 
npoucxodum côopm 6enm nymeM nocnedoeamejibHOZO 
doôaejienm cmuHomcjiom e nanpaejienuu om N-Kont^a 
k C-Konuy. 


PHÓOCOMa HaHHHaeT TpaHCJIHĽI,HK) Ha 5'-KOHlJ,e KOAH- 
pyiomero pernom; npoABHraacb k 3'-KOHijy, OHa TpaHC- 
jinpyeT KaxcjíbiH TpnnjieT. AMHHoaunji-TPHK, cootbctc- 
TByiomaa AaHHOMy Ko/jOHy, npHCoeflHHfleTCfl k pnóocoMe 
h npeAOCTaBJíaeT cboio aMHHOKHCJiOTy ajih BcrpaHBaHHa 
b noJiHnenTHAHyio uenb. B Kaa^bíň OTflejibHO B3flTbiň 
MOMeHT pnóocoMa MOxceT yflepxcHBaTb pyc aMHHoaijHji- 
tPHK, cooTBeTCTByiomHe cjieAyiomHM Apyr 3a ApyroM 
KOAOHaM. 3to ROizeT B03M0)KHbiM (J)opMHpoBaHHe nen- 
THAHOH CBH3H MOK/iy aMHHOKHCJIOTaMH. Ha Kaxc^OM iuare 
pacTymaa nojiHnenTH£Hafl uenb CTaHOBHTca /yiHHHee Ha 
OAHy aMHHOKHCJiOTy. 


^9 K oahom mPHK npMcoeAMHaeToi 

MHOJKeCTBO piiÓOCOM 


KnfoneBbie noHATHa: 


• mPHK MOKeupaHC^MpoBaTbCfl HecKo/ibKHMH pnóocoMaMH 
OAHOBpeMeHHO. PnóocoMbi, 3aKpenAeHHbie Ha oahoh mPHK. 
HaXOflflTCfl Ha pa3HblX CTa^MAX CMHTe33. 

AKTHBHbie pHÓOCOMbl C BHOBb CHHTC3HpOBaHHbIMH ÓeJIKa- 

mh, BbiflejieHHbie b BH^e (jjpaKiiiHH, npeAcraBJunoT coóoh 
KOMnjieKCbi, cocToamne H3 mPHK, CBjmHHOH c HecKOJib- 
KHMH pHÓOCOMaMH. 3TO TaK Ha3bIBaeMafl nOJIHpHÔOCO- 
Ma, hjih nojiHCOMa. 30S cyó'beflHHHixa KaxcjiOH pnóocoMbi 
accou,HHpoBaHa c mPHK, a 30S cyó'beflHHHu.a HeceT chh- 
Te3HpOBaHHbiň óejiOK. npn stom tPHK pacnojioxceHa TaK, 
hto OHa 3aTparHBaeT oóe cyó'beAHHHu.bi. 

npoABHraacb no mPHK, Kaxc^aH pnóocoMa, BXOAflmaa 
B COCTaB nOJIHCOMbl, He3aBHCHMO CHHTe3HpyeT OAHH no- 
jinnenTA. no cyTH, mPHK npoTHHyTa nepe3 pnóocoMy h 
KaxcAbiH TpnnjieT HyioieoraAOB TpaHCJinpyeTca b aMHHO- 
KHCJiOTy. TaKHM oópa30M, mPHK HeceT cepnn phóocom, 
4)opMHpyK)nj,HX óejiKOBbíň npoflyKT, npoABHraacb ot 5'- k 
ý-KOHijy (pmc. 7.9). nojiHnenTHAHyio u;enb, HaxoAamyio- 
ch b npoijecce CHHTe3a, HHorfla *Ha3biBaiOT HacijeHTHOH 
(He3pejiOH). 



PMC. 7.9 no/inpnóocoMa coflep>Km mPHK, KOTopaa TpaHcnMpyeTCfl cpa3y HecKo/ibKMMM pn6oco- 
M3MM, ABMwymMMMCfl b H3npaB/i6HMM 5'-3'. KajRflafl pnóocoMa HeceT flBe Mo^eKy^bi tPHK, oflHa H3 
KOTopbix HeceT Ha ceóe cnHTe3npyeMbiň no^nnenTnfl. BTopafl Mo^exy^a tPHK HeceT cneflyiomyio 
aMHHOKHCJiOTy, KOTopaB flO/i>KHa 6biTb floóaB^eHa k 3TOMy no/iHnenTHAy 
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PMC. 7.10 Ha no/iMCOMax Mfle t CMHTe3 6e/wa. OoTorpatJwfl rno- 
6e3Ho npeflocTaB^eHa Alexander Rich, Massachusetts Inštitúte of 
Technology 


PMÔOCOMbl MCľlOJlb3yiOTCfl MHOľOKpaTHO 
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ľloc/ie TpaHC/lflllMM mPHK pMÔOCOMbl I 
B03BpamaK)TCíi b pe3epBHbiŕi nyji I 
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PMC. 7.11 MaipMHHafl PHK TpaHC/inpyeTCfl pn6ocoMaMM. riocne 3a- 
BepiueHMfl TpaHCABUMM pnôocoMbi noflJiewaT noBTopHOMy ncno/ib30- 
B3HHK) 


30% cyxoH Maccbi óaKTepMM HMeet npaMoe OTHOuieHHe k 3Kcnpeccnn reHOB 


KoMnoHeHT CociaBJíBeMbm 

mm npoueHT 
cyxoií KJieTOHHOM 
Maccbi 

Hmcjio 
MO fieKy/i 
Ha K/ieTKy 

Hmcjio pa3H0- 

BMflHOCTeM 

3Toro 

KOMľlOHeHTa 

Hmcjio Kormií 
KafKflOM 
pa3H0- 
BMflHOCTM 

K^eTOMHaB CTeHKa 

10 

1 

1 

1 

MeMÓpaHa 

10 

2 

2 

1 

AHK 

1,5 

1 

1 

1 

mPHK 

1 

1 500 

600 

2-3 

tPHK 

3 

200 000 

60 

>3 000 

pPHK 

16 

38 000 

2 

19 000 

PMÓocoMajibHbie 6e.n km 

9 

10 6 

52 

19 000 

PacTBopMMbie 6e^KM 

46 

2,0 x 10 6 

1850 

>1 000 

HM3KOMOfieKy;iBpHbie 

COeflMHeHMB 

3 

7,5 x 10 6 

800 



PMC. 7.12 MaKpoMOJieKy/iflpHbiíí cociaB E. coLi 


TlpHMepHO 30-35 nocjieAHHx AOÓaBJíeHHbix b nojin- 
nerrotaHyK) uenb aMHHOKHCJiOT 3aKpbiTbi ot OKpyxcaiomeH 
cpe^bi phóocomoh. BepoaTHO, Bca npeflinecTByiomaa qacTb 
nojinnenTHAa bhxoaht 3a npeAejibi pnóocoMbi h npnoó- 
peTaeT cneijHcfjHHecKyK) KOHcfjopMaijHia TaKHM oópa 30 M, 
ÓeJIKH OTHaCTH MOiyr npHHHMaTb KOH(J)OpMaĽI,HK) 3peJIOH 
MOJieKyjibi enj,e ao toto, KaK chhtc 3 3aBepmeH. 

lOiaccHMecKaa nojincoMa noKa3aHa Ha MHKpocJ)OTor- 
pa(})HH Ha PMC. 7.10. DlOÓHH CHHTC3HpyeTCH HaÓOpOM H3 
naTH phóocom, npHKpenjieHHbix k mPHK (neHTacoMbi). 
PHÓOCOMbI BblflBJIHIOTCfl B BH^e C({)epHHeCKHX CTpyKTyp 
AHaMeTpOM OKOJIO 7 HM (70 Á), CBH3aHHbIX HHTbK) mPHK. 
PnóocoMbi pacnojioxceHbi b pa3JiHHHbix Mecrax mPHK. Te 
H3 HHX, HTO paCnOJIOJKCHbl Ha OAHOM KOHU,e, TOJIbKO Ha- 
najiH CHHTe3, Te xce H3 hhx, hto pacnojioxceHbi Ha ApyroM 
KOHiie, HaxoAHTca b kohchhoh CTa^HH CHHTe3a nojinnen- 
THAHOH IjenH. 

Pa3Mep nojiHCOMbi 3aBHCHT ot HecKOJibKHx napaMeT- 
poB. y óaKTepHH nojiHCOMbi oneHb óojibmne. Ohh bkjiio- 
HaiOT ACCHTKH PHÓOCOM, OAHOBpeMCHHO ocymecTBJíflio- 
mHX TpaHCJIHIlHK). OTHaCTH pa3Mep nOJIHCOM 3aBHCHT 
ot ajihhh mPHK (KOTopaa y ÓaKTepHH oóhhho KOAHpyeT 
HeCKOJIbKO ÓeJIKOB); KpOMe TOTO, OH 3aBHCHT H OT 3(f)- 
(fjeKTHBHOCTH, C KOTOpOH pHÓOCOMbl npHKpenJIHIOTCH K 

mPHK. 

nojiHCOMbi, pacnojioxceHHbie b u,HTonjia3Me syKapno- 
THHeCKHX KJieTOK, OÓblHHO MCHblIie, HeM y ÓaKTepHH, OAHa- 
ko 3flecb, KaK h b npeAbmymeM c/iynae, hx pa3Mep 3aBHCHT 
ot jym Hbi mPHK (y syKapnoT oóhhho npeACTaBjunomeH 
oahh óejiOK) h ot 3(J)(j)eKTHBH0CTH npHKpenjieHHa PHÓO¬ 
COM. B cpe^HeM, mPHK syrapnoT b KaJKAbíň momcht HeceT 
npHMepHO 8 PHÓOCOM. 

Ha PMC. 7.11 H30ÓpaXCeH )KH3HeHHbIH U.HKJ 1 PHÓOCO¬ 
Mbl. PHÓOCOMbI BpeMeHHO H3bIMaiOTCH H3 COBOKyiIHOCTH 
pHÓOCOMa^bHblX CyÓ'beAHHHĽI,, .zyifl TOTO HTOÓbl TpaHCJIH- 
poBaTb mPHK, a 3aTeM B03BpamaiOTCH Ha3aA. Hhcjio phóo¬ 
com, pacnojioxceHHbix Ha MOJiexyjie mPHK, BapbnpyeT KaK 
y óaKTepHH, TaK h y syKapnoT. Oho 3aBHCHT ot craTHCTH- 
necKHx 4)jiyKTyau,HH, onpeAeJiaeMbix ajihhoh h 3(f)(})eKTHB- 
HOCTbio mPHK. 

flojia KOMnoHeHTOB, BOBjíeneHHbix b chhtc3 óejiKa y 
HHTaKTHOH ÓaKTepHH, npHBCACHa Ha PMC. 7.12. Ha AOJIK) 
~20 000 phóocom npnxoAHTCH qeTBepTb kjictohhoh Mac- 
cbi. KaxcAaa MOJieicyjia tPHK npeAcraBJíeHa óojiee hcm 3000 
KonHH, h Bce BMecTe ohh npeBoexoAHT hhcjio phóocom 
non™ b 10 pa3. BojibinaH nacTb H3 hhx npeAcraBJíeHa 
aMHHoaiiHji-TPHK, t. e. ohh b jhoóôh momcht totobm k hc- 
nojib30BaHHio b CHHTe3e óejixa. Hhcjio MOJieKyji mPHK ao- 
BOJIbHO CJIOJKHO OĽI,eHHTb H3-3a HX OTHOCHTCJIbHOH HeCTa- 
ÓHJIbHOCTH, OAHaKO MOXCHO npeAnOJIOXCHTb, HTO MOJieKy^, 
HaxoAAiAHxca Ha pa3Hbix craAHax CHHTe3a, aojdkho óbiTb 
okojio 1500. 

y óaKTepHH okojio 600 pa3JiHHHbix THnoB mPHK. npn- 
neM Ha OAHy óaKTepnio npnxoAHTca ABe-Tpn kohhhmPHK 
KaxcAoro THna. B cpeAHeM, KaxcAaa H3 hhx KOAnpyeT okojio 
3 óejiKOB. Bcero b KJieTKax£ coli HacHHTbiBaeTca 1850 pa3- 
jiHHHbix rjioóyjiapHbix óejiKOB, h Ha OAHy óaKTepnio npn- 
xoahtch b cpeAHeM óojiee 1000 koiihh KaxcAoro óejiKa. 
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TpaHCKpMfuiHsi TpaHC/iauHf) AerpaflaiiMíi 


d )KM3HeHHbm 4 M K/l 

6 aKTepna/ibH 0 M mPHK 


KmoneBbie noHflTMfl: 


• y ÔaKTepMÍÍ TpaHCKpMrmMfl M TpaHC/lflOMfl ľipOMCXOflflT 
OflHOBpeMeHHO. TpaHOiflUMfl mPHK Han WHaeTCfl eme flo 
OKOHMaHMfl ee CMHTe3a. 

• mPHK 6aKTepníí HecTaônnbHa. ľlepnofl ee no/iypacnafla 
cocraBJífleT Bcero HecKo/ibKO MHHyT. 

• EaKTepna/ibHafl mPHK MO>KeT 6biTb noJimjMCTpoHHoíí c 
HecKo/ibKMMM KOflMpyiomMMM perMOHaMM, npeflCTaB/ifliomMMM 
pa3Hbie reHbi. 


mPHK BbinojiHneT OAHHaxoByio (JjyHxijHK) bo Bcex xneTxax, 
OAHaKo b CTpyKType h MexaHH3Me CHHTe3a npoxapHOTH- 
MecKoň h ayKapHOTHHecKoň mPHK ecrb BaxcHbie otjihhhh. 
B npoijecce npoAyxijHH mPHK ochobhoc otjihhhc xa- 

CaeTCfl MeCT JIOXaJIH3ai],HH TpaHCKpHnUHH H TpaHCJIHUHH: 

• y óaKTepHH mPHK TpaHCxpH 6 HpyeTCH h TpaHCJiHpyeT- 
ca b npeAejiax OAHoro KJieTOHHoro xoMnapTMema; ab a 
3thx npou;ecca Tax tccho CBH3aHbi, hto npoHcxoAAT 
OAHOBpeMeHHO. PHÓOCOMbI npHXpenJIHIOTCH x 6 axTe- 
pHajibHoň mPHK eme a o Toro, xax 3 axaHHHBaeTca ee 
TpaHcxpHnuiHa. TaxHM o6pa30M, nojincoMa oxa3bma- 
eTca npHxpemieHHOH x Jl HK. HecTa 6 puibHOCTb 6 axTe- 
pHajibHoň mPHK npHBOAHT x TOMy, mto ee TpaHCJiauna 
AJIHTCfl BCerO HeCXOJIbXO MHHyT. 

• B ayxapHOTHMecxoň xjieTxe chhtc3 h co 3 peBaHHe 
mPHK npoHCxoAAT HCKJiiOHHTejibHO b HApe. Tojibxo 
nocjie Toro, xax oth npoijeccbi 3 aBepmeHbi, mPHK sxc- 
nopTHpyeTca b ijHTOiuia3My, rAe h TpaHCJiHpyeTca pn- 
ÓOCOMaMH. MPHK 3 yxapHOT OTHOCHTCJIbHO CTaÓHJIb- 
Ha, nepHOA ee nojiypacnaAa b cpeAHeM cocTaBjíaeT 
Hecxojibxo nacoB. 

Ha p n c. 7.13 noxa3aHO, hto y óaxTepHH TpaHcxpHn- 
\\m h TpaHCJiaiiHa tccho B3aHMOCBH3aHbi. TpaHcxpHmiHa 
HaHHHaeTca, xorAa PHK-nojiHMepa 3 a HanHHaeT npoABH- 
raTbca BAOJib MOJiexyjibi Jl HK, CHHTe 3 Hpya xonHio oahoh H 3 
Aeneň. Kax TOJibxo noaBjíaeTca mPHK, pHÔocoMa npHxpen- 
jmeTca x 5'-xoHu;y h HanHHaeT TpaHCJiHu,HK) eme a o Toro, 
Kax 3 axoHHHTca CHHTe 3 ocTaBineHca qacTO mPHK. ľpynna 
Phóocom npoABHraeTca no mPHK b npoijecce ee CHHTe 3 a. 
TpaHCxpnniJiHa 3 axaHHHBaeTCH c (fjopMHpoBaHHeM 3'-koh- 
Aa mPHK. PnóocoMbi npoAOJDxaiOT TpaHCJinpoBaTb mPHK 
flo Tex nop, noxa OHa coxpamieT cboio u,ejiocTHOCTb, oa- 
Haxo OHa AOBOJibHO óbiCTpo AerpaAHpyeT b HanpaBJíeHHH 
ot 5'- x 3'-xoHUiy. )KH3Hb oahoh MOJiexyjibi óaxTepnajibHOH 
mPHK HCMHCJiaeTCH eAHHHu,aMH MHHyT. 

CxopOCTb TpaHCXpHnĽI,HH H TpaHCJIHU.HH y ÓaxTepHH 
npHMepHO OAHHaxoBa. npn 37 °C cxopocTb TpaHcxpHmjHH 
cocraBjíaeT oxojio 40 HyxjieoTHAOB b cexyHAy, a cxopocTb 
CHHTe 3 a óejixa npHMepHO 15 aMHHOXHCJiOT b cexyHAy. Ta- 
khm oópa30M, TpaHCxpnmiHa h TpaHCJiauiHa mPHK Rjm - 
hoh 5000 HyxjieoTHAOB (hto cooTBeTCTByeT óejixy pa3Me- 
poM 180 xfla) 3aHMyT npHMepHO 2 MHHyTbi. npn 3anycxe 
SKcnpeccHH HOBoro reHa ero mPHK oóhmho noHBjíaeTca b 
AHTonjia3Me nepe3 2,5 MHHyTbi. CooTBeTCTByioiAHH óejiox, 
BepoaTHo, noflBHTCfl b TeqeHHe oieAyioiAHx 30 cexyHA. 


0 mmh HaMMHaera TpaHCKpunuMfi 
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PMC. 7.13 y óaKTepMM mPHK OflHOBpeMeHHO CMHTe3MpyeTCfl, TpaHC- 
JiMpyeTCíi m flerpaflupyeT 


Tpauc/iHUHM y oaKTcpnn BecbMa atjjtlíeKTHBna, h 6ojib- 
ma» nacTb mPHK TpaHCJiiapyeTCH 3Ha^HTe^bHbiM hhcjiom 
Phôocom. HanpHMep, pj\n trp mPHK Kaacflyio MHHyry TpaHC- 
K'pnnnnfl HHnurnipycTCH 15 pa3, h KaayyaH m 15 mPHK, 
BeponTHo, TpaHompyeTCH 30 pHôocoMaMH b npoMOKyTKe 
MOK/iy TpaHCKpHniiHeň h flerpaflaiiHeň. 

IlecraóiuibHOCTb oo.abiiieíi Macan oaKTepnajibHbix 
mPHK nopaacaeT. flerpaflau,HH mPHK HaHHHaeTCH iiohth 
cpa3y *e nooie TpaHcnat(HH h, CKopee Bcero, HaHHHaeTCH 
b TeneHHe MHHyTbi nooie Hanajia TpaHCKpHnpHH. 5'-KOHeu, 
mPHK HaHHHaeT ÄerpaflHpoBaTb eme jio toto, KaK 3'-KOHeii 
6bui cHHTe3HpoB3H hjih TpaHCJiHpoBaH. /lerpaflau,H5i cjiefly- 
eT 3a nocJieflHeň b pufly phóocomoh. CKopocTb Aerpaflau,HH 
npHMepHO b flBa pa3a Himce ckopocth TpaHCKpnniiHH iuih 
TpaHCJIHI^HH. 

CraÔHjibHOCTb mPHK OKa 3 biBaeT ocHOBHoe bjihhhhc 
Ha KOJiHnecTBO npoflyiiHpyeMoro ôeaKa. CTaÔHJibHOCTb 
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BaKTepna/ibHbie mPHK TpaHCJiHpyiaroi, He A<»KHAaacb 3 aBepuieHMfl TpaH< »< puniJiHH 



PMC. 7.14 EflMHMUbi TpaHCKpMľiLiMM y 6 aKTepníí mo>kho yBMfleTb. OoTorpa())Mfl AK) 6 e 3 Ho npeflocTaB- 
JieHa Oscar Miller 


oóbiMHO BbipaxcaeTCH CKopocTbio nojiypacnaAa. mPHK, 
npeACTaBjíaioiiiiaH jiioóoh oT^ejibHO b3hthh reH, xapaKTe- 
pH 3 yeTca onpeAejieHHoň CKopocTbio nojiypacnaAa, OAHa- 
ko b cpe^HeM y óaKTepHH OHa cocTaBjíneT okojio 2 MHHyT. 

Bch 3Ta nepe^a coóhthh, kohchho, B03M0xcHa TOJibKo 
jiHiiib noTOMy, mto TpaHCKpHmj,Ha, TpaHCJinijHH, h /jerpa- 
AaiiHa HAyr b oahom HanpaBJíeHHH. 3KcnpeccHH reHa 6buia 
«riOHMaHa c nojiHHHbiM» Ha MHKpoc})OTorpa(f)HH, npeAcraB- 
JieHHOH Ha PMC. 7.14. Ha 3T0H (HeH3BeCTHOH) TpaHCKpnn- 
IJHOHHOH eAHHHqe npOHCXOAHT CHHTC3 HeCKOJIbKHX mPHK, 
h KaxcAaa H3 hhx HeceT HecKOJibKo phóocom, ocymecTBjíHio- 
mHX TpaHCJIHl^HK). (MOMeHT, nOHMaHHblH Ha (})OTOrpa(f)HH, 
cooTBeTCTByeT cxeMe, H3o6paxceHHOH Ha BTopoň CBepxy 
puunocTpau,HH pne. 7.13.) PHK, chhtc3 kotopoh eme He 3a- 
BeprneH, nacro Ha3biBaiOT He3pejioň PHK 

mPHK óaKTepHH auibHO OTJimaiOTCH no hhc;i y KOAHpe- 
Mbix hmh óejiKOB. HeKOTopbie mPHK npeAcraBJíHioT TOJibKO 
OAHH reH H Ha3bIBaiOTCH MOHOl^HCTpOHHblMH. HoOieAO- 
BaTejibHOcra Apyrnx (noAaBJíniomero óoJibniHHCTBa) koah- 
pyiOT HeCKOJIbKO ÓeJIKOB H Ha3bIBaiOTCfl IIOJIHIJHCTpOHHbl- 
mh. B stom cjiynae OAHa mPHK TpaHCKpnÓHpyeTCH c rpynnbi 
npR/ieraioiiiHx Apyr k Apyry reHOB. (noAOÓHbíň miacrep 
reHOB (JiopMHpyeT onepoH, npeAcraBJíniomHH coóoh OAHy 
reHeTHHecKyio eAHHHijy; cm. tji. 12 «OnepoH».) 


mPHK coctoht H3 ynacTKOB AByx TnnoB. KoAHpyiomHH 
pernoH coctoht H3 cepnn koaohob, npeACTaBjunomHx aMH- 
HOKHOiOTHyio nooieAOBaTejibHocrb óejixa h name Bcero Ha- 
HHHaeTca c KOAOHa AUG h 3aKaHHHBaeTCH CTon-KOAOHOM. 
MPHK BcerAa jijmhhcc KOAnpyiomero pernoHa, nocKOJibKy 
no oóohm Korn^aM OHa HeceT AonoJiHHTejibHbie ynacTKH. 
nocjieAOBaTe^bHOCTb Ha 5'-KOHije, npeAiuecTByiomyK) Ha- 
nany KOAnpyiomero peraoHa, Ha3bmaiOT jiHAnpyiomeH kjih 
5'-UTR (5 , -HeTpaHOinpyeMbiM perHOHOM). flonojiHHTejib- 
Hbíň ynacTOK, oieAyioiij.HH 3a CHraanoM TepMHHaqnn, (f)op- 
MHpyeT 3'-KOHeij, h ero Ha3biBaiOT TpeiniepoM wm 3'-UTR 
(S'-HeTpaHOinpyeMbiM pernoHOM). HecMOTpn Ha to hto sth 
noaieAOBaTejibHOCTH hbjihiotch nacTbio TpaHCKpHnijHOH- 
HOH eAHHHqbl, OHH He KOAHpyiOT Óe^OK. 

KpoMe Toro, nojinqncTpoHHaa mPHK coAepxcHT BHyT- 
pHIJHCTpOHHbie perHOHbl (PMC. 7.15). OHH CHJIbHO OT- 
JinnaiOTCH no pa3Mepy: b óaKTepnanbHbix mPHK ohh HHorAa 
AOCTnraiOT 30 HyKJieoraAOB b AAHHy (a y (jiaroB BcrpenaiOT- 
ch eme óojiee AJiHHHbie), a HHorAa ohh cobccm hcbcjihich h 

COCTOHT H3 OAHOľO-AByX HyKJieOTHAOB, OTACJIHH CTOn-KOAOH 

OAHoro óejixa ot CTapT-KOAOHa Apyroro. B peAKHx cjiynanx 
ABa reHa ce nepeKpbmaiOTCH TaKHM oópa30M, hto noc- 
jieAHHH HyioieoTHA OAHoro KOAnpyiomero pernoHa hbjihct- 
ch nepBbiM HyioieoTHAOM aieAyiomero. 


y ÓaKTepHH mPHK nosiHLiHcrpoHHa 


MHrniHHpytouneMy KOflOHy 3a TepMMHMpyiomMM koaohom 

npefliuecTByeT jiMAepHbiŕí ynacTOK cjieflyeTTpeiíjiepHbm ynacroK 

Me>KLlMCTpOHHOe paCCTOBHMe 
MO>KeT 6biTb ot -1 flo +40 HyK-n. 


1 KoAMpyiomafl P 

| KoAMpyiomafl . p 1 

1 oôiiacTb 1 

1 oóJiacTb 1 


Ciapt CTon CtapT CTon 


PMC. 7.15 B 6 aKTepnaAbHOM mPHK edb TpaHCHMpyeMbie n HeipaHCHkípyeMbie očnacTM. Ka>KAa 5 i ko- 
AMpyiomafl oÔHacTb MMeeT cbom coôdBeHHbie CMrHanbi MHMUMauMM n TepMMHauMM. XapaKTepHbiM 
51 B/ 15 ieTC 51 Ha/IMMMe HeCKO/lbKMX KOflMpytOLAMX OÔ/iaCTeíí B OflHOM mPHK 


144 ľJlABA 7 MaTpMHHan PHK 

















Hhcjio phóocom, BOB^eneHHbix b TpaHcnai/Hio flaHHO- 
ro IÍHCTpOHa, 33BHCHT OT 9(J)(J)eKTHBHOCTH eľO CaHTa HHH- 
UHapHH. CaňT HHHpnapHH nepBoro i/HcrpoHa craHOBHTca 
AocrynHbiM cpa3y nooie Toro, KaK cnHTC3npycroi 5 '-kohcii, 
mPHK Kan ace TpaiicjiupyKĺTCH iiocie/iyTOiivie uncrpoHbi? 
TpaiiciiipyiOTCH Ko/vipyiomne peraoHbi no/innucTpoHHoň 
mPHK HC33BHCHMO IUIH >Ke 9TH yHaCTKH 3 K'CnpeCCHpyi()TOI 
B33HMOCBa3aHHO? OflHH3KOB MCX3HH3M HHUpUaUHU /yiH 
Bcex pHcrpoHOB iuih >kc oh OTJiHHaeTCH y nepBoro H Bcex 
nociieflyiomHx pncrpoHOB? 

TpaHoiapna mPHK óaicrepHH hact nooieflOBaTejibHo 
UHCTpOH 3a UHCTpOHOM. B TOT MOMCHT, KOľfla pHÓOCOMa npH- 
coeflHHaerca k nepBOMy KOflHpyiomeMy peraoHy, aie/iyiomHH 
3a hhm peraoH eme flaace He TpaHCKpHÓHpoBaH. K TOMy Bpe- 
MeHH Kax OTKpbiBaeTca caňT cBH3biBaHHfl /yia Bropoň pHÓoco- 
m, TpaHoiapna nepBoro i/HCipoHa tojiuko 3 aKaHHHBäcroi. 
OóbiHHo pHôocoMbi 3 aK 3 HHHBaioT TpaHCJiai/Hio b KOHi/e nep- 
Boro i/HCipoHa (h /pccoi/HHpyioT Ha cy&beaHHHi/bi), a HOBaa 
pHÓOCOMa He33BHCHMO coÓHpaeTca b Hanaae oie/iyiomero ko- 
Aiipyiomero peraoHa. (npoueccbi HHHi/nai/HH h TepMHHai/HH 
óonee no/ipoÓHO paccMorpeHbi b rn. 8 «Chhtc3 6 eaKa».) 


7.8 


mPHK ayKapnoT npeiepneBaeT 
M3MeH6HMfi b npoAecce 
miim noaie TpaHCKpMnuMM 


KjnoneBbie noHATHfl: 


• Y synapHOT MPHK-TpaHCKpnnT npeiepneBaeT M3MeHeHM5i b *Ape 
(bo BpeMfl mam BCKope noc/ie TpaHCKpnnuMM). 

• H3MeHeHM5i BKjnonaiOT flo6aB/ieHne MeTM/inpoBaHHoro K3na k 
5'-K0Huy m nocneflOBaTe/ibHOCTM noAn(A) k 3'-KOHoy. 

• mPHK nepeHocmcfl M3 flfipa b Ljmon/ia3My TOJibKO nocne 
3aBepiiieHMfl Bcex MOAMtfmKauMÍí. 


y syKapHOT CHHTe3 mPHK BiuiKraeT AonojiHHTejibHbie 
CTa^HH. TpaHCKpHnqHa HaHHHaeTca KaK oóhmho: c (})op- 
MnpoBaHHH 5'-TpH({)oc({)aTHoro Komja. 0/],HaKo 3'-KOHeu, 
(J)opMHpyeTca He 3a cneT ocTaHOBKH TpaHCKpHnijHH b 
onpeAeJieHHOM MecTe, a 3a cneT pa3pe3aHHH TpaHCRpm- 
Ta. yAäJieHHa H3 PHK hhtpohob, CHHTe3HpoBaHHbix c 
npepbiBHCTbix reHOB, hcoóxoahm cnjiaňcHHr, b pe3yjibTaTe 
KOToporo (j)opMHpyioTCH Ma^eHbKne mPHK, coAepxcamHe 
HenpepbiBHbie KOAHpyiomHe nocjieflOBaTejibHoem 

Ha PMC. 7.16 BHAHO, HTO TpaHCKpHIIT MOAH(J)HllHpOBaH C 
oóenx cropoH nyreM AOÓaBJíeHHa AonoJiHHTCAbHbix Hyioieo 
thaob (ajw 3Toro TpeóyiOTca ppnomimaibHbie (f)epMeHTbi). 
5'-KOHeu; mPHK npaicrHHecKH cpa 3 y nooie (f)opMHpoBaHH 5 i 
MOAH(J)Hu,HpyeTca AOÔaBJíeHHčM «K3na». 3to iiphboaht k pa3- 
BOpOTy TpH(j)OC(f)aTa HCXOAHOrO TpaHCKpHIITa B OÓpaTHOM 
HanpaBJíeHHH ( 3 - 50 , h kohoj, TaKHM o6pa30M, 3anenaTbi- 
BaeTca. 3'-KOHeu, MOAH(j3Hu,HpyeTca AOÓaBJíeHHčM cep™ a^e- 
hhhob [nojiHaAeHHJiOBaa KHCJioTa hjih no;m(A)] cpa3y noc- 
jie pa 3 pe 3 aHHa. TojibKO noc/ie 3 aBepmeHHA MOAHcjDHKau,™ h 
npou,eccHHra mPHK MOxceT 6 biTb sKcnoprapoBaHa H 3 a^pa b 
UHToruia 3 My. B cpe^HeM, j\o BbixoAa b iiHTomia 3 My npoxoAHT 


y ayKapMOT o6a KOHAa mPHK npeiepneBaiOT MOAM())MKai 4 Mio 


: 1111 ; 11111 m ? i; í 111 m 3 

Kan I 

f 

iJiiJHiiimjiiiiim 

| ľlo/in(A) 

..mm. . 


PMC. 7.16 3yKapnoTMMecKafl mPHK noA/ie>Km MOAM(j)MKai4MM: k 
B'-KOH uy Ao6aBAfleTC5i K3n, k S'-KOHAy Ao6aBnfleTC5i «xboct» m 
noAn(A) 


3yKapMOTMMecKaa mPHK noAiiexíMT MOAM()>MKai 4 MM m aKcnopiy M3 flApa 


<1 MMH 


HawwBaera TpaHCKpnni4Míi. 5 # -KOHei4 mPHK 
npeiepneBaeT MOAMcJwKauMK) (K3nnpoBaHne) 



6 mmh y mPHK noflBjíneTCfl CBOóoAHbiŕí 3'-KOHe4 



20 MMH 


25 MMH 


3'-KOHeu mPHK npeiepneBaeT MOAM(})MKa 4 MK> 
(nonMaAeHMnMpoBaHMe) 


/\/\/\/\ 


AAAAAA 


MPHKípaHcnopTMpyeTcn b uMTonna3My 
BAPO 


PPP 


i 


AMT0ľlJlA3MA 


/\/\/\/\ 


AAAAAA 


>240 MMH 


PmÓOCOMW TpaHCAMpyiOT mPHK 

AAAAAA 


PMC. 7.17 ílyib mPHK b mieTKax >KMBOTHbix oneHb c/io>KeH m BiuiioMa- 
ei b ce6fl TpaHCKpnnuMK) f MOAUíjDMKauMK), npooeccMHr, TpaHcnopT M3 
5iApa b Amonna3My u, HaKOHei^TpaHCAflAMK) 


npHMepHO 20 MHHyT. Kax TOJibKO mPHK oxa3a^acb b iíHTon- 
jia3Me, pHôocoMbi pacno3HaiOT h TpaHdHpyioT ee. 

Ha PMC. 7.17 nOKa3aHO, HTO )KH3HeHHbIH 1JHKJ1 mPHK 
ayKapHOT óojiee npoAOJDKHTejieH, hcm y óaKTepHH. CKopocTb 
TpaHCKpHrmHH b KJieTKax xcHBOTHbix npHMepHO Taxaa xce, KaK 
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h y 6 aicrepnH, — okojio 40 HymieoTH^OB b ceKyH/jy. MHorae 
syKapnoTmecKHe reHbi oneHb bcjihkh; TpaHCKpnnunfl reHa 
/yiHHOH 10 000 nH 3aHHMaeT okojio 5 MHHyr. TpaHCKpHnijHfl 
mPHK He 3 aBepmaeTCH nocjie OTRCJimm cjjepMeHTOB ot J\HK 
h mo^cct npoflOJDKaTbca 3a npeflejiaMH reHa. nocjieflOBaTejib- 
Haa cepna coôhthh cjjopMnpyeT 3'-KOHen,TviPHK nyreM pa 3 - 
pe 3 aHHa h floôaBjíemia k HeMy nojin(A). 

mPHK syKapnoT cocTaBJíaeT jimiib Majiyio aojiio ot oômen 
Maccbi K/ieTOHHOH PHK (okojio 3%). Y ApoxoKen nepnoA no- 
jiypacna.ua oTHoarrejibHo hcbcjihk h 3aHHMaeT 1-60 mhh. Y 
BbicuiHX ayKapnoT cTaóHjibHOCTb mPHK 3HanHTeabHO yBe/in- 
HHBaeTca; nepnofl nojiypacna£a mPHK b KJieTKax xchbothbix 
B apbHpyeT ot 4 äo 24 h. Hojihcombi ayopnoT 3HanHTejibHO 
ôojiee CTaôHjibHbi. BaxcHyio pojib b yBejinneHnn CTaóHjibHoc- 
th mPHK HrpaeT MOAHcJjHKau.na ee kohijob. 


d y 3yKapnoT 5'-KOHeu mPHK 
KanwpoBaH 


KaioneBbie noHATMa: 


• 5 -K3n (fiopMMpyeTCíi nyieM AOÓaBJíeHMB G k KpaňHeMy 
HyKaeoTMAy TpaHCKpunia nocpeflCTBOM 5'-5' cb«3m. K 
ocHOBaHMio m/im pnóo3e HOBoro KOHLieBoro ryaHMflMHa 
flOĎaB/iseTCB ot oahom ao Tpex MetM/ibHbix rpynn. 


TpaHCKpHnu,HH HaHHHaercfl c Hyioieo3HflTpH(})oc(})aTa 
(oôhhho nypHHa: A hjih G). nepBbíň nyioieoTn/i coxpanaeT 
cbok) 5'-TpH(J)0C(J)aTHyK) rpynny h (J)opMHpyeT oôbiHHyio 
(J)OC(J)OflH3(J)HpHyK) CBH3b OT CBOČM 3'-n03HU,MH K 5'-II03H- 
pnH CAčflyiomero HymieoTHfla. HcxoflHaa nocjieflOBaTejib- 


HocTb TpaHCKpmiTa MoxceT 6biľb H3o6pa>KeHa aieflyiomHM 

o6pa30M: 

5'PPÍ^/cPNpNpNp... 

Ecjih oôpaôoTaTb 3peJiyio mPHK in vitro (JiepMeiľľa- 
mh, pa3pymaiomHMH ee flo oTflejibHbix HymieoTHflOB, Ha 
5'-Koi i ne He OKaxceTCH oxcHflaeMoro Tpncj)oct|)aTa. Bmcc- 
to 3Toro Ha 5'-KOHpe pacnojioxceHbi #Ba HyioieoTHfla, 
coeflHHeHHbie 5'-'5-TpH(j)oc(J)aTHOH CBB3bio h HecymHe 
MeTHjibHbie rpynnbi. Kou uchou nyioieoTH/i — sto Bcer- 
fla ryaHHH, KOTopbíň floôaBAaeTca k hcxoahoh Mo^eKy^e 
PHK nocjie Hanajia TpaHCKpHmjHH. 

floôaBAeHHe G k 5'-KOHpy KaTajiH3HpyeT (JiepMem ry- 
aHHJiHjnpaHC(})epa3a. npHeoeflHHeHHe npoHcxoflHT npax- 
THHecKH cpa3y noc^e Hana^a TpaHCKpHnpHH, HacTOJibKO 
ÔblCTpO, HTO HCXOflHblH 5'-TpH(J)OC(J)aT flflepHOH PHK MOXC- 
ho oÔHapyxcHTb jiHinb b aieflOBbix KOJiHnecTBax. B pe^oM 
peaKUHIO M05KHO IipC/ICTaBUTb B HII/IC KO IIflt‘11 camm Mexc- 
Ay rTÍ> h HCxoflHbiM TpH(J)occf)aTOM, pacnojioxceHHbiM Ha 
5'-KOHU,e PHK: 

5' 5' 

Gppp + pppApNpNp... 

i 

5-5' 

GpppApNpNp... + pp + p 

Hobmh ocTaTOK G flo6aB.raeTCfl k KOHijy PHK b npora- 
BOnOJIOXCHOH BCeM OCTaJIbHbIM HyKJieOTH/jaM OpHeHTapHH. 

3Ta CTpyKTypa Ha3biBaeTCH Ksn. OHa cjiyxcHT cy6- 
CTpaTOM flJIfl HeCKOJIbKHX peaKUIlň MtTIUIIipOBaiIIiH. Ha 
p M c. 7.18 noKa3aHa ikuiikih CTpyKTypa usria noc/ie /loóais- 


5'-koh 64 3yKapHOTHHecKOM mPHK HeceT MeTM/iHpoBaHHbiM ton 


Edb bo Bcex toriax 

i 

0 CH, 

C c V 

niíN C -n 


B Kane 1 MoweT 6biTb — 

MeTM/lUDOBaH ŕ 

I II \h 

HC ^ C ^ K / 

NHo 


0 


0 


0 


o 


CHo O-P-O -P—0 -P-O^CHp 


O’ O" o- 

EcTb b Kane 1 - 



Edb b Kane 2 


PMC. 7.18 Kan ó^OKupyeT 5'-KOHeu mPHK; oh MO>KeT 6biTb MeimiMpoBaH no HeKOJibKHM no;io>KeHM5iM 


146 MABA 7 MaTpMHHaa PHK 















JieHHfl Bcex B03M0XCHBIX MCTHJIbHblX rpynn. no KOJIHHeCT- 
By MeTHJIHpOBäHHH KSnbI fleJIflT Ha HeCKOJIbKO THnOB: 

• y syrapnoT b pe3yjibTaTe nepBoro MeTHjiHpoBaHHa Me- 
THjibHaíi rpynna AOÔaBjraeTCB b 7-io no3HU,Hio KOHij.e- 
Boro ryaHHHa. 3tot Tun MeTHjiHpoBaHna BCTpenaeTca 
y Bcex ayopnoT. Ksn, HecymHH tojibko STy rpynny, H3- 
BecreH Kax ksii 0. flaHHaa peaKijna 6epeT Hanajio ot oa- 
HOKJieTOHHblX SyKapHOT. OepMeHTOM, OTBeTCTBeHHbIM 
3a OAHOKjieTOHHyio MOAH(j)HKaij l HK), aB^aerca ryaHHH- 
7-MeTKJiTpaHC(j)epa3a. 

• Ha cjieAyiomeM STane eme OAHa MerajibHaa rpynna 
AOôaBjweTca b nojioxceHHe 2'-0 npeAnocjieAHero Hyx- 
jieoTHAa (KOTopbin Ha caMOM ACJie flBJweTCfl nepBbiM 
HyKTeoTHAOM b HeMOAH(J)HU I HpoBaHHOM TpaHCKpnnTe). 
3Ty peaKunio KaTajiH3HpyeT Apyroň cjjepMem 1 (2'-0-Me- 
Trui-TpaHC(J)epa3a). Ksn c AByMa MerajibHbiMH rpynna- 
mh Ha3biBaiOT Ksn 1. 3to npeoóJiaAaioiAHH Tnn KsnoB y 
Bcex syKapnoT (3a naononeHneM OAHOKjieTOHHbix). 

• B HeóojibinoM npou,eHTe cjiynaeB ko BTopoMy Hyioieora- 
Ay AOÔaBaaerca enje OAHa MerajibHaa rpynna. 3to npo- 

HCXOAHT TOJIbKO B TOM CJiynae, eCJIH B AäHHOH n03HU,HH 

ctoht aACHHH. MerajibHaa rpynna b stom cjiynae AoôaB- 
jweTca b nojioxceHne N 6 . OTBeTCTBeHHbiH 3a sto cjjepMeHT 
AeňcTByeT tojibko Ha aAeH03HH0Bbin cyócrpaT, KOTopbíň 
yace HeceT MeTHJibHyio rpynny b noJioxceHHH 2'-0. 

• Y HeKOTopbix bhaob MerajibHaa rpynna AOÔaBJíaeTca k 
TpeTbeMy HyioieoTHAy KsnHpoBaHHoň PHK CyôcTpaTOM 
AJifl stoh peam^HH HBJíaeTca Ksnl mPHK, KOTopaa yxce 
HeceT ABe MerajibHbie rpynnbi. MoAH(J)HKau,Ha TpeTbero 
HyiaieoTHAa — sto BcerAa 2'-0-MemjiHpoBaHHe pn6o- 
3bi. 3tot raň KsnoB Ha3biBaiOT Ksn 2. Oôbihho STOT THn 
cocTaBaaeT MeHee 10-15% ot oômen KsnnpoBaHHOH 
nonyjmu,HH TpaHCKpHnTOB. 

B nyjie syKapHOTHnecKOH mPHK Bce MOJieicyjibi Ksnnpo- 
BaHbi. OmocHTe/ibHaa npeACTaBjíeHHOCTb KsnoB pa3JinnHbix 
ranoB aBjíaeTca xapaicrepHOH nepTOH AäHHoro opraHH3Ma. 
HaM HeH3BecTHO, aBJíaeTca CTpyicrypa onpeAejieHHOH mPHK 
IIOCTOaHHOH HJIH 7Kt OHa MOXCeT HMeTb pa3Hbie THnbl KS- 
noB. 

B mPHK BbiciiiHX syxapHOT, noMHMO MeTHjiHpoBaHna 
KsnoB, c He3HanHTejibHOH nacTOTOH npoHCxoAAT BHyTpeH- 
HHe MeTHjiHpoBaHHa. B pe 3 yjibTaTe TaKHX peaKijHH b mPHK 
c nacTOTOH OAHa MOAHcjjHKau.na Ha 1000 HyioieoTHAOB čpop- 
MHpyiOTCH N 6 MeTHJiaAeHHHOBbie OCTaTKH. B THnHHHOH ftJW 
bhcuihx syxapHOT mPHK BCTpenaeTca oahh hjih ABa Mera- 
jiaAeHHHa, OAHaKO hx HajiHHHe He aBJíaeTca o6a3aTejibHbiM; 
HeKOTopbie MOJieicyjibi He hmciot hx BOBce. 


7.10 


3'-KOHeii noiiMaAeHMiiMpoBaH 


KjnoneBbie noHjnufl: 


• K AAepHOMy TpaHCKpurrry noaie TpaHCKpunumí AOÓaBjíaeTCfl 
ynacTOK nojin(A) ajimhoíí okojio 200 HymieoniAOB 

• riOJlM(A) CBB3blBaeTCB CneLlMCt)MHeCKMM Óe/IKOM (PABP). 

• nojin(A) npeAOxpaHBeT mPHK ot AerpaAauMM. 


nocjieAOBaTejibHOCTb ocTaTKOB A Ha 3'-KOHU,e mPHK Ha- 
3biBaiOT nojiH(A) xboctom; mPHK, Hecymyio TaKOH xboct, 
o6o3HanaiOT KaK nojiH(A) + . 

nocjieAOBaTejibHOCTb nojiH(A) He 3aKOAHpOBaHa b 
flHK, a AOÔaBJíaeTca k PHK b aApe nocjie TpaHCKpHnu,HH. 
floôaBjíeHHe nojin(A) KaTajiH3npyeT cjjepMeHT nojm(A)- 
nojiHMepa3a, kotophh AoôaBjíaeT okojio 200 ocTaTKOB 
A k CBOÔOAHOMy 3'-OH KOHijy mPHK. ynacTOK nojiH(A) 
KaK aAepHOH, TaK h mPHK CBa3aH c no;iH(A)-CBH3M- 
BaioujHM óejiKOM (PABP, poly(A)-binding protein). 
noxoxcHe cjjopMbi SToro ôeJiKa BCTpenaioTca y MHorax 
syKapnoT. Oahh MOHOMep PABP pa3MepoM okojio 70 Kfla 
CBA3biBaeT KaxcABie 10-20 HymieoTHAOB noJiH(A) XBOCTa. 
OÔIAeň OCOÔeHHOCTblO ÔOJIbUIHHCTBa HJIH Bcex SyKapHOT 
aBJíaeTca to, hto 3'-kohcij hx mPHK coctoht h3 nocjie- 

AOBaTeJIbHOCTH nOJIH(A), CBa3aHHOH C ÔOJIbUIHM KOJIH- 

necTBOM ôejiKa. floôaBJíeHHe nojm(A) aBjíaeTca nacTbio 
cjioxchoh peaKi^HH, b KOTopoň (})opMHpyeTca H MOAHCj)H- 
ijHpyeTca MHorHMH (JjepMeHTaMH 3'-KOHeu, mPHK (cm. 
pa3A. 26.19 «3'-KOHu,bi mPHK 4>opMHpyiOTca b pe3yjibTaTe 
pa3pe3aHHa h noJiHaACHHJiHpoBaHHa»). 

CBa3biBaHHe PABP h (})aKTopa HHHi^Haij.HH eIF4G cjjop- 
MnpyeT 3aKpbiTyio neTjno, b kotopoh 5'- h 3'-KOHu,bi mPHK 
HaxoAHTca b o6meM ôcjikobom KOMimeKce (cm. pne. 8.20 b 
pa3A. 8.9 «3yKapHOTbi Hcnojib3yiOT komiuickc, coctohiahh 
H3 MHOXCeCTBa (})aKTOpOB aCCOIlHaU,HH»). OopMHpOBaHHe 
SToro KOMimeKca moxcct OTBenaTb 3a BjinaHHe nojiH(A) Ha 
CBOHCTBa mPHK CnocoÔHOCTb nojin(A) 3am,Hm,aTb mPHK ot 
AerpaAaiiHH 3aBHCHT ot CBa3bmaHH5i c PABP. 

yAajieHHe nojin(A) HHrnÔHpyeT HHHiiHau,Hio TpaHC- 
jiaUHH in vitro. Y ApoxoKeň tot xce scj)(J)eKT HaôjnoAaeTca 
npn yMeHbineHHH KOHijeHTpaijHH PABP. 3th sc})c})eKTbi 
MOiyr 3aBHceTb ot CBH3biBaHHB PABP h KOMnjieKca hhh- 
u,Hau,HH Ha 5'-KOHi^e mPHK. B paHHeM SM6pHoreHe3e 
cym,ecTByeT mhoxccctbo npHMepoB, KorAa noJiHaACHHjiH- 
poBaHHe otacjibhoh mPHK CBa3aHO c ee TpaHCJiímHeH. 
B oahhx cjiynaax mPHK xpamrroi b HenojiHaACHHJiHpo- 
BaHHOH cjjopMe, a nojin(A) AOÔaBjíneTca, KorAa B03HHKa- 
eT HeoôxoAHMOCTb hx TpaHCJiauHH; b Apyrnx cjiynaax 
nojiH(A) + mPHK AeaAeHHJinpyiOTCíi, h hx TpaHCJumna 
npeKpaiAaeTca. 

Cym,ecTBOBaHHenojiH(A)HMeeTBaxcHoenpaKTHHecKoe 
3HaneHHe a^ HCCJieAOBaTejieH. ynacTOK noJin(A) mPHK 
MoxceT CBa3biBaTbca c ojiHro(U) hjih ojiHro(dT), hto mo- 
TKtr 6biTb Hcnojib30BaHO npn BbiACJieHHH nojiH(A) + mPHK. 
CaMaa yAOÔHaa MeTOAHKa coctoht b 3aKpenjieHHH ojih- 
roHyKjieoTHAOB (U hjih dT) Ha TBepAOH noAJioxcKe. Tor- 
Aa npn nponycKaHHH PHK nepe3 KOJiOHKy Ha copôeHT 
ocaAeT tojibko nojin(A) + mPHK ( p h c ,m 9). BbiAejíHTb ee 
moxcho, oôpaôoTaB KOJiOHKy pacTBopoM, pa3pymaioiAHM 
CíJjOpMHpOBaBUIHeCa BOAOpOAHbie CBfl3H. 

ĽAHHCTBeHHoe HeyAOÔCTBo SToro MeTOAa coctoht 
b tom, hto BbiAeJiaeTca bch PHK, coAepxcamaa noJin(A). 
Ecjih mbi 6epeM H3 kjictkh bcio PHK, to npn BbiAejie- 
hhh nojiynHM KaK aAepHyio, TaK h u,HTonjia3MaTHnec- 
Kyio noJin(A) + PHK. npn HcnoJib30BaHHH npenapaTOB 
noJiHCOM (cTaHAapTHaa npou,eAypa) ôojibinaa nacTb 
H30JinpoBaHHOH nojiH(A) + PHK 6yAeT aKTHBHOH mPHK. 
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Ha/iHMHe non h (A) Mo>neT 6biTb Hcnonb30BaHO 

A/m BbiAeneHHn mPHK 

Eo/ibiuaa nacTb 


mPHK c noJin(A) 

KJieTOMHOÍÍ PHK — 


cocTaBnBeTnmub 

3TO pPHK. KOTOpafl 


Heóonbiuoŕí npoi^eHT 

He MMeeT nonn(A) 


ot BceŇ PHK 



-AAA 


1 

> 

>> 

» 

> 

Cec()apo3a - 



c onnro(dT) 




—AAA 

- nonn(A) + PHK 


—AAA 

«npnjinnaeT» 


-AAA 

k onnro(dT) 



n ocTaera 


1 

B KO/lOHKe 

pPHK npoxoAMT 


- 

CKB03b KOJlOHKy 


■ 


PMC. 7.19 nojin(A) + PHK mo>kho OTfle/ímb ot ocra/ibHOM PHK noc- 
peflCTBOM copÓLiMM Ha cec|)apo3e c ojinro(dT) 


B AerpaflauMto mPHK 6aKTepnŕí 

BOB/ieneHO mhokcctbo ((jepMeHTOB 


K/noneBbie noHATMa: 


• mPHK 6aKTepnŕí AerpaAMpyeT b HanpaBjíeHmi ot 5'- k 3'-KOHLiy. 

• flerpaAaLiHíi — 3 to pe3yjibTaT cepmi HecKOJibKHx pacmermeHníí 
MO/ieKy^bi 3HAOHyKJiea3aMn m nocneAyiOLAero pa3pyweHM5] 
o6pa30BaBiuMxc5i (JjparMeHTOB 3K30HyK/iea3aMn b HanpaBjíeHmi 
ot 3 - k 5'-KOHi4y 

mPHK 6aicrepnH noABepraeTca fioctohhhoh ppr paAaiAiH, 
ocymecTBAaeMoň HaôopoM 3hao- h 3K30HyKJiea3. SHAOHyK- 
Jiea3bi pa3pe3aicnr MOJieKyjiy PHK no BHyrpeHHHM caňTaM. 
9K30HyKJiea3bi BOB/ieneHbi b peaKu,nn «TpnMMHHra», b xoAe 
KOTopbix HyK/ieoTHAbi y^a^aiOTca c KOHU,a MOJieKy/ibi. Y 6aicre- 
pnn 3K30HyKjiea3bi, «pa6oTaiomne» c OAHOuenonenHoň flHK, 
npoABnraioTca baojib MOJieKyjibi b HanpaBjíeHnn ot 3'-KOHU,a. 

MexaHH3M corjiacoBaHHoro Aeň ctbhh shao- h 3K30- 
Hyioiea3, ynacTByiomHx b Aerpa^aunn mPHK, H3o6paxceH Ha 
pne. 7.20. 3anycK AerpaAaijHH óaicrepHa^bHoň mPHK ocy- 
mecTBJíaiOT 3HAOHyKjiea3bi. B pe3y;ibTaTe pa3pe3aHna MOJie- 
Kyjibi 3HAOHyioiea3aMH moxc er ccj)opMHpoBaTbca hcckojib- 
ko 3'-kohu,ob. Mojieicyjia pa3pymaeTca ot 5'- k 3'-KOHU,y 


7.11 


OAHaxo noMHMO mPHK nojiHCOM mbi Taoce bhacjihm 
nacTHiibi pHÔOHyioieonpoTeHHa H3 UHT030Jia, KOTopbie 
coAepxcaT HeTpaHCJiHpyeMyio nojiH(A) + mPHK. 3Ta PHK, 
BepoaTHO, xpaHHTca Rjm Hcnojib30BaHna b Apyroe Bpe- 
mh. TaKHM o6pa30M, BbiAeAeHHaa TOTajibHaa nojiH(Ä) + 
mPHK He cooTBeTCTByeT nonyjmijHH aKTHBHoň mPHK. 

fljm HCCJieAOBaHra pa3JiHHHbix mPHK Hcnojib3yiOT 
«KJiOHHpoBaHHe». 3to npou,eAypa, b xofle KOTopoň mPHK 
KonHpyeTca aha npoH3BOACTBa KOMnjieMeHTapHoň uenn 
flHK (k/I,HK). 3aTeM k^HK Hcnojib3yiOT b KanecTBe MaT- 
pHU,bI A^ CHHTe3a BTopoň ijenH flHK (HAeHTHHHOH hc- 
xoahoh nocjieAOBaTeJibHOCTH mPHK). npoAyKTOM sthx 
peaKu,HH flBJíaeTCfl AByxuenoneHHaa flHK, cooTBeTCTBy- 
lomaa nocjieAOBaTejibHOCTH mPHK. Taxyio J \HK moxcho 

nOJiyHHTb B ÔOJIbUIHX KOJIHHeCTBaX. 

flocTynHOCTb KJioHHpoBaHbix flHK ynpomaeT npo- 
uecc BbiACJieHHa cooTBeTCTByiomeň mPHK rn6pHAH3a- 
u,HOHHbiMH MeTOAaMH. flaxce mPHK, npeAcraBjíeHHaa b 

KJieTKe HecKOJibKHMH KonnaMH, MoxceT 6biTb BHAe^eHa 
noAOÔHbiM o6pa30M. Ha caMOM Aene HanpaMyio, 6e3 kjio- 
HHpoBaHra, moxcho BbiACJíHTb TOJibKO mPHK, npeACTaB- 
JieHHyiO B AOCTaTOHHO ÓOJIbUIOM KOJIHHeCTBe. 

non™ Bce mPHK b KJieTKe hmoot noJiH(A). BaxcHbiM 
HCKJnoneHHeM aBJunoTca mPHK, KOAMpyiomne rucTOHbi 
(OCHOBHOH CTpyKTypHblH KOMnOHCHT XpOMOCOM). HpaK- 
THHeCKH TOJIbKO mPHK THCTOHOB COCTaBJIfllOT (JjpaKIJ.HK) 
nojiH(A) _ . He cobccm norarao, noneMy y hhx oTcyTCTBy- 
eT nojiH(A)-XBOCT? KpoMe toto, TpyAHO Haň™ c^yHRiiHio, 
b CBH3H c BbinojiHeHHeM KOTopoň sto 6bmo 6bi Heoôxo- 

AHMO. 


mPHK pa3pyuiaeTCfl 3HAOHymiea3aMH h aK30HyKJiea3aMM 



PMC. 7.20 flerpaAauMfl 6aKTepna^bHoŕí mPHK — 3to ABycTyneHnaTbiŕí 
npouecc. ľlo3aAM pn6ocoM,TpaHC^npyioiAMx mPHK, npoBOAMra cepn5i 
3HAOHymieojiMTMHecKMx pa3pe30B (cepn5i MAeT ot 5'-KOHua k 3'-KOHAy 
mPHK). ľlo^ynaioiAMeca npw 3tom He6o^bUJne ((jparMeHTbi PHK noA/ie- 
>naT AerpaAauMM 3K30Hymiea3aMM b HanpaB/ieHMH 3'-5' 
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(sto onpeflejwiOT no noTepe enoeoÔHOCTH CHHTe3npoBaTb 
óejiKn). BepoHTHO, sto nponcxoAHT b pe3y;ibTaTe cepnn 
pa3pe3aHHH ynacTKa MOJieKyjibi, pacnojioxceHHoro 3a noc- 
jieAHen pnóocoMon. Pa3pyineHne cfparMeHTOB mPHK, bo 3 - 
hhkiuhx b pe3yjibTaTe achctbhh 3H^OHyKjiea3, npoflOJDKaiOT 
3K30Hyiaiea3bi, KOTopbie pacmemraioT MOJieKyjiy ao Hyioieo- 
thaob, npoABnraacb ot 3'-KOHu,a k 5'-KOHU,y cj)parMeHTa (b 
HänpaBJíeHHH, npoTHBonojioxcHOM TpaHCKpnnij.HH). 3hao- 
Hyioiea3bi pacmemraioT MOJieKyjiy Ha cj)parMeHTbi, oójia^a- 
lomne pa3JIHHHOH BOCnpHHMHHBOCTbK) K ACHCTBHK) 3K30- 
HyKJiea3. YnacTOK, (j)opMHpyiomHH BTopHHHyio CTpyKTypy b 
npeAejiax mPHK, moxcct nocjiyxcHTb npenaTCTBneM /y m sk- 
30Hyioiea3bi h «npHKpbiTb» nooieAOBaTe^bHOCTb c 5'-KOHu,a. 
TaKHM o6pa30M, CTaÓHjibHOCTb Kax^oň mPHK onpeflejweT- 
ca npeApacnojioxceHHocTbio ee nocjieAOBaTejibHoe™ k bo3- 
fleHCTBHK) 3H^O- H 3K30Hyi0iea3. 

y E. coli okojio 12 pn 6 oHyKJiea 3 . UlTaMMbi, MyTaHTHbie 
no reHaM 3HAopH6oHyiuiea3 (3a HCKJnoneHHeM pnôoHyK- 
jiea3bi I, KOTopaa He OKa3biBaeT 3(jxf)eKTa), xcH3Hecnoco6- 
Hbi, OAHaKO HaKanjiHBaiOT HenpoueccupoBaHHbie npeA- 
mecTBeHHHKH pPHK h tPHK. MyTaHTbi no 3K30Hyiuiea3aM 
nado (jDeHoranunecKH He OTJiHnaiOTca ot uiTaMMOB ah- 
Koro THna, to ecTb b oTcyTCTBHe oAHoro H3 cj)epMeHTOB 
flpyron MoxceT BbinojiraTb ero cJ)yHKU,HK). MyTaHTbi no He- 
CKOJibECHM cj)epMeHTaM nacTo HexcH3Hecnoco6Hbi. 

íOnoneBbiM cJ)epMeHTOM b npoyecce 3anycKa AerpaAaijHH 
MPHKaB^aeTca PHKa 3 a E. Bepoflrao, stot ^epMern b 6 ojib- 
uiHHCTBe c^ynaeB ocymecTBJíaeT nepBoe pa3pe3aHHe. My¬ 
TaHTHbie óaicrepHH, HecyiyHe Aecj)eKTHyK) pH6oHyKjiea3y E, 
OTjiHHaiOTca noBbimeHHOH (b 2 phih 3 pa3a) CTaÔHjibHoe- 
Tbio mPHK. Ho sto He eAHHCTBeHHaa c^yHKíjHfl PHKa 3 bi. 
PÍ 3 HaHajibHO PHKa 3 a E 6 buia onpeAejieHa xax cj)epMeHT, ot- 
BeTCTBeHHbíň 3a 5'-npou,eccHHr nepBHHHoro TpaHCKpHmra 
pPHK nyreM ero cneu,H(J)HHecKoro pa 3 pe 3 aHHa. 

npoyecc Aerpa.qaij.HH MoxceT noAAepxcHBaTbca xaTa- 
JIHTHHeCKOH aKTHBHOCTbK) nOJIH(})epMeHTHOrO KOMmieKCa, 
HHor,aa Ha3biBaeMoro flerpa^ocoMOH. B cocTaB AerpaAo- 
comh bxoaht: pH6oHyioiea3a E, nojiHHyKjieoraA(j)oc(j)aTa3a 
h xejiHKa 3 a. PHKa 3 a E BbinojiraeT ABOHHyio c^yHRyHio. Ee 
N-KOHyeBon aomch oôJia^aeT 3HAOHyKjiea3Hoň aKTHBHOc- 


TbK), B TO BpeMtf KaK C-KOHIjeBOH aomch BbinOJIHtfeT C})yH- 

kijhio Kapxaca, yflepxcnBaiomero ocTa^bHbie KOMnoHeHTbi 
Aerpa/íocoMbi. OyHKíjHfl xeAHKa3bi 3aioiiOHaeTca b pacxpy- 
HHBaHHH PHK-cy6cTpaTa pjm ero nocjieAyiomero npe/iCTaB- 
jieHHfl nojiHHyKjieoTH,flicJ)occJ)aTa3e. B eooTBeTCTBHH c stoh 
MOflejibio PHKa3a E coBepmaeT nepBbíň pa3pe3 h 3 aTeM ne- 
peflaeT cj)parMeHTbi ocTa^bHbiM KOMnoHemaM KOMmieKca, 
ocymecTBjunomHM ^ajibHeHiHHH npou,eccHHr. 

y óaicrepHH nojiHa^eHHJiHpoBaHHe MoxceT HrpaTb on- 
peAejieHHyio pojib b AerpaAaijHH HeKOTopbix mPHK Y E. coli 
noJiH(A)-nojiHMepa3a accou,HHpyeTca c pHÓocoMaMH h 
AOÓaBjweT KopoTKHe (10-40 HyioieoTHAOB) (J)parMeHTbi 
noJiH(A), no KpaňHeň Mepe k HeKOTopbiM mPHK. TpoňHbie 
MyTau,HH, npHBOAHiKHe k yAa^eHHio nojiH(A)-nojiHMepa3bi, 
pH6oHyioiea3bi E n noJiHHyKjieoTH,flicJ)occJ)aTa3bi (nojiHHyx- 
^eoTHflcj)occJ)aTa3a aB^aeTca 3-5'-3K30HyKJiea30H), oxa- 
3bIBaiOT 3HaHHTeJIbHOe BJIHHHHe Ha CTaÔHJIbHOCTb mPHK. 
(no OTfleJIbHOCTH KJl H B flByX TeHaX OHH OKa3bIBaiOT CJia- 
6biň scj)cJ)eKT.) nojiH(A)-nojiHMepa3a MoxceT cj)opMHpoBaTb 
nojiH(Ä)-XBOCT, BbinojimnomHH pojib caňTa CBfl3biBaHHa /ym 
HyKJiea3. TaKHM o6pa30M, cj)yHKijHfl nojiH(A) y ôaicrepHH 
MOXCeT OTJIHHaTbCH OT TaKOBOH y SyKapHOT. 
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Cia6mibHOCTb mPHK 
3aBMCMT ot ee crpyKTypbi 
m nociieAOBaieiibHoaM 


K/iiOMeBbie noHATMfl: 


• MoAnc()MKaLiMM Ha KOHLiax mPHK 3amnmaiOT ee ot pa3pyujeHM5i 
3K30HyKJiea3aMn. 

• HeKOTopbie nociieAOBaie/ibHocTM mPHK MoryT CTa6n^n3npoBaTb 
hjim Aecia6nAM3npoBaTb MOiieKy/iy. 

• flecTa6niin3aĽiMB MO>KeT 6biTb cnpoBOUMpoBaHa noiepeŕí nojin(A). 


OcHOBHbie oeoôeHHOCTH mPHK, BAHínomne Ha ee CTa- 
ÔHjibHocTb, npHBeAeHbi Ha P n c. 7.2 1 . BaxcHyio pojib 3Aecb 
nrpaiOT h CTpyKTypa, h nocjieflOBaTejibHOCTb. 5'- h 3'-koh- 


CraÔH/ibHOCTb ayKapMOTMMecKoií mPHK 3 aBHCHT ot ee cTpyKiypbi m noc/ieAOBaTeiibHOCTM 

Kan 3amnmaeT 
ot S'-S'-skso- 
HyK^ea 3 bi 

ľloflB^eHMe 

HOHCeHC- 

KOAOHOB 

b KOAMpytomeň 
oóJiacTM BeAeT 
k AerpaAai^MM 
mPHK 

3 HAOHyK^ea 3 a ľlo^n(A) 

aTaKyeT Aem- 3amnmaeT 0T 3'-5'- 

6 n^M 3 npyK)myK) 3 K 30 HyMea 3 bi 

noc/ieAOBaTe/ibHOďb 


UAA 

UAG 



UGA 

XXXX AAAAAAA 1 

i , i 

w 

M 1 

i i 

1 

5'-UTR 

1 

KoAMpytomaa 

oó^acTb 

1 

3'-UTR 


PHC. 7.21 KoHLieBbie MOAHc()MKaLinn 3aiAniAaiOT mPHK ot AerpaAauHM. OnpeAejieHHbie noc^eAOBa- 
TejibHocTM mPHK MoryT aKTHBwpoBaTb CHCTeMbi AerpaAauHH 
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ijeBbie CTpyKTypbi 3amHmaiOT MOJiexyjiy ot AerpaAaijHH, a 
cneu I HcJ)HHecKHe nocJieAOBaTejibHocra b npeAejiax mPHK 
MoryT KaK oiyxcHTb MHineHbio .zyia 3anycKa AerpaAaijHH, 
TaK h 3amHmaTb ot Hee: 

• H3MeHeHHfl Ha 5'- h 3'-KOHu,ax mPHK nrpaiOT BaxcHyio 
pojib b npeflOTBpameHHH 3X30Hyxjiea3Hbix aTax. Kan 
3amnmaeT 5'-xoHeu, ot bosachctb™ 5'-*3'-3X30Hyxjie- 
a3, a nojiH(A) 3amHmaeT 3'-KOHeu, ot aTax co ctopohh 
3'-* 5'-3X30Hyxjiea3. 

• OnpeAe^eHHbie sjieMeHTbi nocjieAOBaTejibHocra b npe¬ 
Aejiax mPHK MoryT npHHHMara ynacrae xax b ee craôn- 
jiH3aij l HH, Tax h b AecTa6HjiH3au,HH. flecTaÓMHSHpyx)- 
mne sjieMeHTbi name Bcero pacnojioxceHbi b npeAejiax 
3'-HeTpaHcnnpyeMoro peraoHa. Hajimne Taxoro 3Jie- 
Mema yxopaHHBaer BpeMa cymecTBOBaHHa mPHK 

• Myraij.HH, (J)opMHpyiomHe CTon-xoAOHbi b npeAejiax 
xoAHpyioiAero ynacrxa, 3anycxaiOT CHCTeMy, pa3pyma- 
iomyio mPHK (cm. pa3A 7.14 «HoHceHC-Myraij I HH 3anyc- 
xaiOT CHCTeMy HaA3opa»). 

/],ecTa6HJiH3HpyK)iAHe 3JieMeHTbi ôbijih oÔHapyxceHbi 
b HecxoJibXHX mPHK ApoxoxeH, OAHaxo Ha ceroAHaiiiHHH 
AeHb Mbi He pacnojiaraeM AaHHbiMH o hx pacnpocrpaHeH- 
hocth, a Taxxce o tom, xax ohh Aecra6HjiH3HpyiOT mPHK. 
Hx BjiHAHHe MoxceT 6biTb He npaMbiM (xax ecjín 6bi ohh 
cjiyxouiH MHineHbio a^ 3HAOHyx^ea3), a onocpeAOBaH- 
HbiM (HanpHMep, nepe3 craMyjunj.Hio AcaACHHJinpoBa- 
hha). KpHTepneM, onpeAejunomHM Aecra6HJiH3HpyiomHH 
SJieMeHT, flBJíaeTca AerpaAautHfl MOJiexyjibi mPHK npn 
BCTpaHBaHHH b Hee Taxoň nocjieAOBaTejibHocTH. YAajie- 
HHe AecTa6H^H3Hpyx)iAero 3JieMeHTa H3 mPHK moxcct 
HHxax He noBJíHaTb Ha ee craÔHJibHOCTb, hto, Bepoarao, 
oô'bflCHaeTCfl HajiHHHeM Apyrnx AecTa6H^H3HpyioiAHX 
sjieMeHTOB b nocjieAOBaTejibHOCTH. 

06men ocoôeHHocTbio HexoTopbix HecraôHJibHbix 
mPHK flBJíaeTca HajiHHHe AU-6oraTbix nocjieAOBaTejib- 
HOCTeň npoTaxceHHOCTbio oxojio 50 HyxjieoraAOB (nacro 
Ha3biBaeMbix ARE-3JieMeHTaMH), pacnojioxceHHbix b pern- 
OHe 3'-xoHU,a. KoHceHcycHOH nocjieAOBaTejibHOCTbio ARE- 
sjieMeHTOB flBjíaeTca neHTaHyxjieoraA AUUUA, noBTopaio- 
iAHHca Hecxojibxo pa3. Ha P M c. 7.22 noxa3aHO, hto 3anycx 
npoijecca AecTa6HJiH3au,HH nocpeACTBOM ARE-3JieMeHTOB 
ocynj,ecTBJiaeTca b 2 3Tana: aianajia mPHK AeaAeHHJiHpy- 
eTca, a 3aTeM pa3pymaeTca. Bepoaraee Bcero, AeaAeHHjiH- 
poBaHHe HeoéxoAHMO ajih côpacbiBaHHa nojiH(A)-CBA3bi- 
Baiomero óejixa, npncyTCTBHe xoToporo cra6HJiH3HpyeT 
3'-perHOH (cm. pa3A. 7.13 «B AerpaAaijHio mPHK BOBjíene- 
HO MHOXCeCTBO MexaHH3MOB»). 

B HexoTopbix cjiynaax mPHK MoxceT óbitb CTaÔHJiH3H- 
poBaHa 3a cneT cneu[HcJ)HHecxoro HHľHÓHpoBaHHa cjjyHX- 
h,hh AecTaÔHJiH3HpyK)iAero 3JieMeHTa. Tax, mPHK TpaHC- 
cj)eppHHa coAepxcHT nocjieAOBaTejibHOCTb, Ha3biBaeMyx) 
IRE (lron-responsive element), xoTopaa xompojiHpyeT 
OTBeT mPHK Ha H3MeHeHHe xoHu.eHTpau.HH xcejie3a. IRE 
pacnojioxceH b 3'-HeTpaHCJiHpyeMOM pernoHe h HeceT 
CTpyxTypbi rana mnHJibxa-neTJia, CBa3biBaioiAHeca c 6eJi- 
xom, acj)HHHOCTb xoToporo x mPHK onocpeAOBaHa xcejie- 
3om. Ha P M c. 7.23 noxa3aHO, hto CBA3biBaHHe óejixa c IRE 
CTaÔHJiH3HpyeT mPHK 3a cneT HHraÓHpoBaHHa (jjyHxijHH 


Be/iKH MoryT CTa6n/iM3MpoBaTb mPHK 



PMC. 7.22 BjieMem ARE b 3'-HeKOAnpyiomeM oô/iacTU UHminupyeT 
Aerpaflaumo mPHK 



PMC. 7.23 3/ieMeHTlRE, HaxoAfliAMMca b 3'-HeKOAMpyK)LAeM oó/iacm 
mPHK, ynacTByeT b Kompo/ie ee ciaómibHOCTM 


pacnojioxceHHbix no6jiH30CTH (HeH3Becrabix) AecraÔHJiH- 
3npyx)iAHX nocjieAOBaTejibHOCTeH. Bhahmo, noBbimeHHe 
CTaÔHJibHOCTH 3a cneT HHrHÔnpoBaHHa (})yHXij I HH A^CTa- 
6HAH3Hpyx)iAHX nocjieAOBaTejibHOCTeH aBAaeTca o6nteň 
MOAeJibio CTa6HAH3au,HH mPHK. 

flexsnHpoBaHHe h AerpaAait™ npoHCxoA^T c ynac- 
TneM xpynHbix ôejixoBbix xoMnjiexcoB, xoTopbie MoryT 
ÓbITb JI0XaJIH30BaHbI B BHAe OTAeJIbHblX U,HTOnJia3MaTH- 
necxHx eAHHHu,, Ha3biBeMbix P-TejiaMH. B oôjiacra P-Teji 
jioxajiH30BaHbi ôejiXH, BOBAeneHHbie b AerpaAau,Hio h Me- 
Ta6ojiH3M mPHK. no cyra, P-Tejia MoryT ocyntecTBAaTb 
yHHHToxceHHe ji io6oh mPHK, He ynacTByiomeH b npou,ec- 
ce TpaHCjmijHH. 


150 TJ1ABA 7 MaipMHHaa PHK 
























7.13 


Ecjih yAajtMTb Kan, npon30HAei 5'-3' AerpaflauMA 


B flerpaflauMK) mPHK 

BOB/ieMeHbi tjjepMeHTbi 
C pa3ilMHHblMM 3KTMBHOCTJ1MM 


K/iiOHeBbie noHama: 


• flerpaAaunfl mPHK Apo>K>KeM TpeóyeiyAajiemifl 5 '-ona m 3 '- 
nojin(A). 

• Oamh M 3 nyieŕí AerpaAaunu mPHK Apo>K>Keií ocHOBaH Ha ee 
pacnermeHMH 3 K 30 HyK/iea 3 aMn pecrpHKLiMM b HanpaB/ieHMH ot 
5 '- K 3 '-KOHLiy. 

•flpyroíí nyrb AerpaAauMM ocHOBaH Ha asííctbhm KOMruieKca M 3 
HecKO/ibKMx 3 K 30 HyK^ea 3 , paóoiaioiAMX b HanpaBjíeHMM ot 3 '- k 
5 '-KOHuy. 

• fleaAeHM/ia 3 a KJieTOK >KHBOTHbix MO>KeT HanpaMyio CBfl 3 biBaTbC 5 i 
c 5 '-K 3 ľlOM. 

,HerpaAaij,HK) mPHK y Apoxoxeň H 3 yneHa aoctcítohho xo- 
porno. B ee ochobc jiexcaT ABa nyra. 06a HanHHaiOTCfl c 
VAajieHHH nojin(A)-XBOCTa. 3Ty peaKijmo xaTajiH 3 HpyeT 
cneuH(J)HHecKaH AeaAeHH.na3a, xoTopaa, Bepojrmo, ocy- 
iAecTBJíneT cboh (JíyHKíj.HH, HaxoAflCb b cocTaBe KpynHoro 
ôejiKOBoro KOMruieKca. (KaTa™raHecxoH cyô'beAHHHu.eH 
y Apoxcxceň flBJíaeTCfl sx30Hyx^ea3a Ccr4; y no3BOHOHHbix 
Ty >Ke cj)yHKij l HK) BbinojiHaeT 3X30Hyxjiea3a PARN, pc>AC- 
TBeHHan PHKa 3 e D.) OepMem ocymecTBjmeT AerpaAau,mo 
mPHK. PeaxijHfl BX^xmeT nocjieAOBaTejibHoe oTmemie- 
HHe HyioieoTHAOB h npoAOJDKaeTca ao Tex nop, noKa bch 
MOJ iexyjia He ôyjitr pa3pymeHa. 

Ochobhoh nyTb AerpaAau,HH H3o6paxceH Ha pmc. 7.24. 
fleaAeHHAHpoBaHHe 3'-K0Hu,a 3anycKaeT AexsnHpoBaHHe 
5 / -K0Hu,a. CBH3b 3thx coôbiTHH oeymecTBjmeTCfl nocpeAC- 
tbom 6ejixa PABP. HaxoAACb Ha nojiH(A), oh npemrrcTByeT 
CBH3biBaHHio AexsnHpyiomero cJ)epMeHTa c 5'-kohh,om mo- 
jiexyjibi. npH yMeHbineHHH noJiH(Ä) xBOCTa ao 10-15 Hyx- 
jieoTHAOB PABP oTcoeAHHfleTca ot MOJieKyjibi. flexsnHpo- 
BäHHe npoHexoAHT 3a cneT 0Tpe3aHm MeTHJiHpoBaHHoro 
HyKneoTHAa ot 5'-KOHu,a c BbiCBOÔoxcAeHHeM MOHocJ)oc(J)a- 
Ta: m 7 GpppX... -> m 7 GDP + pX... /Via cJ)epMeHTa Heoôxo- 
Ahmo HajiHHHe 7-MeTHAbHoň rpynnbi. 

KaXCAblH H3 KOHH.OB mPHK MOXCeT OKa3bIBaTb BJIHHHHe 
Ha coôbiTHH, npoHCxoAHiAHe Ha ApyroM xoHije. 3 to oô^- 
HCHíieTCfl TeM, hto 06 a ohh yAepxcHBaioTCfl BMecTe cJ)aK- 
TopaMH, BOBjíeneHHbiMH b CHHTe3 6ejixa (cm. pa3A. 8.9 
«B 3 yKapHOTHHecKHX KjieTKax Hcnojib3yeTCH KOMnjieKC 
H3 HeCKOJIbKHX (j)aXTOpOB HHHH,HaiJ I HH»). BjIHflHHe, OXa- 
3biBaeMoe PABP Ha AOKsnHpoBaHHe, no3BOjraeT 3'-KOHu,y 
cTa6HJiH3HpoBaTb 5'-KOHeu,. KpoMe toto, npou,ecc ao- 
rpaAau,HH 5'-KOHu,a CBjmH c HajiHHHeM cneu,HcJ)HHecKOH 
CTpyKTypbi Ha 5'-KOHH,e. fleaAeHHjiaaa HanpaMyio cbh3bi- 
BaeTCH c 5'-xsnoM, h sto B3aHMOACHCTBHe 3anycKaeT sh- 
A0Hyioiea3HyK) aTaxy Ha hojih(A)-xboct. 

3aneM xce HyxcHa cbh 3 b MOKAy coôbithhmh, npoHexoAA- 
iahmh Ha pa 3 Hbix KOHuax mPHK? BepoaTHO, sto no 3 BOJiaeT 
HCKJIKHHTb B03M05KH0CTB nOBTOpHOľO (})OpMHpOBaHHfl aX- 
THBHOH mPHK. 

YAajieHHe xsna 3anycxaeT 5'-3' nyTb AerpaAaijHH, xa- 
paTepH3yioiAHHCH óbiCTpbiM pa3pymeHHeM mPHK c 5'-xoh- 
ua 3 a cneT achctbhh 5'-3' 3X30Hyxjiea3bi XRN1. OepMem, 


Kan 


no^n(A)/PABP 

AAAAAAAAAAAA 


i 


AeaAeHM/iMpoBaHMe 


Kcr4 


Dcpl 


i 


AeK3nnpoBaHne 


i 


5'-3' AerpaAaun5i 


XRN1 


PMC. 7.24 fleaAeHHJiMpoBaHMe cnocoócTByeT AeK3nMpoBaHHio, ko- 
Topoe, b cbok) onepeAb, npMBOAm k 3K30HyKJieojinTMMecKOMy pac- 
men/ieHmo mPHK c 5'-K0HLia 



fleaAeHM/iMpoBaHHe MO>KeT Hanp^Myio Becm k 3 HA 0 HyK- 
jieo/íHTHHecKOMy pacmen/ieHMK) n 3 K 30 HyKJieojiHTMHecKOMy pacmen- 
iieHHio c 3 '-KOHua mPHK 


ocyHj,ecTBjunoiAHH AexsnHpoBaHHe, cxoHu,eHTpHpoBaH b 
OTAejibHbix u,HTonjia3MaTHHecxHX xoMnapTMemax «npo- 
H,eccHpyK)iAHMH xoMnjiexcaMH», ocyiAecTBjíínoiAHMH Aea- 
AeHHJiHpoBaHHe, AexsnHpoBaHHe h AerpaAau,Hio mPHK. 

npH AerpaAau,HH mPHK Apoxcxceň no BTopoMy nyTH 
pa3pymeHHe hact 3a cneT 3'-5' sx30Hyx^ea3H0H axrHB- 
hocth 3X30C0MH — xoMnAexca, BX^ionaiomero 6ojiee 
9 sx30Hyx^ea3. KpoMe toto, sx30C0Ma BOBAeneHa b npo- 
u,eccHHr npeAinecTBeHHHXOB pPHK. C6opxa sx30Hyx^ea3 
b sx30C0My no3BOJineT xompojiMpoBaTb 3-5' SX30HyX- 
jiea3Hyio axTHBHOCTb. 3x3ocoMa Taxxce moxcct pa3pymaTb 
cj)parMeHTbi mPHK, ccj)opMHpoBaHHbie b pe3yjibTaTe pac- 
menjieHHH MOJiexyAbi SHAOHyxjiea3aMH. Ha pmc. 7.25 no- 


7.13 B flerpaflauMK) mPHK BOBAeneHbi cj)epMeHTbi c pa3JiMHHbiMM aKTMBHOCTBMM 151 
























CaŇTbi cn/iaňcMHra noMeMeHbi npifcyTCTBMeM 6e/iKOB 


Ka3aHO, 4T0 3'-5' nyTb flerpaflaijHH MoxceT Hcnojib30BaTb 
KaK SHflO-, TaK H 3K30HyKJiea3Hbie aKTHBHOCTH (J)epMeH- 
TOB. riOMHMO UHTOmia3MbI, 3K30C0Ma HaCTO BCTpenaeTCfl 
b a^pe, r^e OHa pa3pyniaeT npeAiuecTBeHHHKOB mPHK, He 
npomeAuiHx cruiaňCHHr. 

flpOXCHCeBbie K/ieTKH, B KOTOpblX HHaKTHBHpOBaH 3K30- 
HyKJiea3Hbiň nyTb, pa3pyinaiOT mPHK MeAJieHHee. YTpaTa 
o6onx nyTen npHBOAHT k rnóejín kjičtkh. 


7.14 


HoHceHC-Myiattmi 
3anycKaiOT «cncTeMy Hafl3opa» 


KniOMeBbie noHíľMfl: 


• HoHceHc-MyiaLiMn bb^aiotcb npMHMHoŕí AerpaAaLiMM mPHK. 

• ľeHbi, KOAMpyioiAne cucreMy AerpaAauMu, 6b ijim HaíiAeHbi y 
Apo>K>Keŕí m nepBeíí. 


Eme oahh nyTb AerpaAau,HH — onocpeAOBaHHoe hoh- 
ceHC-Myrai^HHMH pa3pyiueHHe mPHK (pmc. 7.26). 
BcTaBKa HOHceHC-MyTau.HH nacTo Be^eT k ycKopeHmo 
AerpaAau,HH mPHK. nocKOJibKy sth MyTau,HH cJ)opMnpy- 
iot CTon-KOAOH, moxcho npeAnoJioxcHTb, hto AerpaAau,™ 
nponcxoAHT b u,HTonjia3Me. 3tot MexaHH3M npeAcraBjíaeT 
coôon CBoeo6pa3Hbin KompoJib KanecTBa hjih «CHCTeMy 
HaA30pa», oTBeTCTBeHHyio 3a yaa^eHne Hecj)yHKUHOHajib- 
Hbix mPHK. 

«CncTeMa HaA3opa» jiyHine Bcero 6buia H3yneHa y Apoxc- 
xcen n C. elegans , OAHaKo OHa MoxceT nrpaTb BaxcHyio pojib 


3K30H 


MHTpOH 3K30H 


flflPO 


UMT0nilA3MA 


CruiaíícMHr 


í CneuMa^bHbiíí 6e/iOK 
" CBA3biBaeT mPHK Ha dbiKe 
Me>KAy 3K30H3MM 


TaK>Ke CBB3blB3K)TCB 
Apyrne 6e/iKM 


ľlpe>KAeBpeMeHHafl 

TepMMHaUMB 

3anycKaeT 

AerpaAauMio 




PMC. 7.27 B «cncTeMe HaA3opa» AO/i>KeH 6biTb xotb 6bi oamh flAep- 
HblM 6e/10K, KOTOpbIM CBB3blBdi1 6bl 3pe/iyiO mPHK nO «ropBHMM 
TOHKaM» npoweAwero crmaŕícMHra. flpyrue 6ejiKM MoryT Bdynaib 
c hmm b KOMnjieKC b BApe hjih y>Ke b UMTonjia3Me. Cor/iacHO npn- 
Hunny paóoTbi «cncTeMbi», 3 tm 6ejiKM noóywAaiOTCfl k AerpaAaunu 
mPHK b tom cnynae, ec/ni pnóocoMbi TepMMHupyiOT TpaHc/iBLinio 
npe>KAeBpeMeHHo 


«CMcreMa HaA3opa» o6ecne4MBaeT AerpaAauMio 
MyiaHTHOM mPHK 


mPHK AUKoro Tuná MMeeT HopMa/ibHyio CTaómibHOCTb 
TpaHCBBUMB —► Ä 


\/\ 3 


HoHceHC-MyTauMB cpaóaTbiBaeT Ha 3anycK fíerpaflaiiHM mPHK 



3' 


MHmjHHpyeTCfl AerpaAai^MB 


PMC. 7.26 HoHceHC-MyTaunM MoryT npMBOAMTb k AerpaAauMu mPHK 


h b mieTKax tkhbothbix. TaK, HanpnMep, npn (J)opMnpoBa- 
hhtj HMMyHorjioôyjiHHOB h T-iuieTOHHbix peuenTopoB MO- 
AH(J)HKaan5i reHOB nponcxoAHT 3a cner coMaTnnecKon pe- 
KOMÓHHaunn h MyTau,HH (cm. m. 23 «MHoroo6pa3ne reHOB 

HMMyHHOH CHCTeMbI»). 3TO npHBOAHT K (})OpMHpOBaHHK) 
3HannTejibHoro HHCJia Hecj)yHKijHOHajibHbix reHOB, mPHK 
kotophx yAa/meTca KOMnoHeHTaMn «cncTeMbi HaA3opa». 

Y ApoxcHcen AerpaAai],Hfl TpeôyeT Ha nmm ojicmchtob 
nocjieAOBaTejibHOCTH (Ha3biBaeMbix DSE), pacnojioxceH- 
hbix HHXce HOHceHC-MyTau.HH. Jleme Bcero npeAnojioxcHTb, 
4T0 3TO AeCTa6HAH3HpyiOIAHe SJieMeHTbl, HCn0JIb30BaHHe 
KOTopbix noAaBJíaeTca TpaHCJiau.HeH. TeM He MeHee npn 
ÓJIOKHpOBaHHH TpaHC^Ítt],HH mPHK OCTaeTCa CTaÔHJIbHOH. 
3 to 3HanHT, 4 to npou,ecc AerpaAau,HH HanpaMyio CBjmH c 
TpaHCJiau.HeH mPHK hjih TepMHHau.HeH CHHTe3a. 

TeHbi, OTBeTCTBeHHbie 3a stot npou,ecc, 6biah onpeAe- 
AeHbi y S. cerivisiae (jionyc upf) h y C. elegans (jionyc smg) 
nyreM BbmBAeHra cynpeccopoB AerpaAau,HH, onocpeAO- 
BaHHoň HOHceHC-MyTau,raMH. MyrauHH b sthx reHax CTa- 
6KJiH3HpyioT aôeppaHTHbie mPHK, OAHaKO He bah5hot Ha 
CTaÔHJIbHOCTb ÓOJIbUIHHCTBa TpaHCKpHnTOB AMKOľO THna. 
TeHbi KOAHpyiOT ATO-3aBHCHMyio xe^HKa3y (cj)epMeHT, pac- 
mieTaioiAHH AByxu,enoHeHHbie HyKJieHHOBbie khcaotbi). 3to 
3HanHT, hto pacno3HaBaHHe mPHK, KaK noAXOAflmeň MHine- 
hh aa^ AerpaAau,HH TpeôyeT H3MeHeHra ee CTpyKTypbi. 


152 U1ABA 7 MaipMHHaa PHK 






























Upfl B3aHM0AeňcTByeT c cj)aKTopaMH (eRFl h eRF3), 
KaTajiH 3 Hpyioiij,HMH TepMHHau.Hio, h, BepoflTHO, pacno 3 - 
HaeT CTon-KOÄOHbi. npoABHraacb baojib mPHK k 3 '-KOHi],y, 
Upfl CKaHupyeT noaieAOBaTejibHOCTb MOJieKyjibi b stom 
HanpaBJíeHHH. 

B K/ieTKax M^eKonmaiomHx «CHcreMa Ha^3opa» paóo- 
Taer tojibko c MyTaijHflMH, pacnojioxceHHbiMH nepeA noc- 

JieAHHM 3K30H0M, — HHbIMH CJIOBaMH, nOCJie MyTaiJHH ROJl- 
)KCH ÓbITb HHTpOH. 3TO 3HaHHT, HTO P<JVÍ paÓOTbl CHCTeMbI B 
nj \pe (ao yAajieHHH hhtpohob) aojdkho npoH30HTH HeKoe 
coóbime. BepoaTHO, óejiKH npuKpenjiaioTca k mPHK Ha 
rpaHHije sigohob bo BpeMa cmiaHCHHra. Ha P M c. 7.27 no- 
Kä3aHa moacjib paóoTbi TaKoň chctcmbi. OHa HanoMHHaeT 
noaieAOBaTejibHocTb coóbithh, b xoac kotophx nponcxo- 
A ht MeneHHe mPHK, HeoóxoAHMoe jyui ee sxcnopTa H3 ímpa 
(cm. pa3A. 26.10 «CnjiaHCHHr CBjmH c SKcnopTOM mPHK»). 
ľlpHKperuieHHe óejixa k MecTy coeAHHeHHa sigohob aBjmeT- 
ch cHmajiOM k Hanajiy coóbiTHH, KOTopbie 3aTeM npoAOJixcaT- 
ca b uHTorma3Me. Y nejiOBeKa ócjikh, roMOJioruHHbie Upf2,3, 
Moryr 6biTb BOBjíe^eHbi b paóoTy noxoxceň CHCTeMbi. Ohh 
cneijHcjDHHHO CBa3biBaiOTca co cmiaHCHpoBaHHOH mPHK 


7.15 


PH K ayxapMOT TpaHcnopmpyeTCii 
nepe3 MeMÓpaHy 


lOiiOHeBbie noHATMa: 


•TpaHCMeMÓpaHHbiŕí TpaHcnopT PHK ocymecTBjífleTCfl b cociaBe 
pMÓOHyKiieonpoieuHOBoŕí nacTMLibi. 

• Bce PHK ayKapnoT, paóoiatomne b LiMTonjia3Me, ao/drhn 6biTb 
3Kcnop™poBaHbi M3 BApa* 

•tPHK m PHK-KOMnoHem pn6oHyKiiea3bi uMnopiupyiOTCB b 
MMTOXOHAPMK). 

• mPHK pacTeHMÍí MO>KeT ocymecTBjíBTb AJiMHHbie nyTewecTBMB 

Me>KAy K/ieTKaMM. 


BaKrepna^bHaa KJieTKa npeACTaBjweT coóoh cahhbih kom- 
napTMem 1 . TaKHM o6pa30M, Bce cj)yHKijHH PHK, a Taioxe ee 
CHHTe3 ocymecTBJíaioTCH b oahhx Tex xce ycjiOBHax. 3to oco- 
6eHHO yAHBHTejibHO b cryqae c mPHK, KorAa TpaHCJumna h 
TpaHCKpHmj,™ npoHCxoAHT OAHOBpeMeHHO (cm. pa3A. 7.7 
«>KH3HCHHbIH U.HKJI óaicrepHajibHOH mPHK»). 

Oómaa cxeMa TpaHcnopTa mPHK nepe3 MeMópaHy npn- 
BeAeHa Ha P n c. 7.28. /f/ia ocymecTBjíeHHa Taxoro nepeHoca 
HeoôxoAHMO npeoAOJieTb onpeAejieHHoe TepMOAHHaMH- 
necKoe npemrrcTBHe, B03HHKaiomee npn nonbiTKe nepe- 
Hoca oTpHuaTeJibHo 3apnxceHHOH MOJieicyjibi PHK 4epe3 
rHApocj)o6HyK) MeMÓpaHy. 3Ta npoóJieMa pemaeTca nyreM 
ynaKOBKH PHK b ócjikh. 

y syxapHOT PHK TpaHCKpnÓHpyeTOi b kap e, a TpaHC- 
jum,™ npoHCxoAHT b u,HTonjia3Me. Ka xcamh THn PHK aoji- 
xceH óbiTb TpaHcnopTHpoBaH b u,HTonjia3My jyw cóopKH 
annapaTa TpaHCJumHH. pPHK oó^eAMraioTca c pnóoco- 
MajibHbiMH óejixaMH h cj)opMHpyK)T He3pejibie cyó'beAH- 
HHIJbl pHÓOCOMbl, BbinOJIHaiOIAHe (J)yHKUHH CyÓCTpaTOB 
AJia CHCTeMbi TpaHcnopTa. tPHK TpaHcnopTHpyiOTCfl 
nocpeACTBOM cneu.HajibHOH ócjikoboh CHCTeMbi. mPHK 
TpaHcnopTHpyeTca b bhac pHÓOHyKJieonpoTeHHa, koto- 
pbíň (J)opMHpyeTCfl b aApe (cm. rji. 26 «CmiaHCHHr h npo- 
u,eccHHr PHK»). Bce sth MexaHH3Mbi hbjuhotch oóiahmh 
AJih syKapHOTHHecKHX KjieTOK. MHorne MOJieKyjibi mPHK 
TpaHCJiHpyiOTca b u,HT030Jie, OAHaxo HeKOTopbie H3 hhx 
xpenaTca k sjieMeHTaM u,HT0CKejieTa. Oahhm h 3 npHMe- 
poB TaxoH jioKajiH3au,HH aBjíaeTca chhtc 3 óejixa b Henoc- 
peACTBeHHoň 6 jih3octh ot MecTa ero BCTpaHBaHra b He- 
Kyio MaKpoMOJieicyjiapHyio CTpyKTypy. 

HeKOTopbie PHK, npoH3BOAHMbie b aApe, SKcnopTH- 
pyiOTca b u,HT030Jib, a 3aTeM HMnopTHpyiOTca b mhtoxoh- 
APHIO. MHTOXOHAPHH HeKOTOpblX OpraHH3MOB KOAHpyiOT 

He Bce tPHK, hcoóxoahmbic hm aa^ CHHTe3a (cm. pa3A. 4.10 
«reHOMbi opraHejui — KOJibu,eBbie /fHK, b kotophx 3aKOAH- 
poBaHa HH(J)opMauHa o HeKOTopbix óejixax opraHe;ui»). B 
3THX CJiyqaflX H3 H,HT030Jia AOJIXCHbl ÓbITb HMnopTHpOBaHbl 


ByKapMOTHMecKafl PHK MomeT nepeMeiuaibcn Mewfly mieTOMHbiMM KOMnapTMemaMM 

PHK 

ľlepeMemeHMe 

ilOKa^M3a4MB 

Bce PHK 

M3 flflpa b Limon^a3My 

Bce K/ieTKM 

tPHK 

M3 BApa B MMTOXOHAPMK) 

MHorMe K/ieTKM 

mPHK 

M3 nMTaJomeM K/ieTKM b ooumt 

3MÓpMoreHe3 Drosophila 

mPHK 

Me>KAy no^iocaMM oouMTa 

3MÓpMoreHe3 Drosophila 

mPHK 

1/13 K/ieTKM B K/ieTKy 

d)^03Ma pacTeHMÍí 


PMC. 7.28 TpaHcnopT PHK nepe3 MeMÓpaHy HMeeT MecTO b pa3JinHHbix CMdeMax 
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HeAoeraioiijHe tPHK. OepMern 1 pHÔOHyKjiea3a P, coAepaca- 
LU.HH cyó'be^HHHUbi 6cjik2 h PHK, KOAHpyeTca ^mepHbiMH 
reHaMH, oAHaxo BCTpenaeTca h b aApe, h b MHToxoHApnax. 
3TO 3HaHHT, HTO PHK flOJDKHa HMnOpTHpOBaTbCa B MHTO- 
XOHflpma 

H3BecTHbi Aaxce cjiynaH MeacKjieTOHHoro TpaHcnop- 
Ta mPHK. Bo BpeMa pa3BHTra aňijeKjieTKH Drosophila , 
onpeAejieHHbie mPHK TpaHcnopTHpyioTca b aHu,o H3 ok- 
pyxcaiomHx ero nmaiomHX kjictok. nocjieAHHe hmoot c 
oouhtom cneunajiH3HpoBaHHbie coeAHHeHHa, KOTopbie 
ncnojib3yiOT AJia nepe^aHu MaTepnajia, HeoôxoAHMoro pjm 
paHHero pa3BHTHa. K STOMy MaTepnajiy omocaTca h onpe- 
AejieHHbie mPHK. OKa3aBinncb b aňije, sth mPHK pacnpe- 
AejiaiOTca no onpeAejieHHbiM MecTaM. HeKOTopbie npocro 
pacnoJiaraiOTca Ha tom KOHH,e kjictkh, rAe ohh npoHHKjiH 
b Hee. /Jpyrae ace c noMombio npuKpemieHHoro k MHKpo- 
TpyóoHKaM «MOTopa» TpaHcnoprapyioTCfl k npoTHBono- 
jioxcHOMy KOHu,y aňija. 

CaMbiH yAHBHTejibHbiH cjiynaH TpaHcnopTa mPHK 
6bui oÔHapyxceH y pacTeHHH. nepeMemeHHe oTAejibHbix 
HyioieHHOBbix khcjiot Ha 3HanHTejibHbie paccToaHHa 
ôbijio BnepBbie onncaHO y pacTeHHH. Ecjikh HeKOTopbix 
BHpycoB cnocoôcTByioT pacnpocTpaHeHHio HHCjjeKU.HH B 
TKaHflx pacTeHHH nyTeM nepeHOca BHpycHOH PHK nepe3 
n^a3MOAecMbi (coeAHHeHHa Mea<Ay KjieTKaMH). PacTeHHa 
ace HMeioT CHCTeMy 3amHTbi, KOTopaa no3BOJiaeT KjieTKaM 
ocTaBaTbca HeBocnpHHMHHBbiMH k HH(J)eKUHH. noxo- 
acne CHCTeMbi ynacTByiOT h b TpaHcnopTe mPHK Mea<Ay 
KJieTKaMH pacTeHHH. HecMOTpa Ha to hto o cymecTBOBa- 
HHH TaKHX CHCTeM H3BCCTHO AOBOJIbHO A^BHO, HX (j)yH- 

Ku,HOHajibHaa 3HanHMOCTb ôbuia npoACMOHCTpHpoBaHa 
cpaBHHTejibHO HeAaBHO nyTeM npHBHBaHHa TOMaTOB, He- 
cyiAHX AOMHHaHTHyio MyTauHio Me (Bbi3biBaiomyio H3Me- 
HeHHe cj)opMbi jihctbcb), TOMaTaM amkoto THna. B more 
MyraHTHaa mPHK TpaHcnoprapoBajiacb b jmcTba pacTe¬ 
HHH ahkoto THna h H3MeHajia hx cjjopMy. 


jia3Ma AOBOJIbHO njioTHO «3aÔHTa» ôejixaMH. HenoHarao, 
HacKOJibKO cboôoaho nojiHCOMa MoaceT npoABHraTbca b 
u,HTonjia3Me h xa k A^Jiexo MoaceT yxoAHTb mPHK ot Mec- 
Ta npoHHKHOBeHHa b u,HTonjia3My jyw toto, htoôbi ôbitb 
T paHCJiHpoBaHHoň. Eojibinaa nacTb mPHK HaxoAHTca b 
cjiynaHHbix MecTax, OAHaxo mccto TpaHCJiau,HH hckoto- 
pbix H3 hhx neTKO onpeAejieHO. 3a sto OTBeTCTBeHHbi He- 
CKOJIbKO MexaHH3MOB: 

• mPHK MoxceT ôbiTb TpaHcnoprapoBaHa k MecTy TpaHC- 
jiauHH. 

• OHa MoaceT ôbitb npeACTaBJíeHa bo mhothx MecTax 
KJieTKH h BnocjieACTBHH MoaceT ôbitb noABepaceHa j\c~ 
rpaAau,HH Be3Ae, xpoMe toto MecTa, rAe OHa AOJiacHa 
ôbitb TpaHCJiHpoBaHa. 

• mPHK MoxceT cboôoaho nepeMemaTbca ao Tex nop, 
noxa He ôyAeT 3axBaneHa b MecTe TpaHCJiau,HH. 

Oahhm h 3 apKHX npHMepoB hctkoh jioKajiH3au,HH b 

npeAejiax KJieTKH aBJíaeTca ôejiox ApoacaceH Ashl. Ashl no- 
AaBjíaeT sxcnpeccHio HO-3HAOHyKjiea3bi b oTnonxoBbiBa- 
lomeňca AOHepHeň KjieTKe. TaKHM oôpa30M, HO sxcnpec- 
cnpyeTca tojibko b MaTepHHCKOH loieTKe. B pe3yjibTaTe Tnn 
cnapHBaHHa MeHaeTca tojibko b MaTepHHCKOH KJieTxe (cm. 
pa3A- 19.24 «nepeKJiiOHeHHe KOHTpoJinpyeTca peryjiau,HeH 
SKcpneecHH HO»). flonepHaa KJieTKa He nojiynaeT HO noTo- 
My, hto Bca mPHK Ashl TpaHcnopTHpyeTca H3 MaTepHHCKOH 
KJieTKH (rAe OHa CHHTe3HpyeTca) b oTnonKOBbiBaioiAyioca 
AonepHioio Kjiency. 

MyTau,HH b jiioôom H 3 5 reHOB, Ha3biBaeMbix SHE 1 -5, 
npenaTCTByiOT cneu,H(J)HHecKOH jiOKajiH3au,HH h npHBO- 
AaT k TOMy, hto mPHK Ashl paBHOMepHO pacnpeAejiaeT- 
Ca MtTKffy MaTepHHCKHM H AOHepHHM KOMnapTMCHTaMH. 
BejiKH Shel, 2 h 3 CBa3biBaiOT Ashl mPHK b pHÔOHyx- 
jieonpoTeHHOByio nacTHĽi.y, KOTopaa TpaHcnopTnpyeT 
mPHK b AonepHioio KJieTKy. Ha P M C. 7.29 noKa3aHbi (jpyu- 
ku,hh ôejiKOB. Shel p aBJíaeTca mho 3 hhom (paHee onpe- 
AejiaeMbiM xax Myo4), a She3 h She2 aBjíaioTca ôejixaMH, 
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MeaoHaxoxíAeHMe mPHK 

MomeT 6biTb mctko 
A eiepMMHiipoBaHo 


KniOHeBbie noHATHjí: 


• mPHK Ashl Apowweií c()opMMpyeT pnóoHyKJieonpoienH, 
CBfl3blBaK)lAMÍÍC5l C MM03MH0BblM MOTOpOM. 

• Motop TpaHcnopTnpyeT ee BAO/ib aKTMHOBbix cfmiiaMeHioB b 
AOH epwoK) K/ieTKy. 

• B AOHepHeíí K/ieTKe OHa 3aBKopnBaeTC5i n TpaHCiinpyeTC5i. 
TaKMM o6pa30M, 6e/iOK CMHTe3npyeTC5i TO/ibKO b AOHepHeŕí 
K/ieTKe. 


Y syxapHOT mPHK CHHTe3HpyeTca b aApe, a TpaHCJiHpyeTca 
b u,HTonjia3Me. OHa nonaAaeT b u,HTonjia3My b bhac pnôo- 
HyKjieonpoTeHHOBOH nacTHi^bi, TpaHcnopTHpyeMOH nepe3 
aAepHbie nopbi. OKa3aBuiHCb b u,HTonjia3Me, mPHK moxcct 
CBa3biBaTbca c pHôocoMaMH h TpaHCJiHpoBaTbca. U,HTon- 


mPHK Ashl coeAHHeHa c motopom 


/\ mPHK 


Be^OK She2 CBS3biBaeT 
lUDMIlbKM B mPHK 


Be/ioK She3 coeAMHBeT 
She2 C MM03MH0M 



Be^OK Shel CBB3biBaeTCB 

aKTMHOBbIM (JjM/iaMeHTOM 


AKTMHOBbIM (J)MJiaMeHT 


PMC. 7.29 mPHK Ashl bxoamt b cocraB HyKJieonpoieMHa, KOTopbiŕí 
COAep>Km MM03MH0Bblíí MOTOp, npOABMľaiOlAMM ee BAOJlb aKTMHOBOrO 
ctmiiaMema 
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Ashl eAeT b nonny no aKTHHOBbiM {jjn/iaMemaM 
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PMC. 7.30 mPHK Ashl 3Kcnop™pyeTCfl M3 AApa b unTon;ia3My m TaM 
BcrynaeT b KOMruieKC c 6ejiKaMM She. KoMnjieKc CKo;ib3m BAO/ib aK- 
TMHOBblX 0MJiaMeHTOB M AOCTaBJlfleT NlPHK b OTnOHKOBblBaiOlAyK)C5l 
K/ieTKy 

COeAHHHIOmHMH MH03HH C mPHK. MH03HH BbinOJIHaeT 
4)yHKumo MOTopa, npoABHraiomero mPHK baojib aKTH- 

HOBblX (jjHJiaMCHTOB. 

Ha pmc. 7.30 H3o6paxceH Becb npoijecc. mPHK Ashl sk- 
cnopTHpyeTca H3 aApa b b HAe pHÓOHyKjieonpoTeHHa. OKa- 
3äBiiiHCb b u,HToruia3Me, OHa CHanajia CBa3biBaeTca c She2, 
KOTOpbíň pacno3Haer HeKOTopbie BTopHHHbie CTpyKTypbi 
rana innHjibKa-neTJia, pacnojioxceHHbie b npeAejiax mPHK. 
3aTeM She3 CBa3biBaeTca c She2, nocjie nero npHKpemiaeTca 
mho3hh Shel. flajiee nacTHija npHKpenjiaeTca k aicmHOBO- 
My cjjHJiaMemy h ABHaceTca b CTopoHy oTnonKOBbiBaiomeH- 
ca KjieTKH. flocTurHyB noHKH mPHK, Ashl 3aaKopHBaeTca 
TäM, BepoaTHO, C nOMOIAbK) CneiJH(j)HHeCKH CBa3aHHbIX c 
MOJieKyjioň mPHK ócjikob. 

flpyrae npHMepw AOCTaBKH mPHK b onpeflejieHHbie 
Mečia b KJieTKe ocHOBaHbi Ha Tex ace npHHijHnax. mPHK 
pacno3HaeTca nocpeACTBOM i^uc-jxdA CTByiomHX nocjie- 
AOBaTejibHOCTeň, KOTopbie oôbihho npeACTaBjíeHbi bto- 
pHHHblMH CpyKTypaMH, paCnOJIOXCeHHblMH B 3'-HeTpaHC- 
jiHpyeMOM peraoHe. (mPHK Ashl aBJíaeTca HeTHnHHHbiM 
npHMepoM, nocKOJibKy i^uc-jxtiA CTByiomHH periáajr 3Aecb 
pacnojioxceH b npeAejiax KOAHpyiomeH paMKH.) mPHK 
ynaKOBbiBaeTCB b pHÔOHyKJieonpoTeHHOByio nacrany 
(MPHn). HHorfla TpaHcnopTHpyeMyio mPHK moxcho yBH- 
AeTb b oneHb óojibiiiHX HacTHijax, Ha3biBaeMbix mPHK rpa- 
HyJiaMH. 3™ HaCTHIlbl AOCTaTOHHO BeJIHKH (b HeCKOJIbKO 
pa3 ôojibine pHóocoMbi). 

TpaHcnopTHpyeMbíň MPHn aojdkch óbitb cocahhch 
c motopom, oôecneHHBaiomHM ero abhjkchhc no CHCTeMe 
«AopoxceK». flopoxcKH Moiyr óbitb npeACTaBjíeHbi arniHO- 
BbiMH (Jjhji aMeHTaM h hjih MHKpoTpyôonKaMH. B to BpeMa 
KäK Ashl npH ABHXCeHHH no aKTHHOBbiM AOpOXCKaM hc- 
noJib3yer mho3hhobbih motop, mPHK oscar b aHijeKJieTKe 
Drosophila Hcnojib3yer KHHe3HHOBbiň motop rjw npoABH- 
)KeHHa no MHKpoTpyóonKaM. Kan tojibko mPHK AOCTnraer 
Mecra Ha3HaneHHH, ee hcoôxoahmo 3aaKopHTb. 3 tot npo- 
ijecc H3yneH b MeHbinen CTeneHn, ho moxcho CKa3aTb, hto 
oh He3aBHCHM ot TpaHcnopTa. mPHK, TpaHcnopTHpyeMaa 
baojib MHKpoTpyóoneK, MoxceT 3aaKopnTbca Ha aKTHHOBOM 
(jjnjiaMeHTe b rryHKTe Ha3HaneHHa. 


reHeranecKaa HHcjjopMaijHa, 3anncaHHaa b J\ HK, skc- 
npeccnpyeTca b rec craflHH: TpaHCKpHnijHa flHK b mPHK 
h TpaHCjraijHfl mPHK b óejiOK. mPHK TpaHCKpHÓHpyeTca 
c oahoh H3 u,enen flHK, OHa KOMnjieMeHTapHa stoh (He- 
KOAHpyiomen) u,enH h HAeHTHHHa flpyroň (KOAHpyiomeH) 
u,enH. nocjieAOBaTejibHOCTb mPHK b HanpaBJíeHHH 5'-3' 
COCTOHT H3 KOflOHOB no TpH HyK/ieOTH^a H COOTHOCHTCfl C 
aMHHOKHCJIOTHOH nOCJieAOBaTeJIbHOCTBIO b HanpaBJíeHHH 
OT N- K C-KOHUy. 

A^amopoM, onpeAejiaiomHM 3HaneHHe KOAOHa, aBjrneT- 
ca TpaHcnopTHaa PHK, npeAcraBjíeHHaa KOMnaKTHOH L-o6- 
pa3HOH npOCTpaHCTBeHHOH CTpyKTypOH; OAHH H3 KOHUOB 
tPHK HeceT KOMnjieMeHTapHbíň KOAOHy aHTHKOAOH, a Apy- 
TOH KOBaJieHTHO CBa3aH CO Cnen,H(})HHeCKOH aMHHOKHCJIO- 
toh, cooTBeTCTByiomeH KOAOHy. tPHK, Heq^iAaa aMHHOKHC- 
jioTy, Ha3biBaeTca aMHHoau,Ha-TPHK. 

PnóocoMa npeACTaBjmeT coôoh annapaT, no3BOJiaio- 
IAHH aMHHOan,HJI-TPHK CBa3bIBaTbCa C COOTBeTCTByiOmHMH 
KOAOHaMH mPHK. Maaaa cyô'beAHHHU.a phóocombi CBa3aHa 
c mPHK; óojibinaa HeceT cjjopMHpyioiAHHca 

nojiHnenTHA. PnóocoMa ABHXceTca baojib mPHK, HanHHaa c 
carna nKniiHaiiHK, pacnojioxceHHoro b 5'-perHOHe, b cto- 
poHy caňTa TepMHHau,HH b 3'-perHOHe. no Mepe ee npoABH- 
aceHHa eooTBeTCTByioiAHe aMHHoau,Hji-TPHK CBa3biBaiOTca 
c KOAOHaMH h oTAaiOT cbok) aMHHOKHCJioTy b CTpoaiAyioca 
nojiHnenTHAHyio u,enb. TaKHM o6pa30M, nojiHnenTHAHaa 
u,enb yBejiHHHBaeTca Ha OAHy aMHHOKHCJioTy c npoxoxcAe- 
HneM oahoto KOAOHa. 

TpaHCKpHniiHOHHbiH annapaT He aBjíaeTca cneuHcjjHH- 
hbim aaa TKaHH hjih opraHH3Ma; mPHK, B3aTaa H3 oahoto 
HCTOHHHK a, MOXCCT ÔbITb TpaHCJIHpOBaHa C nOMOIAbK) pHÓO- 
com h tPHK h 3 Apyroro. Hhcjio TpaHCJiau,HH a^hhoh mPHK 
aBJíaeTca cjjyHKíjHeH ot acjjHHHOCTH ee caHTa(oB) hhhu,h- 
au,HH k pHÓocoMaM h ot ee CTaóHjibHOCTH. Cyni,ecTByioT 
npHMepbi, KOTAa TpaHCJiau,Ha rpynn mPHK hjih oTAejibHbix 
mPHK cneu,H(J)HHecKH HHTHÓHpyeTca: sto Ha3biBaiOT koht- 
pojieM TpaHCJiauHH. 

THnHHHaa mPHK BKjnonaeT HeTpaHCJiHpyeMbie 5'-jih- 
Aep, h 3'-Tpenjiep, h KOAnpyioiAHH perHOH(bi). EaicrepHajib- 
Haa mPHK oôbihho HMeeT nojiHu,HCTpoHHyio CTpyKTypy c 
HeTpaHCJiHpyeMbiMH pernoHaMH, pacnojioxceHHbiMH MeacAy 
u,HCTpoHaMH. KaacAHH u,hctpoh npeACTaBjíeH KOAnpyioiAHM 
peTHOHOM, HaHHHaiOIAHMCa Cnen,H(J)HHeCKHM CaHTOM HHH- 
U.Han.HH H 3aKaHHHBaiOIAHMCa CaHTOM TepMHHailHH. Cyô'b- 
eA HHHiibi pHÓocoMbi accou,HHpyioT Ha ynacTKe vLHuu,mu,mi 
h AHCCOijHHpyioT Ha ynacTKe TepMHHauHH Kaa<Aoro H3 ko- 
AHpyiOIAHX peTHOHOB. 

PacTym;aa Eaicrepna E. coli coAepacHT okojio 20 000 
Phóocom h 200 000 tPHK (óojibineH nacTbio npeACTaBJíeH- 
hbix aMHHoau,HJi-TPHK). Cyni,ecTByeT okojio 1500 MOJieKyn 
mPHK, npeACTaBJíaioiAHX coóoh 2-3 Konnn KaacAoro H3 
600 pa3JiHHHbix MecceHAacepoB. 

B TpaHCJiau,HH oahoh mPHK moxcct OAHOBpeMeHHO 
npHHHMaTb ynacTHe mhoxccctbo phôocom, (JjopMHpya no- 
jiHpnóocoMy (hjih nojiHCOMy). KpynHbie ĎaKrepHajibHbie 
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nojiHCOMbi HecyT ptcn tkh phóocom, CBjmHHbix c oahoh 
mPHK. ľlojiHCOMbi syrapnoT oómhho MeHbinnx pa3MepoB h, 
Kax npaBHjio, HecyT MeHee 10 phóocom; KaacAaa mPHK co- 
AepxcHT TOJibKO o^Hy Ko^Mpyiomyio noc^eAOBaTe^bHOCTb. 

nepno/f nojiypacna/ja mPHK óaicrepHH oómhho Máji h 
3aHHMaeT Bcero HecKOJibKO MHHyr. TpaHCJumna HaHHHaeTCfl 
Ha 5 , -KOHu,e eme ao Toro, xax 3aKOHHHjiacb TpaHCKpHnu,™ 
mPHK. flerpa/jau.Ha HHHu,HHpyeTca 3HAOHyKjiea3aMH, OTpe- 
3aK)iu,HMH b 5'-3' HanpaBJíeHHH ynacncH nocjieAOBaTejib- 
hocth, cneAyiomHe 3a phóocomoh. nocjie 3Toro 3K30Hyx- 
jiea3bi pacmenjiaioT (fjparMeHTbi a o HyKjieoTHAOB, pa3pymaa 
hx b HanpaBJíeHHH ot 3'- k 5'-KOHu,y. HeKOTopbie nocjieAO- 
BaTejibHOCTH MoryT CTHMyjinpoBaTb hjih npeAOTBpamaTb 
Aerpa^aunio óaKTepnajibHbix mPHK. 

mPHK syxapHOT ao TpaHcnopTa b u,HTonjia3My (aj m 
TpaHCJiau,HH) AOJDKHa npeTepneTb npoijeccHHr b AApe. K 
5 , -KOHu,y AOÔaBJíaeTca MeTHjinpoBaHHbiH K3n. Oh coctht 
h 3 HyioieoTHAa, xpenamerooi k ncxoAHOMy KOHuy 5'-5' 
CBH3bio, h AOÔaBOHHbix MeTHjibHbix rpynn. Bojibmaa nacrb 
syKapnoTHHecKOH mPHK HeceT nocjieAOBaTejibHOCTb 
nojin(A), cocToamyio H3 -200 HyKjieoTHAOB h pacnojioxceH- 
Hyio c 3'-KOHu,a MOJieKyjibi. floóaBJíeHne nojin(A) nponcxo- 
Aht b HApe nocjie TpaHCKpHnu.HH. KHHemKa TpaHCJiau,HH 
h AerpaAau,HH nojiH(A)~ h nojin(A) + mPHK cxoAHa. mPHK 
syxapHOT cyiAecTByeT b bhac pnóoHyKJieonpoTeHHOBOH 
HacTHu,bi (mPHH); b HeKOTopbix cjiynaax MPHn aBJíaeTca 
xpaHHjiHmeM MOJieicyji, KOTopbie He yAajiocb TpaHCJinpo- 
BaTb. mPHK syxapHOT oómhho coxparaeT craÓHjibHOCTb 
Ha npoTOKeHHH HecKOJibKHx nacoB. Ohh MoryT coAepxcaTb 
nocjieAOBaTejibHOCTH, 3anycKaiomHe AerpaAau,Hio. H3Becr- 
hh cjiynan peryjiaunn 3Toro npoijecca. 

y Apo^oceň cyuiiecTByeT, no KpaHHeň Mepe, ABa nyra 
AerpaAau,HH mPHK. 06a HanHHaiOTca c yAajieHHa nojin(A) 
c 3'-KOHu,a, onpeAejiaioiAero noTepio nojiH(A)-CBfl3biBaio- 
mero óejixa, hto, b cboio onepeAb, npnBOAHT k yAajieHHio 
MeTHjinpoBaHHoro K3na c 5'-KOHu,a. no OAHOMy H3 nyTeň 
mPHK pa3pymaeTca 3K30HyKJiea3aMH c 5'-KOHu,a. no Apy- 
roMy nyTH AcrpaAau,™ ocymecTBJíaeTCfl 3K30C0M0H — 
KOMnjieKcoM, BKjnonaioiAHM HecKOJibKo 3K30HyKJiea3, h 
HanHHaeTca c 3'-KOHu,a. 

/lerpaAau,™, onocpeAOBaHHaa HOHceHC-MyTau,raMH, 
npnBOAHT k pa3pymeHHio mPHK, coAepxcameH hohcchc- 
koaoh nepeA nocjieAHHM 3K30hom. HajiHMne jioxyca upf y 
Apo^oxen h smg y nepBen aBJíaeTca oójmTejibHbiM ycjiOBH- 
eM Rjw 3anycxa npoijecca. Hx npoAyKTbi oóJiaAaiOT xejiHKa3- 
hoh aKTHBHOCTbio, hcoóxoahmoh min pacmieTaHna mPHK, a 
^ax^ce B3aHMOACHCTBH5J C (J)aKTOpaMH, OCTaHaBJIHBaiOIAHMH 
CHHTe3 óejixa. OcoóeHHOCTbio 3Toro npou,ecca y MJiexonH- 
TaioiAHx aBJíaeTca to, hto HeKOTopbie H3 óejiKOB npnxpen- 
juhotoi k mPHK b AApe no Mepe yAajieHra hhtpohob b xoAe 
cnjiaňcHHra. 

B npeAejiax kjictkh cyiAecTByeT MexaHH3M TpaHcnopTa 
mPHK b onpeAejieHHbie MecTa (ocoóchho nacro sto nponc- 
xoaht b xoAe SMôpnoHajibHoro pa3BHTra). B cncreMe Ashl y 
ApoaoKeň mPHK TpaHcnoprapyerca H3 MaTepnHCKOH KjieTKH 
B AOHepHIOK) nOCpeACTBOM MH03HH0B0r0 MOTopa, npoABH- 
raiomero MOJieicyjiy BAOJib aKTHHOBbix (JjHJiaMeHTOB. y pacre- 
hhh mPHK MO^ceT TpaHcnoprapoBaTbca mokay KjieTKäMH. 
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CiiHTe3 6e/i Ka 


KPATKOE COflEPWAHME ITlABbl 


Pi BBefleHne 

13F3Í CnHTe3 óe/wa coctomt M3 nHnunaunu, 3/iOHrauMM 

M TepMMHaUMM 

• Ha pn6ocoMe ecrb ipn caííTa cBA3biBaHMfl tPHK. 

• AMMHoaumi-iPHK caAMTca Ha caíÍT A. 

• rienTMAM^-TPHK HaxoAMTca b caíiTe P. 

• fleaumnipoBaHHafl tPHK buxoamt nepe3 caŕíT E. 

• flo6aB/ieHMe onepeAHOM aMMHOKMc/iOTbi k pacryneMy 
no^MnenTMAy ocymecTBJíaeTCfl 3a cnei ero nepeHoca c 
nermiAmi-TPHK b caiÍTe P Ha aMMHoauM/i-TPHK b caíiTe A. 

ťll Cneuna^bHbie MexaHM3Mbi KOHTpo/iMpyiOTTOHHOCTb 
cnHTe3a óe/wa 

• Ka>KAoro 3Tana CMHTe3a 6e/iKa cymecTByiOT 
cneunc|3MHHbie MexaHM3Mbi, KOHTpo/iMpytomMe ero TOHHOcrb. 

ÉMHfc B MHMunauMM cnHTe3a óe/wa y óataepMM ynacTByiOT 
30S cyóteAMHMUbi m BcnoMoraTe/ibHbie cfjaKTopbi 

• fl™ MHMAMauMM 30 S m 50S cy6-beAHHMAbi pMÓocoMbi 
AO/i)KHbi HaxoAmbCfl OTAe/ibHO APyr ot Apyra. 

• Tatone HeoóxoAMMbi cfiaKTopbi (IF-1, IF-2 n 

IF-3), KOTopwe cBfl3biB3K)TCfl c 30S cy6i>eAHHHAeM. 

• 30S cyóteAMHMAa, Hecynaa cfiaKTopbi 

CBA3biBaeT caŕíT b mPHK; Tax oópa3yeTca 

KOMľl/ieKC MHMUMaumi. 

• Hio6bi 50S cy6-beAHHnua Morjia npMcoeAMHMTbca k 
KOM ľi/ieKcy 30 S-mPHK, IF -3 ao/dkch yiÍTM. 

KU Ocoóaa MHMi4naTopHa5i tPHK 3aK/iaAbiBaeT nepBoe 
3BeHO no^nnenTMAa 

• KawAbiíí cMHTe3npyeMbm no/iMneriTMA HanMHaeTCfl 

C aMMHOKMCJlOTbl MeTMOHMHa, OČblHHO KOAHpyeMOÍÍ 
Tpnn/ieTOM AUG. 

• B MHMUMaumí m 3/iOHrai4MM ynacTByiOT pa3Hbie 
MeTMOHMHOBbie tPHK. 

• y MHMUMaTOpHOM tPHK eCTb CTpyKTypHbie OCOÓeHHOCTM, 
KOTopbiMM OHa OT/uiHaeTCB ot Bcex ocra/ibHbix tPHK. 

• y 6aKTepnŕí MeTMOHMH MHMAMaTOpHOM tPHK MMeeT 
cjDopMM/uipoBaHHyK) aMMHorpynny. 

Í3M Mcno^b30BaHne fMet-TPHK f KOHTpo^upyeTCB 
CfjaKTOpOM IF-2 M pnÓOCOMOM 

• IF-2 CBíi3biBaeT MHMAMaTopHyio fMet-TPHK f n no3BOJiaeT 
eŕí 3aHíiTb HenojiHbiií caíiT P Ha Ma/ioií cyóteAMHMAe 
pn6ocoMbi. 

i#Jt B3anMOAeMCTBne KOMn/ieMeHTapHbix ynacTKOB mPHK 
m pPHK noMoraeT UHMunaunu 

• ľloc^eAOBaTe^bHOCTb WaMHa-fla/ibrapHO, 
ľlO/UinypMHOBblM ĽJeCTMHJieHHMK B COCTaBe 
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É:w»É 


UBI 


6aKTepna^bHoŕí mPHK, npeAwecTByeT 
MHMumipyiOLAeMy KOAOHy AUG n OTAe/ieHa ot Hero 
ynacTKOM b 10 ocHOBaHMM. 

• pPHK 30S cy6-beAMHMUbi óaKTepMa/ibHoií 
pn6ocoMbi coAep>KMT 3/ieMeHT, KOMn^eMeHTapHbiií 
noc/ieAOBaTe/ibHocTM LUaMHa-fla/ibrapHo n 
B3anMOAeŕícTByK)iAMŕí c Heíí b xoAe 

y ayKapnoT Ma/ibie cyóteflMHMLjbi pmóocom 

CK3HMpyK)T mPHK b noncKax caíÍTOB 

• ByKapMOTMHecKaa 40S cyó-beAMHMija pmóocomw 
cBíi3biBaeT 5'-KOHeu mPHK m MMrpnpyeT bao/w mPHK ao 
oÓHapyweHMfl caíiTa 

• 3yKapnoTMHecKMM caíiT coctomt M 3 

AecBTMHyK/ieoTMAHoíí noc/ieAOBaTe/ibHocTM, 
coAepjKaLueíí koaoh AUG. 

• 60S cy6i>eAHHMAbi pmóocom npMCoeAHHfliOTCfl k 
KOMn^eKcy b caiÍTe \AH\Ai\mu,m. 

y ayKapMOT MHO>KeCTBO (fjaKTOpOB MHMLJMaUMM 

oóteAMHeHO b KOMn/ieKc 

• OaKTOpbl MHMAMaUMM HeOČXOAHMbl Ha Bcex CTaAHBX 
MHMAMaUMM, BK/UOH3B CBÍ13blBaHMe MHMAM3TOpHOM tPHK, 
nepBMHHoro cBíi3biBaHMe 40S cy6-beAMHMAbi pMÓocoMbi 

c mPHK, ee abmíkchmíi BAO/ib mPHK, a Tame nnn 
npMcoeAMHeHMfl 60S cy6i>eAHHMAbi. 

• 3yKapMOTMnecKaíi MHMAMaTopHaa tPHK — 3 to 
M et-TPHK, OTJiMHatomaacfl ot Met-TPHK, Mcno^b3yeMoíí 
npM 3/ioHrauMM, m ee mctmohm^ He (JjopMM^MpoBaH. 

• OaKTOp MHMUMaUMM eIF2, aCCOĽlMMpOBBHHblM c TTO, 
cBíi3biBaeT MHMAMaTopHyK) Met-TPHKi,* Becb KOMn^exc 
CBíi3biBaeTCB c 40S cy6-beAMHMAeíí e^e ao Toro, xax OHa 
CBíOKeTCíi c mPHK. 

OaKTop a^OHraunM EF-Tu 3arpy>KaeT 

aMMHoaun^-TPHK b caPiT A 

• EF-Tu npeACTaBjíaeT co6oŕí MOHOMepHbiŕí G-6e^OK; ero 
3KTMBH3B c|30pMa (yKOMľl/ieKTOBaHHaíl TTO) CBÍ13blBaeT 
aMMHoauM^-TPHK. 

• KoMn^exc EF-Tu-rTO-aMMHoauM^-TPHK 
B3aMMOAeíícTByeT c caíiTOM A pMČocoMbi. 

PacTyiAMM nojinneriTMA nepeHOCMTCfl 

Ha aMMHoauM^-TPHK 

• 50S cy6i>eAMHMua pm 6 ocomw oč^aAaeT aKTMBHOCTbio 
neriTMAmi-TpaHcc|3epa3bi. 

• HacueHTHbiíí no^MnenTMA nepeHocMTCíi c neriTMAH/i- 
tPHK b caiÍTe P Ha aMMHoauM^-TPHK b caŕíTe A. 

• 06pa3OBaHMe nenTMAHOM cbí 13M npMBOAHT k 
A eauM/iMpoB3 HMK) tPHK b caŕíTe P m k c|3opMMpoBaHMK) 
nenTMAM^-TPHK b caŕíTe A. 




EBEl ľlpu TpaHc/iOKauMM pnóocoMa npuxoflUT 

B flBkDKeHMe 

• ľlpu TpaHC/iOKauMM mPHK npoTBľMBaeTCfl CKB03b 

pMČOCOMy Ha TpM OCHOB3HMB. 

• ľlpu TpaHC/ioKai^MM fleaumuipoBaHHafl tPHK 
nepexoAHT b caňT E, a nenTMAMB-TPHK — b caňT 
P; cpa3y nocBe TpaHCBOKaumí caňT A 0Ka3biBaeTca 
He33HBTblM. 

• MoAe/ib rn6pnAHoro coctobhmb cipomcB Ha 
npeAnojiOKeHMM, hto TpaHC/iOKauMB npoMCxoAHT b 
AB a 3Tana: CHanaBa 50S cyó-beAMHMua pn6ocoMbi 
CABMraeTCB OTHOcme^bHO 30S cy6-beAMHMAbi, 

3aieM 30S cy6i>eAHHMua CABMraeTca OTHOcme^bHO 
mPHK, B03BpaiA3B pn6ocoMe ee nepBOHanaBbHyio 
KOHc))opMaumo. 

Ésmefc OaKTopbi aBOHraunu noonepeAHO cBB3biBaK)TCfl c 

PMÓOCOMOM 

• fljia TpaHC^OKaumí HyweH 4)aKTop EF-G, no CBoeň 
cipyKType noxowMň Ha KOMnBeKC EF-Tu-rTO- 
aMMHoaunn-TPFIK. 

• Pn6oCOMa He MO)KeT OAHOBpeMeHHO CBB3blBaTb EF-Tu n 
EF-G. 

• fljia TpaHcnoKaumí ncnoBb3yeTca rnAP0BM3 ľTO, 
KOTopbiM yKOMn/ieKTOBaH EF-G: 3Ta peaKUMB, mchíhoiabb 
KOH c))opMauMK) EF-G, ycKopfieT M3MeHeHMe cipyKTypbi 
pn60C0Mbl. 

KU CnHTe3 6eBKa TepMMHMpyeTca TpeMB koaoh3mm 

• Ka>KAbiM M3 Tpex koaohob UAA (oxpa), UAG (aHTapb) n 
UGA (ona/i) MO)KeT TepMMHMpoBaTb CMHTe3 6ejwa. 

• flBB ČOBbllJMHCTBa 6aKTepnň, B nopBAKe y6blB3HMB 
HaCTOTbl MCn0Bb30BaHMB, TepMMHMpyiOLAMe KOAOHbl 
mojkho pacnonojKMTb TaK: UAA>UGA>UAG. 

QQj| TepMMHMpyKDlAHe KOflOHbl y3H3K)TCfl Óe/lKOBblMM 

CfjaKTOpaMM 

• TepMMHMpyiOLUMe ko ao h bľ y 3 h a kdt cb cneunaBbHbiMM 
6eBKaMM (c))aKTopaMM Tepmnanm, mbm peBM3MHr- 
cJjaKTopaMM), a He aMMHoaumi-TPHK. 

• PeBM3HHr-(()aKTopbi K/iacca 1 no cipyKType HanoMMHaiOT 
aMMHoauMJi-TPHK-EF-Tu n EF-G. 

• Pe/ui3MHr-c|)aKTopbi K/iacca 1 y3HaiOT TepMMHMpyiomMe 
KOAOHbi; 3to y3HaBaHne BbmMBaeTCB b rnAP0BM3 cbb3m 
Mex<Ay noBMnenTMAOM n Hecymeň ero tPHK. 

• Pe/iH 3 MHr-c|)aKTopaM KBacca 1 noMoraiOT ľT<I>- 
33BMCMMbie pe/ui3MHr-c|)aKTopbi K/iacca 2. 
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• y 6aKTepnM (oČBaAaieBeM AByx pa3HOBMAHOcreň 
pe/lM3MHr-Cj)aKTOpOB KBaCCa 1) M 3yKapMOT (c 
OAHOTMnHbiMM peBM3MHr-c|)aKTopaMM KBacca 1) 
MeX3HM3Mb! TepMMHaUMM, B LieBOM, nOXO)KM. 

06e cy6-beAMHM4bi pn6ocoMbi npoHM3aHbi 
pMÓOCOMa/lbHbIMM PHK 

• Ka>KAaB MOBexyBa pn6ocoMaBbHoň PHK (pPHK) MMeeT 
HeCKO/lbKO AMCKpeTHblX AOMeHOB, (JjOpMMpyiOlAMX 
He33BMCMMbie CKB3AKM. 

• ripaKTMHeCKM BCe pn6oCOMaBbHbie 6eBKM HaXOABTCB B 
KOHTaKTe c pPHK. 

• EOBbUJMHCTBO KOHT3KTOB Me>KAy cy6i>eAMHMAaMM 

pn6ocoMbi — 3 to Kóma ktw Me>KAy 16S M 23S pPHK. 

B pnÓOCOMe eCTb HeCKOBbKO aKTMBHblX 
UeHTpOB 

• B3anMOAeMCTBMB c ynacTMeM pPHK c/iywaT rnaBHOM 
ABiDKymeM cmioM b pa6oie pn6ocoMbi. 

• 06bmk TPHK-CBB3biBaioiAMx caňTOB b 3HaHMTeBbHoň 
cieneHM onpeAeBBeTCB cbomctb3mm KOHKpeTHbix 
ynacTKOB pPHK. 

16S pPHK urpaei aKTMBHyio poBb b cnHTe3e 
óeAKa 

• 16S tPHK MrpaeT aKTMBHyio poBb b c))yHKAMOHMpoBaHmi 
30S cy6i>eAHHMAbi. 16S pPHK HanpBMyio 
B33HMOAGHCTByei c mPHK, 50S cy6i>eAMHMAeň, a T3K)Ke 
c aHTMKOAOHaMM tPHK b caiÍTax P n A. 

23S pPHK oó/iaAaeT nenTHAMATpaHcct)epa3HOM 

3KTMBH0CTbK) 

• AKTMBHOCTb nenTMAMBTpaHcctjepaabi, npncyiAaB 
pMČocoMe, 3aKBK)HeHa b 23S pPHK. 

Bcľpena óoBbmoM m Ma/ioŕí cyó-beAMHMu MeHBeT nx 
CTpyKTypy 

• ľlpu o6pa30BaHMM nOBHOM pn6oCOMbl TOBOBKa 30S 
cy6i>eAMHMAbi coBepmaeT noBopoT Ha wee. 

• B noBHbix pn6ocoMax aKTMBHbiM ueHTp nenTMAMB- 
TpaHcc))epa3bi b cocraBe 50S cy6-beAHHMAbi pačoTaeT 
ropa3AO ac^ctJeKTMBHee, neM b cBočoAHbix 50S 
cy6i>eAHHMAax. 

• B o6b3Ctm B3anMOAeŕícTBMB 30S n 50S cy6i>eAHHMU 
ecTb MHO)KecTBO ynacTKOB, AOCTynHbix 
paCTBOpMTeBK). 

Pe3K)Me 


8.1 


BsefleHMe 


Ka)K,n,a^ MOJieKyjia mPHK coctoht h 3 cepnH koaohob, B3a- 
HMOAeHCTBHe KOTOpblX C äHTHKOAOHäMH aMHHOaiJHJI-TPHK 
npHBÔAHT K OÓ'beAHHeHHK) CBH3aHHbIX C HHMH aMHHOKHC- 
jiot b noAHnenTHAHyio u,enb. PnóocoMa KOHTpojiupyeT 
npouecc CBfl3biBaHra mPHK c aMHHoau,M-TPHK. PnóocoMa 
noxoaca Ha HeóoAbinyio MOÓHJibHyio (})a6pHKy, KOTopaa rna- 
raeT BAOJib MaTpHu,bi, o6pa3ya nenTHAHbie cbh3h. flocTaB- 
JIHIOIAHe aMHHOKHCJIOTbl aMHHOaU,HA-TPHK npOCKaKHBaiOT 
CKB03b pHÓOCOMy C yMOnOMpaHHTeJIbHOH CKOpOCTbK) no 
Mepe Toro, Kax c Hen u,nioiHHecKH accoiinpyioT h ahcco- 
iinnpyiOT (})aKTopbi ajiOHraunn. PnóocoMa BMecTe co Bcno- 
MoraTejibHbiMH 4)aKTopaMH oóecneHHBaeT noAHbin Haóop 
aKTHBHOcren /yia Bcex STanoB CHHTe3a óe^Ka. 


Ha p n c, 8.1 noKa3aHO cooTHomeHne (J)H3HHecKnx 
pa3MepoB pa3JiHHHbix KOMnoHeHTOB annapaTa CHHTe3a 
óe^Ka. PHÓocoMa coctoht h 3 AByx cyó'beAHHHu,; KaxcAaa 
cyó'beAHHHu.a nrpaeT b CHHTe3e óe^xa cboio, ocoóyio 
pojib. MaTpHHHaa PHK accou,HHpoBaHa c Majioň cyé'b- 
eAHHHIieH pHÓOCOMbl (B KaXCAblH MOMCHT CHHTe3a ~30 
ocHOBaHHH mPHK B3aHMOACHCTByeT c Majioň cyó'beAH- 
HHu,eH). MoAeKy^a mPHK npoAeraeT no noBepxHOcra 
Majion cyó'beAHHHu.bi b HenocpeACTBeHHoň 6 ah30Cth ot 
oÓJiacTH KOHTaKTa cyó'beAHHHu,. B KaxcAbíň momcht Bpe- 
MeHH b cHHTe3e aKTHBHO ynacTByiOT dee MO^eKyAbi tPHK, 
COOTBeTCTByiOIAHe AByM CMOKHblM KOAOHaM. 3TH ABe 

tPHK B3aHM0AeHCTByi0T c phóocomoh no BHyTpeHHHM 
caňTaM, oópa3yeMbiM cpa3y oóchmh cyó'beAHHHiiaMH. Ta- 
khm oópa30M, b xaxcAOM mare ajiOHraiiHH noAHnenTHAa 
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C KawAOM pnóocoMOM CBA3dHbi oflHa mPHK h A»e tPHK 



/\/\/\/\/\/\ 


yMacTOK mPHK a/íuhoíí 35 och. 


PMC. 8.1 CpaBHeHMe pa3MepoB noKa3biBaeľ, hto pwóocoMa flocia- 
TOHHO Be/lMKa fl/lfl CBfl3blB3HHfl mPHK n MO/ieKy/i tPHK 


3aAeHCTBOBaHO Bcero /ma KOflOHa m npnMepHO /jecaTH 
koaohob (~30 och. mPHK), noKpbiBaeMbix phóocomoh. B 
pHôocoMe MO^ceT npHcyTCTBOBaTb eme h TpeTba tPHK, 
y)Ke OT^aBinaa cboio aMHHOKHCJiOTy pacrymeMy 6e;ncy: 
OHa «Me/ymT», npexc/je neM ynra H3 pnóocoMbi b u,HTon- 
jia3My/yra «nepe3apfl£Kn». 

B XOfle 3 BOJHOIJHH HCHBblX OpraHH 3 MOB OÓII 1 HH ruiaH 

CTpoeHHa pHÓocoMbi nonra He MeHfljioi. TeM He MeHee 
pHÓOCOMbl ÓaKTepHH, pHÓOCOMbl U,HTOmia3MbI ayKapHOT 
h pnôocoMbi opraHejm hmciot mhohccctbo pa3JiHHHH (no 
pa3Mepy, coflep^aHHio pnóocoMajibHbix ócjikob h t. n.). 
B TaôjiHije Ha P M c. 8.2 npnBe/jeHO cpaBHeHHe phóocom 
Ó aKTepHH h M^eKonnTaioiiiHx. y Tex h flpyrnx (xaK h y 
Bcex npOMOKyTOHHblX, C TOHKH 3peHHfl 3BOJIIOIJHH, Op- 
raHH3MOB) pnóocoMbi — sto pnóoHyioieonpoTeHHOBbie 
nacTHiibi, b KOTopbix óojibiiie PHK, neM óejixa. Phóoco- 
Ma^bHbie (hjih pnóocoMHbie) óeiiKH HHor/ja Ha3biBaioT 
r-ôemu. 

Ka^aa cyó'beflHHHu.a pnóocoMbi co^ep^cHT npeoó- 
jia/jaiomyK) no pa 3 MepaM pPHK h onpe/jeTieHHoe hhcjio 
Heóojibinnx ócjikob. Eojibmaa cyó'beflHHHu.a pnóocoMbi 
Mo^ceT Taioxe co/jep^aTb o/my hjih HecKOJibKO Heóojibmnx 
pPHK. Tax, y E. coli Majiaa cyó'be/jHHHu.a (30S) coctoht h3 
o/jhoh pPHK (lóS) h ABaflu,aTH o/moro r-óeiiKa. Eojibmaa 
(50S) cyó'beflHHHu.a pnóocoMbi E. coli co^ep^CHT /me pPHK 
(23S h 5S) h TpHAuaTb oahh r-óejiOK. 3a HCKjnoneHHeM 
OAHoro r-óeiiKa (KOTopbiH npncyTCTByeT b KOJinnecTBe 
neTbipex KonnH), Kaxc/jbiH r-óe^OK npe/jCTaBJíeH b pnóo- 
coMe eAHHCTBeHHOH Konnen. OcHOBHyio Maccy óaKTepn- 
ajibHOH pnóocoMbi cocTaBJíaiOT óojibmne pPHK. Phóoco- 
Ma óyKBa^bHO npoHH 3 aHa hmh, h óojibiiiHHCTBO r-óeiiKOB 
(B 03 M 05 KH 0 , BCe) KOHTaKTHpyeT HenocpeACTBeHHO c pPHK. 
TaKHM oópa 30 M, óojibiiiHe pPHK oópa 3 yiOT octob cyó'b- 
eAHHHu,. Ocoóaa yioia^Ka HenpepbiBHbix hhtch óojibmnx 
pPHK, 3 a/jaBaa pacnojioaceHne r-óe^KOB, AOMHHnpyeT Ha jx 
Bceň CTpyKTypoň pnóocoMbi. 

3yKapHOTHnecKHe pnóocoMbi OTimnaiOTCfl óojiee Bbi- 
cokhm coAep^caHHeM h 6e;iKOB, h PHK: ohh KpynHee, neM 
óaKTepna^bHbie. B hhx HacHHTbiBaeTca óojibiiie r-6eji- 
kob. CKopee Bcero, b Kaxc/jon pnóocoMe óojibiiiHHCTBO 


syKapnoTHHecKHx r-óe^KOB (ecjín He Bce) npeflcraBjíeHO 
HeCKOJIbKHMH KOnHflMH (COľJiaCHO flaHHbIM CTCXHOMCT- 
PHH HX B 3 aHMOAeHCTBHH C pPHK). EOJIbHIHe 3 yKapHOTH- 
necKne pPHK (28S h 18S) /yiHHHee cooTBeTCTByioiiiHX 
npoKapHOTHnecKHX pPHK (23S h lóS). OcHOBHyio Mac- 
coByK) aojik) syKapnoTHMecKOH pnóocoMbi no-npexcHeMy 
cocraBjmeT PHK. 

B opraHejuiax syKapnoranecKOH kjictkh Taioxe ecTb 
coócTBeHHbie pnóocoMbi. Ohh OT^nnaiOTca ot phóocom 
U,HTOmia 3 MbI H MOryT ÓbITb HeCKOJIbKHX BH/JOB. B HeKOTO- 
pbix cjiynaax ohh co^ep^caT 70% PHK h HanoMHHaioT óax- 
Tepna^bHbie pnóocoMbi; HHOiyja ohh eme Me^bne (60S) h 
coflepacaT MeHee 30% PHK. 

B KaXCAOH pHÓOCOMe eCTb HeCKOJIbKO aKTHBHblX u,eH- 
TpoB. KaxcAbíň aKTHBHbíň u,eHTp oópa30BaH rpynnoH.r- 
óe^KOB, HaxoAHuiHxai b KOHTaKTe c KOHKpeTHbiM ynacT- 
kom pPHK. B paóoTe aKTHBHbix iiempoB Bcer^a ynacTByeT 
pPHK; ee po;ib MO^ceT óbiTb He To^bKo CTpyKTypooópa3yio- 
men, ho h KaTajíHTHnecKOH. Pa3yMeeTca, KaTajíHTHHecKne 
c|)yHKiiHH pnóocoMbi TpeóyiOT ynacraa cneunajibHbix 6e^- 
kob; TeM He MeHee hh o^Hy H3 aKTHBHOCTeň, npncyuiiHx 
pHÓOCOMe, He^b3H BOCnpOH3BeCTH in vitro CHJiaMH OAHHX 
TOJibKO 6e;iKOB (a axce oó'beAHHnn hx b rpynnbi). Phóoco- 
MaJIbHbie ÓeJIKH (f)yHKIJHOHHpyK)T TO^bKO B KOHTeKCTe pH¬ 
ÓOCOMbl. 

Harnn 3HaHHa o pnóocoMe 6a3HpyioTca Ha AByx THnax 
AaHHbix: pe3y;ibTaTax aHa^H3a MyTau,HH h aHajiH3a crpyK- 
Typbi pnóocoMbi. MyTauHH yKa3biBaioT Ha onpeaejieHHbie 
r-óe^KH ran Ha onpeflejieHHbie ynacTKH b pPHK Kax Ha 
ynaCTHHKOB KOHKpeTHblX peaKu,HH. CTpyKTypH bi h aHa^H3, 
B TOM HHCJie C HCn0JIb30BaHHeM npaMOH XHMHHeCKOH MO- 
flH(f)HKaiJHH KOMnOHeHTOB pHÓOCOMbl H BCeB03M0)KHbIX 
cpaBHeHHH, HanpaB^eH Ha H^eHTH^HKauHio (J)yHKu,HO- 
HaJIbHblX H KOHCepBaTHBHblX OCOÓeHHOCTeH pPHK. 3 th 
HCCJ ie^OBaHna noMoraiOT npeACTaBHTb h yTOHHHTb npo- 
CTpaHCTBeHHyio opraHH3aiiHio pnóocoMbi Kax c^o^chch- 
nieň CHCTeMbi KOMnOHeHTOB, 3 afleHCTBOBaHHbix b Bbino^- 
HeHHH KOHKpeTHblX (J)yHKU,HH. 


PHÓOCOMbl - 3TO pMÓOHyiaieonpOTeHHOBbie HaCTMUbl 

PHÓOCOMbl 


pPHK 

Pmóoco- 




Ma/ibHbie 

6e/iKM 

BaKTepMa^bHafi (70S) 
Macca 2,5 Mfla, 

66%pPHK 

, 50S 

23S = 2904 och. 
5S = 120 och. 

31 

30S 

16S = 1542 och. 

21 



28S = 4718 och. 

49 

M^eKonHTaiOLUMX (80S) 

60S 

5.8S = 160 och. 


Macca 4,2 Mfla, 

60%pPHK 


5S = 120 och. 



40S 

18S = 1874 och. 

33 


PMC. 8.2 PnóocoMbi — 3 to orpoMHbie pMÓOHytcneonpoTeMHOBbie 
KOMn/ieKCbi, b KOTopbix óoAbUje PHK, neM óeAKa. PnóocoMbi amcco- 
UMMpyiOT Ha óoAbiijyio n Ma/iyio cyóteAHHMUbi 


8.1 BBefleHMe 161 


















AMMHOaUMJUfpOBaHHbie TPHK 33HMMaK)T P M A CaMTbl 


8.2 


B caňTe P koaoh n B caňTe A koaoh n+1 
B3anMOAeíícTByeT B3anMOAeňcTByeT 
c nenTMAM^-TPHK c aMMHoaumi-TPHK 


1 flo o6pa30BaHMB nenTMAHoň cbíbm nenTMAM^-TPHK 
3aHMMaeT caňT P, aMMHoai4mi-TPHK 3aHMMaeT caňT A 



2 06pa3OBaHwe nenTHAHOň cbíbm: no/iMnenTMA 
nepeHocmcfl c nenTMAM/i-TPHK b caňTe P 
Ha aMMHoaAMJi-TPHK b caňie A 



3 TpaHC/iOKaLiHB: pn6ocoMa CABMraeTCfi Ha oamh koaoh 
fleauM^MpoBaHHaB tPHK, saHHMaBiuafl caňT P 
n B3anMOAeňcTBOBaBUjaB c koaohom n, noKMAaeT 
pn6ocoMy Hepe3 caňT E. nenTMAM/i-TPHK BMecTe 
c koaohom n+1 nepexoAHT M3 caňia A b caňT P. 

B caňT A bxoaht koaoh n+2 n >KAeT cboío aMMHoaAM/i-TPHK 




flenMeHMe 

piiÓOCOMb! 


PMC. 8.3 B pn6ocoMe ecTb ABa caňTa ftnfl CBfl3biBaHMa «3apa>KeH- 
hom»tPHK 


CaňTbl CBB3b(BdHHH TPHK O pa30B3Hbl O* eMMM Cy^-beAM HML^MH 



AMMHoaLjmibHbie kohiih AByx tPHK 

B3aMMOAeňCTByK)T BHyTpľl 
óojibwoň cyóbeAHHmibi 


AHTMKOAOHbl AByX tPHK CBfl3blBaK)T 
CMe>KHbie Tpnn^eTbi mPHK b Ma/ioň 
cyóbeAHHMAe pn6ocoMbi 


PMC. 8.4 CaňTbl P m AycrpoeHbi TaKMM o6pa30M, hto B3anMOfleňcTBy- 
loiA ne tPHK pacnoAaraiOTCB nonepeK o6enx cy6i>eAMHMU pn6ocoMbi 


CnHTe3 6e;wa coctomt 

M3 MHMUMa(JMM, 
3A0Hrai(l1M M TepMMHaUMM 


KAioneBbie noHATMíi: 


• Ha pn6ocoMe£CTb TpM caňTa CBfl3biBaHMB tPHK. 

• AMMHoauMA-TPHK caAMTCB Ha caňT A. 

• ľleriTMAHA-TPHK H3xoahtcb b caňTe P. 

• fleauMAMpoBaHHaB tPHK bwxoamt nepe3 caňT E. 

• fločaBAeHMe onepeAHoň aMMHOKMCAOTbi k pacryneMy 
noAMnenTMAy ocymecTBAfleTca 3a cneT ero nepeHOca c 
nermiAMA-TPHK b caňTe P Ha aMMHoauMA-TPHK b caňTe A. 


npH CHHTe3e 6eAKa MOHOMepaMH-npeAinecTBeHHHKaMH no- 
AHnenTHAa aiy^caT aMHHOKHOiOTbi. Ohh nona^aiOT b pn6o- 
coMy He caMH no ce6e, a b KOMimeKce c tPHK floôaBJíeHne 
hoboh aMHHOKncjiOTbi k pacrymeň nojinnenTHAHOH u,enoH- 
Ke nponcxoAHT b pe3yAbTaTe peaKi^nn Me>KAy tPHK, Hecy- 
meň 3Ty aMHHOKHCJiOTy, n tPHK, npHHecuieň npeAbiAymyio 
aMHHOKHCJiOTy. K23KR2LX H3 3THX RByX TPHK 3aHHMaeT B pH- 
óocoMe cboh 0TAe;ibHbiH caňT, Kax noKa3aHO Ha pmc. 8.3. 

• BxoAAmaa aMHHoau,™-TPHK CBA3biBaeT caňT A, ryje ee 
yxce noA^H/íaeT cjieAyiomHň no onepeAH koaoh mPHK. 
Hmchho 3tot koaoh (b caňTe A) AHKTyeT pnóocoMe ran 
bxoahiach aMHHoau,HA-TPHK (t. e. cneAyioiAyK) aMHHo- 
KHCJiOTy pacTymero nojiHnenraAa). 

• npeAbiAymnň koaoh cooTBeTCTByeT aMHHOKHOiOTe, 
KOTopaa TOJibKO hto 6bma AOÓaBJíeHa k Hacu,eHTHOMy 
(pacTymeMy) noAnnenTHAy. 3 tot koaoh pacnojioaceH 
b caňTe P BMecTe c nenrHAHji-TPHK; Bce eme B3an- 
MOAeňcTBya c 3 thm koaohom, nenraAHJi-TPHK HeceT Ha 
ce6e bck) Hacu,eHTHyio nojiHnenraAHyio u,enb. 

Ha pmc. 8.4 xoporno bhaho, hto aMHHoaijHJibHbie koh¬ 
úti AByx tPHK HaxoAATca b óojibinoň cyó'beAHHnu.e pn6o- 

COMbl, B TO BpeMfl KaK HX aHTHKOAOHbl B3aHMOACHCTByiOT C 
mPHK Ha noBepxHOcra Majioň cyó'beAHHnu.bi. TaKHM o6pa- 
30M, KaXCAblň H3 CaHTOB P H A 0Ópa30BaH COBMeCTHO ÓOAb- 
moň h Ma^oň cyó'beAHHnu.aMH pnóocoMbi. 

HToóbi pHóocoMa Monia npncTynnTb k o6pa30BaHHio 
hoboh nenTHAHOň cbh3h, eň HyxcHO npnňTH b cocroflHne, 
H3o6paxceHHoe b BepxHeň nacra pne. 8.3, rAe nenTHAHJi- 
tPHK 3aHHMaeT caňT P, a aMHHoau,ini-TPHK 3aHHMaeT caňT 
A. 06pa30BaHne nenTHAHOň cbh3h nponcxoAHT b tot mo- 
Mem, KorAa pacTynj,nň noAnnenTHA nepeHOCHTCfl co cbo- 
eň (nenTHAHJi-) tPHK Ha aMHHOKnaiOTy aMHHoau,Ríi-TPHK 
(h 3 caňTa P b caňT A). 3Ty peaKi^nio KaTa^H3npyeT óoAbinaa 
cyó'beAHHHu.a phóocomm. 

nepeHOC nenTHAa Ha tPHK, HaxoAflmyiocfl b caňTe A, 
MeHaeT coctohhhc Bceň phóocomm (pne. 8.3). AeaijmiH- 
posaHHafl tPHK (óbiBinaa nenTHAHJi-TPHK, Tenepb jm- 
innBinaaca Bcex aMHHOKnaioT) npoAOJixcaeT 3aHHMaTb caňT 
P. B caňTe A Tenepb o6pa30Ba^acb HOBaa nenraAnn-TPHK 
(c HOBoň nenTHAHOň CBH3bio MOKAy nepBbiMH AByMa aMH- 
HOKHCJIOTHblMH OCTaTKaMH, CHHTaa ot tPHK, H AAHHHee Ha 
oaho 3BeHO noAHnenTHAHoň u,enoHKH). 

noejie 3Toro pnóocoMa CABnraeTca BAOJib mPHK Ha oahh 
TpnnjieT (oahh koaoh). flaHHyio cryneHb paóonero u,Hioia 
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u6pa30BaHMe nenrnflHOM cbj» 3M conpjt)KeHo c nepeHocoM no/iMneriTHAa Ha aMMHoaiMiJi-TPHK 


AMMHoauM^-TPHK noAMnenTHfi nepeHocmcfi lipu TpaHC/ioKaLiMM 

bxoaht b caiÍT A Ha aMMHoaLiM^-TPHK nenTMAM^-TPHK 

nepexoAm b cairr P 



PMC. 8.5 B KawflOM pačoneM UMtcne 3/iOHraumi aMMHoaun/ 1 -TPHK bxoaht b caiÍT A, npMHMMaei Ha 
ce6a nojinnermiA n nepexoAm b caiÍT P 


flOTOK mPHK M TPHK CKB03b pn6ocoMy 



PMC. 8.6 tPHK h mPHK npoxoAflT CKB03b pn6ocoMy b oahom m tom 
)Ke HanpaB/ieHMM 

pnÓOCOMbl Ha3bIBaiOT TpaHOIOKaiJ.HeH. ripH TpaHOIOKaiJ.HH 
AeauHJiupoBaHHäH tPHK yxojim m cama P; Ha ee Mecro 
nepee3^caeT nemrmHJi tPHK H3 caňTa A (cm. pne. 8.3). Tenepb 
b caňTe A HaxoflHTca oieAyioiAHH, noKa He Hcnojib30BaHHbiH 
KOflOH, TOTOBblH npHHfiTb CBOK) aMHHOaU,HJI-TPHK; OH ÔyRCľ 
TpaHCJiHpoBaH b cjie^yiomeM paóoneM ijHioie pHÓocoMbi. 

Bce B3aHMOfleHCTBra mokay tPHK h phóocomoh h3o 6- 
paaceHbi Ha pmc. 8.5. Otmcthm, hto AeaijHaHpoBaHHaa tPHK 
noKHAaeT pHÓocoMy nepe3 eme oahh caňT CBa3biBaHra, E. 
3tot caHT yAep^cHBaeT tPHK Heflojiro. TaKHM o6opa30M, 
cyni,ecTByeT KaK 6bi noTOK tPHK CKB03b pHÓocoMy: MOJie- 
xyjia tPHK bxoaht b caňT A, H3 Hero nepexoAHT b caňT P h 
3aTeM, nepe3 caňT E, bmxoaht Hapyacy (cm. TaiOKe pne. 8.28 
b pa3A. 8.12). Ha pmc. 8.6 noKa3aHO abhxcchhc nyjia tPHK 
OTHOCHTejibHO MOJieKyjibi mPHK; oho noxoace Ha 3y6naTyio 
nepeAany (eoín CHHTaTb B3aHMOAeHCTBHe KOAOHa c amn- 
koaohom aKBHBajieHTOM MexaHHnecKoro 3aijemieHHa). 

Becb npou,ecc CHHTe3a o/jHoro nojmnenTHAa coctoht 
H3 Tpex aTanoB, H3o6paxceHHbix Ha PMC. 8.7. 

• Hmiipiaipui — sto cncreMa peaia^HH, BeAyujHx k o 6- 
pa30BaHHio nenTHAHOH cba3h MOKjsy nepBbiMH nnym 
aMHHOKHCJioTHbiMH ocTaTKaMH HOBoro no;iHnenTHAa. 
3aAana, Ha caMOM oneHb oioacHaa: htoóh nepBaa 
aMHHoau,™-TPHK Monia BCTynHTb b komiuickc hhhu,h- 
au,HH, HyxcHO, HTOÓbi pnóocoMa CHanaaa CBa3aaacb c 



PMC. 8.7 CnHTe3 6e/iKa npoxoAMT b Tpw 3Tana 


mPHK. MHHUHauHH — cpaBHHTejibHO Me/yieHHbíň 3Tan 
CHHTe3a 6eAKa, h oómhho hmchho nmmmum 3aAaeT 
CKopocTb TpaHOiauHH mPHK 

• 3jiOHramw — sto Bce, hto npoHexoAHT c pacrymHM 
nojiHnenTHAOM 3a BpeMa o6pa30BaHra Bcex nenTHA- 
HblX CBÍI3CH (OT CBA3H MOKAy nepBbIMH AByMfl aMHHO- 
KHCJIOTHblMH OCTaTKaMH AO MOMCHTa AOÔaBJICHHfl noc- 
aeAHeň aMHHOKHCJiOTbi). Ha ksokrom rnare 3JioHraijHH 
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pnóocoMa, coBepmaa oahh paóoHHH u,hkji, AOóaBJíaeT k 
pacTymeMy no;iHnenTHAy o/jho HOBoe 3 bcho (hto npo- 
hcxoaht oneHb óbicrpo — sto, noaca^yH, caMaa óbicr- 
paa cra#™ bo bccm npoijecce CHHTe3a 6e;ixa). 

• TepMHHau,HH BioiK)HaeT Bce peaxijHH, HanpaBJíeHHbie 
Ha ocBOÓoxc^eHHe CHHTe3HpoBaHHoro no^HnenTH^a h 
flHCCOUHail.HK) pHÓOCOMbl C mPHK 
Kax^OMy 3Tany CHHTe3a 6e;ixa cooTBeTCTByeT ocoóbiň 
Haóop BcnoMoraTe^bHbix (f)axTopoB, oócjiyxcHBaiomHX pn- 
óocoMy. Hctohhhxom SHepran Ha Bcex STanax cjiyxcHT írm- 
POJIH3 ITO. 

ripn HHHU,HaLI,HH MaJiaH CyÓ'beAHHHLI.a pHÓOCOMbl CBfl3bI- 
BaeT mPHK h TOJibxo nocne 3Toro coeflHHaeTQi c óojibmoň 
cyó'beAHHHu.eH. ripn sjiOHraijHH mPHK npoTarHBaeTca CKB03b 
pnóocoMy, KOTopaa TpaHCJiHpyeT ee TpnnjieT 3 a TpHiuieTOM. 
(PlHor^a óbiBaeT yAOÓHO CHHTaTb, hto TpaHCJiHpyeMaa mPHK 
HenoflBH>KHa, a ABHXceTca pnóocoMa; ho b stoh rviaBe óy^eT 
yMecTHee BbiópaTb CHCTeMy OTcncra, CBfl3aHHyio c pnóoco- 
MOH.) npH TepMHHaU,HH TOTOBblH nOJIHnenTHA BbICB0Ó05K- 
AaeTca, mPHK yxo^HT, pnóocoMa (MoaceT óbiTb, He cpa3y) 
flHCCOu.HHpyeT Ha OT^ejibHbie cyó'beAHHHii.bi, KOTopbie em.e 
MHoro pa3 óyoyr Hcno;ib30BaHbi npn CHHTe3e óejiKa. 


8.3 


CneifMa^bHbie MexaHM3Mbi 

KO HTpO/I M py IOT TOMHOCTb 

CMHTe3a éeiiKa 


KiitOHeBbie noHííTMa: 


• fl/ia Ka)Kfloro 3Tana CMHTe3a 6e/wa cymecTByiOT cneLjMctwHecKMe 
MexaHM3Mbl, KOHTpO/UipyKDmMe erO TOMHOCTb. 


JlerKO yóeAHTbca, hto chhtc3 6 e;ixa — oneHb tohhmh npo- 
u,ecc (noTOMy hto jroóaa Mo;iexy;ia xoHxpemoro óejixa 
HMeeT o^Hy h Ty xce noaieAOBaTe;ibHOCTb aMHHOXHOiOT). 
Ha caMOM aejie ohihókh crynaioTca; coniacHO (HeMHoro- 
HHOieHHblM) TmaTeJIbHbIM H3MepeHHHM in VÍVO , OUIHÓOHHaa 
aMHHOKHCJiOTa BCTpanBaeTca b 6 e;iox He Hame, neM oahh 
pa3 Ha 10 4 , ho h He peace, neM oahh pa3 Ha 10 5 . Ouihóxh 
He HaCTOJIbKO MHOrOHHCJieHHbl, HTOÓbl BJIHHTb Ha (J)eHOTHn 
(ocoóeHHO eoiH ynecTb, hto ócjikh npo,oyi],HpyK)Tca ioieT- 
koh b 3HaHHTejibHbix KOJiHHecTBax, noAaBjmiomee 6o;ib- 
uihhctbo KOTopbix 6e3ynpeHHbi). 

Ouihóok fleHCTBHTe^bHO oneHb mojio \ a o chx nop He 
coBceM noHATHo, 3 a cneT nero oóecneHHBaeTca Taxaa ax- 
xypaTHOCTb? noneMy aMHHoau,HJi-CHHTeTa3bi pacno3Hax)T 
tPHK h aMHHOXHCJiOTbi c Taxoň orpoMHoň TOHHOCTbK)? Ka- 
XHM 0Ópa30M pHÓOCOMa Tax Óe30niHÓ0HH0 OTJIHHaeT tPHK, 
cooTBeTCTByiomyK) xoAOHy b came A? Moxcho nocMOTpeTb 
eme rnnpe: b xchboh xneTxe noaieAOBaTejibHOCTb 3BeHbeB 
MHorax no;iHMepoB HeceTyHnxa^bHyio CMbiaiOByio Harpy3- 
xy. Hmchho moHHOcmb MaTpnHHoro CHHTe3a oóecneHHBa- 
eT BbOKHBaHne. PerniHxaura, TpaHCxpHnu,™, TpaHomu,™... 
B xa^aoM aiynae pemaeTca o/jHa h Ta ace 3a/jaHa: Bbióop 
eAHHCTBeHHO BepHoro MOHOMepa-npeAinecTBeHHHxa H3 


KajKAaa ctbamb 3Kcnpeccnn re«a 
MMeeT cboio xapaKTepHyK) mactoTy ouih6ok 



1 

/\r</\/\. 


He to ocHOBaHľie 
mPHK 


HacTOTa oujmóok 
10" 6 10" 5 10~ 4 


r 


CflBHľpaMKM | 



HeTa aMMHOKMC/ioTa 


He Ta tPHK I 


PMC. 8.8 OllJMÓKM CMHTe3a B03HMKaK)T C HaCTOTOM OT 10 -6 AO 5 X 10“ 4 
Ha pa3Hbix craflHfix 3Kcnpeccnn 


Haóopa Apyrnx, noxoMux , MOHOMepoB. npnneM b xopomeM 
TeMne h óecHHCJieHHoe mho^ccctbo pa3 uoppm — HM Kayc- 
dozo nojiOMenm b no;iHMepe. 

Cxopee Bcero, oóiijhh npHHu,Hn Bcer^a oahh h tot 
ace: b Hana^e xaxcAoro rnara CHHTe3a b xomaxT c axTHB- 
hhm u,eHTpoM (})epMeHTa no3BO^eHO BCTynaTb bccm moho- 
MepaM. Ho ocraTboí b axTHBHOM u,eHTpe CHHTe3a MoxceT 
TOJibxo noAxoAHiKHH MOHOMep. Bce ocra^bHbie MOHOMepbi, 
Tax wm HHane, no;iyHaK)T OTxa3 b /yíHTejibHOM xomaxTe 
c axTHBHbiM u,eHTpoM. HoAxo/^iAHe MOHOMepbi Bcer^a co- 
CTaBJIHK)T MeHblIIHHCTBO (OAHa H3 ABaAUaTH aMHHOXHCJIOT, 

OAHa H3 copoxa tPHK, oahh h3 neTbipex HyxjieoTHAOB), 
nOSTOMy XpHTepHH AHCXpHMHHaUHH AO^Hbl ÓbITb OHeHb 
CTporHMH. OepMeHT AOJDKeH yMeTb XaXHM-TO 0Ópa30M 
aMnjIH(J)HLI,HpOBaTb pa3JIHHHfl MeXCAy nOTeHU,HaJlbHbIMH 
cyócTpaTaMH, nocxo^bxy HeT ypoBHa tohhocth, xoTopbiH 
MO^ceT óbiTb AOCTHmyT ycTaHOBJíeHHeM npoÓHbix xoh- 
TaxTOB c AOCTynHbiMH noBepxHOCTHMH noTeHuna^bHoro 
cyócTpaTa. 

Ha pmc. 8.8 npHBeAeHO cpaBHeHne nacTOT bo3hhxhobc- 
hhh ohihóox Ha pa3Hbix sTanax nepeBOAa reHeroHecxoH hh- 
(J)opMaij 1 HH b aMHHOXHCJiOTHyio nocjieAOBaTejibHOCTb óejixa. 

npH TpaHCXpHnU,HH OUIHÓXH npOHCXOAHT c HaCTOTOH 
< ÍO -6 . KoHTpojib xanecTBa xonnpoBaHHa Ha stom sTane 
sxcnpeccHH ocoóchho BaxceH, Tax xax odna Mo;iexy;ia mPHK 
TpaHCJinpyeTca mho^ctbo pa3 (mhoxccctbom phóocom), 
OTOópaxcaacb bo MHOMecmeo hachthhhmx no^nnenTHAOB. 
He coBceM nomiTHO, xaxHM oópa30M PHK-no^HMepa 3 e y^a- 
eTca Hacrojibxo pe^xo oninóaTbca. 
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PnóocoMa, b cbokd onepeflb, ouiHÓaeTca nyTb name. 
OHa MO^ceT fleuaTb ouihókh AByx thiiob. Bo-nepBbix, npo- 
nycK OAHoro ocHOBaHra mPHK Bbi3bmaeT c^Bnr paMKH 
CHHTbiBaHHa (frameshift). QjBHr paMKH CHHTbiBaHHa b 
HänpaBJíeHHH, oópaTHOM xo/jy TpaHCJiau,HH, MHor^a oiy- 
naeTca, Koiyja pnôocoMa HHTaeT oaho ocHOBaHne flBaxc- 
Abi: Kax noaieflHee b xoflOHe h xax nepBoe b aieflyiomeM 
KOflOHe. B HopMe Taxne ouihókh aiyuaiOTCfl c nacroTOH 
~10 -5 . BTopoň Tnn ouihóok, coBepmaeMbix phóocomoh, 
3aiOIK)HaeTCfl B HeCOOTBeTCTBHH aMHHOaura-TPHK KOAOHy 
mPHK. Pe3y^bTaT Tanon ouihókh — 3aMeHa oflHoro aMHHO- 
KHCJioTHoro ocTaTKa flpyrHM. 3 to caMaa pacnpocrpaHeH- 
Haa ouiHÓxa CHHTe3a óeuKa, ee uacroTa paBHa ~5 x 10~ 4 . 
fle pacaTb CHTyaijHK) no# KOHTpoJieM no3Bo;raiOT CTpyKTypa 
pHÔOCOMbl H CKOpOCTb TpaHCJiau,HH (cm. pa3fl. 9.15 «Ph6o- 
COMbl BJIHUIOT Ha TOHHOCTb TpaHCKpHIILI,HH»). 

OepMeHT aMHHoau,™-TPHK-CHHTeTa3a Toace mo- 
)KeT omnóaTbca. no H^ee, stot cjDepMeHT cneij,H(J)HHeH 
H K aMHHOKHCJIOTe, H K TPHK. TaK HTO OUIHÓKH ÓblBaiOT 
AByx thiiob: jihóo (J)epMeHT óepeT He Ty aMHHOKHCJiOTy, 
jihóo oh óepeT He Ty tPHK. nocxojibicy y tPHK óojibiue 
npOÔHblX KOHTaKTOB C aMHH0aiJHJI-TPHK-CHHTeTa30H 
(4)aKTHHecKH OHa npefloCTaBJíueT (jDepMemy u,ejiyio no- 
BepxHOCTb /yiu cxaHHpoBaHHa), (J)epMeHT nyTaeT tPHK 
peace, ueM aMHHOKHCJiOTbi. AMHHoau,ra-TPHK-CHHTeTa3a 
pacnouaraeT Aono;iHHTe;ibHbiMH MexaHH3MaMH ncnpaB- 
aeHna ouihóok do Toro, Kax tPHK, 3apa^ceHHaa He toh 
aMHHOKHCJIOTOH, OTnpaBHTCa yuaCTBOBaTb B CHHTe3e 

6eaKa (cm. pa3A. 9.11 «CnHTeTa3bi — (jDepMeHTbi c xop- 
peKTHpyiOmeH aKTHBHOCTbIO»). 


CBOÓOflHaa pnóocoMa MoaceT flHCCOu.HHpoBaTb Ha OT/je- 
ubHbie cyó'beAHHHĽíbi, óojibiuyio h Majiyio. TaKHM oópa30M, 
70S pnóocoMbi HaxoAaTca b AHHaMHnecKOM paBHOBecHH 
c 50S h 30S cyó'beAHHHu.aMH. Mnut^uai^un cuwne3a ôejim 
ne nejmemcn fiynKijueú unmaKmHbix puôocoM: ôojibiuan u 
Majian cyôwduHUifii puôocoMU yHacmeywm e unui^uat^uu 
no omdejibHOcmu. Peaccounauna cyó'beflHHHu, nponcxoflHT 
b TeneHne HHHijHaijHH. Ha pmc. 8.9 noKa3aH u,hku pnóo- 
coMa^bHbix cyóTeAHHHLi,, yuacTByiomHx b CHHTe3e óeuxa y 
óaKTepnH. 

HHHUHauna npoHexoAHT Ha ocoóom yuacTxe mPHK co 
cneu,Hc})HHecKOH noaieAOBaTejibHOCTbio. 3 tot HeóojibiuoH 
yuaCTOK H3BeCTeH xax CaÔT CBU3bIBaHIW pHÔOCOMbl; OH 
HaxoflHTca HenocpeACTBeHHO nepe# KO/jHpyiomHM pern- 
ohom (cm. pne. 8.1). CaHT CBa3biBaHna pnóocoMbi cjiyxcnT 
MecTOM BCTpenH óoubuioH h MajiOH cyó'beflHHHLi, óyAymeň 
HHTaKTHOH pHÔOCOMbl. PeaKIJHfl COeflHHeHHa CyÓ'beflHHHLI, 
npoxoAHT b ABa 3Tana: 

• nepBbiM 3TanoM moxcho CHHTaTb y3HaBaHHe mPHK, 
Bbipaxcaiomeecu b CBa3biBaHHH Majioň cyó'beAHHHu.bi c 
mPHK, c oópa30BaHneM KOMiuienca nHHu,Hau,HH. 

• K KOMiuieKcy HHHu.Hau.HH npncoeAHHaeTca óoubuiaa 
cyfozmnYíuč, (})opMHpya u,euyio pnóocoMy. 

30S cyó'beflHHHua, BOBJíeneHHaa b nKni^naunio, 
caMa no ceóe He cnocoÓHa oóecnenHTb peaxij,HH CBa3bi- 
BaHHa mPHK h tPHK. ,II,;ia 3Toro npHBueKaiOTca Aonou- 
HHTeubHbie óeuxH, Ha3biBaeMbie 4>aKTopaMH hhhu,h- 
au,Hu (IF). Hx mo5kho oÓHapy)KHTb b KOMmieKce c 30S 
cyó'beAHHHu.eH, ho He c ijejiofi 70S phóocomoh: Kor/ja 
cyó'beAHHHu.bi coeAHHaioTca, (})aKTopbi HHHi^HauHH 


8.4 


B MHMUMauMM cMHTe3a éejiKa 
y 6aKTepníí ywacTByioT 
30S cyó'beAMHMUbi 
m BcnoMoraiejibHbie (|)aKTopbi 


KinoneBbie noHfljm: 


• fl/ifi MHML^Maumí 30S m 50S cy6i>eAMHMUbi pnóocoMbi flOA)KHbi 
Haxoflmbca OTAe/ibHO Apyr ot Apyra. 

• Tatone Heo6xoAMMbi (J)aKTopbi MHMAMaumí (IF-1, IF-2 m IF-3), 
KOTopbie CBfl3biBaiOTCfl c 30S cyó-beAMHMueíí. 

• 30S cyč-beAMHMua, Hecynaa c|3aKTopbi caAmca 

Ha caiÍT mvu\muy\v\ mPHK; TaK o6pa3yeica KOMn/ieKC 

MHMLiMaLiMM. 

• Hio6bi 50S cy6i>eAMHMAa Morjia npnoceAMHmbca k KOMľiJieKcy 
30S-MPHK, IF-3 Aoa>KeH yíÍTM. 


Phóocomm óaxTepnH, ocymecTBuaiouíHe suoHrauHio 
noannenTHAa, npeflcraBjíaiOT coóoh HacTHu,bi c ko 3(})- 
^HUHeHTOM CeAHMeHTaUHH 70S. npn TepMHHaUHH 3TH 
70S HaCTHU,bI CXOAUT C mPHK b HHTaKTHOM BHAe KaK CBO- 
óoAHbie pnóocoMbi. B pacTymnx ôaKTepnax óoJibuiHHC- 
tbo pHÓocoM axTHBHO ynacTByeT b CHHTe3e óeuKa; nyu 
CBOÓOflHbix pnôocoM cocTaBuaeT Bcero -20% ot oómero 
nyaa phóocom. 


Cyé'beAHHMAbi pnôocoM peAMpKy/mpyioT 


OaKTopbi 

MHmiMaLlMM 

► • 



1/lHminauMfi S^oHraiiMfi TepMMHaiiMfl 


PMC. 8.9 fl/ia TpeôyiOTca CBo 6 oAHbie cyôxeAMHM- 

14 b! pnôocoM. KorAa pnóocoMa BbiCBOÔowAaeTca npn TepMMHa- 
í\m, 30S cyô-beAMHMAbi y^aBAMBatOTca c))aKTopaMM mvu\v\a\\m m 
AMCC 0 L\MnpyK)T c o6pa30BaHMeM CBOÓOAHbix cyó-beAMHMU. KorAa 
npn MHMAMaumí TpaHCABAMM cy 6 i>eAMHm 4 bi peaccounnpyK)T c 06 - 
pa30BaHMeM C))yHKUMOHaAbHOM pHÔOCOMbl, 4)aKTOpbl MHMAMa [\m 
yxoABT 
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MHMijHaijMfl TpeôyeT Hanmna cneunajibHbix cpaKTopoB 

H CBOÔOAHblX CyÔ'beAMHHA 


1 30S cyó-beflMHMMa CBfl3biBaera c mPHK 
1F -J 



2 IF-2 npMHOCMTTPHK b caŕíT P 
1F-* 



f 1F -3 

J 


3 OaKTOpbl MHMUMaumí yXOflflT, CyÓbeflMHimbl CTblKyiOTCfl 



PMC. 8.10 OaKTOpbl MHMUMaUMM CTa6MAM3MpyK)T CBOČOflHbie 30S 
cy6i>eAMHMUbi n craBAT MHMUMaTopHyio tPHK Ha ee MecTO b komii- 
jieKce 30S-mPHK 


IF-3 KOHTpoflMpyeT accoLtuauMio cy6i>eAMHHA 



PMC. 8.11 flflfl MHMunauMM TpeóyioTCfl 30S cy6i>eflMHMMbi ( Hecy- 
iHMe IF-3 


yXOflflT. B 3TOM HX 0TJIH4HC OT pufioCOMajIBHblX ÔCJTKOB 
(r-6ejiKOH, CTpyKTypHbix ôcjikob pn 6 oco m bi). OaKTopia 
HHHpnailHH HyjKHbl TOJIbKO j\R9í C)6pä30BäHHB KOMnjICK- 

ca HHHiinapHH; hx hct b 70S pnôocoMax; ohh He ynac- 

TByiOT B OJIOHI'aHHH. 

3Tan HHHiinapHH iiojihoctbio 'H 3o6p;men Ha pmc. 8.10; 
ero moxcho pa3flaiHTb Ha TpH rnara. Y ôaicrepHň ecrb Tpn 
(})aKTopa HHHpHapHH; hm npHCBoeHbi HOMepa IF-1, IF-2 h 
IF- 3. Be3 3TOX (J)aicropoB hh mPHK, hh tPHK He Moryr BCTy- 

nHTb B KOMUACKC HHHL(HaU,HH. 

• IF-3 HyxceH jinn Toro, 4To6bi 30S cy6a>CAHBmnBi moíah 
CBH 3biB3Tb cneuH(f)H4ecKMe caňTbi mPHK. 

• IF-2 CBB3biBae*T ocoôyio HHHpHaTopHyio tPHK h koht- 
pojmpyeT ee Bxo>KAeHHe Ha pnôocoMy. 

• IF-1 CBH3biBaercH c 30S cyó'beflHHHuaMH b yxce 
C(J)opMHpoBaHHOM KOMniieKce 30 S-mPHK. IF-1 cba- 
3biBaeTca c caňTOM A, He iio3bojihh aMUHoapuji- 
TPHK 33HJITb 3TOT C3HT, H, B03M05KH0, OTOABHľaeT 
MOMeHT CBH3bIBaHHH HHHLJHaTOpHOrO KOMnJieKCa C 

50S cyóteAHHHiieň. 

y IF-3 MH0>KCCTB0 (J)yHKpHH. Brašne OH CTaÔll.TH- 
3npyeT cBoóoflHbie 30S cy6"beAHHHLi;bi. 3aTeM npHflaeT hm 
cnocoÓHocTb CBH3aTbCH c mPHK HaxoHep, yxce b cocTaBe 
KOManeKca 30 S-mPHK, IF-3 npoBepaeT npaBmibHocrb co- 

OTBCTCTBHB nepBOÍÍ aMHHOapHJI-TPHK CTapT-KOflOHy (cm. 

pa3A. 8.6 «Hcnojib30BaHHe fMet-TPHK f KompojiMpyerca 
(J)aiaropoM IF-2 h ph 6 ocomoh»). 

Kax noKa3aHO Ha pmc. 8.n, nepBaa (JjyHKpHH IF- 
3 — sto CMemeHHe paBnoBcena m oka y coctohhhsimh 
Ph 6 ocom. IF-3 CB»3biBacT cBOÓOAHbie 30S cyô'beAHHHpbi 
Ha BbixoAe H3 nyjia 70S phóocom (b pe3yjibTaTe ahcco- 
pHauHH nociieAHHx). npHcyTCTBHe IF-3 MernaeT bocco- 
eAHHeHHio 30S cyó'beAHHHpbi c 50S cyóbeAHHHpeH. C 
KaxcAOň 30S cy6i>eAHHHiieH CBH3biBaeTCB oah 3 MOJieKy.ua 
IF-3. Hhcjio cboôoahhx 30S cyo'beAHHnn onpeAeoBCTCH 
AOCTynHOCTbio IF-3, KOToporo b KJieTxe BcerAa cpaBHH- 
TeiIbHO M3JIO. 

IF-3 CBH3biBaeTCfl c noBepxHOCTbio 30S cy6i>eAHHH- 
pbi neiiOAajieKy ot caňTa A. CymecTByeT siiambľejibHoe 
coBnaAeHHe mokay ocnoBain-iHMi-i 16S pPHK, noKpbiTbiMH 
IF-3, H TeMH OCHOB3HHBMH, KOTOpbie 3aAeHCTBOBaHbI npH 

CBH3biBaHHH c 50S cyó'beAHHHijeH. noxoxce Ha to, hto 
IF-3 (J)H 3HHecKH MernaeT CB»3biBanHK) 6o;ibmoň h m 3 jioh 
cyó'beAHHHp pHÓocoMbi. TaKHM o6pa30M, IF-3 paóoTaeT 
Kax (JjaKTop, npoTHBOAeňCTByiomHň accoiiHapHH cy6t- 
eAHHHii h noMoraiomHň 30S cyóbeAHHHpe coxpaHHTb 
CBOÓOAHyio (J)opMy. 

BTopaa (JjyHKpHH IF-3 Kacaerca cnocoÓHocra 30S 
cyóteAHHHp k CBH 3biBaHHHD c mPHK. IF-3 HyxceH ManbiM 
cyô’beAHHHijaM o6pa30BaHra KOMn^eKca c mPHK 
Hto 6 h k 3TOMy KOMmieKcy CMOľJia npHCoeAHHHTbca SOS 
cyô'beAHHHpa, IF-3 AOnxceH yňTH. Kax toobko IF-3 yxoAHT, 
oh cpa3y xce B3aHMOAeňcTByeT c hoboh cboôoahoh 30S 
cyóbeAHHHLieH. 

flpyroň (J)aKTop hhhph3lihh, IF-2, oÔAaAaeT IT<I>a3- 

HOH aKTHBHOCTbK) (HO npOHBJWeT 3Ty aKTHBHOCTb TOJIbKO 

b KOMniieKce c ph 6 ocomoh), to ecrb, b npHcyTCTBHH pn- 
óocoMbi IF-2 npoBOAHT pacmeiuieHHe (rHApo;iH3) ľTO 
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c BbiCBo6o5KfleHneM aHeprHH. 1T0 raApojniayeTO) b tot 
MOM eHT, Korfla 50S cy6'be/niiiHu,a npncoe/(HHaeTca k kom- 
raeKcy HHHpnapHH c o6pa30BaHHeM nojiHoň phóocomh. 
PacmeruieHne IT<I> Befler k H3MeHeHHio KOHtfiopMamiH 
cyô'beflHHHp, cnocoôCTBya hx npeBpameHHio b aKTHBHyio 
70S pn6ocoMy. 


8.5 


Ocoóan MHMUHaiopHafl tPHK 
3aioiaAbiBaeT nepBoe 3BeH0 
no^nnenTMfla 


K/iiOMeBbie noHBTMfl: 


• Kajxflbiíí CMHTe 3 npyeMbm no/iMnermiA HaHMHaeTCfl c aMMHOKMcnoTbi 
MeTMOHMHa, oôbiHHO KOflupyeMOM Tpun/ieTOM AUG. 

• B MHMUMaukiM m 3JiOHrai4MM ynacTBytoT pa3Mbie 
M6TM0HMH0Bbl6 tPHK. 


• y MHMukiaTopHoíí tPHK ecTb crpyKTypHbie ocočeHHOcTM, 
KOTopbiMM oHa OTBMHaeTCfl ot Bcex oda/ibHbix tPHK. 

• y ÓaKTepnŕí MeTMOHMH MHMUMaTOpHOM tPHK MMeeT 
(|)opMMi)MpoBaHHyio aMMHorpynny. 


CHHTe3 Bcex ÓejIKOB HaHHHaeTCH C OflHOH H TOH xce 3MH- 
HOKHG/IOTbl — MeTHOHHHa. CurHÍUIOM K Häq;ny CHHTe3a 
noJinneiiTHflHOH učím cji\okht ocoôhh miHnnnpyioiunH 
KOflOH mPHK, o6o3HaHaiomHň Hanajio otkphtoh paMKH 

CHHTbIBaHHB. OÓblHHO T3KHM KOflOHOM CJiyXCHT TpHIlJieT 
AUG; y óaKTepnň, iiomhmo AUG, Hcno/ib3yiOTO[ TpnnjieTbi 
GUG h UUG. 

XOTO B OTKpbITOH paMKe CHHTbIB3HHH KOflOHbl AUG 
Bcerfla cooTBercTByiOT MeTHOHHHaM, /yia hhx cymecTBycT 
flBa npHHpHnHaJibHO pa3Hbix Bima tPHK 0#hh bha tPHK 
iícnoabsycro) /uia minniian™, apyroň — /yia ysnabanna 
BHyrpeHHHx koaohob AUG bo BpeMíi a/iouram-iH. 

y ôaicrepHň, a Taioxe b opraHe/uiax syrapnoT HHHpna- 
Topnaa tPHK Hecer MerooHHHOBbíň ocraTOK, Koropbíň (})op- 
MmmpoBaH no aMHHorpynne. TaKHM oôpa30M, bch MO/ieKyna 
ecn> He hto HHoe, KaK N-(J)opMHji-MeTHOHiifi-TPHK CaMa 
no ce6e HHHpnaTopHaa tPHK o6o3HanaeTca KaK tPHKjM**. 
AMHHoaiflmnpoBaHHaH HHnpHaTopHaa tPHK o6o3HanaeTCH 
ôk fMet-xPHKf 

UHHUHaTopHaa tPHK nonynaeT cboio (JjopMmin- 
poBaHHyio aMHHOKHCJioTy b pe3ynbTaTe peaKpnH, npo- 
xoflameň b flBe CTyneHn. CHanana tPHK «3apa>KaeTCB» 
OÔblHHOH 3MHHOKHCJIOTOH C 06pa30BaHHCM Met-TPHK f . 
3aTeM HfleT peaKu,na (JiopMminpoBaHHn, 6jioKnpyfomaa 
CBOôoflHyio aMHHorpynny mcthohhji 3, KaK noKa3aHO Ha 
pmc. 8.12. riojivMCHnaa fMet-TPHK f nnineHa bo3moxchoc- 
th ynacTBOBaTb b anoHraijHH («3-3a 6 jiok;i aMHHorpyn- 
nbi), 3aTo xoporno npncnocoôneHa k ynacraio b 3amiaflKe 
ôy^ymero nojiHnenraAa. 

Taxan tPHK ncno/ib3yeTCH TOJibKO b HHHiiHapHH. OHa 
y3Haer koaohh AUG h GUG (HHorfla UUG). KanecTBO y3- 
HaB3HHa 33 BHCHT ot KOflOHa: npn 3aMeHe AUG Ha GUG 3ťJ>- 
(J)eKTHBHOCTb HHHU,Hau,HH naAaeT BflBoe, npn 3aMeHe GUG 
Ha UUG — eme BflBoe. 


tiHMAHaTopHaj) tPHK $opMH/iHpoBaHa 



PMC. 8.12 MHMUMaTopHafl N-(()opMM/i-MeTMOHM/i-TPHK (fMet-tRNA f ) 
o6pa3yeTC5i 3a cneT 4)opMM/inpoBaHM5i MeTMOHMji-TPHK. B KanecTBe 
KO(()aKTopa b 3TOÍÍ peaKLjMM ncno/ib3yeTC5i (J)opMM/iTeTparMApo(t)o/iaT 


MHHAHaTopHaa tPHK HMeeT xapaKTepHbie npn3HaKM 


0OpMM/lMpOBaHHaH 

aMMHOKMC/lOTa 
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PMC. 8.13 fMet-TPHK f o6/iaflaeT p^aom yHMKa/ibHbix oco6eHHOdeíí, 
OT/iMnaioLUMx ee KaK MHMUMaTopHyio tPHK 


3a y3HaBaHHe KOflOHa AUG bo BHyrpeHHHx nojioxce- 
HHHX OTKpbITOH paMKH CHHTbIB3HHH OTBCHaeT flpyTOH BHfl 
tPHK Ahthkoaoh stoh tPHK H3anMO/(eňcTByc'r TOJibKO c 
BHyrpeHHHMH AUG; mcthohhji, kotophh OHa Hecer, He mo- 

>KCT ObITb (jlOpMH.mpOBaiI. 

B HČM OTJIHHHe HHHIinaTOpHOH fMet-TPHK f OT 3nOH- 
raTopHoň Met-TPHK m ? KaK noKa3aHO Ha pmc. 8.i3, hx 
H yioieoTHflHbie noaieflOBaTenbHOCTH hmoot pa/( xapaK- 
TepHbix ocoóeHHOCTeň. TaK, HeKOTopbie ocoôchhocth 
nocneAOBaTenbHOCTH HHHpnaTopHOH tPHK MemaiOTyMac- 
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TBOBäTb B SJIOHľaiJHH, ppymt, HanpOTHB, HeOÔXOflHMbl 

ynacTra b HHHijHaitHH: 

• OopMHjiHpOBaHHe He aBJíaeTca CTporo HeoôxoflHMbiM, 
nocKOJibKy Hec})opMraHpoBaHHaa Met-TPHK f Toace mo- 
aceT paôoTaTb xax HHHitnaTop. Ho (J)opMHjiHpoBaHHe 
3HaMHTeJIbHO nOBbimaeT 3(j)(j)eKTHBHOCTb HCn0JIb30- 
BaHHa Met-TPHK f , nocKOJibxy (jiopMHji cjiyacnT oähhm 
H 3 CHma^OB flJIÍI CBfl3bIBaHHfl IF-2 C HHHIJHaTOpHOH 

tPHK. 

• Bce tPHK, KpOMe TPHK f Met , hmoot HcmiiOHHTejibHO 
cnapeHHbie ocHOBaHHfl b aKijenTopHOM ynacTice tPHK, 
r^e OHa coeAHHaeTca c aMHHOKHCJiOTOH. MyTaijHH, 
npH/taioiitHe stoh nape KOMruieMeHTapHOCTb, no3BOJia- 
iot TPHK f Met yqacTBOBaTb b 3JiOHrau,HH. C/ieflOBaTejibHO, 
npHcyTCTBne HecnapeHHbix ocHOBaHHH hmchho b stom 
nojioaceHHH (J)aKTHMecKH yAepxcHBaeT TPHK^ et ot ynac- 
thíí b sjiOHraijHH. YcTaHOBjíeHO, hto 3Ta napa Taioxe Me- 
rnaaa 6bi peaKu,HH (J)opMHjiHpoBaHHfl MeTHOHmia. 

• Elite OAHOH OTJIHHHTCJIbHOH OCOÔeHHOCTbK) TPHK f Met 
aBaaeTca cepna H3 Tpex KOMruieMeHTapHbix G-C b 
ummibKe aHTHKOflOHOBOH nemu. 3th napbi G-C Heo6- 
xo^HMbi /yw noca^KH fMet-TPHK f b caňT P Ha Maaoň 
cyô'beflHHHite pnóocoMbi. 

B óaKTepnax h MHToxonopHax ecTb cneitHa^bHbíň (J)ep- 
MeHT, Aec})opMiuia3a, «o6KycbreaiomHH» cjDopMKJibHyio rpyn- 
ny nepBoro MeTHOHHHa, Tax hto y pacTymero noannenTM/ta 
nojiyMaeTca HopMaabHbíň NH 2 -xoHeiy B nojiOBHHe cnynaeB 
caM MeTHOHHH Taioxe noA^eacHT y^a^eHnio: cjiepMeHT aMH- 
HonenTH/ta3a y^a^aeT y nojiHnenra^a AecjiopMHJiHpoBaH- 
HblH N-KOHH,eBOH MeTHOHHH; TaXHM 0Ópa30M, BTOpaa aMH- 
HOKHCJIOTa CTaHOBHTCa nepBOH. ,Z],e(J)OpMKJIHpOBaHHe H, 
eoín noaoaceHO, yzja^eHHe fle(j)opMiuiHpoBaHHoro N-koh- 
iteBoro MeTHOHHHa nponcxoAflT BCKope nocae HHHitnaijHH, 
Kor^a ,/yiHHa pacTymero nojiHnenTH/ta eme He AOCTHina h 

15 aMHHOKHCJIOT. 


8.6 


licno^b30BaHne fMet-TPHKf 
KOHTpOJIMpyeTCfl 
(JjaKTOpOM IF-2 M pMÓOCOMOM 


K/HoneBbie noHBTMB: 


• IF-2 CBA3biBaeT nHML(MaTopHyio fMet-TPHK n no3BO/iaeT eťí 3 aHHTb 
HenoflHbiM caiíT P Ha Ma/ioŇ cyóteAMHmie puóocoMbi. 


Tpauc;wmi>i koaohob AUG 33bhcht ot KOHTeKCTa. Eoih 
AUG Hcnojih3ycTCH pjm jinnumm-iH, oh hhtíictoi k;ik c})op- 
MHJI-MeTHOHHH; eOIH AUG CTOHT BHyTpH OTKpbITOH päMKH 
CHHTbIBaHHH, OH 0603HaHaeT MeTHOHHH. jX™ TpaHCJIHltHH 

KOflOHa GUG OKpyaceHHe eme 6o;iee kphthhho. B KaHecree 
nepBoro KOflOHa GUG TpaHcmpyeTca b (Jjopmhji-mcthohhh; 
b KaHecree BHyTpeHHero KOflOHa GUG HHTaeTca Val-TPHK 
h o6o3HaHaer, ecrecTBeHHo, b3jihh (b cootbctctbhh c ynn- 
Bepca^bHbiM reHeTHHecKHM koaom). 

HeM o6yaiOBJieHa crojib pa3Haa HHTepnperauHa 
pHOOH\TCieOTH;iHOľO KOHTeKCTa fl/IH KOAOHOB AUG h GUG? 


pmc. 8.14 wuiiocTpHpyeT pemaiomyio po/ib phôocomh b 
CB» 3Ke co BcnoMoraTe/ibHbiMH (JtaKTopaMH. 

Korfla Ma^aa (30S) cy6beflHHHu;a ôyAymeň phôocomh 
CBB3biBaeT mPHK, o6pa3ya c Heň KOMnaeKC hhhph3iihh, 
HHHIlHHpyiOmHH KOflOH JIOKHTCB B CaťÍT P (KOTOpblH 
óyfleT c(J)opMHpoBaH nojiHocTbio jinnib npn BCTynae- 
HHH ÔOJIblIIOH CyÔ'beAHIIHUbl B KOMnJieKC HHHIlHailHH). 
EflHHCTBeHHOH aMHIIOaUHJI-TPl IK, CnOCOOHOH BCTynHTb 

b KOMnJieKC HHHpnaiiHH paHbine 6ojibinoň cyó'be/(nnn- 
pbi, HB/iaeTca fMet-TPHK f . ToabKO OHa MOxeT CB«3aTb He- 
iiojinbíň caňT P Ha 30S cyôteAHHHpe, htoôi.i pacno3HaTb 

C BOH KOflOH. 

B MOMeHT, Korna k KOMnjieKcy hhhiih3phh npHCO- 
eflHHaeTca ôoabmaa cyĎ'beflHHHpa, HenojiHbie caň™ P h 
A npeo6pa3yioTca b nojiHocTbfo c(})opMHpoBaHHbie caňTbi. 
Tenepb HHHpHaTopHaa fMet-TPHK f , coxpaHHB CBoe noao- 
aceHHe, 33HHMaeT (JiyHKíiHOHaabHo noaHopeHHbíň caňT P, 
a caňT A acaer BCTpenH co aieflyromeň aMHHoaiian-TPHK, 
COOTBeTCTByiOmeH BTOpOMy KOflOHy. B pe3yAI>TaTC B33HMO- 
AeňcTBHH flByx tPHK oôpaaycTca nepiuia nenTiiAnaa cbh3b h 
HanHHaeTca ajiouľapiia. 

HTaK, b npoHTeHHH KOHKpeTHoro KOAOHa n]XBa;iHpycT 
mľniynaiyHM, ccjih stot koaoh AUG (h.th GUG) HaxoAHTca 
b npc/ie;iax caňTa CBasbiBamia phôocomh, noTOMy hto hhh- 
to, KpoMe HHHpnaTopHOH fMet-TPHK f , He moxcct BcraTb b 
H enojiHbíň caňT P, o6pa3yeMbiň npn CB»3biBaHHH 30S cyôi- 
eAHHHpbi c mPHK de novo. B pnôocoMe, npoAOJixcaiomeň 
TpaHOiHitHio mPHK, HMeeT MecTO BHyrpeHHee npoHTeHHe, 
noTOMy hto BOňTH b no;iHbiň caňT A, o6pa30BaHHbiň o6e- 


30S cyôbeAMHmjbi HHMitMHpyiOT, pw6ocoMbi 3/ioHmpyioT 


IF-2 

fMet 

U 




To/ibKO fMet-TPHK f MO>KeT 3aHíiTb 
Heno/iHbiíí caňT P Ha CBfl3aBwe£í mPHK 
30S cyóbeflMHMue 


fMet 



AUG hf%ft 



To/ibKO aMMHoaumi-TPHK mojkct 
33HBTb caňT A b u,ej\ oň 70S pn6ocoMe 



PMC. 8.14 To/ibKO fMet-TPHK f MO>KeT 6biTb ncno/ib30BaHa 30S cy6-b- 
eflMHM-ieň anfl MHMUMauMM. flpyrMe aMHHoaun/i-TPHK (aa-TPHK) 
npeflHa3HaHeHbi aab 3/iOHrauMM b 70S pMÓocoMe 


168 rJ1ABA8CMHTe3 6eBKa 











HMH CyÓ'beAHHHU.aMH pHÔOCOMbl, MOryT TOJIbKO OÔblHHbie 
aMHHoaijra-TPHK, ho He HHHi^HaTopHaa. 

B HCII0JIb30BaHHH pa3HbIX BH^OB aMHHOaUHJI-TPHK 
OMeHb BaxcHa pojib BcnoMoraTe;ibHbix (})aKTopoB. Bce aMH- 
Hoaijra-TPHK B3aHMOACHCTByiOT c phóocomoh nyTeM oót- 
eAHHeHHa c BcnoMoraTejibHbiM (J)aKTopoM. ripn 
TaKHM (J)aKTopoM cjiyxcHT IF-2 (cm. pa3A. 8.4 «B 
CHHTe3a 6e;iKa y óaicrepHH ynacTByioT 30S cy6 r btp l mmu,bi 
h BcnoMoraTejibHbie (J)aKTopbi»), b 3JioHraijHH — (J)aKTop 
EF-Tu (cm. pa3A. 8.10 «OaKTop sjiOHrau,™ EF-Tu 3arppcaeT 
aMHHoaumi-TPHK b caňT A»). 

OaKTop HHHĽjHaijHH IF-2 noMemaeT HHHĽjHaTopHyio 
tPHK b HenojiHbíň caňT P. 06pa3ya komiuickc c fMet-TPHK f , 
IF-2 hmchho b cray CBoeň cneijH(})HHHOCTH oTCTparaeT 
ocrajibHbie (peryjmpHbie) aMHHoaijra-TPHK ot yracraa 
b HHHH.Hau.HH. H HaoóopoT: EF-Tu, KOTopbíň noMemaeT 
aMHHoai^ra-TPHK b caHT A, cobccm He yMeeT CBfl3braaTb 
fMet-TPHK f bo BpeMfl sjiOHraijHH, hto HCioiKmeT ee hc- 
no^b30BaHHe. 

flonOJIHHTeJIbHyiO HfleHTHĺpHKaUHK) HHHH,HaTOpHOH 
tPHK npoBOAHT (J)aKTop IF-3, KOTopbíň cTaÓHJiraHpyeT 
CBÍI3bIBaHHe HHHH,HaTOpHOH tPHK c mPHK. OaKTop IF-3 
y3HaeT BTopoe h TpeTbe ocHOBaHra Komora AUG TOJibKO 
b cjiynae hx npaBrabHoro cnapHBaHra c ocHOBaHraMH 

aHTHKOflOHa. 

Ha P M c. 8.15 pa3o6paHa noaieAOBaTe^bHOCTb coómthh 
noMemeHra fMet-TPHK f b caňT P (J)aKTopoM IF-2. CHana^a 
IF-2 BKyne c ITO CBfl3biBaeTca c HenojiHbiM caňTOM P Ha 
30S pHÓocoMbi. B stot momcht Bce (J)aKTopbi 


MHMAHauHii KOHTpoiiHpyeTcn TpeMfl cjjaKTopaMH 

IF-3 

IF-1 

KoMn/ieKC 30S-mPFIK x ^ 

I 

1 

i 

K KOMruieKcy ^' 2 rKt 

> 

> 

npucoeAMHHera IF2-rľ<D ^ ^ 

i _ 

i 


fMet \ 

\ 

K KOMn^eKcy Jp 

npucoeAMHHera J? 

MHMuMaTopHaH tPHK ^ 


ripMCoeAMHHeTCH 50S ' 

\ 

cyóbeAMHMua. a IF1-3 yxoAflT 
i- 1 - 1 fMet 

n/. ^ 


IF-l IF -2 IF-3 rfl<D <Dj ^ 



PUC. 8.15 IF-2 Hy>KeH Toro, HTo6bi npucoeflMHMTb fMet-TPHK f k 
KOM ruieKcy 30S-mPHK. ľloc/ie Toro KaK k KOMn/ieKcy npncoeAMHMTCfl 
50S cyó-beAMHMua, Bce (J)aKTopbi IF yxoAflT, a TTO pacuje n jifleTCfl 


HHHH,HailHH OKa3bIBaiOTCa aCCOĽJHHpOBaHHblMH C 30S cyÔT- 
eAHHHiieH; 3aTeM fMet-TPHK f CBa3bmaeTca c IF-2, KOTopbíň 
TyT ace noMentaeT ee b HenojiHbíň caňT P. 


B3aMMOfleŕícTBMe 
KOMíuieMeHTapHbix ynacTKOB 
mPHK m pPHK noMoraei 


KinoneBbie noH5iTMB: 


• riocneflOBaTeflbHOCTb lilaňHa-flanbrapHO, nojinnypnHOBbiŕi 
luecTMH/ieHHMK b cocraBe 6aKrepnajibHOÍÍ mPHK, npefluiecTByeT 
MHMiiMMpyiomeMy KOflOHy AUG m OTfle/ieHa ot Hero ynacrKOM b 10 
OCHOBaHMM. 

• pPHK 30S cy 6 T)eAMHM 4 bi óaKTepna^bHoíí pnôocoMbi coflepxwT 
a/ieMem, KOMn/ieMeHTapHbiií noaieflOBaTe/ibHoc™ IĽaňHa- 
Aa/ibrapHO m B 3 anMOfle(iCTByioinMM c Hen b xofle MHMUnaum<i 

Kaxcnaa mPHK coflepxcHT mhoxccctbo TpHiuieTOB AUG. 
Ha neM ocHOBaHO onoanaiine o/inoro HiinnnaTopHoio 
Konopa b KaqecTBe crapTOBoň tohkh TpaHCJiaiiHH? Caň- 
Tbl mPHK, b KOTOpblX HaHHHaeTCB CHHTC3 ÔefIKa, M05KH0 
HfleHTH(J)HIlHpOBaTb 3KCIiepHMeHTaJIbHO. /Via 3TOrO HaflO 
3anycTHTb TpaHc/imiHio b yc/iOBHax, 3anpemaiomHx anoH- 
raiiHHD nojmnenrafla. PnôocoMa, KOTopaa He moxcct yzyin- 
HaTb nojiHneimm, 3acTpeBaeT b caň'ľe mimu-iannn. Eoih 
k TaxoMy 3a6jiOKnpoBanHOMy KOMruieKcy nnHiinamin ro- 
ôaBHTb pHÔOHyioiea3y, OHa nonHOCTbio yHHHToxcHT bcio 
mPHK, 3a ncioiiOHeHHeM ynacTKa, 3aKpbiToro ph6ocomoh. 
Kax noKa3aHO Ha PMC. 8.16, Taxne (J)parMeHTbi mPHK moxc- 
HO (J)H3HHeCKH BblflejIHTb h oxapaKTepH30BaTb. 

OparMeHTbi (cfiaKTHHecKH sto caň™ CB»3biBaHHa c pn- 
6 ocomoh) HMeioT /yiHHy ~30 och. h oôjiaflaiOT UByMa cbohc- 

TB3MH, oélIlHMH flJIH p33JIHHHbIX 6aKTepHaabHbIX mPHK 

• BHyrpH (J)parMeHTa Bcer^a HaxoflHTca HHHiiHHpyiomHH 
KOflOH AUG (poxe GUG wm UUG). 

• npHMepHO fleCflTbK) OCHOBaHHHMH BblIIie 3TOľO AUG 
HaxoflHTca nocfieflOBaTejibHOCTb, coBnanaiomaa (xoth 
6 h nacTHHHO) c inecTUMacmn-iKOM 

5'... A 
GGA 
GG 
...3' 

3tot nojiHnypHHOBbíň mccTiiqaeiiHHK Ha3biBaioT noc- 
aeflOBaTejibHOCTb UlaňHa-AajibrapHO. Oh KOMiuieMeHTa- 
peH OHCHb KOHCepBaTHBHOH nOC.aeflOBaTCJIbHOtTH 

3'... 

UCC 

UCC 

...5' 

coflepxcameňcH b 16S pPHK He^ajiexo ot 3'-KOHiia. (CTeneHb 
KOMruieMCHTapHOCTH pa3JiHHHa pjw OTflejibHbix mPHK h moxcct 
B apbHpoBaTb ot 6a30B0ň noaieflOBaTejibHOCTH H3 4 ocHOBa- 
hhh (GAGG) flo ynacTKa b uejibix 9 ochob3hhh, BbicrynaiomHX 
c oôeHx cropoH 3a npeflejibi rexcaMepa LUaňHa-/IajibrapHO.) 
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KoAOHy AUG npeAUiecTByeT nooieAOBaTe/ibHOCTb UJaňHa-fla/ibrapHo 
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KoAHpyiomafl 
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1 

ľlOC/ieAOBaTe/lbHOCTb 

1 

AUG 

LUaŕíHa-Aa/ibrapHo: 

nocepeAHHe 

Ha paCCTOflHMM 

3anmueHHoro 

< 10 OCH. 
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nepeA AUG 
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KOHCeHCyCOM 


PMC. 8.16 CaíÍTbi mPHK, ocymecTB/i5uomne nepBMHHbiíí KOHTaKT c pM- 
6 ocomoíí, mo>kho OTflejiMTb c KOMn/ieKCOB MHMUMauMM in vitro. 3 tm 
caííTbi coflep>KaT MHMUMMpyiomMíí koaoh AUG, KOTopoMy npeAiuecT- 
ByeT noc/ieAOBaie/ibHOCTb LLIaíÍHa-fla/ibrapHO 


B3aHMOAeHCTByeT jih nocjieAOBaTejibHOCTb Ulaň- 
Ha-flajibrapHO c KOMnjieMeHTapHOH b pPHK bo jypeMa 
CBH3biBaHra mPHK c ManoH cyfrbeAHHHijeH phóocomh? 

riO-BHAHMOMy, Aä, nOCKOAbKy MyTaU,HH B JIIOÓOH H3 3THX 

nocjieAOBaTejibHocTeň 3aMeTHO bjihíhot Ha xoa hhhijh- 
ai^HH. ToneHHbie MyTaijHH b nocjieAOBaTejibHOCTH UlaH- 
Ha-.Zl.aAbrapHO Moryr nojiHOCTbio nepeKpbiTb TpaHC- 
jiauHio KOHKpeTHoro rana mPHK. BHeceHHe MyraijHH b 
cooTBeTCTByiomHH ynacroK lóS pPHK 6yaeT xacaTbca 
yxce Bcex mPHK h MoaceT npeACTaBJíaTb onacHOCTb ajw 
KJ ieTKH (3a CHtT CHCTCMHblX H3MCHCHHH B IiaTTepHe CHH- 

Te3a óejiKOB). Eme oahhm yóeAHTejibHbiM noATBepxcAeHH- 
eM B3aHMOAeHCTB™ aBJíaeTca cynpecc™ MyTatjHH b noc- 
jieAOBaTejibHOCTH IIIaHHa-flajibrapHO (npOH3BOJibHOH 
mPHK) MyraiiHeň b lóS pPHK, KOTopaa BOCCTaHaBJíHBaeT 
KOMiuieMeHTapHOCTb cooTBeTCTByiomHx ynacTKOB AByx 
MOJieicyji. 

B Majioň cyó'beAHHHH.e phóocomh 3'-KOHijeBaa o6;iacTb 
pPHK AOBOJibHO KOHcepBaTHBHa: ee nooieAOBaTejibHocm 
y Bcex npoKapHOT h ayxapHOT AOBOJibHO noxoxcH. 3a oa- 
hhm HCKJiioHeHHeM: y Bcex ayKapHOT oTcyTCTByeT cerMem 
CCUCC (non™ ijejibiH aHTHnoA nocjieAOBaTejibHOCTH Ulaň- 
Ha-fla^brapHo). no Bceň bhahmocth, b syKapnoranecKOH 
HHHijHaijHH He npoHCxoAHT HHKaKoro cnapHBaHHa MexcAy 
mPHK h 18S pPHK. 3HanHT, syKapnoranecKaa HHHaHaijHfl 
no CBoeMy MexaHH3My AOBOJibHO cmibHO OTjiHnaeTca ot Ta- 
koboh y npoKapHOT. 


Y 6aKTepHH 30S cyô'beAHHHija HanpaMyio CBfl3biBaeTca 

C CaHTOM CBH3bIBaHHa pHÓOCOMbl. B pe3yjIbTaTe HHHIJHa- 
TopHbíň KOMmieKC o6pa3yeTca npaMO Ha ynacnce mPHK, b 
kotopom coAepxcHTca HHHU,HHpyK)iAHH koaoh AUG. B no- 
jiHiiHCTpOHHbix mPHK Ka^aa KOAHpyiomaa oóJiacTb, Kax 
npaBHJio, HanHHaeTca cbohm coócTBeHHbiM canTOM CBB3bi- 
BaHHa pHÓOCOMbl. 

TeHbi 6aKTepHH SKcnpeccHpyioTca TaKHM o6pa30M, 
mto TpaHC^au,™ mPHK oxBaTbmaeT ijHCTpoHbi b nop^AKe 
hx cjieAOBaHHa Apyr 3a ApyroM. He AOxcHAaacb OKomaHna 
TpaHCKpHnilHH, pHÓOCOMbl HaHHHaiOT OCBaHBaTb nepByio 
KOAHpyiomyK) oÓJiacTb hoboh mPHK. K MOMemy noaBJíeHna 
BTOporO CaHTa CBfl3bIBaHHfl pHÓOCOMbl (bo BTOpOM IJHCTpO- 
He mPHK), b nepBOM u,HCTpoHe yace nojiHbiM xoaom hagt 
T paHCJiauna. 

B3aHMOAeňcTBHe Mex<Ay KOAnpyioiAHMH oójiacTBMH 
AJiH KaacAOH mPHK CBoe. CKopee Bcero, b óojibiiiHHCTBe 
CAynaeB phóocomm, He3aBHCHMO Apyr ot Apyra, aoiaAbma- 
K)Tca H3 óojibiiiHx h Ma^bix cyó'beAHHHii b Hana^e KaxcAoro 
HOBoro iiHCTpoHa. CraHAapTHaa nocAeAOBaTejibHOCTb co- 
6 mthh H3o6pa^ceHa Ha P n c. 8.17. KorAa b KOHi^e nepBoro 
ilHCTpoHa TepMHHHpyeTca chhtc 3 nepBoro 6eAKa, ph6o- 
coMbi cxoaht c mPHK h AHCCOijHHpyiOT Ha cyó'beAHHHU.bi. 
HoBbie pHÓocoMbi, KOTopbie 6yAyr TpaHCJiHpoBaTb cjieAy- 
lomyio KOAHpyiOIAyiO OÓAaCTb BO BTOpOM U,HCTpOHe, AOJI^C- 
Hbl CAOXCHTbCa H3 CyÓ'bCAHHHU, B ee COÓCTBeHHOM, BTOpOM, 

caňTe HHHu,HaiiHH, h Tax Aajiee. 

y HeKOTopbix 6aKTepHajibHbix mPHK aKTbi TpaHCJia- 
iihh CMe^cHbix iiHCTpoHOB Moryr 6biTb ciienAeHbi. Tax 
ÓbIBaeT, KOľAa pHÓOCOMbl, 3aXOHMHB TpaHCJiaU,HK) B nep¬ 
BOM ijHCTpoHe, aBTOMaranecKH nojiynaiOT AOCTyn k hhh- 
IlHHpyiOIAGMy KOAOHy BO BTOpOM UHCTpOHe, TO eCTb eCJIH 
npoMexcyTOK MexcAy KOAnpyioiAMMH oéjiacTaMH hcbcjihk, 
a AOxajibHaa KOHiiempaii™ phôocom AOcraTonHo Bbi- 
coxa. HHTaKTHaa pHÓocoMa noxpbiBaeT ~30 ocHOBaHHH 
mPHK, nosTOMy OHa MO^ceT OAHOBpeMeHHO KOHTaxTH- 
pOBaTb C TepMHHHpyiOIAHM KOAOHOM H CO CACAyiOIAHM 
CaHTOM HHHIlHailHH. 


MHH4HaAH51 npOHCXOAMT He 33 BMCMMO 

Aiva MHomecTBa reHOB oahom mPHK 

MHMUMauHB TepMHHauMfi 

dÉl 1 

1 

HHHI 4 M 3 I 4 MB 

1 

4 r 

T 

4 , 

r • 

■ 1 

T 1 

1 1 

1 

ľlepBaíi KOAHpyiomaB 

06/iacTb 

1 

BTopaa KOAHpyiomaB 

06/1 acTb 


PMC. 8.17 B K37KAOM AMCTpOHe nO/lMAMCTpOHHOÍÍ MPHKMMeeTMeCTO He- 
3 aBMCMMOe C06blTMe MHMUMaUMM, OCOÓeHHO eC-nM pa 3 Mep Me>KUMCTpOH- 
hoíí 06/iacTM npeBbiiuaeT AnMHy ynacTKa, noKpbiBaeMoro pm6ocomoíí. 3 a 
AMCCOUMauMeíí pm6ocom b caiíTe TepMMHauMM OAHoro uMCTpoHa c-neAyeT 
He3aBMCMMaB TpaHc/iBLiMM c^neAyioiAero UMCTpoHa 
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8.8 


V 3yKapnoT Ma/ibie cyó-beAMHMUbi 
pnóocoM cKaHiipyiOT mPHK 
b noHCKax caŇTOB 


KjnoneBbie noH5iTMfl: 


• 3yKapnoTMHecKafl 40S cy6beAHHnua pn6ocoMbi CBB3biBaeT 
5 -KOHeu mPHK m MMrpMpyeT Bflo/ib mPHK ao o6Hapy>KeHMfl 
caííTa MHMAMauMM. 

• 3yKapMOTMHeCKMM CaíÍT MHMUMaAMM COCTOMT 

m agcatm HyK/ieoTM ahoíí noc/ieAOBaie/ibHOCTM, 
C0Aep>KaiAeíí koaoh AUG. 

• 60S cy6-beAHHMAbi pm6ocom npncoeAHHfliOTCfl k KOMrmeKcy 
B caiŕľe MHMUMaUMM. 


PlHMUHau,™ CHHTe3a 6ejixa b u,HTOiuia3Me syxapHomnec- 
KOH KJieTKH B IjeJIOM nOXOJXa Ha HHHU.HaU.HK) y ÓaKTepHH, 
ho nopa^ox coóbiTHH HeMHoro OTjiHnaeTca, a hhcjio Bcno- 
MoraTeAbHbix cjjaxTopoB ôojibine. npn 6ojiee noApoÓHOM 
paCCMOTpeHHH QieAyeT OCOÓO OTMeTHTb pa3JIHHHfl b cno- 
COÓe CTblKOBKH MaJIblX CyÔ'beAHHHIÍ pHÔOCOMbl CO CBOHMH 

caňTaMH CBa3bmaHHa b mPHK. Majibie 40S cyô'beAHHHijb] 
syKapHOTHHecKHx pHÓocoM CHanajia HaxoAflT 5'-xoHeu 
mPHK, 3aTeM nepeMemaioToi ony^a b canT HHHu,Hau,HH; 
TaM OHH COeAHHínOTCB C ÓOJIblIIHMH CyÓ'beAHHHU.aMH. Y 
npoKäpnoT Majibie cyó'beflHHHijbi CBa3bmaioTca HenocpeAC- 
TBeHHO C CaHTOM HHHU.HaU.HH, XOTOpblH, TaKHM 0Ópa30M, 
HBJíaeTca h canTOM nepBHHHoro KOHTaKTa mPHK c Majion 
cyóbeAHHHi^eH, h camoM cóopxn phóocomm (cm. pa3£. 8.4 
«B HHHu.Hau.HH CHHTe3a ôejixa y óaxTepnn ynacTByiOT 30S 
cy6beAHHHu,bi h BcnoMoraTejibHbie (J)aKTopbi»). 

npaKTHHecKH Bce syxapHOTHnecxne mPHK BBJíaiOTca 
MOHOUHCTpOHHbIMH. HpH STOM OHH, XaX npaBHJIO, /JJIHH- 
hmc — 3HaHHTejibH0 /yiHHHee CBoen xoflnpyiomeH OÓJiaC- 
TH. EOJIblIIHHCTBO SyxapHOTHHCCXHX mPHK HMeeT AJIHHy 
1000-2000 OCH., MCTHJIHpOBaHHblH XSn Ha 5'-XOHU,e, H 
100-200 ocHOBaHHH no;iH(A) Ha 3'-xoHu,e. 

Jljmm 5'-xoHijeBOH HeTpaHCJiHpyeMOH oôjiacm, Tax 
Ha3bmaeMoro jiH/jepa, oôbiHHO He npeBbimaeT 100 och. 
flnHHa KOAHpyiomeH o6jiac™ cooTBeTCTByeT pa3Mepy 6eji- 
Ka. JI^ji HHa 3'-KOHH,eBOH HeTpaHCJiHpyeMOH oójiac™, Tax Ha- 
3bmaeMoro Tpenjiepa, b cpe^HeM cocraBJweT 100 och. 

TpaHCJiau.Ha syxapHOTHnecxon mPHK HanHHaeTca c ee 
0n03HäBaHHa. DiaBHOH AGTepMHHaHTOH B 3TOM ono3HaBa- 
HHH CJiyXCHT MCTHJIHpOBaHHblH X3n, XOTOpbIM MapXHpOBaH 
5'-KOHea; mPHK, y xoTopon yzjajieH xsn, He óyčjeT 3^)(J)ex- 
thbho TpaHCJiHpOBaTbca in vitro. Äna CBH3bmaHHH 40S cyÔT- 
eAHHHUbi c mPHK TpeóyeTca Hecxojibxo (J)axTopoB HHHu,Ha- 
Uhh; HexoTopbie H3 sthx (J)axTopoB pacno3HaiOT xsn no ero 
CTpyXTypHbIM OCOÓeHHOCTHM. 

MoAH(J)Hxa4HB 5'-xoHija, Tax Ha3biBaeMoe xsnnpoBa- 
HHe, npOHCXOAHT nOHTH CO BCeMH XJieTOHHbIMH (a Taxjxe 
BnpycHbiMH) mPHK. HajiHHHe xsnoB Ha 5'-xoHu,ax mPHK 
oneHb cymecTBeHHO jyw hx TpaHCJiaijHH b ijHTorma3Me (ho 
He b opraHejmax; TaM xsnbi He HyjxHbi). H3 3Toro npaBHjia 
ecTb oaho HCXjHoneHHe: mPHK HexoTopbix BnpycoB (Taxnx 
Kax nojinoBHpyc) He hmciot xsnoB h, tcm He MeHee, xopo- 
rno TpaHCJiHpyioTCfl in vitro. Äna hhx paôoTaeT ajibTepHa- 
THBHblH nyTb HHHĽJHaiJHH TpaHCJWIJHH, ryje xsn He HyxceH. 


HexoTopbie Bnpycbi Hcnojib3yx)T sto pa 3 JiHHne b xa- 
necTBe aAanTaunoHHoro npeHMyiĽ,ecTBa. B pa3BHTHH no- 
JIHOBHpyCHOH HH(J)exn i HH npOHCXOAHT HHľHÓHpOBaHHe 
TpaHCJiau,HH xsnnpOBaHHbix mPHK xjieTxn-xo3aHHa. 3to 
HHľHÔHpOBaHHe ocyiH,ecTBjmeTca nepe3 bo3achctbhc Ha 
x3n-CBa3bmaiomHe óejixn — (JjaxTopbi HHHi^nai^HH TpaHC- 
JIHU.HH xjieTOHHbix mPHK, xoTopbie He Hy^cHbi jim TpaHCjm- 
i^hh HexsnnpoBaHHbix BnpycHbix mPHK. 

Mbi npHBbixjiH CMOTpeTb Ha npou,ecc HHHijHaijHH Tax, 
ÓyATO 6bl CaHT CBH3bIBaHHH pHÓOCOMbl BCer/^a HaXOAHTCH 
b cboóoahom AOCTyne. Ha caMOM Aejie stot caňT 3anpoc- 
to MO^ceT ôbiTb «cnpaTaH» bo btophhhoh CTpyxType mPHK. 
noca^xa pHÓocoMbi Ha mPHK TpeóyeT npHcyrcTBHa He- 
CXOJIbXHX AOnOJIHHTeJIbHblX (J)aXTOpOB; BaXCHOH naCTbK) 
hx (JjyHxn.HH HBJLaeTCH ycTpaHeHHe btophhhoh CTpyxTypbi 
mPHK (cm. pne. 8.20). 

Ecjih HHHi^HHpyiomHH xoaoh AUG HaxoAHTca b npe- 
Aejiax 40 och. ot 5'-xoHu,a mPHK, o^Ha 40S cyó'beAHHHiía 
MO^ceT OAHOBpeMeHHo noxpbiBaTb h xsn, h AUG. Bo mho- 
rnx mPHK xsn c AUG pa3HeceHbi cnjibHee; b OTflejibHbix 
cjiynaax paccToaHHe Mexc^y xsnoM h AUG AOCTnraeT 1000 
och. Ho h b sthx sxcTpeMaAbHbix cjiynaax aj m o6pa30Ba- 
HHa cTaÓHJibHoro xoMnjiexca HHHi^nai^HH hcoóxoahmo 
• HajiHMHe xsna Ha 5'-xoHu,e mPHK. Kax MO^ceT pnóocoMa 
bo BpeMa HHHu.Hau.HH onHpaTbca Ha tohxh, cTOJib OT^a- 
jieHHbie Apyr ot Apyra? 

JJjm oTBeTa Ha stot Bonpoc cym,ecTByeT Tax Ha3bmaeMaa 
MOAejib cxaHHpOBaHHa, xoTopaa pa3o6paHa Ha P M c. 8.18. 
iipeAnojiaraeTca, hto 40S cyô'beAHHHij.a cHanajia y3HaeT xsn, 



PMC. 8.18 Ma/ibie cy6beAHHMUbi 3yKapnoTMMecKMx pm6ocom Murpn- 
pyioT c 5'-KOHua mPHK k caííTy CBB3biBaHMB pMÓocoMbb b kotopom 
HaXOAMTCB MHMAMaTOpHbm KOAOH AUG 
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a 3aTeM HannHaeT ABHraTboí BAOJib mPHK, KaK 6bi H3ynaa, 
CKaHHpya ee Ha npeAMeT cama HHHijHaijHH. CKaHHpOBaHne, 
ot 5'-KOHija BDiyôb mPHK, npeAcraBJweT coôoh jihhchhhh 
npoijecc. Kor^a 40S cyô'beAHHHii.a cKaHHpyeT jiHAepHbin 
ynacTOK, OHa mojkct cnpaBHTijOi co innHjibKOH btophhhoh 
CTpyKTypbi, ecjiH ee craÔHJibHOCTb He npeBbimaeT 30 KKaji. 
Bojiee CTaómibHbie innHJibKH MemaioT MHipaijHH, nocKOJib- 
Ky 40S cy6beflHHHU,e TpyzjHO hx pacruieTaTb. 

MHrpau,Ha ocTaHaBJíHBaeTca b momcht, Kor^a 40S cyÔT>- 
eAHHHn,a BCTpenaeT HHHijHaTopHbiH koaoh AUG. Hame Bce- 
ro, nepBbíň ace TpnnjieT AUG Ha nym cyô'beAHHHijbi xa k pa3 
h 0Ka3bmaeTca HHHijHaTopHbiM koaohom. CaMoro no ce6e 
TpHmieTa AUG He^ocTaTOHHO /yrn Toro, htoôm 40S cyô'beAH- 
HHu,a ocTaHOBraacb ajia HHHĽjnaijHH; TpHinieT AUG aojdkch 
Haxo^HTbca b npaBHjibHOM KOHTeKCTe. BaxcHenuiHMH j\t- 
TepMHHaHTaMH KOHTeKCTa flBJWIOTCíI a30THCTbie OCHOBaHHa 

b nojioaceHnax -4 h +1. HHHijHaTopHbiH koaoh noAJiexcHT 
y3HaBaHHio TOJibKO b KOHTeKCTe NNNPuNN^UGG. riypHH 
(Pu; A hjih G), CToamHH TpeMa nojioaceHHtfMH Bbirne AUG, 
a TaKxce G cpa3y 3a AUG Ha nop5iAOK noBbimaioT 3(J)(J)eK- 
THBHOCTb TpaHCJiai^HH. ĽCJIH mPHK HMeeT npOTaaceHHblH 
jiHAepHbiH ynacTOK, ee 5'-KOHeu, ôyzjeT ocBoóoxc^aTbca /yia 
ono3HaHHa cjieAyiomHMH MajibiMH cyô'beAHHHii.aMH eme ao 
T oro, KaK nepBaa pnôocoMa, HanaB chhtc 3, noKHHeT caňT 
HHHi^Hai^HH. B stom cjiynae jiHAepHbin ynacroK 3anojiHíieT 
ijejiaa onepeAb Majibix phôocomhmx cyô'beAHHHij, MHipn- 
pyiomnx ot 5'-KOHu,a k carny HHHU.Hau.HH. 

B 5'-KOH4eBOH HeTpaHCJiHpyeMOH oôjiac™ MHorax 
mPHK mojkho oÔHapyxcHTb pHÔOHyKJieoTHAbi A, U h G, 
HAymne noApaA- (B mPHK, KOTopbie TpaHCJiHpyiOTCíi Ha- 
HÓOJiee 3(J)(J)eKTHBHO, TaKOľO HeT; HHHU,HHpyiOIAHH KOAOH 
Bcer^a cooTBeTCTByeT caMOMy nepBOMy TpHnjieTy AUG.) 
Bo3HHKaeT Bonpoc: Kor^a MHrpnpyiomaa Majiaa cyô'beAH- 
HHi^a BCTpenaeT «HeHHHu,HaTopHbiH» AUG b 5'-KOHijeBOH 
HeTpaHCJiHpyeMOH oôjiacra, noneMy OHa He npHHHMa- 
eT ero 3a CTapT-KOAOH? Bo-nepBbix, stot AUG He HMeeT 
HyacHoro KOHTeKCTa. Bo-BTopbix, b pe^KHX cjiynaax TpaHC- 
jmixrn c Hero Bce-TaKH hact, TOJibKo 3Ta ôeccMbicjieHHaa 
TpaHCJiau,™ oneHb ôbiCTpo TepMHHHpyeTca, h pHÔocoMa 
B030ÔH0BJiaeT CKaHHpOBaHne mPHK Rím BCTpenn c HacTO- 
amHM HHHU,HaTOpHbIM AUG. 

AÔCOJIIOTHOMy ÔOJIbUIHHCTBy 3yKapHOTHHeCKHX HHH- 
u.Hau.HH npeAiuecTByeT CKaHHpOBaHne mPHK, HannHaa 
ot K3na Ha 5'-KOHu,e. EcTb eme ajibTepHaTHBHbin cnocoó 
HHHU,HauHH, npn KOTopoM 40S cyô'beAHHHija cpa3y 3a- 
HHMaeT BHyTpeHHHH caňT mPHK, Ha3biBaeMbiH IRES. npn 
TaKOM cnocoôe HHHijHaijHH, xapaKTepHOM Rím mPHK He- 
KOTopbix BHpycoB, nojiHOCTbio pemaeTOi npoôJieMa Ha- 
jihhha TpnnjieTOB AUG b 5'-kohucboh HeTpaHCJiHpyeMOH 
oÓJiacTH mPHK. 3jieMeHTOB IRES HACHTHcjjHijHpOBaHO He- 
CKOJibKo, h ohh Majio noxo)KH MexcAy COÔOH. no OCOÔeH- 
HOCT5IM B3aHMOACHCTBHH C 40S CyÓ'bCAHHHIíeH MO^CHO 
BbiAejíHTb TpH mna IRES: 

• IRES nepBoro rana co^epacHT HHHijHaTopHbiH koaoh 
AUG B03Jie CBoen BepxHen rpaHHU,bi (to ecTb ójinacHen 
k 5'-KOHuy mPHK). 40S cyó'beAHHHiía CBa3bmaeTca npa- 
mo c HHHUHaTOpHbiM kojjohom. CBa3bmaHHio noMoraeT 
TOT ace Haóop (f)aKTOpOB, HTO H npH CTaHAapHOH HHH- 


unai^HH (Kor^a 40S cyó'beAHHHiía e^eT k HHHi^HaTop- 
HOMy AUG c caMoro 5'-KOHii,a). 

• IRES BToporo rana HaxoAHTca Ha 100 och. Bbirne (to 
ecTb ÓJíHtfce k 5'-KOH4y), neM HHHi^naTopHbiH AUG; 
nocjie CBa3biBaHHa c TaKHM IRES cyô'beflHHHija Bce- 
TaKH AOJiacHa MHrpnpoBaTb, no Bcen bhahmocth, CKa- 
Hnpya mPHK — TaK ace, KaK npn CTaHAapraon hhh- 

U,Ha4HH. 

• IRES Bnpyca renaraTa C, eAHHCTBeHHbin b cbocm po^e, 
yMeeT CBH3biBaTb 40S cyó'beAHHHij.y 6e3 nomepyxm 

(J)aKTOpOB HHHI^HaU.HH. Y TaKOH HHHU.HaU.HH CBOH, 
coBepmeHHO ocoóbin nopa^OK coóhthh. Komiuickc 
40S-mPHK, o6pa3yiomHHca b stom cjiynae, TaKace co- 
AepXCHT (JjaKTOpbl HHHIJHaiJHH H HHHI^HaTOpHyiO tPHK. 
Hcnojib30BaHHe IRES ocoóchho aKTyajibHO nn- 
KopHaBHpycoB (IRES 6buin BnepBbie onHcaHbi hmchho y 
HHX). Bo BpeMa nHKOpHaBHpyCHOH HH(J)eK4HH npOHCXOAHT 
HHľHÓHpOBaHHe CHHTe33 BCeX KJieTOHHblX ÓeJIKOB: BHpyc 
yHHHToacaeT Ksnbi h HHrHÓnpyeT K3n-CBa3bmaioiAHe (J)aK- 
TOpbl HHHIJHaiJHH (CM. pa3A- 8.9 «Y ayKapHOT MHOaceCTBO 
(J)aKTOpOB HHU,HaUHH OÓ'beAHHeHbl B KOMnJieKC»). 

He3aBHCHMa ot cnocoóa, no KOTopoMy H^eT HHHi^Ha- 
ijna, b canTe HHHi^Hai^HH accouHai^Ha Majion cyó'beAHHHii.bi 
c mPHK OKOHnaTejibHO CTa6njiH3HpyeTca. Majiaa cyóbejjH- 
HHU,a b OAHHOHKy 3aKpbiBaeT ot pn6oHyKJiea3bi AOBOJibHO 
AJiHHHbiH ynacTOK mPHK, ~60 och. nocjie coeAHHeHHa Ma- 
jioh h óojibinoH cyô'beAHHHu, ynacTOK, 3aKpbiBaeMbiH Tenepb 
yace 4ejiOH syKapnoranecKOH phóocomoh, coKpamaeTca ao 
. 30-40 och. (U,ejiaa npoKapHOTHnecKaa pHÓocoMa 3aKpbiBa- 
eT coôoh ynacTOK npnMepHO TaKOH ace ajihhh.) 


8.9 


y syxapuoT MHomecTBO 
(JjaKTOpOB MHMUMaUMM 
o6i>eAMHeHo b KOMn/iexc 


K/noHeBbie noHaTMB: 


• OaKTopbi MHMt4Mat4MM Heo6xoflMMbi Ha Bcex craAMflx 
MHMUMaUMM, BMtOHafl CBfl3blBaHMe MHMUMaTOpHOÍÍ tPHK. 
nepBMHHOTO CB513blBaHMB 40S Cy6-beAMHMUbl pMÓOCOMbl 
c mPHK. ee abhjkchha BAO/ib mPHK, a TaK>Ke aji^ 
npMCoeAMHeHM5i 60S cyóbeAMHMAbi. 

• 3yKapnoTMHecKafl MHMAMaiopHaíi tPHK — sto Met-iPHK, 
OT/iMHaiOLAa5iC5i ot Met-TPHK, ncnojib3yeMoií npn a^OHrauMM, 
ee MeTMOHMH He 4)opMMjinpoBaH. 

• OaKTop MHMUMaAHH eIF2, accoAMMpoBaHHbiŕí c ITO, 
CB5i3biBaeT MHMAMaTopHyio Met-TPHKi; Becb KOMn^exc 
CB5i3biBaeTCB c 40S cyó'beAMHMAeíí eme ao Toro, KaK OHa 
CB5i)KeTC5i c mPHK. 


HHH4Hau,Ha CHHTe3a ôejiKa b u,HTonjia3Me syKapnoTH- 
necKOH mieTKH b oôiahx nepTax oÔHapy^cHBaeT aBHoe 
cxoactbo c HHHLjHau.HeH ôaKTepHH. TeM He MeHee, y AByx 
HHH4Hau,HH ecTb HBHoe cxoactbo; oho npoaBjíaeTca, Ha- 
npHMep, B HCnOJIb30BaHHH CneLÍHaJIbHOrO HHHU,HaTOpHO- 
ro KOAOHa H OCOÔOH HHHUHaTOpHOH TPHK. B 3yKapHOTH- 
qecKOH HHHi^Hai^HH BcerAa Hcnojib3yeTca HHHu,HaTopHbiH 
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KOflOH AUG. OH COOTBeTCTByeT aMHHOKHCJIOTe MeTHOHHHy. 
PiHHUHaTopHaa tPHK (tPHK^ 1 ) OTjiHHaeTca ot peryjwp- 
Hbix aMHHoau,ra-TPHK, a ee mcthohhh He hoajiokht c})op- 
MHjiupoBaHHio. TaK KaK ojjimm MeacAy HHHijHaTopHOH h 
s^OHraTopHOň Met-TPHK npHxoAflTca HCioiK)HHTe;ibHO Ha 
AOJiio tPHK, to fljia hx pa3JiHHeHHa npHMeHínoT HH^eKCbi: 
Met-TPHKj — HHHijHaTOpHOH h Met-TPHK m — tym hc- 
no^b3yeMOH npH sjiOHraijHH. 

y TPHKj Met ApoaoKeň ecTb KaK MHHHMyM ABe yHHKa^b- 
hmx ocoóeHHOCTH: HecraHAapTHaa npocrpaHCTBeHHaa 
CTpyKTypa h HajiHHHe (})0C(j)aTH0H rpynnbi Ha 2'-pHÔ03e 
mecTbAecHT neTBepToro pHÓOHyioieoTHAa. Ecjih 3anpemTb 
3T0 ({)OC(})OpRJIHpOBaHHe, TO «3ap5DKeHHatf» MeTHOHHHOM 
HHHi^HaTopHaa tPHK cmo^ct ynacTBOBaTb h b sjioHraijHH. 
TaKHM o6pa30M, ayopHOTbi Hcnojib3yK>T hhoh npHHijHn 
pa3AejieHHa Met-TPHK Ha (^yHKítHOHa^bHbie nyjibi (ajia 
CpaBHeHHtf CM. pHC. 8.13). 

3yKapHOTHHecKHe kjictkh pacnojiaraiOT ôójibiiiHM hhc- 
jiom c{)aKTopoB HHHitHauHH, HeM 6aKTepHa^bHbie. Ha ceroA- 
HaniHHH ACHb H3yneHO 12 cjmTopoB, KOTopbie, npaMO hjih 
KOCBeHHO, OnpeAejWIOT XOA SyKapHOTHHCCKOH HHHIJHaiJHH. 
Hm npncBOHjiH Te ace Ha3BaHHa, hto h 6aicrepHa^bHbiM (J)aK- 
TOpäM (HHOTAa C COÓJIIOAeHHeM (^yHKItHOHa^bHblX H CTpyK- 
TypHbix aHajiorHH TaM, rAe sto 6buio bo3mo>kho; c AOÔaBJíe- 
HHeM npe(j)HKca «e», o6o3HaHaiomero hx npHHaAJiOKHOďb 
syKapnoTaM: eukaryotic). YnacTHe (J)aKTopoB kphthhho bo 
Bcex acneKTax HHHU.Hau.HH, Bmnonaa: 

• (J)OpMHpOBaHHe KOMn^eKCa HHHIJHaiJHH c 5'-K0H40M 
mPHK; 

• (J)opMHpoBaHHe KOMmieKca c Met-TPHKj; 

• CBA3biBaHHe KOMnjieKcoB MPHK-(J)aKTopbi h Met-TPHKj- 
(J)aKTOpbI; 

• B03M0>KH0CTb CKaHHpOBaHHfi mPHK pHÔOCOMOH C 
5'-KOHu,a ao nepBoro AUG; 

• oÓHapy^ceHHe cbb3h HHHijHaTopHOH tPHK c AUG b 
caimx HHHUHaijHH; 

• cnocoócTBOBaHHe npHKpenjieHHio 60S cyô'beAHHHijbi. 
Ha P m c. 8.19 BbiCTpoeHa noc;ieAOBaTe;ibHOCTb Bcex 

npoMexcyroHHbix 3TanoB HHHiiHau,HH, c yxa3aHHeM (})aK- 
TopoB, ynacTByioiAHX Ha KaacAOM H3 hhx. OaKTopbi eIF2 h 
eIF3 CBB3biBaioTca c 40S cyó'beAHHHijeH phóocomh; (J)aK- 
Topbi eIF4A, eIF4B h eIF4F CBa3bmaiOTca c mPHK; (J)aKTopbi 
elFl h elFlA CBB3biBaiOTca c KOMnjieKCOM Majioň cyó'beAH- 
HHUbi h mPHK. 

Ha pmc. 8.20 H3o6paaceHa rpynna (J)aKTopoB, CBa3biBaio- 
iahx 5'-KOHeij mPHK. ÔaKTop eIF4F, KaK bhaho h3 pHcyHKa, 
npeACTaBjíaeT co6oh óejiKOBbíň komiuickc, coctohiahh h 3 
Tpex (J)aKTopoB HHHiiHaiiHH. He BnojiHe acho, cymecTByeT 
oh KaK komiuickc ao npHCoeAHHeHHfi k mPHK kjih OTAe- 
iibHbit cyó'beAHHHiibi coÓHpaiOTca BMecTe npaMO Ha mPHK. 
B cocTaB eIF4F bxoaht: K3n-CBfl3braaiomaa cy6beAHHHU,a 
eIF4E, xe^HKa3a eIF4A h «pacnopKa» eIF4G (scaffolding pro- 
tein). nooie toto KaK eIF4E CBB3bmaeT K3n, eIF4A pacmieTa- 
eT bck) BTOpHHHyK) CTpyKTypy mPHK Ha ynacTKe H3 nepBbix 
15 OCHOBaHHH. 3HepTHK) STOH XeJIHKa3HOH aKTHBHOCTH 
Aaer THApojiH3 ATO. fla^bHeHinee paciuieTaHHe btophhhoh 
CTpyKTypbi Bbino^raeTca Bce TeM ace eIF4A, ho pce BMecTe 
c ApyrHM (})aKTopoM, eIF4B. eIF4G noAAepacHBaeT ijejiocT- 


B ayKapHOTMHecKOH h h m 41*131411 h ynacTByeT HecKO/ibKo KOMn/iencoB 


43S KOMn/ieKc: 
eIF2, eIF3 
MeMPHKj 



K3n-CB513blBaiOmMÍÍ 
KOMn/ieKC + mPHK 
eIF4A, B, E, G 


c , 4E 4A 


\ 



43S KOMn/ieKC 
CBB3blBaeTCB 
c 5 '-kohliom mPHK 



48S KOMn/ieKc 
$opMMpyeTCfl Ha 
MHMUMaTOpHOM KOflOHe 

eIF2, eIF3 
elFl, 1A 
eIF4A, B, F 



PMC. 8.19 HeKOTopbie ctaKTopbi CBB3biBaiOTCB c 40S 

cy6beAMHMi4eíí pn6ocoMbi m BMecie c Heíí o6pa3yioT 43S KOMn/ieKc. 
flpyrne (J)aKTopbi m h m 141 / 0141/1 m CBB3biBaiOTC5i c mPHK. 43S KOMn/ieKc 
ABM>KeTCB Bflo/ib mPHK; Ha MHML 4 MaTopHOM KOflOHe oh npeo6pa3yeT- 
cb b 48S KOMnjieKc, KOTopbiíí TaK>Ke noAAaeľCfl BbiAe/ieHMio 


HOCTb Bcero KOMmieKca HHHH,Hai4HH, CBB3bIBaa MOKAy co- 
6oh ero KOMnoHeHTbi. 

Cyô'btRmmuč eIF4E cjiy^KHT MHineHbio aa^ peryjian,HH. 
Ee aKTHBHOCTb MoaceT ôbiTb yBejiHneHa (J)oc(J)opRJiHpoBa- 
HHeM. Pa3JiHHHbie CHma^bHbie nyTH, noAaB^aioiAHe jih6o 


03 KTOpbl HHM4Ma4HH CBB 3 blBaiOT 5 -KOHeU mPHK 


reiepoTpMMep eIF4F coctomt M3 
eIF4G, óe/iKa-aAamopa; 

eIF4E KOTOpblíí CBB 3 blBaeT MeTM/ll/ipOBaHHblM K3ľi; 
eIF4A, xe/iMKa3bi, pacn/ieiajomeŕí S'-KOHeu mPHK; 

c , 4E 4A 



PABP 


eIF4G cBB3biBaeT eme Aea 4>aKTopa: 
eIF4B CTi/iMy/i m pyei xe/iMKa3y eIF4A, 
PABP CBB3biBaeT 3 -nojin(A) 


PMC. 8.20 reiepoTpMMep eIF4F CBB3biBaeT 5'-KOHei4 mPHK, a Taione 
noc/ieAyioiAMe (J)aKTopbi 
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43S KOMn/ieKC = 40S cy6i>eAMHtfi4a + $aKTopbi + tPHK 


HHTeHCH(})H4HpyK)mHe CHHTe3 óejiKa, cpaóaraBaioT Ha 3a- 
nycK, cooTBeTCTBeHHO, (J)oc(J)opHjiHpoBaHHa jm6o Ae(j)oc- 
c()opHJiHpoBaHHa eIF4E. KpoMe Toro, AOCTynHOCTb eIF4E 
KOHTpojiHpycrca nepe3 ero CBfl3biBaHne óejiKaMH-HHraón- 
TopaMH. 3 th 6ejiKH (4E-BP1, -2 h -3), CBa3bmaB eIF4E, He 
AaiOT eMy ynacTBOBaTb b HHHU.HaaHH. Cyó'beAHHHU.a eIF4G 
TaiOKe MOtfceT cjiy^KHTb MHineHbio peryjwijHH: OHa noA- 
jiokht AerpaAauHH npn nnKopHaBHpycHon HH(J)eKij 1 HH 
(Kor^a BHpyc nbiTaeTca MernaTb HHHi^Hau.HH TpaHCJiaijHH 
mieTOHHbix mPHK c ióna Ha 5'-Komje, cm. pa3A. 8.8 «B syxa- 

pHOTHHeCKOH HHHIJHaiJHH Ma^bie CyÓ'beAHHHIJbl pHÓOCOM 
CKaHHpyiOT mPHK b noHCKax HHHu,HHpyioiAero KOAOHa»). 

Ha^HHHe nojiH(A) Ha 3'-KOHije mPHK cnocoócTBy- 
er o6pa30BaHHio KOMmieKca HHHu.Hau.HH Ha ee 5'-KOHu,e. 
CneuHa^bHbíň 6e;iOK (Pablp y ApoxoKen) OAHOBpeMeHHO 
CBB3biBaeT nojiH(A) h eIF4G («pacnopKy» KOMmieKca hhh- 
UHai^HH). npH 3TOM mPHK HCH36e>KHO OÓpeTaeT BHA KOJIb- 

u,a — Beflb o6a ee KOHija, 5' h 3', Tenepb yAepxcHBaioTca oa- 
HHM ÓeJIKOBbIM KOMnjieKCOM (CM. pHC. 8.20). B HtM CMblCJI 
o6pa30BaHHtf TaKon 3aMKHyroH neTjm, tohho HeH3Becrao; 
nepeHHCJIHM JIHUIb B03M0>KHbie 3(J)(J)eKTbI: 

• CTHMyjWIJHtf HHHI^Hai^HH HJIH TpaHCJI5HJ,HH. 

• Phóocomm Kax 6bi UHpKy^HpyiOT no mPHK: nooie Tep- 
MHHaU,HH B03Jie 3'"KOHIja OCBOÔOAHBUIHeCB pHÓOCOM- 
Hbie cyó'beAHHHu.bi pce HaxoAHTca 6jih3ko k 5'-KOHu 1 y h 
CHOBa rOTOBbl K HHHU.HaU.HH. 

• mPHK oôpeTaeT AonojiHHTejibHyio ycTOMHBOCTb k Ae- 
rpaAauHH. 

• OaKTOpbl, aCCOU,HHpOBaHHbie C 3'"KOHIJOM, HMOOT B03- 
MO>KHOCTb pery^HpOBaTb HHHIJHaiJHK) TpaHCJiai^HH. 
Cyó'beAHHHU.a eIF2 — kjhohcboh (J)aKTop b npnco- 

eAHHeHHH Met-TPHKj. OaKTop eIF2 — sto mnmHbiH mo- 


C 40S Cy6l»eAMHMUeM CBfUbIBaeTCfl TpOMCTBeHHbIM KOMľl/ieKC 


eIF2 coctomt- 

M3 cyóbeflMHim aPy 


eIF-2B 


•v 


rflO (Tí) 




eIF2B BOccTaHaB/uiBaeT 
aKTMBHyio 4>opMy eIF2 


ľpOMCTBeHHblŕí 

KOMflJieKC 



PMC. 8.21 ľlpn MHMUMauMM TpaHC/i 5 iuMM y ayKapMOT (|)aKTop eIF2 m 
TTO o 6 pa 3 yK)T TpoŕícTBeHHbm KOMn/ieKC c Met-TPHKj. TpoiícTBeH- 
Hbiíí KOMn/ieKC CB/i 3 biBaeT CBo 6 oAHyio 40S cyóbeAMHMAy, KOTopaa 
npMKpen/ifieTCB k 5'-KOHuy mPHK. 3aieM ľTcp rnApo/iM3yeTC5i, m eIF2 
BbiCBo 6 o>KAaeTCíi b (JiopMe eIF2-rflO. AKTMBHyio (JiopMy eIF2 Boccra- 
HaB/iMBaeT (JiaKTop eIF2B 


eIF3 noAAep>KMBaeT CBOÓOAHyio 40S cyóbeAMHimy 

ž 

eIF2 «noAroHfleT» k Heň Met-TPHKj 



eIF2 BB/ifleTCfl ľT0a3OM 

eIF2B o6c/iy>KMBaeT eIF2 KaK tjjaKTop oÓMeHa 


2 TAO — 2 no 

Š 


PMC. 8.22 03 KTOpbl MHML(MaL(HH COeflMHflIOT MH ML^MaTOpHyiO 
Met-TPHK c 40S cyĎteflMHMpeň pnôocoMbi, o 6 pa 3 ys 43S KOMn/ieKC. 
flanee no xofly peaKpMu (TO rnflponn3yeTCfl, m eIF2 BbiCBoôowAaeTCfi 
b 4 >opMe eIF2Tfl<t>. OaKTop OÓMeHa eIF2B BOCCTaHaB/iMBaeT aKTMBHyio 
4 >opMy eIF2 


HOMepHbíň G-6efiOK (IT<I>a3a), KOTopbíň aKTHBeH, Kor^a 

yKOMiuieKTOBaH rTO, h HeaKTHBeH, Kor^a CBH 3 aH c r/],0 

(IIOCJIC I'H/(pOJIH3a 1TO c BbIXOflOM 3 HCprnn). Ha PMC. 8.21 
noKa3aHO, hto eIF2-ITO CBfl3biBaeTC» c Met-TPHKj. npo- 

AyKT CBH3bIBaHHH HHOľ/ta Ha3bIBaiOT TpoŕlCTBCHI IbIM KOM- 

mieKcoM (ternary complex), noTOMy hto oh coctoht h 3 
Tpex KOMnoHeHTOB (eIF2, KTO h Met-TPHKj). 

Ha pmc. 8.22 noKa3aHO, hto TpoňcTBeHHbíň KOMtmeKC 
npHBOflHT Met-TPHKj b koht3kt c Majioň cyóbeflHHHiteň pn- 
óocoMbi. OaKTHHecKH oh 3arpyxcaeT Met-TPHKj Ha 40S cy6b- 
eflHHHity: nojiyHaeTca KOMrmeKc HHHitHapHH 43S. Jlim stoh 
peaiatHH He Hyxota mPHK HanpoTHB, /yia toto htoóh Majiaa 
cyôbeAHHHpa phôocomh CMoraa CBH3aTb mPHK, hcoóxoah- 
mo npHcyrcTBHe HHHitHaTopHOň tPHK Met-TPHKj. B 43S 
KOMiuieKce npHcyTCTByeT eme oahh (Jiaicrop, eIF3, kotophh 
no/vtep>KHBaeT cboôoahoc cocTOHHHe Maroň cy&beflHHHitbi 
(npenHTCTByeT npexvteBpeMeHHoň accoitHaitHH óoAbmoň 
h Majioň cyóbeflHHHtt). Ha caMOM Aene, eIF3 — sto peTbiň 
KOMtUieKC, HaCHHTblBatOIItHH OT BOCbMH flO fleomi 6 cjiko- 
BblX CyÓbeflHHHLI,. 

CiCAViomuM maroM 43S KOMimeKC CBnsbiBacr 5'-KOHeu 
mPHK Ha pmc. 8.23 noKa3aHO, hto 6eTOK-6ejiKOBbie b33h- 
MOfleňcTBHfl, ()6ycjK)B;iHBaioinne stot 3Tan nHnnnaiinii, 
eme He flo KOHita H3yHeHbi. BepoaTHO, Hapayty c Maroň 
cy&beflHHHiteň ph6ocomh h mPHK, b hhx ynacTBytOT eIF4G 
h eIF3, npnHeM eIF4G CBH3biBaeT eIF3, h sto B3anMO/teňc- 
TBHe c;i\"/KHT moctom Mexcfly eIF4G h Ma;ioň cyôbeflHHHiteň: 
Tenepb ohh o6pa3ytOT eflHHbiŕr^iaccHB. no cyro, eIF4G peK- 
pyropyeT Maryío cyóbenHHnuy — noflTnrHBaeT ee ko BceMy 
eIF4F, a nepe3 Hero — k mPHK 

nocre toto KaK Maraa cy6beflHHHpa CBH 3 ajia mPHK, 
OHa /(BHyKCTca no Hen k ÔJiH/KaňmeMy (name Bcero) koao- 


174 MABA 8 Cmhtc 3 6eBKa 















43S KOMfl/ieKC CBfl3bl3aeTCfl C KOMII/ieKCOM MPHK-(|)aKTOpOB 


Met 


4A 
4E 1 
5' 

4G 


V^ 


1A 


4B 


J- 

PABP 

B03M0>KHbie B3aMMOfleÍÍCTBMfl: 
eIF4G CBB3biBaeTCB c eIF3 

mPFIK B3anMOfleiícTByeT c eIF4G. eIF3 m 40S cyóbeAMHMAeíí 


PMC. 8.23 BcTyn/ieHMe mPHK b 43S KOMn/ieKC o6yc/iOB/ieHO B3aMMO- 
fleííCTBMflMM, B KOTOpblX ynaCTByiOT (J)aKTOpbl MHMUMaUMM 


Hy AUG. ABH*eHHe TpeôyeT 3aTpaT SHepran b cjDopMe ATO 
h npoHcxoflHT npn noflflepxo<e (JaicropoB elFl h elFlA. Ha 
pmc. 8.24 noKa3aHO, hto Majiaa cyó'beflHHHu.a ocraHaBJíHBa- 
eTca, Kax TOJibKo flocTHrHCT caňTa HHHpi-iaijHH, npeBpama- 
HCb B 48S KOMTI/ICKC. 

ílpHCoeflHHeHHe 60S cy6be,íjHHHLi,bi ph6ocomh k hhh- 
UHäTopHOMy KOMnjreKcy He moxcct cocTOHTbca flo Tex nop, 
noxa eIF2 h eIF3 He noKHHyr KOMruieicc. Hm noMoraeT yiŕm 
eme oflHH (})aKTop, eIF5; BbiCBoóoxcflaacb H3 KOMruieKca, 
eIF2 ľii;ipoJin3yc*T cboh IT® (ao U l®). FeaKniiH HMeer Mec- 
to Ha Majioň cyô'beflHHHice; ee HeoôxoflHMbiM ycjiobhcm hb- 
JIHCTCH KSaHMO/ieňCTBHC 3HTHKOflOHa IIIIHHHa'ľOpHOH TPHK 
c komiuicmci it;i]3hwm HHHHHaTopnhiM KOflOHOM AUG. Bce 
(XTa;ibi ibie c})aKTopbi BbiCBOÔoxyiaiOTCfl yxce 

nocjie o6pa30BaHna nojiHoň 80S phôocomh. 

Korfla, b KOHice kohu,ob, (j)aKTop eIF5B noMoraeT 
60S cy6beAHHHU,e npucoeflHHHTbCH k HHHpHaľopHOMy 


40S cy 6 'beftMHM 4 a CKaHMpyet mPHK Ha npeAMeT KOAOHa AUG 


elFl n elFlA BeflyT Becb KOMn/ieKC no mPHK 



eIF5 MHflyAMpyeT rnflpo/iM3 ľTO Ha eIF2 
eIF2 n eIF3 yxoAflT 

eIF5B onocpeAyeT npncoeAHHeHne 60S cyóbeAMHMUbi 



PMC. 8.24 elFl m elFlA noMoraiOT MHMUMaTopHOMy KOMn/ieKcy 43S 
CKaHMpoBaTb mPHK ao Tex nop, noKa oh He AOCTMrHeT KOflOHa AUG. 
rnApo/ui3 ľTO Ha eIF2 rphboamt k yxofly eIF2 BMecie c eIF3. OaKTop 
eIF5B onocpeAyeT BOceoeAMHeHMe 6o/ibiiJOÍí m Ma/ioň cy6-beAMHMu 

pMÓOCOMbl 


KOMnjieKcy, nojmaa 80S pHÓocoMa roTOBa k sjiOHrau,™. 
OaxTop eIF5B noxoac Ha npoxapHoraqecxHH (J)aKTop IF2 
(KOTopbíň Tax>xe npoflBJíaeT rTOa3Hyio aKTHBHOCTb — b 
flOIIOJIHeHHe K BatfCHOH pOJIH CBÍttblBaHHfl HHHIJHaTOpHOH 

tPHK). 

noc;ie Toro KaK (J)aKTopbi HHHijHaijHH noxH/jaiOT pn- 
ôocoMy, ohh nofl;ie>xaT noBTOpHOMy Hcno;ib30BaHHK) b 
nocjie/iyiomHx ĽjHX^ax HHHijHaijHH. OaxTop eIF2, ra/jpo- 
jiH30BaBiiiHH cboh ITO, HyxcAaeTca b pereHepaijHH (BOCCTa- 
HOBJíeHHH aKTHBHoň (J)opMbi). PereHepaijHK) eIF2 Bbinoji- 
Haer eme o^hh c^axTop HHHijHauHH, eIF2B. Oh BbiTecHaeT 
TflO H3 KOMnjieKca c eIF2, Ha mccto TflO npHxo^HT Vľ O. 
OopMa^bHO, eIF2B mo)xho oxapaKTepH30BaTb xa k (J)äKTop 
oÔMeHa (exchange factor) npH ITOa3e eIF2. 

OaxTop eIF2 cjiyxcHT MHineHbio fljw peryjmijHH. Oh 
írejmeTca noTeHijHajibHbiM cyócTpaTOM HecxojibXHx pe- 
ryjiaTopHbix KHHa3 — 3(J)(f)eKTopOB CHľHajibHbix nyreH. 
Ohh (})oc(})opraHpyK)T a-cyó'beflHHHuy eIF2, hto He no3- 
BOjraeT (J)aKTopy oÓMeHa eIF2B BOCcraHaBJíHBaTb axraB- 
Hyio (})opMy eIF2. TaxHM o6pa30M, c})occJ)opraHpoBaHHe 
eIF2 no a-cyó'beAHHHije 6bicTpo npHBO^HT k HexBaTxe 
axTHBHoro eIF2B h oômeMy HHrHÔHpOBäHHio CHHTe3a 
6e;ixa. 


8.10 


OaKTop 3JiOHrauMM EF-Tu 
3 arpy>KaeT aMMHoauMji-TPHK 
b caňTA 


KAioneBbie noH 5 iTMB: 


• EF-Tu npeACT3BA5ieT co 6 oií MOHOMepHbiií G- 6 caok; ero 
aKTMBHafl 4)OpMa (yKOMnAeKTOB3HHa51 TTO) CB513blBaeT 
aMMHoauM/i-TPHK. 

• KoMnAeKC EF-Tu-ľTO-aMMHoaun/ 1 -TPHK B 3 aMMOAeŕícTByeT c 
CaíÍTOM A pMÓOCOMbl. 


Kax TOJibxo Ha HHHijHHpyiomeM xoaohc 6axTepHajibHOH 
mPHK c(J)opMHpoBa^acb nojiHaa pHÓocoMa, CHCTeMa ro- 
TOBa coBepuíHTb nepBbin paóonHH qnx^ 3^0Hrau,HH: aMH- 
Hoai^ra-TPHK BOH^eT b caňT A h npoB3aHMOAencTByeT c 
nenTHAM-TPHK, 3aHHMaiomeH caňT P. (B nepBOM pa6o- 
HeM u,HX^e 3JioHrauHH bmccto nenTHflnji-TPHK 6yAeT 
ynacTBOBaTb fMet-TPHK f .) Bohth b caňT A MO^ceT Jiioóaa 
aMHHoaijHJi-TPHK, 3a HCXjnoneHHeM HHHH,HaTopHOH. npo- 
boahhxom eň cjiyxcHT cneu,Ha^bHbiH 6e;iox — OaKTop 
3 ^ 0 Hrai^ini BaxTepHa^bHbíň (J)axTop sjioHrai^HH Ha3bi- 
BaiOT EF-Tu (cpa3y otmcthm, hto syxapHOTHnecxHH (})ax- 
Top 3JiOHrau,HH paóoTaeT aHa^oranHO 6axTepHa^bHOMy). 
EF-Tu HMeeT oneHb xoHcepBaTHBHyio CTpyxTypy: (})axTO- 
pbi 3JioHrau,HH Bcex 6axTepHH h mhtoxohaphh He TOJib- 
xo oneHb noxoacH Me^qy co6oh, ho eme h roMOJioraHHbi 
syxapHOTHHecxHM (})axTopaM 3JiOHra4HH. 

Ôoaoóho CBoeMy aHa^ory, ynacTByiomeMy b hhhu,h- 
ai^HH (cf)axTopy IF-2), (})axTop EF-Tu accoijHHpoBaH c pH- 
óocomoh TOJibxo HenocpeACTBeHHO «npH Hcno;iHeHHH», to 
ecTb xor^a oh npHHOCHT Ha pHÓocoMy HOByio aMHHoau,™- 


8.10 OaKTop 3/ioHrauMM EF-Tu 3arpy>KaeT aMMHoauM^-TPHK b caíÍT A 175 


















EF-Tu ocMMiiiiHpyeT we>KAy ľľO- h ľAO-cBfl3aHHOH OopMaMH 




T 



n/ x 




\ ♦♦ 

Tu-ľTO 


Ts 


no V 


Tu-Ts 


W> «vy f 



aa-ľPHK bxoamt 
b caňT A Ha 30S 


Tu-rflO 



Ee CCA-KOHeu bxoamt 
b caíÍT A Ha 50S 


PMC. 8.25 EF-Tu-rTO noMemaeT aMMHoaumi-TPHK b pn6ocoMy n noKMflaeT pn6ocoMy y>Ke KaK 
EF-Tu-ľflO. Hio6bi 3aMeHMTb stot ľflO Ha ľTO, Tpe6yeTCB EF-Ts. EF-Tu-rTO MOweT peKpyTMpoBaTb 
jno6yio aMMHoauMA-TPHK, 3a MCK/uoneHMeM fMet-TPHK f . íloaTOMy fMet-TPHK f He ynacTByeT b TpaHc- 
BHyTpeHHMX KOflOHOB AUG n GUG 


tPHK KaK TOJibKO aMHHoaqHji-TPHK 3 aHHMaeT CBoe Mecro 
(caňT A), EF-Tu noKHAaeT pnóocoMy, htoóh HanaTb pa6o- 
TaTb c ApyroH aMHHoamni-TPHK. TaKHM o6pa30M, EF-Tu 
IJHKJIHHeCKH aCCOUHHpyeT H AHCCOUHHpyeT C pHÓOCOMOH 
(Ha caMOM ACJie TaKOB pokhm paóoTbi Bcex BcnoMoraTejib- 
HblX (jmTOpOB). 

CxeMa qHKJiHHecKHx nocTaBOK aMHHoaijHJi-TPHK b 
pHÓocoMy H3o6paxceHa Ha pmc. 8.25. OaKTop EF-Tu npeA- 
craBjmeT coóoh MOHOMepHbíň G-6e;iOK. Oh HeceT Ha ce6e 
ryaHHH-HyiuieoTHA (ITO jih6o r/1,0). AKTHBHOCTb cjjaKTopa 
onpeAejmeToi cocToaHneM iyaHHH-HyKJieoTHAa h kohtpo- 
jinpyeTca uepe3 Hero: 

• ECJIH B HaJIHHHH ITO, (jjaKTOp HaXOAHTCa B aKTHBHOM 

C0CT05IHHH. 

• Tipu rH^pojiH3e ITO ao ľ t 3,0 cjjaicrop HHaKTHBHpyeTDi. 

• Tipu 3aMeHe 13,0 Ha ITO aKTHBHoe cocToaHne Boccra- 

HaBJíHBaeTca. 

ĽHHapHbiH KOMnjieKC EF-Tu c ITO BcrpenaeT aMHHO- 
aqHji-TPHK h CBíi3biBaeT ee: o6pa3yeTca TpoHCTBeHHMH 
KOMnjieKC EF-Tu-ITO-aMHHoauHji-TPHK. TpoňCTBeHHbiH 
KOMiuieKc cneqH(})HHeH k camaM A tojibko Tex pnóocoM, 
y KOTopwx b caňTe P HaxoAHTca nenTHAHji-TPHK. IIosTOMy 
caMO CBa3bmaHHe TpoHCTBeHHoro KOMmieKca c phóocomoh 
MOJKHO CHHTaTb rapaHTHCH Toro, HTO aMHHOaqHJI-TPHK H 
nenTHAHji-TPHK 3amuiH npaBHjibHbie ncxoAHbie nojioxce- 
HH5I 0Ópa30BaHHa HOBOH nenTHAHOH CB5I3H. 

3arpy3Ka aMHHoaijHji-TPHK b ca ht A nponcxoAHT b 
AB e CTyneHH. CHanajia aHTHKOAOH tPHK 3axoAHT b canT 
A (TOHHee, b Ty nacrb caHTa A, KOTopaa npHHaAJiexcHT 30S 


cyô'btnmmuč). TaM aHTHKOAOH BCTpeMaeTCH c koaohom, h 
ecjiH ohh y3HaK)T Apyr Apyra, sto npHBOAHT k H3MeHeHHio 
KOH(J)OpMaĽI,HH pHÓOCOMbl. 3T0 CTa6HJIH3HpyeT CBa3bIBaHHe 
tPHK h 3acTaB;raeT EF-Tu rHApo;iH30BaTb cboh TTO. 3aTeM 
Apyroň KOHeu, tPHK (CCA-mninibKa, npoTHBonojio^CHaa 
aHTHKOAOHy h Hecymaa aMHHoau,Hji) BCTaeT b cboio nacrb 
cama A, npHHaAJie^caiAyio 50S cyó'beAHHHije. E>HHapHbiH 
KOMnjieKC EF-Tu-ľ/1,0 noKHAaeT pnóocoMy; b TaKon cjjopMe 
EF-Tu HeaKTHBeH (TO eCTb He MOJKCT 3(}x})eKTHBH0 CBH3bI- 
BaTb aMHHoaqnji-TPHK). 

3jw pereHepaqnH (BOCcraHOBjíeHna aKTHBHOH cjjop- 
mh) EF-Tu b uejmx noBTopHoro Hcnojib30BaHHa HyxceH 
eiu,e oahh cjjaKTop anoHraijHH, EF-Ts. Oh cjiyxcHT G-6ejiKy 
EF-Tu cjjaKTopoM oÓMeHa. CHanajia EF-Ts BbiTecHaeT ľ/1,0 
H3 KOMnjieKca EF-Tu-ľ/1,0; nojiynaeTca KOMÓHHnpoBaHHbiH 
cjjaKTop EF-Tu-EF-Ts. 3aTeM ITO BbiTecHaeT EF-Ts h BCTaeT 
Ha ero mccto: noJiynaeTca aKTHBHbíň ÓHHapHbíň komiuickc 
EF-Tu-ITO. Oh CBa3bmaeT aMHHoaqnji-TPHK h HeceT ee Ha 
pnóocoMy; ocBOÓOAHBniHHca EF-Ts yxoAHT noMoraTb pere- 
Hepaqnn Apyrnx ncnojib30BaHHbix EF-Tu. 

B Ka^CAOH óaKTepnn ecTb ~70 000 MOJieKyji EF-Tu 
(ohh cocraBjmiOT o6ii],eH Maccbi óejiKa). Hhcjio mo- 
jieicyji EF-Tu conocraBHMO c hhcjiom MOJieicyji aMHHO- 
aqnji-TPHK. CKopee Bcero, óojibniHHCTBO KJieTOHHbix 
aMHHoaqnji-TPHK HaxoAHTca b cocTaBe TpoňcTBeHHbix 
KOMiuieKcoB. Mojieicyjibi EF-Ts He ctojib MHoronncjieH- 
hh "(hx HacuHTbiBaeTca -10 000 Ha KjieTKy; npHMepHO 

CTOJIbKO xce, CKOJIbKO pHÓOCOM). KHHCTHKa B3aHMOACHC- 

TBHii EF-Tu c EF-Ts roBopm o tom, hto oho oneHb He- 
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ycTOHHHBO: KOMiuieKC EF-Tu-EF-Ts cymecTByeT oneHb 
HeflOJiro. EF-Tu óbicrpo nepexoAHT b (})opMy, CBjmHHyio 
c ITO, a 3aTeM — b TponcTBeHHbíň KOMnjieKc c aMHHoa- 
ijhji-tPHK. 

Pojib no b TpoňcTBeHHOM KOMnjieKce CTajia npeA- 
MeTOM OTAejibHoro nccjieAOBaHna. B cepnn sxcnepnMeH- 
TOB no 3aMeHHJIH HCXyCCTBeHHbIM aHaJIOTOM, KOTOpblfí 
hc MOxceT 6biTb rHApojiH 30 BaH. 3 to xnMnnecxoe coeAn- 
HeHHe, GMP-PCP, non™ nojiHOCTbio hachthhho no, 
TOJIbXO BMeCTO aTOMa KHCJIOpOAa MeXCAy BTOpbIM H Tpe- 
TbHM (})OC(})aTaMH, PjP H P? CTOHT HerHApOJIH3yeMbIH Me- 
THJieHOBblH MOCTHX. OKa3aJIOCb, HTO TpOHCTBeHHblH XOM- 
miexc b stom cjiynae Toxce o6pa3yeTca, Toxce npnBOAHT 
aMHHoaijHJi-TPHK b pnóocoMy, r^e OHa Toxce CB5i3biBaeT- 
ca c caňTOM A. Ho o6pa30BaHHa nenTHAHOň cba3h nocjie 
SToro He npoHCxoAHT. no Bceň bhahmocth, HHTaxTHaa 
ITO HyxcHa AJia Toro, htoóm aMHHoaijnji-TPHK BCTajia b 
caňT A; rjvi AajibHeňmero pa3BHTHa coóhthh hcoóxoahm 

raApojiH3 no. 

AhTHÓHOTHX KHppOMHl^HH flBJmeTOI npaMbIM HH- 
THÓHTOpOM (jjyHXIJHH EF-Tu. HaXOA^Cb B KOMIIJieKCe c 
KuppoMHqHHOM, EF-Tu Bce eme cnocoóeH npnBecTn 
aMHHoaqHJi-TPHK b pnóocoMy h nocraBHTb ee b caňT A. 
Ho «OTpa6oTaBniHH» KOMnjieKc EF-Tu-rflO yxce He mo- 
aceT noKHHyTb pnóocoMy — He nycKaeT xhppomhijhh. 
jXaHTejibHoe npHcyTCTBHe EF-Tu-rflO b pnóocoMe npe- 
naTCTByeT o6pa30BaHHK) nenTHAHOň cbíí3h MOKAy nen- 
thahji-tPHK h aMHHoauHJi-TPHK. B pe3yjibTaTe chhtc3 
6ejixa 3acTonopHBaeTca; pnóocoMa npexpamaeT abh- 
raTbca no mPHK. 

3(}x})exT ACHCTBna KnppoMHqHHa A^MOHCTpnpyeT, 
Kax HHraónpoBaHne oahoto mara 6e;ixoBoro CHHTe3a 
ÔJiOKHpyeT nocjieAyiomne. .H/íHTejibHoe npncyTCTBne EF- 
Tu-rflO Ha pnóocoMe MemaeT aMHHoaijnjibHOH nacra 
tPHK 3aHaTb caňT A Ha 50S cyô'btRmiimt nojmoň pn6o- 
comh (cm. pne. 8.31). TaxnM o6pa30M, yxoA EF-Tu-rflO 
HeoóxoAHM pnóocoMe, htoóh o6pa30BaTb cjie^yiomyio 
nenTHAHyio CB5i3b. Ha caMOM A^Jie, npnHijnn crporoň 
npeeMCTBeHHOCTH coómthh MOJiexyjmpHoro ypoBHa ax- 
TyaaeH Ha Bcex sTanax CHHTe3a 6e;ixa: xaatAaa peaxqna 
AOJDKHa 6biTb nojiHOCTbK) 3aBepmeHa, TOJibxo Tor^a cmo- 
aceT HanaTbca cjieAyiomaa. 

B 3 aHMOAeHCTBne EF-Tu c pnóocoMon nrpaeT BaacHyio 
pojib b xompoae «xanecTBa BoenpoH3BeAeHna» (to ecTb 

TOHHOCTH COOTBeTCTBHa IjenOHXH aMHHOXHCJIOTHblX oc- 
TaTXOB pacrymero nojinnenTHAa cBoeň MaTpnije — ije- 
noaxe xoaohob mPHK). EF-Tu-nO npnBOAHT b pnôocoMy 
npoH3BoabHyio aMHHoaijnji-TPHK: ee cooTBeTCTBne xoao- 
Hy, xcAymeMy b caňTe A, 3apaHee Hnxax He npeAycMOTpeHO 
(cxopee Bcero, COOTBeTCTBHa MOKAy hhmh hct). [hapojih 3 
EF-Tu-nO b pnôocoMe hact cpaBHHTeabHO MeflaeHHO, 
Kax 6bi npeAOCTaBaaa BpeMa Aaa npoBepxn COOTBeTCTBHa. 
EcaH aMHHoaqnji-TPHK He cooTBeTCTByeT xoAOHy b came 
A, OHa ycneeT BbicxonnTb H3 Hero eiu,e a o toto, xax EF-Tu 
niApojiH3yeT cboh no. Ecan He ycneeT, Hnnero CTpaniHO- 
ro: EF-Tu-ľ/1,0 noxHAaeT pnóocoMy onaTb ace aobojibho 
M eAJieHHO, Tax hto Hen 0 AX 0 Aani,aa tPHK MoaceT noxnHyTb 
pnóocoMy h nocjie rnApoan3a. 06 ib,hh npnHqnn peaxiínn 


c ynacTneM EF-Tu 3axaK)naeTca b tom, hto hx TeMn AOCTa- 
tohho 3aMeAJieH a^ toto, HToóbi HenoAxoAaiAne aMHHoa- 
qna-TPHK ycneBaan noxnAaTb pnóocoMy npeacAe, neM nx 
aMHHoauna 6yAeT omnóoHHO n HeoópaTHMO BxaK)neH b 
noJinnenTHA. 

B qnTomia3Me ayxapnoTHHecxon xaeTXH poab EF-Tu 
nrpaeT roMoaornnHbin cf)axTop eEFla (Toace BbicoxonpeA- 
CTaBaeHHbin óeaox). Hoaoóho EF-Tu, oh npnHOCHT aMH- 
Hoaqnji-TPHK Ha pnóocoMy; ero (jtyHXijna tohho Tax ace 
TpeóyeT raApoJM3a BbicoxosHepreTnnecxon CBa3n no, 
hto conpoBoacAaeTca nepexoAOM (J)axTopa b HeaxTHBHyio 
(})opMy. AxTHBHOCTb eEFla BOCCTaHaBanBaeTca (})axTopoM 
eEFipy (ayxapnoTnnecxHM aHajioroM EF-Ts). 


PaciyiUMM nojiMnenTMA 

nepeHOCMTcn 

Ha aMMHoa4M^-TPHK 


K^ioMeBbie noHATMfl: 


• 50S GyčteflHHima pn6ocoMbi o6aaflaei aKTMBHOcTbio nenTMflM^- 
TpaHC(})epa3bi. 

• HacijeHTHbiíí noannenTMfl nepeHocmcn c nenTMflM/i-TPHK b 
caiíTe P Ha aMMHoauna-TPHK b caiŕre A. 

• 06pa3OBaHne nermiAHoíí cbh 3M npMBOflm 

k fleai4M/inpoBaHMK) tPHK b caiíTe P n (})opMMpoBaHmo 
nenTMflMa-TPHK b caiíTe A. 

noxa pacTyiAnn nenTHA yAJinHaeTca («3aoHrnpyeTca») 3a 
cneT nepeHOca Bcen noannenTHAHon qenonxn Ha HOByio 
aMHHoaqna-TPHK, n3 canTa P b canT A, pnóocoMa ctoht 
Ha MecTe. Peaxi^na nepeHOca H3o6paaceHa Ha phc. 8 . 20 . 
KaTajin3 3toh peaxi^nn MoacHO paccMaTpnBaTb xax axTHB- 
HOCTb nenTHAHjiTpaHc4)epa3w. 

Htoóh Jiynme noHaTb MexaHH3M peaxi^nn nepeHOca, 
nonpoôyeM npoaHa;in3npoBaTb cnocoÔHOCTb amnôno- 
Tnxa nypOMHijHHa x HHrnónpoBaHnio cnHTe3a 6e;ixa. 
Mojiexyjia nypoMnqnHa HanoMHHaeT aMHHOxncjiOTy, npn- 
xpenjieHHyio x xoHqeBOMy aACH03HHy tPHK; H3 phc. 8.27 
bhaho, hto y nypoMHu,HHa BMecTO aTOMa xncjiopoAa, co- 
eAHHax)ii],ero aMHHOxncjiOTy c tPHK, ctoht aTOM a30Ta. 
PnóocoMa npnHHMaeT MOJiexyny nypOMnqnHa 3a aMHHO- 
aunji-TPHK n nepeHOCHT pacTymnn nojinnenTHA Ha NH 2 - 
rpynny nypoMnqnHa. 

KoMmiexc nojinnenTHAHji-nypOMnqHH, Hnxax He 3 a- 
xpemieHHbíň b caňTe A, aobojibho óbiCTpo noxnAaeT pn- 
óocoMy, yHOca Ha ce6e Becb nojinnemnA. Tax, no bhhc ny- 
poMnqnHa, nponcxoAHT npea<AeBpeMeHHaa TepMHHaqna 
CHHTe3a 6ejixa. noA AeňcTBneM nypOMnqnHa x^eTxa, pa3y- 
MeeTca, rnÓHeT. 

AxTHBHOCTb nenTHAHJiTpaHC(})epa3bi — sto coóctbch- 
Haa axTHBHOCTb óojibinoň (50S hjih 60S) cyó'beAHHnubi 
pnóocoMbi; 3Aecb OHa paóoTaeT xax (})epMeHT. Peaxqna 
3anycxaeTca b tot momcht, xorAa EF-Tu OTnycxaeT aMH- 
Hoaqnji-TPHK b caňTe A, n OHa, xax 6bi noxaHHyBmncb, 
nepeBOAHT cboh aMHHoaqnji b nojioxceHne, 6;iH3xoe x 
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HacueHTHbiH nojiMfienTMA nepeHocHTcn Ha aa-tPHK 



PMC. 8.26 06pa3OBaHMe nenTMflHoíí cba3M — 3to peaKijMfl Me>KAy 
no-nMnenTMflOM nermiAM/i-TPHK, 3aHMMaiomeM caííT P, n aMMHOKMC- 
jiotoíí aMMHoaAwi-TPHK, 3aHMMaK)meíí caííT A 


flypoMiuiHH noxoxc Ha aMMHoaijiMi-TPHK 



PMC. 8.27 ílypoMMUMH MMMTMpyeT aMMHoauM/i-TPHK, nocKO/ibKy 
HanoMMHaeT apoMaTMHecKyio aMMHOKMcnoTy, ripmiuuyio k TaHfleMy 
caxapa c a30TMCTbiM ocHOBaHMeM 


pacTymeMy nojinnenTHAy Ha tPHK b carrre P. Ha CTbiKe 
cažTOB P h A b óojibinoH cyó'beAHHHue pnóocoMbi KaK 
pa3 h HaxoAHTca aKTHBHbiH ijemp nenTHAHJiTpaHC({)epa- 
3bi. PeaKqra nponcxoAHT óbicrpo, npnneM aKT KaTa;iH3a 
(no KpanHen Mepe, y óaKTepnn) mojkho ľ^jihkom oraec- 
th Ha cneT ôojibinoH pPHK 50S cyô'bCRmmu.bi pnóocoMbi 
(cm. pa3A- 8.19 «23S pPHK oÓJiaAaeT nenTHAHJi-TpaHCcjje- 
pa3HOH aKTHBHOCTbK3»). 


8.12 


npM TpaHC/IOKaUMM 
pMÓOCOMa npMXOflMT 
B ABMWeHMe 


KniOHeBbie noHmm: 


• lipu TpaHC/ioKauMM mPHK npoTímiBaeTca CKB03b ptióocoMy Ha 
TpM OCHOBaHMa. 

• npM TpaHcnoKauMM AeaLimiMpoBaHHaa tPHK nepexoflm b caiÍT 
E, a nenTMAMA-TPHK — b caŕÍT P; cpa3y nocjie TpaHcnoKaLiMM 
caŕÍT A OKa3biBaeTC5i He 3aHflTbiM. 


• Mofle^b rn6pnflHoro cocroflHMfl cipomca Ha npeAno/ioweHMM, 
hto TpaHc/iOKaLiMfi npoMcxoflMT b flBa 3Tana: CHana/ia 
50S GyčteflHHMLia pn6ocoMbi cflBMraeica oTHocmejibHo 
30S cyó-beAMHMUbb 3aieM 30S cyô-beAMHmja CABHraerai 
OTHOcme^bHo mPHK, B03Bpamaa pn6ocoMe ee 
nepBOHaHajibHyio KOH(})opMaumo. 


PaÓOHHH IJHKJI pnÓOCOMbl (eAHHHHHblH U12iľ SJIOHraiíHH, 
AOÓaBjíeHne oahoh aMHHOKHaiOTbi k pacTymeMy nojinnen- 
THAy) 3aBepmaeTca aKTOM TpaHOiOKaijHH: pnóocoMa npo- 
ABnraeTca BAOJib mPHK Ha Tpn pnóoHyioieoTHAa BnepeA (no 
HanpaBjíeHHK) k 3'-KOHijy mPHK). Ha pmc. 8.28 noKa3aHO, 
hto bo BpeMH TpaHCJiOKaijHH AcaijHjinpoBaHHaa tPHK bbi- 
ABnraeTca H3 cama P «Ha bbixoa*, a HOBOHCneneHHaa nen- 
thahji-tPHK nepee3xcaeT Ha cbocm koaohc mPHK h3 cama 
A b canT P. noaie TpaHOiOKaijHH cažT A OKa3biBaeTca nyc- 
thm (eain He CHHTaTb mPHK), oxcHAaa c;ieAyiomyio aMHHO- 
aijnji-TPHK. y óaKTepnn «pa3p5DKeHHaa» tPHK nepexoAHT, 
Kax noKa3aHO Ha pncyHKe, H3 cama P b cažT E, n onyAa 
yxce OKOHnaTejibHO yxoAHT b uHTomia3My. Ha syKapnoTH- 
necKon pnóocoMe HeT cama E; OTpaóoTaBinaa tPHK yxoAHT 
H3 cama P npjiMO b itHTomia3My. CaHTbi A n P o6pa30BaHbi 
oóenMH cyó'beAHHnqaMH pnóocoMbi; cažT E (y óaKTepnn) 
o6pa30BaH óojibmon cyó'beAHHHijeH pnóocoMbi (xota Ma- 
jiaa cyó'beAHHnn.a c hhm Toxce KOHTaKrapyeT). 

EojibniHHCTBO nccjieAOBaTejien TpaHCJioKaijHH ckjio- 
hjhotoi k TaK Ha3biBaeMon «moacjih raópHAHoro coctoh- 
hhh» (hybrid state model). CorjiacHO stoh moacjih, TpaHC- 
jiOKaitHB nponcxoAHT b ABa 3Tana. Ha pmc. 8.29 noKa3aHO, 
hto CHanajia nponcxoAHT cabh r 50S cyó'beAHHHijbi otho- 
cnTejibHO 30S cyó'beAHHnitbi. Btopoh cabh r (30S cy ót^ah- 
HHUbi OTHOCHTejibHO mPHK) AOBepmaeT TpaHCJioKaitmo 
h BOCCTaHaBJíHBaeT nepBOHanajibHyK) KOH(})opMaitHK) pn- 
ÓOCOMbl. B OCHOBy 3TOH MOACJIH JieTJIO HaÓJIIOACHHe, HTO 
narrepH KOHTaKTOB tPHK c phóocomoh (cHaTbin npn no- 

MOIAH TeXHHKH XHMHHCCKHX «CJieAOB» — (JjyTnpHHTHHTa, 

anm. footprinting) H3MeHaeTca He HenpepbiBHO, a b ABa 
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tPHK npoxoAMT CKB03b 3 caMTa pnéocoMbi 



ľlpeTpaHc^OKauMfl: 
nenTMAM/i-TPHK 3 aHMMaeT caiÍT P, 



\ 


nocupaHC/iOKamifl: 

AeaAM/iMpoBaHHafl tPHK nepexoflMT b caŇT E. 
nenTMAM/i-TPHK nepexoflMT b caňT P 



PMC. 8.28 Ha 6aKTepnajibHOií pn6ocoMe ecTb ipn caííTa CBfl3biBa- 
hma tPHK. AMMHoauMA-TPHK bxoamt b caíiT A; npM 3tom caíiT P y>Ke 
3aHflT nenTMAMA-TPHK. 06pa3OBaHMe nenTMflHOM cba 3M conpjDKeHO 
c AeauMAMpoBaHMeM tPHK b caííTe P m npeBpameHMeM aMMHoauMA- 
b nenTMflMA-TPHK b caííTe A. lipu TpaHCAOKaLiMM fleaflMAMpoBaHHafl 
tPHK nepexoflMT b caiÍT E, a nenTMflMA-TPHK — b caííT P 


3Tana. Koiyja k pnóocoMe, y KOTopon b came P HaxoflHTOi 

aMHHoaqHJi-TPHK, npHCoeflHHaeTOi nypOMHi^HH, KOHTax- 
Tbi tPHK nepexoflflT b 50S cyó'beflHHHije H3 cama P b canT 
E; npH stom KOHTaKTbi tPHK c 30S cyó'beflHHHqeň Hnxax 
He mchaiotol 3HaHHT, nocjie peaxijnn nepeHOca 50S cy6T>- 
eflHHHua npHimia b flBnxceHne, a 30S cy&beflHHHija ocra- 
jiacb CTOHTb Ha MecTe. 

B npujioxceHHH k npoqeccy CHHTe3a sth flaHHbie 
mo)kho HHTepnpeTHpoBaTb TaK: CHana^a aMHHoaijnjibHbie 
kohľíh tPHK (pacnojioxceHHbie b 50S cyó'beflHHHije) «ne- 
pee3xcaiOT» b HOBbie caňTbi. B sto BpeMH aHraxoflOHbi o6e- 
hx tPHK em,e coxparaioT CB5i3b co cbohmh xoflOHaMH Ha 
HenoflBPDKHOH 30S cyô'beflHHHue. nojiynaeTCH, hto b stot 
momcht o6e tPHK oxpyxceHbi hcm-to Bpofle «rn6pHflHbix» 
50S E/30S P-caňTOB h 50S P/30S A-cažTOB. HaxoHeij, 30S 
qó'beflHHHua Toxce npnxoflHT b flBnxceHne, Tax hto OTcra- 


BaBHIHe aHTHKOflOHbl flByX tPHK «flOrOH5IK)T» CBOH aMHHO- 
aqHJIbHbie KOHIJbl. ľlOCKOJIbKy THÓpHflHOe COCTOHHHe AO- 
CTHraeTca 3a cneT cflBnra óojibinoH h Majioň cyó'beflHHHij 
no (Jme p bhxcchhh oTHOCHTejibHO mPHK, HopMajibHaa 
CTpyKTypa pnóocoMbi BOCcraHaBJíHBaeToi btopmm sTanoM 
TpaHCJioxaijHH — BbipaBHHBaHneM cyó'beflHHHq flpyr ot- 
HOCHTejibHO Apyra Ha mPHK. 

CoBepmaa TpaHCJioxaijmo, pnóocoMa ctoht nepefl 
íibhoh flHJieMMon. Htoóh cflBHHyTbCH c MecTa, eň Haflo 
nopBaTb MHOxcecTBO KOHTaKTOB c tPHK. B to xce BpeMa eň 
HyxcHO coxpaHHTb cijenjieHHe koaohob c aHTnxoflOHaMH 
(Aaxce c fleaijHJinpoBaHHOH tPHK Hejib3a pa3opBaTb cbh3b 
paHbine BpeMeHn). Bo3moxcho, coBepmaiomafl TpaHCJio- 
xai^HK) pnóocoMa nepecxaxnBaeT MOKfly ajibTepHaTHB- 
hmmh (flHCKpeTHbiMH) xoH(})opMaijH5iMH. Cxopee Bcero, 
«nepecKOK» conpoBoxcflaeToi H3MeHeHHflMH bo btophh- 
hoh CTpyKType pPHK. Bo boikom cjiynae, 6buio ycraHOB- 
jieHO, hto axxyparaocTb TpaHCJMijHH (TOHHOCTb boc- 
npoH3BefleHH5i MaTpnubi) moxcct 6biTb HapymeHa H3-3a 
Myrai^HH b pPHK. HexoTopbie H3 sthx MyTaijHH bjimiot 
Ha narrepHbi ncnojib30BaHH5i ajibTepHaTHBHbix KOMnjie- 
MeHTapHbix ynacTKOB pPHK. TaxnM o6pa30M, TOHHOCTb 
TpaHCJmiJHH MOXCeT 3aBHCeTb OT TOTO, HaCKOJIbKO KpenKO 
tPHK yflepxcHBaeTCH phóocomoh npn CMeHe ajibTepHa- 
thbhhx BapnaHTOB BTopnHHOH CTpyKTypbi pPHK BO Bpe- 
S45I TpaHCJIOKaUHH. 



PMC. 8.29 Bce cyiflecTByioiflMe MOfleAM aKTa TpaHCAOKaflMM noflpa3y- 
MeBaiOT ero pa36MeHMe Ha flBa 3Tana. ílepBbiM 3Tan BKAionaeT b ce6fl 
o6pa30BäHMe nenTMflHoíí cba3m; npM stom aMMHoaijMAbHbiM KOHeu 
tPHK, 3aHMMaioifleM caiÍT A, nepeNieiflaeTCfl b caiÍT P. Ha btopom 3Ta- 
ne TpaHCAOKaflMM npoTMBonoAO>KHaA nacTb toíí >Ke tPHK, HecyiflaA 
aHTMKOflOH, T3K>Ke nepeMeiflaeTCA b caííT P 
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8.13 


OaKTopbi 3/iOHraunn noowepeflHO 
CBfl3blBaiOTCfl C pMÓOCOMOM 


EF-G noxoHC Ha aMMHoaiiwi-TPHK 


K^iOMeBbie noHfíim: 


• TpaHcnoKaLiMM HyweH (|3aKTop EF-G, no cBoeíí cipyKType 
noxo>KMÍí Ha KOMn/iexc EF-Tu-ľTÔ-aMMHoaLiMji-TPHK. 

• Pn6ocoMa He MoweT oflHOBpeMeHHO CBuswBaTb EF-Tu n EF-G. 

• TpaHC/lOKaUMM MCn0^b3yeTCB rHflpOJlM3 TTO, KOTOpbIM 
yKOMn/ieKTOBaH EF-G: 3Ta peaxuMfl, MeHjnomaB KOHíjjopMaumo 
EF-G, ycKopaeT M3MeHeHne CTpyKTypbi pn6ocoMbi. 

ripn TpaHCJiOKaqHH pacxo^yeTca ITO. 3to nponcxoAHT 
BaieACTBHe paóoTbi eme oahoid (j)axTopa 3JiOHraijHH, EF- 
G. B óaKTepnajibHOH x/ieTxe oh coAepxcnToi b 3HannTejib- 
hom KOJiHnecTBe: okojio 20 000 MOJieKyji (t. e. ~1 MOJieKyjia 
Ha pHÓocoMy). 

Ph6ocomm He yMeiOT CBfl3braaTb EF-Tu h EF-G OAHOBpe- 
MeHHO. Chhtc 3 6e;ixa moxcho ynoAOÓHTb xojieóaTejibHOMy 
npoijeccy, H3o6pa>xeHHOMy Ha pne. 8.31: ABa rjiaBHbix Bcno- 
MoraTejibHbix (J)axTopa sjiOHrau.nn no onepeAn 3axoA^T 
b pnóocoMy h noKHAaK)T ee. 3 to 3HannT, hto EF-Tu-ľ^O 
yxoAHT ao noflBjíeHHH EF-G, xoTopbin aojdkch 6yAeT noxn- 
HyTb pnóocoMy ao npnxoAa oieAyiomero TpoHCTBeHHoro 
xoMimexca EF-Tu-JTO-aMHHoaanji-TPHK. 

HeM oóycjiOBJíeHa HecoBMecTHMOCTb AByx (JmTopoB 
Ha oahoh pnóocoMe? MoxceT ôbiTb, KaKHMH-TO a;uioc- 
TepnnecKHMH 3(j)(]3exTaMH (eoín xa>KAbin H3 cj)axTopoB 
aAanrapyeT «noA ce6a» xoH(f)opMaijHK) Bcen pnéocoMbi)? 
A MOXCeT ÓbITb, HX HeCOBMeCTHMOCTb OÓyCJIOBJíeHa KOHKy- 
pemjnen 3a nepexpbiBaiomnecfl canTbi CBa3biBaHna? Ha 
pmc. 8.30 noKa3aHO HeoóbinaHHoe crpyKTypHoe cxoactbo 
TpoHCTBeHHoro EF-Tu-rflO-aMHHoaqHJi-TPHK xoMnjiex- 
ca c (J)aKTopoM EF-G. CBoen npocrpaHCTBeHHon CTpyxTy- 
pon EF-G Kax 6bi HMHTnpyeT (j)axTop EF-Tu, CBfl3aBmnn 
aiajenTopHyio mnnjibKy aMHHoaijnji-TPHK. ľmjifl Ha pn- 
cyHOK, cpa3y xohctoi npeAnojioxcnTb, hto (})axTopbi koh- 
KypnpyiOT 3a oahh o6ib,hh canT CBfl3biBaHra (rAe-HnóyAb 
HeA^exo ot cama A). C tohxh 3peHna o6men opraHH3a- 
ijhh CHHTe3a 6ejixa, HeoóxoAHMOCTb ahcc oijnaijHH OAHoro 
(j)axTopa jyw CBa3biBaHna Apyroro cjiyxcHT (j)opMajibHOH ra- 
paHTHeň ynopKAOMeHHoro xoAa coóhthh. 

06a rjiaBHbix (j)axTopa 3JiOHraijHH, EF-Tu h EF-G — 3TO 
TOnHHHbie G-óe^xn (Heóojibinne ITOa3bi, MOHOMepbi). Kor- 
Aa Taxon óejioxyxoMiwexTOBaH ITO, oh axrnBeH (bo MHoroM 
3a cneT noTeHunajibHon 3Hepmn xhmhmcckoh cbh3h MexcAy 
(})OC(t)aTaMH p h y b ITO). Táx, HaxoAfiCb b cbohx aKTHBHbix 
(})opMax, EF-Tu h EF-G CBH3biBai0Tca c phóocomoh. B xanec- 
TBe xoMimexryíomeH na cth (j)axTopa sjiOHraqnn pnóocoMa 
npn3HaeT hmchho ITO; b stom coctoht rapam™ oóecnene- 
hhh CHHTe3a 6ejixa hcoóxoahmoh 3Hepraen. ripn raApojiH3e 
ITO ao ľflO nponcxoAHT Bbiôpoc 3Hepran, h G-6ejiOK TepaeT 
CBOK) aKTHBHOCTb. PeaXIJHfl rHApOJIH3a ITO KaTaJIH3HpyeTCa 
caMHM G-6ejiKOM b onpeAejieHHbix yc/iOBHHx. 

EF-G CBa3bmaeTca c phóocomoh jijm KaTa^H3a TpaHaio- 
Kai^HH; nooie TpaHoiOKaijHH ({)aKTop noKn^aeT pnóocoMy. 
Edih y EF-G 3aMeHHTb ITO oneHb noxoxcen MOJieKyjion, 
GMP-PCP, KOTopaa He MOxceT 6biTb rnApojiH30BaHa, TpaHC- 
jiOKaqna Bce paBHO coctohtch: EF-G Kax hh b neM He óbmajio 



PMC. 8.30 Crpytcrypa TpoíícTBeHHoro KOMn^eKca aMMHoaijmi-TPHK- 
EF-Tu—ľT<t> (Ha pMcyHKe cneBa) aHa-norMHHa npocipaHCTBeHHOM op- 
raHM3ai4MM aomchob EF-G (cnpaBa). AHa^omHHbie flOMeHbi c KOHcep- 
B3TMBHOM CTpyKTypOM y EF-ÍU M EF-G paCKpameHbl, COOTBeTCTBeHHO, 
b KpacHbiíí m 3e-neHbiíí UBeia; tPHK m noxo>KMM Ha Hee flOMeH EF-G 
pacKpameHbi b 4)M0^eT0Bbiíí uBeľ. OoTorpa(})Mfl ^K)6e3HO npeflociaB- 
^eHa Poul Nissen, University of Aarhua, Denmark 

CB5DKeTC5I C pHÓOCOMOH, H OHa COBepiIIHT BCe HCOÓXOAHMbie 
ABraceHra (npaBAa, ropa3AO MeAJieHHee, neM b HopMe, H3- 
3a OTCyTCTBHH 3HepľHH rHApOJIH3a ITO). Ho BOT JJJW Toro, 
HTOÓbi (J)aKTop EF-G CMor noKHHyTb pnóocoMy, hcoóxoahm 
THAPOJIH3 ľTO. 

HeoóxoAHMOCTb yxoAa EF-G AAa npoAO^ceHna chh- 
Te3a óejixa 6buia AOKa3aHa c ncnojib30BaHneM (})ycHAOBOH 
KHCJiOTbi. 3 tot CTepoHAHbíň aHTHÓHOTHK xax 6bi «3aMopa- 
XCHBaeT» pnÓOCOMy B COCTOaHHH TOJIbKO HTO COBepmeHHOH 
TpaHCJIOKai^HH (CM. PMC. 8.31). B npHCyTCTBHH (})yCHAOBOH 
KHCJiOTbi pnÓOCOMa MOXCeT COBepníHTb OAHH-eAHHCTBeH- 
hhh aKT TpaHCJiOKaLjHH: pnóocoMa CBa3bmaeT EF-G, noc^e 
nero c^eAyiOT rHApo;iH3 ITO h npoABnxceHne pnóocoMbi Ha 
Tpn pnóoHyKjieoTHAHbix nojioxceHHfl mPHK. 3aTeM, Bonpe- 
kh HopMaM, EF-G h rflO yxce He Moryr noKHHyTb pHÓocoMy, 
noTOMy hto cJ)ycHAOBaa KHCJiOTa CTa6njiH3HpyeT KOMrniexc 
pnóocoMbi c EF-G-r/1,0. B pe3yjibTaTe pnóocoMa He moxcct 
npnHaTb c^eAyiomyK) aMHHoaijHji-TPHK, h chhtc 3 óejixa 
ocTaHaBjíHBaeTca. 

TpaHC^OKaijna xax (})yHxi^Ha caMOH pnóocoMbi o6yc- 
jiOB^eHa ee orpoMHOH CTpyxTypHon ruiacTHHHOCTbio (cm. 
pa3A. 8.17 «B pnóocoMe ecTb Hecxojibxo axTHBHbix qeH- 
TpoB»). Axthbhhh (})axTop EF-G HyxceH jyw noóyxcAeHna 
pnóocoMbi x coBepmeHHK) TpaHOioxaijHH. ľHApojiH3 ľTO 
nponcxoAHT HenocpeACTBeHHO nepeA TpaHDioxauneH; oh 
ycxopaeT ABnxceHne cyó'beAHHnu, Apyr OTHOCHTejibHO Apy- 
ra. Cxopee Bcero, SHeprna rHApo;iH3a ľTO HaxoAHT Bbipa- 
XCeHHe B H3MeHeHHH XOH(j)OpMaiJHH EF-G, HTO H npHBOAHT 
pnóocoMy b ABHXceHne. 

3a Bpem TpaHOioxaijHH EF-G ycneBaeT cnjibHO noMe- 
HíiTb cbok) opneHTaqnK) OTHOcmejibHo pnóocoMbi. nepeA 
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PMC. 8.31 OaKTopbi EF-Tu m EF-G, BeaymMe a/iOHraijMK), noonepefl- 
ho B3aMMOfleíícTByK)T c pm6ocomom (no Mepe Toro KaK pn6ocoMa 
npMHMMaeT HOByio aMMHoaijM/i-TPHK, o6pa3yeTCB nenTMAHaa c ba 3 b, 
npoMCxoAMT TpaHCAOKauM^ pn6ocoMa npMHMMaeT HOByio aMMHoa- 
Uma-tPHK m t. a.) 


TpaHOioKaijHeH oh pacnojioxceH nonepeK AByx cyô'beAHHHLj 
pnÓOCOMbl. BOJIbHIHHCTBO KOHTaKTOB EF-G c 30S cy 6 T>eAH- 
romeň o 6 pa 30 BaHO ero TaK Ha 3 biBaeMbiM aomchom 4 ? H a- 
xoahiahmch b caŕrre A. CKopee Bcero, hmchho stot aomch 
EF-G OTTecraeT tPHK h 3 cama A b caňT P. lipu 3 aBepmeHHH 
TpaHCJiOKai^HH AOMeH 4 cjiaKTopa EF-G noBepHyr yxce k 50S 
cy6beAHHHu,e. 

3yKapH0TH4ecKHM aHajioroM EF-G HBJwerai óejiOK 
eEF2, KOTopbíň Toace paóoTaeT KaK rTO-3aBHCHMan «TpaHC- 
jiOKa 3 a». fleHCTBHe eEF2 tohho TaK xce HHraÓHpyeToi cjjycH- 
AOboh khcjiotoh. KoMiuieKC eEF2 c rTO BnojiHe craómieH; 
ero MOJKHO BblACJIHTb H 3 KJieTOK, H OH ÔyRCľ CBH3bIB3Tb pH- 
óocoMbi c nocjieAyiomHM thapojih 30 m CBoero rTO in vitro. 

flnc^TepHHHbiH tokchh (diphtheria toxín) ryÓHT syKa- 
pnoTHHecKyio loieTKy nyTeM B03AeHCTBH5i Ha cjjaKTop eEF2. 
fliKjľrepHHHblH TOKCHH HHaKTHBHpyeT eEF2. HcnOJIb3yH 
HHKOTHHaMHAaAeHHHAHHyioieoTHA (HAfl) b KanecTBe ko- 
(j)aKTopa, tokchh npHiiiHBaeT k cjjaKTopy eEF2 MaccHBHbíň 
a/J,eH03HHAH(J)0C(J)0pH603HJl (A^OP). CyÓCTpaTOM CJtyXCHT 


He COBCeM OÓblHHafl aMHHOKHCJIOTa (npOAyKT MOAH(})HKa- 
UHH THCTHAHHa), KOTOpaH BXOAHT B COCTaB eEF2 y MHOTHX 
bhaob ayKapnoT. KoH^ioraT AA,OP-eEF2 He MOxceT ynacr- 
BOBaTb b CHHTe3e óejiKa. 

PeaKltHH A^O-pH603HJIHpOBaHHH, HHaKTHBHpyiOUtaH 
eEF2, HBJíneTCH npHHHHOH jieTajibHoro achctbhh AHcjrre- 
PHHHOTO TOKCHHa. PeaKLJHfl OHeHb 3(}x})eKTHBHa: HTOÓbl 
yÓHTb ioieTKy, óbmaeT AOcraTOHHO Bcero oahoh MOJieKyjibi 
AH({)TepHHHOrO TOKCHHa. 


8.14 


CnHTe3 6ejixa TepMMHMpyeTCfl 

TpeMfl KOAOH3MH 


KmoneBbie noHATMa: 


• Ka>KAbiM M3 Tpex koaohob UAA (oxpa), UAG (flmapb) m UGA 
(ona/i) MO>KeTTepMMHMpoBaTb cMHTe3 6e/iKa. 

• A-n^ 6oAbiAMHCTBa 6aKTepMŕí, b nopaflKe yóbiBaHMa MacTOTbi 
MCn0Jlb30BaHMfl, TepMMHMpyiOlAMe KOflOHbl MO>KHO pacncmowMTb 
T3K: UAA>UGA>UAG. 


PÍ3 HeTbipeX pHÓOHyiOieOTHAOB A, U, G, C MOXCHO COCTaBHTb 
64 pa3JiHHHbix TpHruieTa. B cootbctctbhh c yHHBepcajibHbiM 
reHeTHnecKHM koaom, 61 TpHimeT TpaHCJiHpyeTCíi b 3mhho- 
khcjioth. Tpn ocTaBniHxcH TpHruieTa aipcaT TepMHHHpyio- 
iahmh KOAOHaMH, hjih CTon-KOAOHaMH, KOTopbie npeceKa- 
kdt pocT nojiHnenTHAa Ha pnóocoMe. CTon-KOAOHbi hmciot 
TpHBHaJIbHbie Ha3BaHHH (Ha3BaHHfl MHHepaJIOB), yXOAHIAHe 
KOpHflMH B HCTOpHK) HX OTKpbITHH. TpHIUieT UAG H3BCC- 
TeH KaK «nHTapHbiH», hjih aMÔep-KOAOH; UAA — sto oxpa; 
UGA HHorAa Bce eme Ha3biBaiOT onajiOM. 

Hcnojib30BaHHe sthx Tpex TpHruieTOB b KanecTBe CTon- 
KOAOHOB 6bUIO BbMBJíeHO npH IipOBeACHHH TmCľmtCKOTO 
TecTa, no3BOJiHBinero BbiAejíHTb ABa rana ToneHHbix Myra- 
upň B npOH3BOJIbHOH OTKpbITOH paMKe CHHTbIBaHHH: 

• ToneHHaH MyTaitra MeH^eT cmhcji oahoto H3 koaohob: 
Tenepb oh TpaHCJinpyeTCH no-ApyroMy, TaK hto 6e;iOK 
CHHTe3HpyeTCH C OAHOH OIĽHÓKOH (b OAHOM H3 nOJIO- 
xceHHH nojinnenTHAHOH itenoHKH ctoht oniHÓOHHan 
aMHHOKHCJIOTa). 3to MHCceHC-MyTai^HH; ee noc- 
jieACTBHii jyin (J)yHKitHH óejiKa 3aBHCHT ot nojioxceHra 
h xapaKTepa 3aMeHbi (HacKOJibKO noxoxcn ABe aMHHO- 
KHCJIOTbl H T. n.). 

• ToneHHaH MyTaijHíi jiHinaeT CMbicjia oahh H3 koaohob 
(to ecTb npeBpantaeT ero b ctoh-koaoh). 3to hohcchc- 
MyTau,HH. OHa npHBOAHT k npe^CAespeMeHHOH Tep- 
MHHau,HH CHHTe3a óejiKa: nojiHnenTHA KaK 6bi oópbi- 
BaeTCH, noTOMy hto ocTajibHaji nacTb otkphtoh paMKH 
CHHTbiBaHra, ncN&ww 32 CTon-KOAOHOM, Tenepb He 
TpaHCJiHpyeTcn. HacTO sto npnBOAHT k nojiHoň noTepe 
c})yHKiiHH óejiKa (kohchho, Bce 33 bhcht ot nojioxceHra 
MyraLtHH: neM a^j ibine OHa ot Hanajia paMKH, TeM 6ojib- 
me maHCOB Ha coxpaHeHne (J)yHKitHH). 

(PÍHorAa k TepMHHHpyioiAHM TpnnjieTaM npHMeH^ioT 
TepMHH HOHceHC-KOAOH, ho stot BapnaHT MeHee KOp- 
peKTeH, neM TepMHH cTon-KOAOH.) Bo Bcex reHax c H3- 
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BecTHOž HyKJieoTHAHoň noc^eAOBaTejibHOCTbK) nepBbíň 
CTon-KOAOH cjie^yeT HenocpeACTBeHHO 3a koaohom, co- 
OTBeTCTByK)LU,HM C-KOHIjeBOH aMHHOKHCJIOTe ÓeJIKa J\w- 
Koro rana (HopMajibHoro npoAyKTa SToro reHa). AHa;iH3 
HOHceHC-MyrauHH noKa3biBaeT, hto rj m npoKAeBpeMeH- 

HOH TepMHHaqHH AOCTaTOHHO HaJIHHHfl BHyTpH paMKH 
JIK)6orO H3 Tpex CTOn-KOAOHOB. MOJKHO 3aKJIK)HHTb, HTO 
HajiHHHe TpHnjieTa UAG, UAA, hjih UGA aBjmeToi Heoô- 

XOAHMblM H AOCTaTOHHbIM yCJIOBHCM 3aBepiIieHHfl CHHTe- 
3a — jihôo b ecTecTBeHHOM nopaAKe, to ecTb b 3amiaHH- 
pOBaHHOM KOHIje OTKpbITOH paMKH CHHTbIBaHHfl, JIHÓO 
H3-3a CTon-KOAOHa, nopoJKAeHHoro HOHceHC-MyTaijneH 
BHyTpn KOAHpyioiAeH nocjieAOBaTejibHOCTH. 

y óaKTepnn Hanóojiee nacro Hcno;ib3yeMbiM TepMH- 
HHpyiOIAHM KOAOHOM HBJíaeTCH UAA. PÍ3 AByX APyTHX, UGA 
Hcnojib 3 yeTca HHTeHCHBHee, neM UAG, HecMOTpa Ha to hto 
UGA — sto caMbíň oiaóbiH CTon-KOAOH. TpaHoinpya UGA 
(onaji), pnóocoMa HHorAa oninóaeTca: HHTepnperapyeT ero 
KaK aMHHOKHCJiOTy h npoAOJMcaeT HapamrnaTb nojinnenTHA 
AO Tex nop, nona en He BCTpeTHTca eme oahh ctoh-koaoh. 


8.15 


TepMMHupyiomMe KOflOHbi 
y3HaiOTCfl 6e/IK0BblMM 
(JjaKTOpaMM 


KmoneBbie noHflTM n: 


• TepMMHMpyKDmMe KOflOHbi y3HaioTC5i cneLiMa-nbHbiMM 6e/i k3mm 

(4)aKTopaMM TepMMHauMM, mi m ÄpejiMaMHr-c^aKTopaMM))), a He 
aMMHOaLJMJl-TPHK. 


• Pe^M3MHr-(})aKTopbi K/iacca 1 no crpyKiype HanoMMHaiOT 
aMMHoauMJi-TPHK-EF-Tu n EF-G. 

• Pe/iM3MHr-ct)aKTopbi K/iacca 1 y3HaiOT TepMMHMpyiomMe 
KOflOHbi; 3TO y3HaBaHMe Bbl/IMBaeTCB B rHflpOJlM3 CBB3M Me>KAy 
no-nMnenTMflOM n Hecymeŕí ero tPHK. 

• Pe-nn3MHr-ct)aKTopaM K/iacca 1 noMoraiOT rT0-3aBMCMMbie 
pe-nn3MHr-(j)aKTopbi K/iacca 2. 

• Y 6aKTepnií (oó/iaflaTe/ieM flByx pa3HOBMflHocieM pe/iM3HHr- 
()3aKTopoB K/iacca 1) n ayKapwoT (c oflHcminHbiMM pe/iH3MHr- 
c|)aKTopaMM K/iacca 1) MexaHM3Mbi TepMMHaLiMM b Lie/iOM 
noxo>KM. 


3aBepmeHne TpaHCjmijHH nponcxoAHT b ABe CTyneHH. 
CHanajia nponcxoAHT coôctbchho mepMunaipim , to ecTb 
craTHe nojinnenTHAHOH ijenonKH c nocjieAHeH tPHK. 
CjieAOM nponcxoAHT TaK Ha3biBaeMaa nocm-mepMUHa- 
ifUH: OTAejieHHe tPHK h mPHK ot phôocomh h ahccoijh- 
auna caMOH phôocomh Ha ôojibinyio h MajiyK) cyó'beAH- 
HHĽI,bI. 

TepMHHHpyiOIAHM KOAOHaM He COOTBeTCTByiOT HHKa- 
Kne tPHK. Ohh pa6oTaK)T npHHUHnnajibHO hhhm cnoco- 
6 om, 3a cneT cneijHcjjHHHoro CB5i3biBaHH5i (npaMoro y3Ha- 
BaHHfl) OCOÔbIMH ÓeJIKaMH — (J)aKTOpaMH TepMHHatl,HH. 
(TaKHM o6pa30M, STan TepMHHai^HH He oôycjiOBjíeH B3an- 
MOAeňcTBHaMH rana «koaoh— aHTHKOAOH»; xota b Kanecr- 
Be CHmajibHbix sjicmchtob TepMHHaijHH CHOBa BbicTynaK)T 
pnóoHyioieoTHAHbie TpnnjieTbi mPHK. Bepoflrao, nocjieA- 


Hee oócToaTejibCTBO OTpaacaeT xoa sbojiioijhh reHeTmec- 
Koro KOAa.) 

TepMHHnpyioiAHe koaohh y3HaiOTca kohkpcthoh 
pa3HOBHAHOCTbK3 (})aKTOpOB TepMHHaiJHH — peJIH3HHr- 
4>aKTopaMii (RF) KJiacca 1. y E coli TaKHx cjjaKTopoB ABa, 
h y sthx cjjaKTopoB pa3Haa (xota h nepeKpbreaiomaflCfl) 
cneuH(})HHHOCTb: RF1 y3HaeT UAA h UAG, RF2 y3HaeT UAA 
H UGA. 3(J)(J)eKTHBH0CTb y3HaBaHH5I, B HaCTHOCTH, 3aBHCHT 
OT pHÓOHyKJieOTHAHOrO KOHTeKCTa TepMHHHpyiOIAHX KO- 
AOHOB (a30THCTbIX OCHOBaHHH, CJieAytOII],HX 3a KOAOHOM B 

3 , -KOHqeByio HeTpaHCJiHpyeMyio oóJiacTb). 06a cjjaKTopa, 
RF1 h RF2, 0 Ka 3 biBaK)T CBoe achctbhc b came A pnôocoMbi 
(b came P stoh pnôocoMbi AOJi^cHa npHcyrcTBOBaTb no- 
jinnenTHAHJi-TPHK). CoAepacaHHe pe;iH3HHr-(})aKTopoB b 
K a^KAOH KJieTKe HHXCe COACp^CaHHa (})aKTOpOB HHHU.HaU.HH 
h 3JiOHraijHH: Bcero -600 MOJieKyji RF1 h RF2 Ha KJieTKy. 
3 to 03HanaeT, hto Ka^KAbie AecaTb ph6ocom o6c;iyxcHBaK)T- 
ca oahoh MOJieKyjioň Ka^KAoro pejiH3HHr-c})aKTopa. CKopee 
Bcero, pe;iH3HHr-(})aKTopoB imacca 1 He BcerAa 6buio ABa: 
H3HaHa;ibHO y 6aKTepnn 6 mji OAHH-eAHHCTBeHHbifí RF, ko- 
Topbíň y3HaBaji Bce TepMHHHpyK)iu,He koaohh; no3AHee b 
3BOJiK)qHH npoH3onuia ero AHBepreHijHa («pa3Ae;ieHHe») 
Ha ABa cjjaKTopa c pa3HOH cneuH(J)HHHOCTbK). 3 to noA- 
TBep^KAaeTca TeM, hto b uHTon;ia3Me syKapnoT ecTb TOJib- 
ko pe;iH3HHr-(J)aKTop Kjiacca 1, eRF. 

Pe;iH3HHr-(})aKTopaM KJiacca 1 noMoraiOT pe;iH3HHr- 
4>aKTopbi loiacca 2, y kotophx HeT cneijHcjjHHHOCTH hh 

K KaKHM KOAOHaM (OHH B 006 lB,e He B3aHMOAeHCTByK)T c 
mPHK). Pe;iH3HHr-(})aKTopbi loiacca 2 yKOMnjieKTOBaHbi 
MOJieKyjiaMH ľTO. Y E. coli pojib (})aKTopoB loiacca 2 Bce- 
IjeJIO OTHOCHTCa K BbICB 060 )KAeHHK) (})aKTOpOB KJiaeea 1 
H3 pHÔOCOMbl. 

Xoth oôiahh npHHqnn TepMHHauHH y npo- h syKapn- 
ot oahh h tot 2ce, xapaKTep B3aHMOACHCTBHa Me^oy peJIH- 
3HHr-(J)aKTopaMH loiaccoB 1 h 2 HeMHoro oTjiHHaeTca. 

BaKTepnajibHbie (})aKTopbi imacca 1, RF1 h RF2, y3Hai0T 
TepMHHnpyioiAHe koaohh h no6y)KAaiOT pnôocoMy k thapo- 
jiH3y nenTHAHJi-TPHK. PeaKUHa OTii],enjieHHa nojinnenTHAa 
ot tPHK no CBoeMy MexaHH3My aHa^oranHa nepeHoey no- 
jinnenTHAa (cTaHAapTHOMy pjui 3JiOHraiiHH), TOJibKO bmccto 
aMHHoaijHJi-TPHK (cm. pne. 8.34) aiajenTopoM noJinnenTH- 
Aa cjiy>KHT MOJieKyjia boabi. 

noejie OTiAenjieHHa nojinnenTHAa RF1 (hjih RF2) no- 
KHAaeT pnôocoMy c noMOiAbio pejiH3HHr-c})aKTopa imacca 
2, RF3, KOTopbiH noxo^c Ha EF-G. HeaKTHBHHH pejiH3HHr- 
(})aKTop loiacca 2, RF3-T/],0, CB5i3biBaeT pnôocoMy 3apaHee, 
em,e ao Toro, KaK bo3hhkhct HeoôxoAHMOCTb b TepMHHa- 
Uhh, jijvi Toro hto6h ero rflO ycneji 3aMeHHTbca Ha ľTO 
(nocKOJibKy ycjiOBHa jyw stoh peaiojHH o6ecneHHBaeT pn- 
ÔOCOMa). AKTHBHpOBaHHHH RF3-ITO MO^CeT 3(J)(J)eKTHBHO 
B3aHMOACHCTBOBaTb C ITOa3HbIM qeHTpOM pHÔOCOMbl; ne- 

pe3 3to B3aHMOACHCTBne RF3 3acTaB^aeT RF1/2 noKHHyTb 
pnôocoMy noejie 3aBepmeHHa coôctbchho TepMHHaijHH. 

no CBoež CTpyKType ôejioK RF3 HanoMHHaeT ITO-CBa- 
3biBaioii],He AOMeHH EF-Tu h EF-G, b to Bpem KaK RF1 h 
RF2 noxoacH Ha C-kohi^cboh aomch EF-G, kotophh, b cboio 
onepeAb, noxo^c Ha tPHK. Cxoactbo aomchob noACKa3HBa- 
eT, HTO peJIH3HHr-(f)aKTOpbI HMCK3T ACJIO C TeM JKe CaHTOM 
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Pa3Hbie cjjaKTOpbi hmciot noxowue onepTaHMH 



PUC. 8.32 Mo/ieKyjiapHafl mmmmkpmb no3BO/ifleT c()aKTopy EF-Tu 
(b KOMn/ieKce c tPFIK), (fraKTopy TpaHcnoKaLiMM EF-G, a Ta tone (fraKTO- 
paM TepMMHauMM, RF1/2-RF3, cB5i3biBaTbCfl c oahmm m TeM we caiÍTOM 
pn6ocoMbi. OaKTop ocBo6o>KfleHMíi pn6ocoMbi (RRF, ribosome recy- 
cling factor) oócywflaeiai h tone (cm. pne. 8.35) 


pHÓOCOMbl, HTO H (})aKTOpbI SJIOHraiJHH. P MC. 8.32 CJiyXCHT 
R/i^iocTpadHeň toh hach, hto Bce nepeHHOieHHbie (})aKTO- 
pbi hmoot oahh h Te xce onepTaHHa h no onepeAH cB5i3bi- 
BaiOTca c oahhm n TeM xce canTOM pnóocoMbi (npnMepHO 
coBna^aioiAHM c canTOM A hjih, no KpanHen Mepe, 3Hann- 
TejibHO nepeKpbiBaK)mnMca c caňTOM A). 

3yKapHOTHHecKHH pejiH3HHr-(J)aKTop KJiacca 1, eRFl, 
MO)KeT y3HaTb JIIOÓOH H3 Tpex TepMHHHpyiOII],HX KOAOHOB. 
ÍIo cBoen aMHHOKncjiOTHon nocjieAOBaTejibHOCTn óejiox 
eRFl coBepmeHHO He noxoxc Ha óaKTepna^bHbie (jmTopbi 
TepMHHadnn. (Oh moxcct TepMHHnpoBaTb chhtc 3 óejixa 
6e3 noMOiAH ayKapnoTHHecKoro cjmTopa KJiacca 2 eRF2 
in vitro\ xoth b HexoTopbix cncreMax, HanpnMep b Apoxc- 
>Kax in vivo, TepMHHaana 6e3 eRF2 He hact.) CTpyKTypa 
eRFl onaTb xce bhtjmaht 3HaKOMO: Ha P M c. 8.33 xopomo 
pa3JiHMHMbi Tpn AOMeHa, xax 6bi noApaxcaiomHe CTpyKType 
tPHK. 

Ha BepxyniKe AOMeHa 2 pacnojio^ceH oneHb BaxcHbiH 
MOTHB H3 Tpex aMHHOKHCJIOT, GGQ. ľlO n03HQHH, 3aHHMa- 
eMon b caňTe A, mothb GGQ cooTBeTCTByeT aMHHOKHCJiOTe 
(aMHHoaijmiy) b cocTaBe aMHHoaqnji-TPHK. Hmchho noa- 
TOMy rjiyraMHHy (Q H3 GGQ) Tax jierxo yAaeTca « 0 ÓMaHyTb 
3JiOHraijHio», noACTaBHB bmccto aMHHoadnjia MOJiexyjiy 
BOAbi (H 2 0), Ha KOTopyio h HAeT nepeHOC nojinnenTHAa bo 
BpeMa TepMHHaijHH. Ha pmc. 8.34 npoBeAeHO cpaBHeHne 
peaKAHH TepMHHadnn c peaxijneH nepeHoca nojinnenTHAa, 
TnnnHHOH jyin anoHraijHH. Bo BpeMH TepMHHaijHH aHajio- 
rnMHbiH nepeHOC hact Ha rnApoxcnjibHyio rpynny, B3HTyio 



PMC. 8.33 3yKapnoTMHecKMíí (J)aKTop TepMMHauMM eRFl MMeeT ao- 
Memnyio opraHMaaijmo, MMmnpyiomyK) onepiaHHB m cBOíícTBa tPFIK. 
Mothb GGQ Ha BepxyiiJKe AOMeHa 2 wrpaeT BawHyio po/ib b OTfle/ie- 
hmm no/iMnenTMflHOM L^enoMKH ot tPHK. Zlio6e3HO npeAOcraBJíeHO 
Dávid Barford, The Inštitúte of Cancer Research 



PMC. 8.34 PeaKLiMM nepeHoca no/iMnenTMAa (TpaHcnenTMflaLiMM) 
npM 3 ^ 0 Hrai 4 MM M TepMMHaLlMfl nOXO>KM MOKfly CO60ÍÍ. Ka>KAyK) M 3 
hmx mo>kho miaccn(})m4MpoBaTb KaKTpaHC3CTepn(()MKai4mo. B 3 ktmb- 
hom ueHTpe (^aKTopa, Beflymero peaKLimo, ecTb ocHOBaHMe, KOTopoe 
aTaxyeT cBB3b N—Fl m/im 0—H; npn stom N jim6o 0 ocBo6o>KAaK)Tca 
A/ib 3T3KM CBB3M no/iMnenTMAa c tPFIK 
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y BOflH: no cym, sto rnypojina cbh3h mokav 3aBepmeHHbiM 
nojinnenraflOM n tPHK (cm. pne. 8.48 n conyTCTByiomee 
eMy oôcyac/jeHne paóora aicmBHoro pempa nenTHflnji- 
TpaHC(J)epa3bi). 

MyTapnn b RF-reHax CHroxaiOT scjDcjDexraBHOCTb 
TepMHHapnH; sto BbipaxaeTCíi b cTpeMjieHnn pnôocoM 
nponycKaTb TepMHHnpyiomHe ko/iohh h mirarb mPHK 
Aa^brne, b 3'-KOHpeByio oôjiacrb, xoTopaa b HopMe He 
TpaHCJinpyeTCH. HcicyccTBeHHoe yci-uio-me ypoBiia sxc- 
npeccnn (CBepxsKcnpeccHH) RF1 hjih RF2 noBbimaeT 
SC[)(j3eKTHBHOCTb TCpMHIianiIH TpaiICJIHHHH COOTBeTCTBy- 
iomHMH KOflOHaMH. KojiHMCCTBCiiiibíň xapaKTep OÔOHX 
SCj)Cj)CKTOB TOBOpHT O TOM, HTO B y3HaBaHHH TepMHHH- 
pyromnx koaohob cjDaxTopbi RF1 n RF2 conepHnnaiOT c 
aMiiHoannji-'rPHK, nbiTaiomnMHCH HeBepHO HCTOJiKOBaTb 
TepMHHHpyKSmnň KOflOH KaK OflHII H3 3H3HHMbIX. Ha ca- 
mom fíejie pe^H3HHr-(J)aKTopbi y3HaioT cboh TepMHHnpy- 
lomne KOflOHbl OHCHI, SCj)Cj)CKTHBHO. 

Kax ôbuio cKa3aHO b Hanajie stoto pa3flejia, co6c- 
TBeHHO TepMHHapna upiibo/utT k otacjiciimk) roTOBoro 
nojinnenTHfla, ho He ocBOôoxyiaeT pnôocoMy ot fleapn- 
jinpoBaHHOH tPHK h mPHK; k TOMy xce nooie saBepmeiiHH 
TpaHCJiapnn Henjioxo ôbuio 6bi pa3beflHHHTb pnôocoMy 


Ha óojibinyx) h Ma/iyio cy6be#HHHu,bi. Ha phc. 8.35 noxa3a- 
HO, HTO flJlfl ÄHCCOpnapHH KOMnOHeHTOB, yMaCTBOBaBLLIHX 

b CHHTe3e 6e/iKa (tPHK, mPHK, 30S h 50S cyôieflHHnp) 
HyxceH eipe oflHH cjDaxTop, RRF (ribosome recycling fac- 
tor; cjDaKTop ocBo6o>KfleHHH pnóocoMbi). RRF fleňcTByeT 
coBMecTHO c EF-G b pcaxnnH c pacxoyoM sHepran nifl- 
po^H3a no. noflOÔHO flpyrnM (})aKTopaM TepMHHannn, 
RRF CBoeň crpyKTypoň HMnrapyeT tPHK (ho b crpyicrype 
RRF HeT SKBHBajieiiTa 3'-xoHpeBoň aMHHoaiyui-CBH3biBa- 
loipeň oÔJiacTH tPHK). 

riocjiefliiHM ynacTHHKOM TepMHHapnn BbicrynaeT 
c})aKTop IF-3, yxce 3HaxoMbiň mm H3 onucaiina m 1111 ;n- 
apnn. TaKHM oôpa30M, xpyr 3 ;imkhvjich! Tenepb chhtcs 
6eaxa moxcho no npaBy xapaKTepn30BaTb Kax pnioin- 
HecKHň npopecc. Oaxrop IF-3, Kax mh homhhm, craôn- 
jin3npycr Ma;ibic cyó'bCfliiHiinbi piióocoMbi b /uiccouh- 
npoBaHHOM coctohhhh. Bo bpcMH nocT-TepMHHapnn 
RRF flencTByeT Ha 50S cyó'beflHHnpy, a fleňcTBne IF-3 
HanpaBJíeHO Ha otphb fleauH/inpoBaHHon tPHK ot 30S 
cyô’beflHHnijbi. noaie pa3flejieHHJi cyô'beflHHnp IF-3 Tax 
n ocTaeTCB accopnnpoBaHHbiM c Majion cyôbeyHi lupeň; 
oh npeflOTBpamaeT caMonpon3BOJibHoe Boccoe/mnenne 
piióocoMHbix cyôieflHHHp. 


TepMMHauMn TpeôyeT yMacma HecKo/ibKMx óe/moBbix (pa kto po b 


1. RF ocBo6o>KflaeT no/uinenTMAHyK) 
uenb 



3. EF-G nepeMemaei RRF 

M 



2. RRF3aHMMaeicaMTA 



4 Pn6ocoMa AnccoAMMpyeT 



P MC. 8.35 OaKTop RFiepMMHMpyeT cMHTe3 6e/iKa, OTfle/ifleT no/iMľienTMA ot pn6ocoMbi. OaKTop RRF 
ocBo6o>KAaeT pnôocoMy ot ocTaBweíícfl tPHK, a EF-G OTcoeflMHaeT RRF, hto npMBOAMT k AMccouMa- 

14MM pMÓOCOMbl 
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8.16 


06e cyóieflMHnubi pnóocoMbi 

npOHM3aHbl pMÓOCOMa/lbHbIMM 


PHK 


KjnoneBbie noHjnrm: 


• KawAaa McmeKy/ia pn6ocoMajibHoŕí PHK (pPHK) mvieeT 
HeCKOJlbKO AMCKpeTHblX AOMCHOB, (J)OpMMpyK)mMX He3aBMCMMbie 
CK^aflKM. 

• ľlpaKTMHeCKM Bce pMÓOCOMa^bHbie 6e/lKM HaXOAATCfl B KOHTaKTe 
cpPHK. 

• EojlblUMHCTBO KOHTaKTOB MOKAy GyČteflHHHUaMM pMÔOCOMbl — 
3 to KOHTaKTbi Me>KAy 16S m 23S pPHK. 


PHÓocoMajibHaa PHK (pPHK) cocraBjraeT okojio AByx 
TpeTeň Maccbi óaKTepnajibHOH phóocomh. Hanóojiee 
3(J)(j)eKTHBHbiH cnocoó aHa;iH3a btophhhoh crpyKTypbi 
ôojibiiiHx PHK — sto cpaBHeHne cerMeHTOB hx nocjieAO- 
BaTejibHOCTH y pa3Hbix bhaob opraHH3MOB. flejio b tom, 
hto cerMeHTbi, ynacTByiomHe b oópa30BaHHH btophhhoh 
CT pyKTypbi, sbojhoijhohho KOHcepBaTHBHbi. Ecjih napa 
pnóoHyioieoTHAOB BaxcHa /yra CTpyKTypbi pPHK. OHa 6y- 
AeT HaxoAHTbca b oahom h tom >Ke nojioxceHHH KOHKpeT- 
hoh pPHK y Bcex poactbchhmx bhaob. Ha ocHOBaHHH 
3Toro noAxo^a (h hcoóxoahmhx KOHTpojibHbix 3Kcne- 
puMeHTOB) óhjih nocTpoeHbi noApoÔHbie moacjih 16S h 
23S pPHK. 

Kax BbmcHHJiocb, KaxcAaa óojibmaa pPHK coctoht h3 
HecKOJibKHx AHCKpeTHbix aomchob. Tax, lóS pPHK oópa- 
3yeT neTbipe ochobhhx AOMeHa, b kotophx tojibko nojio- 
BHHa pHÓOHyioieoTHAOB B3aHMOAežcTByeT Me^CAy coóoh 
no npnHijHny KOMnjieMeHTapHOCTH (cm. pne. 8.45). B 
23S pPHK HacHHTbiBaeTcn rnecTb ochobhhx aomchob. B 
Ka)KAOM AOMeHe ecTb mhojkcctbo AByxijenoHeHHbix ynac- 

TKOB, B OTAeJIbHOCTH AOBOJIbHO KOpOTKHX (B CpeAHCM Me- 
Hee 8 nH) h 3anacTyio HecoBepmeHHbix (c BbimiHHBaHHH- 
mh HecnapeHHbix pnóoHyKJieoTHAOB). noxoxcne moacjih 
noJiyMeHbi h pjm pPHK mhtoxohaphh (ohh Kopone óaK- 
TepHajibHbix, a aomchob b hhx MeHbiiie), h a-nb ijHTon- 
jia3MaTHHecKHx pPHK syxapHOT (ohh AJiHHHee, aomchob 
b hhx óojibine). YBejiHHeHHe nmrnu syKapHOTHnecKHX 
pPHK npoHCxoAHT rjiaBHHM o6pa30M 3a cneT AOóaBJíe- 
HHa qejibix aomchob. AHa;iH3 KpncTajuiHHecKOH CTpyx- 
Typbi phóocom noKa3a;i, hto BHyrpH óojibmnx h Majibix 
cyô'beAHHHu AOMeHbi pPHK cKjiaAHBaiOTCfl He3aBHCHMO, 
npHHeM KaxcAHH aomch 3 aHHMaeT b cyó'beAHHHije pnóo- 
comh CBoe ocoóoe nojioxceHne. 

lóS pPHK b cocTaBe 30S cyó'beAHHHij, b cocTaBe ijejibix 
70S phóocom, a TaioKe b cocTaBe ijejibix phóocom, BeAymnx 
CHHTe3 óejiKa, npoaBjuieT pa3Hyio peaiajHOHHyio cnocoó- 
HOCTb K B03ACHCTBHK) HCKOTOpblX XHMHHCCKHX aTCHTOB. 
H3MeHeHHa b peaiajHOHHOH cnocoÓHOCTH lóS pPHK npo- 
HCXOAHT B MOMeHT CB5I3bIBaHH5I mPHK MaJIOH CyÓ'beAHHH- 
Aeň, b momcht accoitnaijHH óojimiioh h Majion cyó'beAHHHij, 
a TaioKe b momcht CB5i3biBaHH5i tPHK. HeKOTopbie H3 sthx 

H3MCHCHHH flBJWIOTai npflMbIM CJICACTBHCM B3aHMOACHC- 

TBHa pPHK c mPHK hjih tPHK; Apyrne H3MeHeHHa (b peax- 
UHOHHOH cnocoÓHOCTH pPHK) COnp5DKeHbI C H3MCHCHH5IMH 


b CTpyKType phóocomh. Oóa rana h3mchchhh CBHAeTejibC- 
TByiOT O BHCOKOH KOHCjjOpMaiJHOHHOH A™aMHHHOCTH pH- 

óocomh, BeAyiAeH chhtc3 óejiKa. 

Y pPHK, b ee nepBHHHOH CTpyKType, ecTb o ah a xa- 
paKTepHan ocoóeHHOCTb: HajiHnne b onpeAejieHHbix no- 
jioxceHHJix MeTHJibHbix rpynn. B lóS pPHK HacnHTbrea- 
eTcn ~10 MeTHJibHbix rpynn (b ochobhom HaxoA^iAHxcn 
b6jih3h 3 f -K0Hija MOJieKyjibi). B 23S pPHK hx HacnnTbi- 
BaeTcn okojio 20. B KjieTKax MjiexonHTaiomHx óojibniHe 
pPHK, 18S h 28S, HecyT eme óojibine MerajibHbix rpynn 
(cooTBeTCTBeHHO 43 h 74). 3th u,H(J)pbi 03Hanai0T, hto 

B ÓOJIbHIHX pPHK MJieKOnHTaiOIAHX MeTHJIHpOBaHO ~2 % 
pnóoHyKJieoTHAOB (npnMepHO BTpoe óojibine, neM y 6ax- 
TepnH). 

BoJibHme~cy6'beAHHHqbi Bcex phóocom ( 3 a hckjiio- 
neHHeM MHTOxoHApnajibHbix) Tanúce coAepxcaT ein,e no 
oahoh Majioň pPHK. Y óaKTepHH 3 to 5S pPHK a™hoh 
120 ocHOBaHHH. npn tom, HTO ee nocjieAOBaTejibHOCTb 
MeHee KOHcepBaTHBHa, neM nocjieAOBaTejibHOCTH 6o;ib- 
hihx pPHK, Bce 5S pPHK hmoot KpaňHe BbicoKyio creneHb 
BHyrpeHHeH KOMnjieMeHTapHOCTH. 

B 4HTomia3MaTHHecKHX pnóocoMax syxapHOT ecTb 
CBoa Majiaa PHK — 5,8S pPHK. no CBoen nocneAOBaTejib- 
HOCTH (nepBHHHOH CTpyKType) OHa COOTBeTCTByeT 5 _ koh- 
qeBOH oóJiacTH óaKTepnajibHOH 23S pPHK. (3aMeTHM, hto 
b AonojiHeHne k ynoMHHyTbiM, b cocraB óojibinoH cyó'beAH- 
HHĽI,bI SyKapHOTHHeCKOH PHÓOCOMH BXOAHT eil],e OAHa PHK, 

5S pPHK.) 

Hto KacaeTcn pnóocoMajibHbix ócjikob, HeKOTopbie 
H3 HHX npOHBJmiOT CHJIbHOe CpOACTBO K CBOÓOAHOH 
pPHK. Apyrne, HanpoTHB, HanHHaiOT B3aHMOAeHCTBOBaTb 
C pPHK TOJIbKO B CBH3aHHOH C ÓeJIKOM (})opMe. 3to ro- 
BOpHT O BaJKHOCTH KOH(J)OpMaĽI,HH pPHK RJIK B03HHKH0- 
BeHnn caHTOB CBn3biBaHHn HeKOTopbix ócjikob. no Mepe 
nocTynjieHHB Ka^CAbiH 6e;iOK HHAyiinpyeT b pPHK onpe- 
AejieHHbie KOHC^opMan.HOHHbie h3mchchh5i, oGiiemaio- 
iAHe npncoeAHHeHHC Apyrnx pnóocoMajibHbix ócjikob (c 
onpeAejieHHOH onepeAHOCTbio). y E. coli npaKTnnecKH 
KaxcAbiH óejiOK H3 cocTaBa Majioň (30S) cyó'beAHHnqbi Ha- 
npnMyio B3aHMOACHCTByeT c lóS pPHK, xoth npoHHOCTb 
sthx B3aHMOAencTBHH (CHJia, hhcjio MexcMOJieicyjmpHbix 
KOHTaKTOB H T. n.) RJIK pa3HbIX ÓCJIKOB OTJIHHaeTCH. CTpO- 
eHne caHTOB CBn3biBaHHn pPHK b pnóocoMajibHbix 6e;i- 
Kax BecbMa pa3Hooópa3HO, h sto yKa3biBaeT Ha to, mto, 
CKopee Bcero, pnóocoMajibHbie ócjikh y3HaiOT pPHK h 
CBfl3biBaiOT ee no pa3HbiM MOJieKyjinpHO-KHHeTHnecKHM 
«cqeHapHnM». 

nojiHan 70S pnóocoMa HMeeT acHMMeTpHHHoe CTpo- 
eHne. Ha pmc. 8.36 A^Ha Mopc})OJiorHHecKan cxeMa 30S 
CyÓ'beAHHHIÍbl, B KOTOpOH xopomo pa3JIHHHMbI HCTbipe 
OTAejia: rojiOBKa, men, Teno h njiaT(})opMa. Ha pmc. 8.3 7 
AaHa aHajiorHHHan cxeMa 50S cyó'beAHHHijbi, KOTopyio 
jierKO y3HaTb no aempajibHOMy npoTyóepaHuy (cen¬ 
trál protuberance), b kotopom HaxoAHTcn 5S pPHK, h 
ocHOBHOMy MaccHBy (stalk), rAe HaxoAHTcn mhoxccctbo 
KonHH óejiKa L7. Ha pmc. 8.38 noxa3aHO, hto ocHOBaHHe 
Majioň cyó'beAHHHitbi bxoaht b BbieMKy (3apyÓKy; notch) 
Ha óoJibinoH cyó'beAHHHite; npn stom MexcAy cyó'beAHHH- 
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B 30S cy6'beAHHM4e ecrb n/iaTífjopMa 


PHK-6oraTaa 

6opo3flKa 

X OcHOBaHMe 

ľojiOBKa Hl en Tejio 


PMC. 8.36 B 30S cyóbeAMHMAe ecTb ro/ioBKa, OTAe/ieHHafl weeií ot 
T e/ia c ruiocKMM BbiciynoM-ocHOBaHneM 



PMC. 8.37 Y 50S cyóbeAMHMAbi ecTb ueHTpajibHbm npoTy6epaHeu 
(rAe HaxoAmcfl 5S pPHK), BbieMKa m ochobhom MaccMB, b kotopom 
AOMMH upyiOT KoriMM óe/wa L7 



PMC. 8.38 rijiaT(t)opMa 30S cyóbeAMHMAbi bxoamt b BbieMKy Ha 50S 
cy6-beAHHMAe: o6pa3yeTca 70S pMÓocoMa 



PMC. 8.39 30S cy6i>eAHHMAa pMÓocoMbi npeACTaB/ifleT co6oíí pw- 
6oHyKAeonpoTeMHOByio nacTMAy. Ee/iKM pacKpaiueHbi b we/nbiM 
UBeT. Jlio6e3Ho npeAocTaB/ieHo V. Ramakrishnan, Medical Research 
Council (UK) 


ijaMH o6pa3yeTCH nojiocTb, b KOTopyio OTKpbiBaeTca paA 
BaXCHblX CaHTOB. 

npo Majiyio cyô'beAHHHu.y moxcho CKa3aTb, hto bca 
ee CTpyKTypa cjie^yeT npocrpaHCTBeHHOH opraHH3an,HH 
16S pPHK (to ecTb KaxcAbíň MopcjDOJiorHnecKHH OT^eji 
cyó'beAHHHD.bi cooTBeTCTByeT KaKOMy-HHÔyAb AOMeHy 
pPHK). Tejio crpoHTca Ha 5'-KOHn,eBOM AOMeHe, ocHOBa- 
Hne — Ha ueHTpajibHOM AOMeHe, a rojioBKa — Ha 3'-koh- 
u,eBOM AOMeHe. Ha p m c. 8.39 noKa3aHO, KaK acHMMeTpnn- 
ho pacnpeAejieHbi óejioK h PHK b Majioň cyó'beAHHHn.e 
pHÔocoMbi. OcHOBaHHe (njiaT({)opMa), HaxoAflmeeca 
m CTbiKe cyô'beAHHHu,, non™ nojiHOCTbio coctoht h3 
PHK. H3 MHO)KecTBa r-6ejiKOB Majioň cyó'beAHHHn.bi b 
4)opMHpoBaHHH ocHOBaHHH 3aACHCTBOBaHO Bcero ABa: 
HeéojibinoH (f)parMeHT S7 h, cKopee Bcero, nacrb S12. 
TaKHM o6pa30M, accôn,Han,Hfl h AHCCon,Han,Ha cyóijeAH- 
HHU, AOJDKHbl 3aBHCeTb OT KOHTaKTOB UtTKffy KOMnOHCH- 
TaMH ÔOJIbUIOH CyÔ'beAHHHH.bl H lós pPHK. ACGOIJHaiJHfl 
cyô'beAHHHD, MO)KeT óbiTb HapymeHa MyTaijneH b oaho- 
ijenonenHOH neTJie lóS pPHK (b nojioxceHHH 791); 3Ta 
neTJia jiokht KaK pa3 b hjiockocth conpHKocHOBeHHa 
A By x cyó'beAHHHU,. 

KaK noKa3a;iH SKcnepHMeHTbi no BHeceHHio cepHH- 
HblX MOAHCfWKaLJHH, pHÓOHyiOieOTHAbl B HCKOTOpblX APy- 

rnx nojioxceHrax lóS pPHK Tarace hmoot OTHOineHHe k 
accou.Hau.HH cyó'beAHHHH,. Moxcho yTBepxcAaTb, hto b pn- 
ôocoMe HMeHHO pPHK flBjmeTCfl 6e3yaiOBHOH CTpyKTyp- 
hoh h 4}yHKH,HOHajibHOH AOMHHaHToň, sto corjiacyeTca 
c HAeeň 06 sbojhoh.hohho npeAKOBOH c{)opMe phóocomm 
K aK o nacTHije, b ochobhom cocroameH H3 PHK, a He H3 
óejiKa. 

Bojibinaa (50S) cyó'beAHHHua óaKTepna^bHOH pHÓoco- 
mh xapaKTepH3yeTca ôojiee oahopoahmm pacnpeAejieHHeM 
KOMnoHeHTOB, neM Majiaa cyó'beAHHHD.a. Ee CTpyKTypa onn- 
paeTca Ha MaccHB H3 B3aHMHO-nepeceKaiomHxoi KopoT- 
KHX SJieMeHTOB BTOpHHHOH CTpyKTypbi pPHK (no CyTH, 3TO 
njiOTHaa ymiaAKa H3 kopotkhx cnHpajieň). Hapyxom no- 
BepXHOCTb pHÓOCOMbl nOHTH nOJIHOCTbK) 3aMacKHpoBaHa 
6e;iKOM; HCKJiioneHHe npeACTaBJíaeT aKTHBHbin ijemp nen- 
THAKJi-TpaHC({)epa3bi (cm. pa3A. 8.19 «23S pPHK oóJiaAaeT 
nenTHAHji-TpaHC({)epa3HOH aKTHBHOCTbio»). Hto Kacaeroi 
23S pPHK, non™ Bce ee cerMeHTbi B3aHMOACHCTByiOT c pn- 
óocoMajibHbiMH óejiKaMH; npaBAa, MHorae H3 sthx ócjikob 
AOBOJIbHO aMOp({)HbI. 

CoeAHHeHHe óojibinoH h Majion cyó'beAHHHu, b 70S 
pHÓOCOMe M05KH0 HHTepnpeTHpOBaTb B TepMHHaX KOH¬ 
TaKTOB MexcAy lóS pPHK h 23S pPHK. BcnoMoraTejib- 
HblMH flBJMKľrCfl KOHTaKTbl pPHK OAHOH CyÓ'beAHHHU.bl 
c óejiKaMH Apyron cyó'beAHHHn.bi, a Tarace HeMHoronnc- 
jieHHbie 6eji0K-6ejiK0Bbie KOHTaKTbl AByx cyó'beAHHHU,. Ha 
exeMe BTOpHHHblX CTpyKTyp OTAeJIbHblX AOMeHOB ÓOJIb- 
IHHX pPHK PMC. 8.40 OTMeneHbl TOHKH KOHTaKTOB C pPHK 
Apyroň cyó'beAHHHu.bi phóocomm. pmc. 8.4i KaK 6bi pac- 
KpbmaeT pHÓocoMy: Ha pncyHKe 30S h 50S cyó'beAHHHU.bi 
pa3BepHyTbi Apyr ot Apyra OTHOCHTejibHO BepTHKajibHoň 
och. ŤaKoň paKypc no3BOJiaeT yBHAeTb MecTOHaxoxcAe- 
HHe ToneK KOHTaKTa Ha noBepxHOcrax conpHKOCHOBe- 
HHH AByx cyó'beAHHHU,. 
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PMC. 8.40 Tohkm KOHTaKTa Me>Kfly pPHK cocpeAOToneHbi b flByx AOMeHax 16S pPHK m oahom AOMeHe 
23S pPHK. BocnpoM3BeAeHo no: Yusupov, M. M. 2001. Science. 292: 883-896. ® 2001 AAAS 



PMC. 8.41 KomaKTbi Me>KAy cyó-beAMHMLjaMM pnóocoMbi — 3to r/iaBHbiM o6pa30M KOHTaKTbi Me>KAy 
mx pPHK (Ha MOAe/iM ohm pacKpaiueHbi b (fiMOJieTOBbiM abct). KoHTaKTbi, o6pa30BaHHbie npM ynac- 
tmm óe/iKOB, o6o3HaneHbi we/iTbiM abctom. Cy6i>eAMHMAbi cneuMajibHo pa3BepHyľbi Apyr ot Apyra, 
HTOÓbl 6blJlM BMAHbl Te H3CTM MX nOBepXHOCTM, TAe HaXOAATCfl TOHKM KOHTaKTa: 50S Cy6'beAMHMUa 
noBepHyTa Ha 90° npoTMB nacoBOM crpe/iKM, a 30S cyó’beAMHMija — Ha 90° no nacOBOM crpe/iKe 
(npoTMBonojio>KHo npMBbiHHoíí opMeHTaLjMM). Jlio6e3Ho npeAocTaB^eHO Harry Noller, University 
of California, Santa Cruz 


8.17 


B pwóocoMe eab HecKO/ibKO 
aKTMBHblX UeHTpOB 


ÍOiiOHeBbie noH5iTMfl: 


• B3aMMOfle(ícTBMfl c ynacTueM pPHK cnywaT'r/iaBHOíí flBMwymeií 
CMTioií b paôoTe pnéocoMbi. 

• OÓflľlK TPHK-CBfl3blBa(OlllMX CaíÍTOB B 3HaHMTe/lbHOŕí CTeneHM 
onpenejifleTCfl CBoŕícTBaMM KOHKpeTHbix ynacTKOB pPHK. 


4to6ij xoTb raK-TO noiwľb npnnu,nn (jiyiiKnnoiiupoBaHiiH 
pHÓOCOMbl, Hy>KHO 3anOMHHTb OflHy BŽDKHyiO Bemb: pUÓOCQMa 
mrnmcH Koonepamumoú cmpymiypoú, Bcepeio 3aBHca- 
meň or B3aHMOfleňcTBHH cbohx aKTHBHbix caňTOB. 3 th caň™ 
He Tax Majibi, xax aicmBHbie peHTpbi óojibiiiHHCTBa (J)epMeH- 
TOE HanpOTHB, STO flOBOJIbHO OÓIIIHpHbie (JiyHKpHOHajIbHbie 


OTfleibi phóocomh; hx opraHH3auna h pokrm paóom onpe- 
flejíHKľrca jioKajibHbiMH CBoňcTBaMH pPHK (bo bchkom aiynae, 
He b MeHbineň creneHH, hcm pHÓocoMa/ibi ibimr 6e;iKaMii). 
hmm.3 KpncrawiHHecKHx cipyicryp cyóbeflHHHq, óaicrepH- 
ajTbHoň pHÓocoMbi, BMecre h no OTflejibHOcm, n03B0/meT po- 
BOJIbHO xoporno nOHSTb H oómyio opral IH3an,HK) aKTHBHHX 
caňTOB ph6ocomh, h oi ipepe.'wramyio po;n> pPHK Ha kidkpom 
STane CHHTe3a 6am (h flaace Ha kxkhom MHHHMäJibHOM rnare 
Kax^oro srai ta). CaMbie cbokrc /uihhbic H3 stoh cepHH, Kpiic- 
TaauiHHecKaH cipyicrypa c pa3pemeHHeM 5,5 Á no 3 BO/weT mct- 
ko fleTeKropoBaTb Mecrono^oxceHHe MOJiexy^ tPHK h (J)yHK- 
u,HOHäJTbHbix caňTOB. Ha ceroflHHiiiHHH fleHb Mbi yxce moxccm 
C yflHTb O (jlyiIKUHHX pHÓOCOMbl C R03HHHH ee CTpyKTypbl. 

Ecjih npeHeópenb tohkocthmh MexaHH3MOB RHRuna- 
PHH, SJIOHraiíHH H TepMHHapHH, paÓOTy PHÓOCOMbl MOXCHO 
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PMC. 8.42 70S pnôocoMa, cocTosuiafl M3 óenoií 50S cy6beflHHHUbi 
m <t>no.neTOBoŕi 30S cyôbeflMHMUbi, HeceT Tpn tPHK, pacnojio>KeHHbix 
Ha ee noBepxHocrn: rne/uyio tPHK b caňTe A, cmhioio tPHK b caňTe 
P, 3 e/ieHyio tPHK b caňTe E. Jlio6e3HO npeflocTaBneHO Harry Noller, 
University of California, Santa Cruz 

CBecro k B3aHMOfleňcTBHflM c tPHK. Ha pmc. 8.42 H 3 o 6 paace- 
Ha 6 aKTcpna.Ti)iia>i 70S piiôocoivta h otmc-iciiij nojioKciuia 
MOJieKyji tPHK b Tpex caňTax stoh phôocomm. MojieKyjiu 
tPHK b caňTax A h P pacno/ioxceHbi iiohth napajuie/ibHO 
flpyr flpyry. Bce apu tPHK BbipoBHeHbi OTHOcm ejibiio pH¬ 
ÔOCOMbl: hx aHTHKOflOHOBbie nerjiH ií 3 anM<:vieňci'Byi()T c 
mPHK b 6 opo 3 /iKe 30S cyô'beflHHHijbi, a ocľa;ibHbie uac™ 
B3anMO/(eíiCTByioT c 50S cyô’bCflHHHucň. ()kp\okchhc Tpex 



PMC. 8.43 Tpn tPHK, oflHOBpeMeHHo Haxoflflmnecu b pnóocoMe, MMe- 
k)t pa3Hyio opBeHTapmo. M3rn6 mPHK Me>Kfly caňTaMM A n P no3BO- 
flfleT flByM aMBHOaLlM/l-TPHK CBfl3blBaTb CMe)KHbie KOflOHbl. Jl(o6e3HO 
npepoCTaBfleHO Harry Noller, University of California, Santa Cruz 


tPHK coctoht, maBHbiM o6pa30M, H3 pPHK. B Kax<flOM H3 
Tpex caňTOB pPHK oópa3yeT c tPHK xapaicrepHMň KOHcep- 
BaTHBHblH naTTepH KOHTaKTOB. 

npn B3nwfle Ha 3Ty KapTHHy 03aflaHHBaeT to oôctoa- 
T&lbCTBO, HTO flBe Tp0M03flKHX tPHK yMemaroTca Ha flByX 
CMOKHbix KOflOHax. OueBHflHO (h sto noflTBepKflaeTCfl j \ m ~ 
hhmh peHTreHOCTpyKTypHoro aHajiH3a), uto MOKfly caňra- 
mh P h A mPHK flejiaeT Kpyroň H3ra6 (45°), Tax hto flBe tPHK 
He conepHHHaiOT flpyr c flpyroM H3-3a Mecra; ohh xax ôbi 
CMOTpHT B pa3Hbie CTOpOHbl (KaK nOKa3aHO Ha PMC. 8.43). 
flBe MOJieKyjibi tPHK o6pa3yiOT flpyr c flpyroM \toji b 26° 
(BepniHHa yrjia npHxoflHTca Ha aHTHKOflOHbi). Hx 3'-xoHijbi 
npeflejibHO côjiKDxeHbi — flo paccTOBHHH b 5 Á (nepneHflH- 
Kyjumoro iuiockocth pHcyHxa). Taxoe côjuuxeHHe co 3 flaer 
B03MO»cHocTb fl^H nepeHoca nojiHnenTHflHofl uenoHXH c 
nenTHflHw-TPHK b caňTe P Ha aMHHoaproi-TPHK b caňTe A 

AMHHoapH^-TPHK npHHOCHTCH b caňT A (JjaicropoM EF- 
Tu; ee cooTBeTCTBHe aHTHKOflOHy BBJíaeTca HeoôxoflHMbiM 
ycnoBHeM niflpojinsa ITÍ) h 0 CB 0 Ô 0 )XfleHHfl EF-Tu H3 pH- 
óocomh (cm. pa3fl. 8.10 «4>axTop anoHrapHH EF-Tu 3 arpy- 
xcaeT aMunoapuji tPHK b caňT A»). Cnaua;ia EF-Tu ct3bht 
aMHiioaiuui-TPIIK Ha Manyio cyô’beflHHHuy pnoocoMbi. rfle 
aHTHKOflOH o6pa3yeT napy c koaohom. Hroôbi iiojiiiocTbio 
Boň™ b caňT A, tPHK coBepmaeT eme oaho abužkchuc, ot 
KOToporo ee 3 '-koiicij, nonaflaeT b aKTHBHbíň (KaTa;iimmec- 
KHň) paríp nenTHflna-Tpaucc|)epa3bi Ha 6o;ibiuoň cyôb- 
CflllHHUC. Kax HMeHHO BblDIHflHT 3TO flBIľ/KCHlie, HHKTO He 
3 HaeT; ecTb pa3Hbie moacah. Bo3moxcho, tPHK oôpa3yeT 
L-o6pa3HMň H3ra6 (xojieHo) MOKfly iuieHaMH D h TtyC, h 

3THM KOJieHOM OHa KaK 6bl BTje3>KaeT B pUÔOCOMy, II03BOJIHH 
naeuy TiyC BCTynHTb b KOHTaKT c pPHK. Coniaci io flpyroň 
MOflCJIH, aHTHKOflOHOBaa IICTJIM, B3aHMOfleňCTByH C KOflO- 
hom, craHOBHTca uenapoM BpaipeiinH Bceň tPHK: 3a cuer 
BHyrpeHHHx H3MeHeHHň ocHĽibiian aacrb MOJiexynbi tPHK 
nepeBaaiiBacTcu c oflHoň cropoHbi aHTHKOflOHOBOň ner;in 
(30 Ha flpyryío (50- B jik)6om cayaae, He33BHCHMO ot Mexa- 
HH3M3 flBHXceHHH, noc/ie TOTO xax OHO npoH3onuio, EF-Tu 
rHflpojiH3yeT cBoň rrcp, h CHHTe3 ôejixa npofloaxcaeTCH. 

3HauHTeabHbie H3MeHeHHH nojioxceHHa tPHK BHyrpu 
pHÔOCOMbl npOHCXOflHT npH TpaHGJIOKaiJHH. AHTHKOflOHH 
tPHK coBepmaioT nepeMemeHHH H3 caňTa A b caňT P Ha ~28 Á 
h H3 caňTa P b caňT E Ha ~20 Á. H3-3a otxjiohchhh ot Bepm- 
KajiH ocnoBnaa Macca Kaxcfloň Mo:ieKyjibi tPHK i ipeoflo.’ie- 
BaeT ropa3flO ôojibinee paccroHHHe: 40 Á H3 caňTa A b caňT 
P h 55 Á H3 caňTa P b caňT E. Aojdkho 6bm>, t 3 khc nepe- 
MemeHHH conpaxceHbi c ôoabuiHMu ;iec|)opManiwMu Bceň 
CTpyKTypbl pHÔOCOMbl BO BpeMB TpaHCJIOKaUHH. 

MHorae roflbi cairraaocb, hto Tpanc;iOKanH« mo>kct hath 
TOJibKO b npHcyrcTBHH (J)aKTopa EF-G. Ho OKa 3 aaocb, uto aH- 
thóhothk cnap30Muu,uH (sparsomycin), aiuiHHCb hhthôhto- 
poM nenTHflHw-TpaHC())epa3Hoň aKTHBHOCTH, tcm He MeHee 
3anycKaer TpaHCíioKapnio. Cnap30MHu,HH HHraÔHpyer ax- 
THBHOCTb nenTHflHa-TpaHC({)epa3bi (3ro coôcTBeHHaa axraB- 
HOCTb pHÔOCOMbl) 3a CHCT ÓJIOKHpOBaHHB B3aHMOfleňCTBHfl 
MOKfly nenTHflua- h aMHHoaiflui-TPHK Cxopee Bcero, B33H- 
MOfleňcTBya co cnap30MHU,HHOM, nennwui-TPHK oôpeTaeT 
KOH<})opMapHK), xapaicrepHyio nm nocT-TpaHcaoKau,HH, h, 
6/iaroflapa 3TOMy, npnxoflHT b flBHxceHne. Bo bchkom cayuae, 
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IipiiXOfllITCH IipCAHOJIOKIITb, HTO SHCpnifl fl,Tfl npOBepeiIHH 
rpaHCJioKaij,HH b HopMe óeperca m caMoň phóocomh nocne 
Toro, KaK b Heň cocTOíwocb oôpa30BaHHe nenraflHoň cbh3h. 
EF-G, pcňcľBVK Ha pnôocoMy, ;imiTb 3acTaB;iHCT ee ôbicrpo 
«c6pocHTb» 3Ty SHcpniK) b (])opMC rpancjiOKanHH (tohho Ta- 
Koe >Ke pefiOBiic 0Ka3biBaeT cnap30Mnnnn). TaKHM oópa30M 
(h 3TO OHeHb Ba*HO), CnOCOÔHOCTb K TpaHCJIOKaU,HH 6bUia 
npH3HaHa cbohctbom caMoň pnóocoMbi. 

Moflejlb ľn6pH,UHOľO COCTOHHHH ľJiaCHT, HTO Tp3HC- 
aoKaniiH upoiicxo/uiT b p b a orana. Cnanajia cyô'beflunnnbi 
pnóocoMbi cpBnraK)Toi ,apyr oTiiocinaibno flpyra; b stom 
npOMOKyTOHHOM coctohhhh y pnóocoMbi ecrb /psa ľn6pn;p 
hhx caňTa CBH3biBaHHa tPHK 50SE/30S P h 50SP/30S A (cm. 
pne. 8.29). HmepecHO, hto b nepBHHHoň crpyicrype pPHK 
ynacTRH, oôccneHHBaKimiie accopiiapHK) cyo'bepmmp ôyK- 
BaabHO coceflCTByiOT c ynacTKaMH, oTBcrcTBeHHHMH 3 a B3a- 
HMOfleňcTBHe c tPHK rio-BivaiiMOMy, caňTbi CBH3biBanna 
tPHK npHMbiKaiOT k noBepxHOCTH conpHKocHOBeHHa cy6b- 
eflHHHp pHÔocoMbi Táx, hto CMemeHHe cyô’beflHHHij flpyr 
OTHOCHTejibHO flpyra moxcct 6bm> MexaHHHecKH conp®Ke- 
ho c flBHxceHHeM tPHK. 

Ha caMOM fle/ie, pHÔocoMa b ochobhom-to h coctoht h 3 
aKTHBHbix caňTOB. CxeMa pacnojioxceHHH sthx caňTOB, 3a- 
HHMaiomHx okojio flByx Tpereň phoocombi, upcpcraBacna 
Ha pmc. 8.44. tPHK bxoaht b caňT A, npn TpaHcaoKapHH 
nepexopiiT b caňT P, 3aTeM iiokh/uict (ôaKTepHajibHyio) 
pHôocoMy nepe3 caňT E. Caň™ A h P npocTHpaiOTCB Ha 
o6e cyo'bc/mimnBi pnóocoMbi, iipuneM B3anMOfleňcTBne 
tPHK c mPHK npoHCXOflHT b npefleaax Maaoň cyôbeflH- 
hhuu, a nepeHoc hojí n nem u, aa — b npe/ieaax ôohbihoh 
cyóbeflHHHpbi. Caňra A h P npnMbiKaioT flpyr k apyry; sto 
B ä>KHO fíUH nepeMemeHHB tPHK h3 A b P-caňT npn TpaHC- 
jiOKaiyHH. CaňT E HaxoflHTca paflOM c P; caňT E — sto 
npoMOKyTOHHaa «croaHKa» tPHK Ha nyTH H3 phôocomh. 
AKTHBHuň (KaTaaíHTHHecKHň) pemp nenraflronpaHccjie- 


Y pHÔOCOMbl eCTb HeCKO/lbKO aKTMBHblX UeHTpOB 



PMC. 8.44 y pnóocoMbi eCTb HeCKOilbKO aKTMBHblX fleHTpOB. PMÓO- 
coMa MomeT óbiTb accoynnpoBaHa c MeMÓpaHoň. ľlpoxofln aepe3 
caiÍTbi A m P, mPHK flenaeT Kpyroň m3tm 6. CaňT E (b paHHoň npoeK- 
pnn) HaxoflMTcn no3afln caňTa P. Heoóo3HaHeHHbiň caňT nenTMflna- 
TpaHC(J)epa3bi npoTUHyT nepe3 BepxyuiKM caňTOB A m P. B ocHOBaHMM 
caňTOB A m P HaxoflMTCB nacTb caňTa CBH3biBaHna EF-Tu/G 


pa3bi HaxoflHTCH b npefloiax 50S cyô'bCflHHHUbi, b Henoc- 
peflCTBeHHoň 6jih30Cth ot aMHHoaproibHbix kohpob tPHK 
b caňTax A h P (cm. pa3fl. 8.18 «16S pPHK nrpaeT aKTHBHyio 
pojib b CHHTe3e ôejiKa»). 

Bce IT<I)-CBB3MBaiomHe (JiaKTopu, npHHHMaiomHe ynac- 
rae b CHHTe3e ôeaica (EF-Tu, EF-G, IF-2, a Taioxe RF-1, -2, -3) 

CaflflTCfl B OflHH H TOT >KC CaňT pHÔOCOMbl, KOTOpblň MOXÍlIO 

Ha3BaTb rTí>a3HbiM peHTpoM, h CKopee Bcero, stot pemp 
cofleňcTByer 3anycKy m,ypo:in 3 a ITÍ). IT<I>a3Hbiň pei np Ha- 
XOflHTCa B OCHOBHOM M3CCHBC ÔOJIbUIOň Cy&beflHHHpbl, ľflC 
flOMHHnpyiOT ôeJiKH L7 h L12. (EeJiOK L7 — sto moahíJjhi^i- 
poBaHHbíň L12, c au,eTHJibHOň rpynnoň Ha N-KOHue.) Eme 
OflHH r-ôejiOK, L11, b KOMiuieicce c ynacTKOM 23S pPHK aah- 
Hoň 58 och., oôpa3yeT caňT CBHSbiBaniiH HeKOTopbix 3hth6h- 
othkob, Hapyuiaiomnx IT<l)a3Hyio aKTHBHOCTb (JjaKTopoB. TeM 
He MeHee hh oahh h3 caňTOB pnóocoMbi He oôjiaflaer coôc- 
TBeHHOň rTÍ>a3HOň aKTHBHOCTbK); ponb pHÔOCOMbl B paÔOTe 
G-(J)aKTopoB 3 aioiK)HaeTCH b 3anycKe rnflpojiH3a IT<I) b oiynae 
npaiinnbiioľo CBH3BiBaiiHH (j)aK'ropaMii cbohx caňTOB. 

JJjw nepBHHHoro CB»3biBaHHH 30S cyô’beflHHHijbi c mPHK 
HyxceH ôejioK SI, y KOToporo ecTb CHWbHoe cpoflCTBO k Hyx- 
JieHHOBblM KHCJIOT3M B OflHOpenOHeHHOň (|)OpMe. BeJIOK SI 
OTBenaeT 3 a fleHaTypapnio BTopHHHOň CTpyKTypbi (nofl- 
flepxcaHne OflHopenoHeHHoro coctohhhh) mPHK, cbh33b- 
meňcH c 30S cyôteflHHHpeň. fleňcTBHe SI HeoôxoflHMO pjw 
toto, HTOÔbi mPHK npeôbiiiana b pacnne'reiiHOM coctohhhh, 
npnroflHOM ypín TpaHOiHu,HH. SI HMeeT BbiTHHyryío (J)opMy 
h B 3 aHMOfleňcTByeT c ôeiiKaMH S18 h S21. BTpoeM ohh 06 - 
pa3yioT KOMnjieKCHbíň aomch, yHacTByiomHň b nepBHHHOM 
CBH3bIB3HHH MäJTOň CyÔbeflHHHLCbl C MPHK H B CBH3bIB3HHH 
HHHpnaTopHoň tPHK c KOMruieKCOM HHHícnapHH. mPHK 
B3aHMOfleňcTByeT c Majioň cyÔTeflHHHpeň b Mecre yrnyô- 
JieHHH «OCHOBaHHH» (CM. pHC. 8.36); HMeHHO ClOfla BbIXOflHT 
3'-KOHpeBaH oÔJiacTb 16S pPHK, cerMCUT KOTopoň komiuic- 
MeHTapeH noaieflOBaTejibHOcra UlaňHa-flaHbrapHO b caň- 
Te HHHICHapHH mPHK. 

í>aKTOpbI HHHIÍHapHH TO>KC CBH3bIB3K)T 3Ty OÔJiaCTb 
pHÔOCOMM. ClfllKTOp IF-3 MOHCHO XHMHHeCKH 3 a(])HKCHp()- 
BaTb Ha B33HMOfleňCTBHH C 3'-KOHL(()M pPHK, p3BHO KaK H 
c hcckojibkhmu r-ôejiKaMH, nacTB kotophx, cyflH no BceMy, 
B3aHMOfleňcTByeT c mPHK Bo 3 moxcho, IF-3 craÔHWH3HpyeT 
CBH3biB3HHe mPHK c 30S cyô'beflHHHU.eň. npn BcrynjieHHH 
50S cyôTeflHHHu,bi b HHHpnaTopHHň KOMroieKC IF-3 noKH- 
flaeT pHÔocoMy. 

B yaiOBHHx in vitro BmifoneHne 5S pPHK b cocraB 50S 
cyôTeflHHHu,bi 33BHCHT ot cnocoÔHOCTH onpeflejieHHoro 
HHOia MOJieKyji ôchkob L5, L8 h L25 oôpa30BbiBaTb KOMn- 
jieKC c stoh PHK KoMiuieKc mohcct CBH3biBaTb 23S pPHK 
(npn TOM, HTO HH OflHH H3 eľO KOMIIOHCHTOB nO OTflejIbHOC- 
th, He MOxceT). B ôojibmoň cyôteflHHHpe pnóocoMbi stot 
KOMroieKC 33HHMaeT Mecro HenoflaneKy ot caňTOB P h A. 

CHHTe3HpyeMbiň nojiHnenrafl npoxoflHT cKB03b pnôo- 
coMy, b HanpaBiieHHH ot amiBHbix caňTOB k noBepxHocra 
ôoiibiiioň cyÔTeflHHHUBi — KynacTKy npnKperoieHHH k mcm- 
ôpaHe (cm. ra. 10 «JloKajiH3au,HH ôejiKa»). /Via Buxofla nojra- 
nemnflHoň penn b pnôocoMe npeflycMOTpeH cneu,HajibHbiň 
TyHH&ib,BeflymnňoTaKTHBHoropeHTpanenTHflroi-TpaHc4>e- 
pa3bl K nOBepXHOCTH ÔOJIbUIOň CyÔbeflHHHPM. 3TOTTyHHCHb 
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y 3 KHH (1-2 HM B UIHpHHy) H flOBOJIbHO AJIHHHblH (~10 HM); 
ero creHKH coctoht b ochobhom h 3 pPHK PaccroHHHe 
MOKjjy nenTP^H^-TpaHC(J)epa3HbiM ijempoM h tohkoh bm- 
xo^a pacrymero nojiHnenTH^a Ha noBepxHOCTb pnôocoMbi 
cocTaanaeT ~15 Á. B TyHHe;ie noMemaerai okojio 50 aMH- 
hokhcjiot; CKopee Bcero, TyHHejib npemrrcTByeT (}) 0 /mHHry 
HaxoAHnj,eroca b hcm ynacTKa nojiHnerroiAHOň u,enH. 
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16S pPHK urpaeT aKTMBHyio poiib 
b CMHTe3e 6e/iKa 


KiiiOHeBbie noHATMa: 


• 16S pPHK MrpaeT aKTMBHyiO ptWlb B tjjyHKpMOHMpOBaHMM 
30S cyóbeflMmmbi pnóocoMbi. 16S pPHK HanpjiMyio 
B3anMOfle(ÍCTByeT c mPHK, 50S cy6t>eflnmmeíí, a Taione c 
aHtMKOflOHaMM tPHK b caftTax P m A. 


PHÔocoMa TpaflHaHOHHo paccMaTpHBaAacb KaK komiuickc 

ÔeJIKOB C pa3JIHHHbIMH 3H3HMaTHHeCKHMH 3 KTHBHOCTH- 
mh, yflep>KHBaeMbix BMecTe 3a c-ier ôeaoK-ôeaKOBbix B3a- 
HMOfleňCTBHH H CBH3H C pPHK OTKpblTHe CODCTBCHHOH 
KaTajíHTHHecKoň 3 kthbhocth HeKOTopbix Moaeicya PHK 
(cm. ra. 26 «CnjiaňcHHr n npou,eccHHr PHK») 3acTaBHJio 
3aflyMaTbca o bo 3 mo>kho ôoaee 3 kthbhoh poan pPHK b 
paócrre pHÔocoMbi. Bhjih noayneHbi SKcnepHMeHTaabHbie 
noflTBepxyjeHHH B3aHMOfleňcTBHH pPHK c tPHK h mPHK 
h Bcex aTanoB TpaHCJiaijHH h flOKa3aHa HeoôxoflHMOCTb 
piTOOCOMaiibiibix ôe.’iKOB pfla iipn/ianna pPHK 3 kthbhoh 
KOH(J)O pMapHH. KaK BblHCHHJIOCb, y HeKOTOpblX ynaCTKOB 
pPHK ecrb BnojiHe KOHKpeTHbie (J)yHKUHH: 

• 3'-KOHpeBaa oôaacrb 16S pPHK HanpaMyio b 33 hmo- 
fleňcTByeT c mPHK bo BpeMH hhhph 3 phh. 

• OnpefleneHHbie ynacTioi 16S pPHK HanpaMyio b 33 h- 
MOfleňcTByiOT c aHTHKO/iOH-co,nep>KamHMH yHacncaMH 
tPHK — h b caňte A, h b caňTe P. CxoflHbiM oópa30M, 
23S pPHK B 3 aHMOfleňCTByer c aiojenTopHOH mnnabKOH 
(CCA-kohpom) nenTHfliui-TPHK b caňTax P h A. 

• B3anMOfleňcTBHe Mexyiy cy6i>e/iHHnnaMn phôocomm 

OTHOCHTCH BO MHOTOM Ha CHCT KOHT3KTOB MOKfly 23S H 

16S pPHK (cm. pa3fl. 8.16 «06e cy6beflHHHu,bi pHÔoco¬ 
Mbi npOHH3aHbl pHÓOCOMajIbHbIMH PHK»). 

Bojibinoň oôbeM HHcfiopMapHH o flerajwx chhtc 33 ôea- 
xa y ôaKTepHH 6bui noayneH b SKcnepnMeHTax c Hcno/ib- 
30B3HHCM aHTHÔHOTHKOB, ÓJIOKHpyiOmHX 3TOT npOUCCC 

Ha onpeflejieHHux STanax. MHineHb aioôoro aHraônoTHica 
HfleHTH(J)HpHpyeTai MyrapnaMR, npHflaiomHMH ôaicrepHH 
yCTOHHHBOCTb K 3TOMy aHTHOHOTHKy. KpOMC aHTHÓHOTH- 
KOB, /ICHCTliyiOlUHX Ha pilÔOCOMaabHBie ÓCaKH, ÓbLTIO OTKpbl- 
TO HCCKOJIbKO aHTHÔHOTHKOB, MHUieHbK) KOTOpblX C.TyOKHT 

HenocpeflCTBeHHO pPHK 3 to OTKpbiTHe craao eme oahhm 
noflBepxcfleHHeM 3 kthbhoh poan pPHK bo mhoitix (eoiH He 
bo Bcex) acneicrax paôoTbi phôocomm. 

K HCCJieflOBaHHIO (J)yHKĽ(HH pPHK MOXCHO nOflOHTH 
no-pa3HOMy. Oahh h 3 no^xoflOB 3aioiKraeTCH b oToxcflecT- 
BIieHHH KOHKpeTHblX yH3CTKOB pPHK C BaXCHbIMH CaňTaMH 


pHÔocoMbi (HanpHMep, npH noMomH BHeceHHH b pPHK 
JI0KajIH30B3HHbIX XHMHHCCKHX MOflH(J)HKapHH, BflHHIOmHX 
Ha (J)yHKĽ(HH pHÔOCOMbl) — 3TO TaK H33HBaeMbIH CTpyK- 
TypouorHHecKHH noflxofl. flpyroň noflxofl, MoaeicyaapHO- 
reHeTHHecKHň, .'-íaioiKraercH b KaprapoBaHHH Myranmi 
pPHK h 2 mnmc hx pa3HOOôpa3Hbix (JieHoranHHecKHx 
3(J)(J)eKTOB. KapTa (JiyHKíjHOHaabHHx caňTOB 16S pPHK, 
nocTpocHiiaa no pe3y;ibTaTaM npHMCHCim>i /(Byx noflxo- 
flOB, flaHa Ha PUC. 8.45. 

Ocoôaa (JjyHKĽiHOHaiibHaa 3 HaHHMOCTb 3 '-kohu,cboh 
oôjiacro 16S pPHK noflTBepx^aeTCH noBbimeHHOň nyBCTBH- 
TCJIbHOCTblO 3TÓH OÔJiaCTH K CMepTCJIbHOMy (ftílfl E. COll) Hfly 
KOJiHiiHHy. 3 tot areHT (colicin E3), npoflypHpyeMHň hcko- 
TOpblMH ÔaKTepHXMH, OTmeiUWeT OT 3'-KOHpa lóS pPHK 
E. coli cjipaľMeiiT b ~50 pn 6 oiiyK.'ieoTn;yoB. Cbohm /leíicľBH- 
eM kojihphh nojiHOCTbio npeKpamaer HHHpHapnio chhtc 33 
ôejixa b Knence E. coli, nocKo^bKy ot Hero crpaflaeT cpa3y 
HecKOJibKo BaxcHbix cj)ynKnníi: CBK 3 biBaime (Jiaicropa IF-3, 
y3HaBaHHe mPHK, CBK 3 biBannc tPHK 

3'-KOHu,eBaa oôjiacrb 16S pPHK aBAnercH Henocpeflc- 
TBeHHblM ynaCTHHKOM HHHpnapHH TpaHCJIHpHH, B H3CT- 
hocth, b ciuiy toto, HTo oflHH H3 ee ceľMeHTOB oôpa3yer 
flyruieKc c nocjieflOBaTejibHOCTbio UlaňHa-AajibrapHO caň- 
Ta CBH 3 MBaHH 3 pHÔOCOMbl B COCTaBe mPHK (CM. pHC. 8.1 6 ). 
flpyryío npaMyio oôa 3 aHHOCTb 3 '-kohu,cboh oôjiacro 16S 
pPHK moxcho n;i;iK)CTpnpoBarb tJxaiOTimoM Hyjib-MyraH- 
tob no reHy ksg. Taraie MyraHTbi iipohbjihkjt ycroHHHBOCTb 
k aHTHÔHOTHKy KacvTaMHnmiy, ÔJiOKTipyromeMy minnna- 
piIK) CHHTC33 ÔCJIK3. Y yCTOHHHBblX K HCMy MyT3HTOB kSgA 
hct (JiepMeHTa MeTHwa3bi, KOTopbin b HopMe HaBeniHBaeT 
neTbipe MeTHWbHux rpynnbi Ha flBa cmcxchhx apeHHHa b 
KOHKpeTHOM caňTe lóS pPHK, Heno/jajieicy ot ee 3'-KOHpa. 
3Ta peaKuna nopoayaaeT BbicoKOKOHcepBaTOBHbíň nanepH 
G-m 2 6 A-m 2 6 A, oÔHapyxcHBaeMbíň h y npo-, h y syKapnor. 
3 tot caňT MeTHjinpoBaHHH nrpaeT BaxcHyio po^b b npaBim- 
hoh accou,Hau,HH 30S cyóbeflHHHpbi c 50S cyôbeflHHHpen, 
KOTopaa, b cbok) onepeflb, oôecneHHBaeT yflepxcaHHe hhh- 
pnaTopHon tPHK Ha () 6 pa 30 BaBinenca nojiHoň pHÔocoMe. 
B npHcyrcTBHH KacyraMHUHHa iiopMa/ibiiaa (MCTinHpoBan- 
Haa) pnóocoMa TepaeT fMet-TPHKf, a pHôocoMa ksgA, m- 
npoTHB, cnocoÔHa yyiepxaiBaTb mini 4 naTopH)TO tPHK flaxce 
b npHcyrcTBHH KacyraMHUHHa. 

B npoflOJDKeHHe CHHTe 3 a ôe/ixa cipyicrypa lóS pPHK 
npeTepneBaeT mhoxccctbo H3MeHeHnn. 3ra H 3 MeHeHna moxc- 
ho OTCJioiCHBaTb no naTTepHaM 3amnTbi pnôoHyioieoTHflHbix 
noaoxceHHň ot pa 3 pyineHna XHMHHecKHMH areHTaMH. 3amn- 
meHHbie caňTbi lóS pPHK moxcho nopejinTb Ha HecKo/ibKO 
rpynn, coôpaHHbix b MajiOM 3'-KOHU,eBOM h pempaabHOM 
pOMCHax. Xcmi b JiHHeňi ioň piiôoi lyracoTHyi ión noc;iepOBa- 
'icvibiiocTH lóS pPHK 3amHmeHHbie cafiTbi BbiraaflaT pocra- 
TOHHO paeeeHHHO, B npOCTpaHCTBeHHOH CTpyKType 33111 , 11 - 
meHHbie caňTbi c oômeň (JiyHKíyieň hbho cÔJiHxceHbi. 

HeKOTopbie H3 KOMruieKciibix H3MeHeHHň b naTrepHe 
3 amHTM 1 6 S pPHK 3 anycKaioToi kohkpcthhmh coóbiraaMH: 
npHCoeflHHeHneM 50S cyó’beflHHnpbi, CBH 3 biBaHneM c 
mPHK, CBa 3 biB 3 HHeM tPHK 3th coôbiTna conpaxceHbi c 

KOH(J)OpMapHOHHbIMH H3MCHeHHJIMH, B/IHflK>mHMH Ha 
floearaeMOCTb pPHK (c noBepxHOCTH phôocomh) Ha 
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Crpytcrypa pPHK KpaHHe samna aaa cjjyHKLiMM puôocoMbi 


S'-KOHiteBOÍi AOMeH Ma/ibíň 3'-KOHueBO(i AOMeH 


TERM-cynpeccnfl 


3 aiuni 4 eH P-tPHK 


UeHTpajibHbiŕí AOMeH 

ann ^ -TnTtf ^Trrr 
fleT/m 530 b caííTe A 


<1 Hl II Bo3/ie CBfl33HHOro EF-G 
“ AccouMauMfl cyó-beAMHMu 

I 


TERM- 

cynpeccMB 

BOAbUJOM 3'- 
KOH leBOM AOMeH 


P-tPHK 


Pacme^eHMe 6S 
koamlimKjm E3 

HeMeTH/iMpoBaH y ksgA 


HAeMeHTapeH mPHK 
AKKypaTHOCTb TpaHCAflLIMM 


PMC. 8.45 HeKOTopbie caíÍTbi 16S pPHK 3aiumuieHbi ot MeneHMA xMMMnecKMMM rpynnaMM, ecnM 50S 
cyô-beflMHMua accounupoBaHa c 30S cyóbeAMHMueM mam Korfla aMMHoauMA-TPHK CBA3biBaeTCA c 
Pm6ocomom b caíÍTe A. Ha ApyrMe caíÍTbi npMxoAATCA MyiauMM, HapymaioiAMe xoa CMme3a 6eAKa. 
MyiauMM no caíÍTaM TERM-cynpeccMM MoryT npenATCTBOBaTb TepMMHauMM TpaHCAAAMM. BoAbiiJMe 
ABeTHbie KAeTKM cooTBeTCTByiOT neľbipeM AOMeHaM 16S pPHK 


PMC. 8.46 npHBeAeH qacrabiH oiynaH H 3 MeHeHm btophh- 
hoh CTpyKTypbi 16S pPHK: Heôojibinoň JioxajibHbiH cabht 
M eHaeT CBOHCTBa flByxijenoHeHHoro ynacTKa. H 3 MeHeHra 
b naTTepHe 3 auj,HTbi, OAHaxo, HHHero He roBopaT o Henoc- 
peACTBeHHOM ynacTOH pPHK b coôbiTmx, c kotopmmh ac- 

COIJHHpOBaHbl 3 TH H 3 MCHeHH 5 L 

16S pPHK urpaeT BaxcHyio pojib b paóoTe aKTHBHbix 
cäHTOB P h A. Koryta sth caňTbi He nycTbi (aKTHBHbi), crpyic- 
Typa 16S pPHK npeTepneBaeT 3 HaHHTejibHbie H 3 MeHeHm 
HeKOTopbie ynacTKH nona^aiOT no# 3 ammy tPHK, CBjmB- 
rneňca b came A (cm. pne. 8.45). Oahh h 3 hhx — neTJia 530, 
Ha KOTOpyiO npHXOAHTCH MyTaiJ.HH, BbIHyXCAaK)HJ,He pHÓoco- 
My nponycKaTb TepMHHHpyiomHe koaohm UAA, UAG h UGA 
(to ecrb 3 th MyTau.HH MemaiOT TepMHHau,™). flpyroň — sto 
1400-1500 peraoH 16S pPHK, 3 aKpbiBaeMbiň tPHK b caňTe A 
(Ha 3 biBaeMbiň Tax noTOMy, hto MOK/ty nojioxceHHeM 1399 
h AByMfi aAeHHHaMH 1492-1493 coflepacHT /jBa oAHOiye- 
noneHHbix cerMema, coeAHHeHHbix /vihhhoh innu/ibKOH). 
MHTepecHO, hto jiioóoh 3 (fxf)eKT, kotopmh OKa 3 biBaeT Ha 
16S pPHK CBH 3 biBaHHe c tPHK, moxcho BOcnpoH 3 Bec™, b 3 hb 
BM ecTo D,ejiOH tPHK jiHinb ojiHroHyioieoTHA, cooTBeTCTBy- 


pPHK MO)KeT M3MeHATb CBOIO KOHtfjOpMaĽ^lK) 



PMC. 8.46 B xoAe CMme3a 6eAKa KOH(})opMai 4 MA 16S pPHK MoweT 
MeHATbCA 


K)HJ,HH H30JIHpOBaHHOH aHTHKOAOHOBOH UinHJIbKe. TaKHM 

oôpa 30 M, tPHK-30S B 3 aHMOAeňcTBHa b ochobhom 3 aTpara- 
BaiOT HMeHHO 3 TOT peľHOH. 

A^eHHHbi b cmokhhx nojioxceHHax 1492 h 1493 oôec- 

neHHBaiOT KOHTpOJIb TOHHOCTH 06pa30BaHHfl KOAOH-aH- 
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THKOflOHOBoro KOMiuieKca. OKa3biBaeTCH, CTeneHb coBep- 
meHCTBa nepBbix AByx pnóoHyK/ieoTHAHbix nap b AyruieKce 
KOAOH-aHTHKOAOH HaXOflHT OTOÓpäXCeHHe B CTpyKType 16S 

pPHK, npnneM aAeHHHbi b nojioxceHnax 1492 n 1493 cjiy- 
xcaT qeM-TO Bpofle myna b Maiion 6opo3flKe SToro AyruieKca. 
Mo/i 1 H({)HKaiJ t na no aTOMy N1 b jiioóom H3 sthx a eyx a^eHn- 
hob MernaeT tPHK nponHO 3amiTb canT A; TaKon xce scfxjieKT 
OKa3biBaiOT n TonenHbie 3aMeHbi sthx aACHHHOB Ha Apyrne 
a3oracTbie ocHOBaHna. 3(J)(f)eKTbi Taxnx MyraijHH Moryr 
ÓbITb KOMneHCHpOBaHbl ({)TOpHpOBaHHeM aTOMOB 2' B PHÓO- 
HyKJieoTHAax mPHK. Ha pmc. 8.47 noKa3aHO, hto cnapraa- 
Hne KOAOHa c aHTHKOAOHOM no3BOJiaeT aTOMy N1 xaxcAoro 
aACHHHa B 3 aHMOAencTBOBaTb c 2'-OH b octobc mPHK. Egjih 
b canT A bxoaht oinHÓOHHaa tPHK, CTpyKTypa AynjieKca 6y- 
AeT A^Jiexa ot coBepmeHCTBa, h yica3aHHoro bo3achctbhíi He 
B 03 HHKHeT. Ecjih ace AyniieKC nojiyHHjica npaBK/ibHbiM (to 
ecTb ecjiH npHineAinHH aHTHKOAOH noAOineji k KOAOHy, xax 
kjiioh k 3aMKy), aAeHHHbi 1492 h 1493 16S pPHK craÓHjiH- 
3 npyiOT tPHK b caňTe A. 

AHajioranHbiM o6pa30M, tPHK, 3aHHMaiomaíi caňT P, 
3aKpbmaeT b 16S pPHK mhoxccctbo pHÓOHyKjieoTHAHbix no- 
jioxceHHH. Xoth b nocjieAOBaTejibHOCTH pPHK sth noiioxce- 
hhh pa3HeceHbi AaJiexo Apyr ot Apyra, b npocrpaHCTBeHHOH 
crpyKType ohh ciieiL/ieHbi. Ha caMOM A^Jie, tPHK b caňTe P 
HMeeT ôojibine KOHTaKTOB c l6S pPHK, neM tPHK b caňTe A. 
Bo3moxcho, hmchho sthm oôycjiOBJíeHa noBbimeHHaa CTa- 


pPHK B3aMMOAeHCTgyeT c npaBH/ibHOH tPHK 


B3anMOfieMCTBne 16SpPHK 

mPHK-tPHK 1492-1493 

KOflOH C aHTMKOflOHOM 
o6pa3yK)T Tpn napbi 



ľlpu HeľlO/IHOM COOTBeTCTBMM 
o6pa3yeTCB He 6o/iee flByx nap 



PMC. 8.47 ľlo/iHoe cooTBeTCTBMe Mewfly koaohom m amuKOflOHOM 
no3Bo^ei tPHK B3anMOfleíícTBOBaTb c afleHMHaMU 1492-1493 16S 
pPHK. Ecjim cooTBeTCTBMe HenojiHoe, B3aMMOAeiícTBMfl HeT 


ÓHJIbHOCTb CBH3bIBaHHH nenTHAHJI-TPHK no CpaBHeHHK) c 
aMHHoan,HJi-TPHK. B stom ecTb cboa Jioraxa: eain yxc tPHK 
AOCTHnia caňTa P, 3 HanHT, pHÓocoMa yxce a^bho npH 3 Hajia 
ee CBH3biBaHHe KoppeKTHbiM, Tor^a xax b caňTe A Bonpoc 
O CBH3bIBaHHH TOJIbKO peinaeTCH. PeľHOH HCMHOľO BblIIie 

1400 MOxceT 6 biTb xHMHnecKn «npmiiHT« (crosslinked) k 
nenTHA^Ji-TPHK; sto AaeT ocHOBaHne npeAnoiiaraTb, hto 
STa oÓJiacTb l 6 S pPHK HBJíaeTca CTpyKTypHbiM KOMnoHeH- 
tom caňTa P. 

OCHOBHOH BbIBOA H3 H3JIOXCCHHbIX pe3yJIbTaTOB 3ByHHT 

TaK: pHÓocoMa^bHaa PHK oópa3yeT mhoxccctbo KOHTaKTOB 
c tPHK h mPHK, npmeM sth KOHTaKTbi B03HHKai0T 3aHOBO 
b Kax<AOM paóoneM ijHKJie phóocomh. 


8.19 


23S pPHK oó/iaflaeT 

nenTMAMiiTpaHC(j)epa3HOM 

aKTMBHOCTblO 


KjnoneBbie noHBT m: 


• rienTMflMflTpaHC(|)epa3Hafl aKTWBHOCTb, npwcymafi pnóocoMe, 
oôecneHMBaeTCH MCK/ilOHMTe/ibHO b 23S pPHK. 


CaňTbi 23S pPHK, oóecneHHBaiomHe ee (JiyHKíjHOHajibHyK) 
aKTHBHOCTb, H3yHCHbI He TaK XOpOmO, KaK pjl H lós pPHK. 
Ho, no KpaňHeň Mepe, hcho, hto j\m flByx óojibinnx pPHK 
fleňcTByeT oahh h tot xce oómnň npHHpnn OTOópaxceHra 
CTpyKTypbi b (})yHKpHK): pnóOHyKFieoTHflbi b onpeaejieHHHx 
no/io>KeHHHx oóecnenHBaiOT Bbino/iHeHne cneu,H(|)HHHbix 
C|)yHKU,Hň. YCTOHHHBOCTb HeKOTOpblX pHÓOHyKJieOTHflHHX 

nojiO)KeHHH 23S pPHK k xhmhhcckoh flerpaaau,HH 33 bh- 
cht ot TeKymen Konc}x)pMannn caírroB A h P. B Hacmoc- 
th, ojiHroHyioieoTHflbi, eoBnímaroiuHC c aKuenropiibiM 
CCA-kohpom tPHK, 3 aKpbiBaiOT b 23S pPHK tot xce Haóop 
nojiO/KeHiiíi, hto h boí nenTH/uui-'ľPHK. OieflOBaTejibHO, 
ocHOBHbie B3aHMOfleňcTBHH 23S pPHK c nenTHflRT-TPHK b 
caňTe P npnxoflHTca Ha 3'-KOHi;eByio oÓJiacTb tPHK; aHa- 
JIOTHHHO KOHT 3 KTbI 1ÓS pPHK C TPHK npHXOflflTCH Ha aH- 
THKOflOHOByio uinH^bKy (cm. pa 3 fl. 8.18 « lóS pPHK Hrpaer 
aKTHBHyio pojib b CHHTe3e 6 ejiKa»). 

tPHK KOHTaKTHpyeT c 23S pPHK h b caňTe P, h b caň¬ 
Te A. B caňTe P ryaHHH b 2552 nojioxceHHH 23S pPHK 06 - 
pa3yeT napy c KOMn/ieMeHTapHbiM phto3hhom b no3Hu;HH 
74 nenTHflHJi-TPHK. CooTBeTCTBeHHO, Myraiína c 3 aMe- 
Hoň ryaHHHa 2552 flpyrHM a30THCTbiM ocHOBaHHeM Me- 
rnaeT 23S pPHK B 3 anMO/ieňcTBOBa'n> c tPHK, o^hiiko stot 
3 (fi 4 )eKT MO)KeT óbiTb HeňTpanH30B3H KOMneHCHpyiomeň 
MyTapneň c 3aMeHOň u,HT03HHa 74 Ha aKpenTopHOM koh- 
pe tPHK flpyrHM a30THCTbiM ocHOBaHHeM. TeM BpeMeHeM 
b caňTe A CMOKHbíň ryaHHH 23S pPHK, G2553, oópa 3 yeT 
napy c C75 aMHHoaipui-TPHK. TaKHM oópa30M, moxcho ot- 
MeTHTb BK.aa/i pPHK b oóa TPIIK-CBH 3 biBaK)innx caňTa. Kor- 
aa mh oy/ieM HMeTb neTKoe npe,acraB.aenne 3Toň oó^acm 
phóocomh, nepeMemeHHe tPHK h3 caňTa A b caňT P moxcho 
6 \oct onHcaTb b TepMHHax pa3pbma h ycraHOBJíeiiHa koh- 
T 3 KTOB C pPHK 
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Ha 6aKTepHajibH0ň pnôocoMe ecTb eme oahh caňT cba- 
3bmaHna tPHK, caňT E, xoTopbin non™ He bmxoaht 3 a npe- 
A aibi ôojibinoň cyô'beAHHHUbi; b 23S pPHK HAeHTH({)HUHpo- 

BaH p>m pH 60 HyKJie 0 TH,HHbIX nOJIOJKeHHH, 3aiIJ l HIIJ i eHHOCTb 
KOTopbix onpeAejiaeTca xoHcfjopMaijHeH caňTa E. 

/],0 CHX nop Mbl OCTaBJLHJlH OTKpbITbIM OHeHb Ba>XHbIH 

Bonpoc: xaKOBa ace npHpo/ja nenTHAH;i-TpaHC(f)epa3HOH ax¬ 
THBHOCTH, xoTopoň, Kax HaM H3BecTHO, oójiaAaeT caMa PH- 
óocoMa, a TOHHee, óojibinaa cyó'beAHHHu.a phóocomm? O He- 
coMHeHHOM ynacTOH 23S pPHK CBHAeTe;ibCTByeT mnmm b 
Heň oôjiacTH, b xoTopoň «me3AHTCH» MyrauHH, np^maiomne 
KJieTKe yCTOHHHBOCTb K aHTHÓHOTHXaM — HHrHÔHTOpaM 
nenTHA™TpaHC(J)epa3bL 

flojirae noHCKH pnóocoMajibHbix ôcjikob c xaTajíHTH- 
necKoň axrHBHOCTbio He yBemajincb ycnexoM. HanpoTHB, 
Bce AaHHbie roBopaT o tom, hto xaTajíHTHnecxyx) axrHB- 
HOCTb c/ie/iyeT npHnHcaTb pnóocoMajibHOH PHK 60 /ibinoň 
cy 6 beAHHHU,bi. rioc/ie y^a^eHna c ôojibinoH cyô'beAHHHijbi 
noMTH Bcex óejiKOB (Ha 23S pPHK ocraeTca MeHee 5% hcxoa- 
hoh Maccbi Bcex ôejiKOB 50S cyô'beflHHHu.bi) Taxon npenapaT 
Bce eiB,e oô/ia/jaeT aKTHBHOCTbio nenTH£H;i-TpaHC(J)epa3bi. H 
TOJibKo u,ejieHanpaB^eHHoe noBpe^eHHe pPHK nojiHOCTbio 
jiHinaeT ero stoh axTHBHOCTH (tohho Tax xce, xa k oho jiHina- 
čt axTHBHOCTH ijejiyK) 50S cyô'beAHHHLjy). 

OTTajixHBaacb ot sToro pe3yjibTaTa, yaajiocb noAOÓpaTb 
ycnoBHH oóparaoro sxcnepHMeHTa, b xotopom 23S pPHK, 
CHHTe3HpoBaHHaa in vitro, oxa3a^acb cnocoÔHOH x xaTajm- 
3 y o6pa30BaHHa nenmzjHOH cbh3h Mexc/iy aueTH^-c^eHM^a- 
jiaHur-TPHK h (f)eHH;ia;iaHH;i-TPHK. Bbixo/j npo/iyxTa, Ac- 
Phe-Phe, nojiynaeToi oneHb hh 3 xhm, roBopa o tom, hto rjv\ 
Bbicoxoň 3(J)(J)exTHBHOCTH xaTajiH3a 23S pPHK Hy^aeTCH b 
no/wepxcxe óejixoB. Ho, npHHHMaa bo BHHMaHHe, hto ocho- 
Bonojiaraiouj.aa xaTajíHTHnecxaa axTHBHOCTb npHHaAJiexcHT 
HMeHHO PHK, pOJIb ÔeJIXOB, flOJDXHO ÔbITb, CBOAHTCH X npH- 
AaHHK) pPHK npaBHjibHOH npoerpaHCTBeHHOH CTpyxTypbi 
jihóo x npe/i.ocTaBJíeHHK) cyôcrpaTOB h t. n. AHajiorHHHyio 
peaXIJHK) MOXCHO OCymeCTBHTb, B3HB BMeCTO nOJIHOpa3Mep- 
HOH CHHTeTHHeCXOH 23S pPHK CMeCb CHHTeTHHeCXHX Ao- 

MeHOB 23S pPHK. CnHTaeToi, hto xaTajíHTHnecxHH ijemp 
23S pPHK npHXOAHTca Ha aomch V, xoth caM no ce 6 e stot 
AOM eH (cfjparMeHT PHK) oÔJiaAaeT yace cobccm HeôojibinoH 
KaTajíHTHnecxoH axTHBHOCTbio. MyTaijHH no pHÔOHyx^eo- 
TH^HOMy nojiojxeHHK) 2252 flOMeHa V 23S pPHK «y 6 HBaiOT» 
nenTH^™-TpaHC({)epa3HyK) axTHBHOCTb pHÓocoMbi; 3Ta 06 - 
jiacrb 23S pPHK bxoaht b cocraB caňTa P. 

KpHCTajmnnecxaa erpyxTypa 50S cy&btjx HHHijbi apxe- 
óaxTepHH noflTBepfl™a, hto axTHBHbin ijemp nenTHAHji- 
TpaHC({)epa3bi coctoht b ochobhom h 3 23S pPHK Ma^o 
Toro, b pa^Hyce 18 Á ot axTHBHoro n,eHTpa, r/je npoHCxo- 
Aht peaxi^Ha nepeHOca (c o6pa30BaHHeM nenTM^HOH cbh- 
3H), HeT BOGÔlI^e HHxaxnx ÔeJIXOB! 

Ä/ia o6pa30BaHHíi nenm^HOH cbh3h TpeôyeTca aTaxa 
aMHHorpynnbi oahoh aMHHOxncnoTbi Ha xapôoxcn^bHyio 
rpynnyflpyroH aMHHOXHcnoTbi./Via scfx^exTHBHoro xaTajiH- 
3 a HyxcHO, HTOôbi ocTaTOX ocHOBaHHa npHmni Ha ce6a aTOM 
BOflopofla, OTnycxaeMbin aMHHorpynnoň (xax noxa3aHO Ha 

PMC. 8.48). ECJIH XaTaJIH3aTOpOM 3TOH peaXUHH flCHCTBH- 

Te^bHO aiyxcHT pPHK, hmchho OHa ppjmm npeAOCTaB^aTb 



PMC. 8.48 06 pa 3 OBaHne nenTMflHoíí cbb 3 m Tpe6yeT KMc^oTHo-me- 
jioHHoro Kaia^M 3 a c nepeHocoM aTOMa BOAopofla Ha ociaTOK ocho- 
BaHHB 


OCTaTOX OCHOBaHHa, HO XaXHM 0Ópa30M 3TO npOHCXOAHT, 
B TOHHOCTH He H3BCCTHO. OypHHOBbie H nHpHMHAHHOBbie 
ocHOBaHHa PHK npn (J)H3HOJiorHnecxHx 3HaneHHax pH He 
HBJUnOTCfl OCHOBaHHHMH B XHMHHCCXOM CMblC^e. B npHHI^H- 

ne, 3Ty pojib Morjio 6bi HrpaTb xpaňHe xoHcepBaTHBHoe 
a30THCToe ocHOBaHHe (b nojio^ceHHH 2451 y E. coli), OAHaxo 
ero CBOHCTBa TO)xe He cooTBeTCTByx)T stoh pojih, fla h pjw 
nenTHAKjnpaHC(f)epa3HOH axTHBHOCTH ero npHcyrcTBHe, 
xaxceTca, He oneHb cyuiiecTBeHHO. 

PnóocoMa^bHbie óejixH, CBH3biBaiomHe 23S pPHK 3 a 
npeflejiaMH ee xaTajíHTHnecxn axTHBHOH oôJiacTH, Hyxc- 
hh, cxopee Bcero, pjisi npH^aHHa m aojixchoh CTpyxTypbi, 
onTHMajibHOH xaTa^H3a in vivo. CaMa h ^ea, hto 23S 
pPHK HBJíaeTca xaTajíHTnnecxHM xoMnoHeHTOM pnôoco- 
mh, nojiHOCTbio corjiacyeTca c AaHHbiMH HCCJieAOBaHHH, 
oôcyxAaeMbix b dl 26 «CnjiaHCHHr h npoijeccHHr PHK»; 
b sthx HCCJie/i.OBaHHHx 6buiH AOxa3aHbi xaTa^HTHnecxne 
CBOHCTBa PHK, npoHBJíaeMbie b xo^e npoueccHHra — npe- 
BpameHHa npo^yxTa TpaHCxpnnuHH b cyócrpaT TpaHC- 
JIHU.HH. (fljw reHOB syxapnoT npon,eccHHr TpaHCxpnnTOB 
BbiAejiaeTca b OT/jejibHbiH STan sxcnpeccHH.) 3th AaHHbie 
xocBeHHO noAxpenjiaiOT npeACTaBJíeHHe o tom, hto (J)yH- 
XĽ[HH pHÓOCOMbl — STO 3BOJIK)Ľ[HOHHaH npOH3BOAHaa OT 
4)yHXi^HH HbiHe Hcne3HyBinero x^acca cboóoahhx xaTajiH- 
THHeCXHX PHK. 
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8.20 


Bcrpeia óojibiuoň m Ma/ioíí 
cy6i>eAMHM4 MewieT 
mx crpyKTypy 


KniOHeBbie noHflTMfl: 


• ľlpu o6pa30BaHMM no/iHoíí pnóocoMbi ro/ioBKa 30S 
cyč-beAMHnubi coBepujaeT noBopoT Ha rnee. 

• B nojiHbix pn6ocoMax aKTMBHbiíí ueHTp nenTMAMA-TpaHc4)epa3bi 
b cocraBe 50S cy6-beAHHMAbi paóoiaei ropa3AO 34)c()eKTMBHee. 
neM b CBOÓoAHbix 50S cyó-beAHHMuax. 

• B OÓJiaCTM B3aMMOA6HCTBMfl 30S M 50S CyÔ'beAHHMU eCTb 
MHo>KecTBo ynacTKOB, AociynHbix pacTBopme/iK) 


MHoacecTBO AaHHbix kocbchho CBHAeTejibCTByeT o tom, hto 
CTpyKTypa cboôoahmx cyô'beAHHHu, pnôocoMbi AOBOJibHO 
CHJibHO MeraeTCH npH hx oô'beAHHeHHH b nojmyio pnôo- 
COMy. OaHHM H3 TJiaBHblX HHAHKaTOpOB STOrO 3({)({)eKTa 
oiyxcHT H3MeHeHHe naTTepHa nyBCTBHTejibHOcra pPHK 
k BHeuiHHM areHTaM (06 HHTepnpeTau,HH Taxnx narrep- 
hob cm. b pa3A. 18.18 «lóS pPHK HrpaeT aKTHBHyio pojib 
b CHHTe3e 6 e;iKa»). CpaBHeHne KpHCTajuiHnecKHx CTpyx- 
Typ pa3o6meHHbix cyô'beAHHHu, co CTpyKTypoň noJiHOH 
Phôocomh (HecMOTpa Ha MeHbinee pa3pemeHHe nooieA- 
Heň) no3BOJiaeT KOHcraTHpoBaTb HajiHHHe cymecTBeHHbix 
pa3JIHHHH. AHaAH3 KpHCTaJUIHHeCKOH CTpyKTypbl IIOJIHOH 

Phôocomh E. coli c MaKCHMa;ibHbiM Ha ceroAHauiHHH AeHb 
pa3pemeHHeM b 3,5 Á AOKa3braaeT cyiuecTBOBaHHe /jByx 
pa3JIHHHbIX KOH(f)OpMaU,HH pHÔOCOMbl, BepOaTHO, COOT- 
BeTCTByioiij.Hx pa3HbiM STanaM CHHTe3a ôe;iKa. 

KpHcrajui coAepxcHT no Aee phôocomh Ha aneňKy pe- 
rneTKH, h y xaxcAOH H3 hhx cboíi KOH(f)opMau,Ha. Otjihhhíi 
KOH(J) opMaij t HH BbipaxcaiOT H3MeHeHHa b pacnojioxceHHH 
CTpyKTypHblX MaCCHBOB BHyTpH KaXCAOH CyÔ'beAHHHH.bl; ca- 
MOe apxoe OTJIHHHe COCTOHT b TOM, HTO b OAHOH H3 KOH(f)Op- 
Mau,HH rjiOBKa 30S cyô'beAHHHu.bi coBepmaeT noBopoT Boxpyr 
rneH Ha 6° b HanpaBaeHHH carŕra E. noBopoT Ha 6° b npoTHBO- 
nojioxcHOM HanpaBJíeHHH 6bni 3ac]3HKCHpoBaH (npH MeHbineM 
pa3pemeHHH) pjw crpyKrypbi phôocom Thermus thermophi- 
lus , CBa3aHHbix c mPHK h coAepacamHX tPHK b canrrax A h P. 
Bce BMecre sto roBOpHT o tom, hto «ro;iOBa» Majion cyô'beAH- 
hhu,h cnocoÔHa noBopanHBaTbca c cyMMapHon mumnyjipií 
12°. ľlOBopoTbi tojiobkh Kax 6bi npoBOxcaiOT KaacAyio tPHK b 
ee nyTH no pnôocoMe. PnôocoMa xoth 6bi «MOTaer ro;iOBOH», 
KOHTpoJiHpya ABHXceHna mPHK h tPHK 

KoH(J)opMan t HOHHbie H3MeHeHHa, npoHexoAamHe npH 
o&be/jHHeHHH cyô'beAHHHu, b nojiHyio pnôocoMy, b Majioň 
cyô'beAHHHU.e BbipaxceHbi ropa3AO CHjibHee. CKopee Bcero, 
3TH H3MeHeHHa BaXCHbl WR KOHTpOJia nOJIOXCeHHa H ABH- 
xceHna mPHK. B ôojibinoH cyô'beAHHHU.e caMoe cepbe3Hoe 
KOH(J)opMan t HOHHoe H3MeHeHHe 3aTparaBaeT aKTHBHbiH 
ijemp nenTHAHA-TpaHC(J)epa3bi. Cboôoahhc 50S cyô'beAH- 
hhu,h KaTajiH3HpyiOT oôpa30BaHHe nenTHAHOH cbh3h b 10 3 
pa3 xyxce, neM nojiHbie phôocomh, — Bepoarao, cyôcrpaTaM 
stoh peaKi^HH ropa3AO «yAOÔHee» pacnojiaraTbca b 3kthb- 

HOM U,eHTpe nOJIHOH pHÔOCOMbl. 

Ojxm H3 OTJIHHHTeJIbHblX OCOÔeHHOCTCH CTpyKTypbl 
noJiHOH pnôocoMbi — oneHb BbicoKaa naoraocTb KOHTaK- 


tob c pacTBopmejieM (b KOTopbíň norpyxceHa pnôocoMa) 
b oôjiacTH conpHKOCHOBeHHa cyô'beAHHHU,. flocTynHOCTb 
pacTBopmejia (boah) moxcct noMoraTb oôpa30BaHHio h 
pa3pbmy KOHTaKTOB npn accon.Han.HH h AHCcon.Han.HH cyôT- 
eAHHHU. h, KpoMe Toro, MoaceT oôJiernaTb AC(J)opMau.HK) pn- 
ÔOCOMbl BO BpeMa TpaHCJIOKan,HH. 


8.21 


Pe3iOMe 


Phôocomh — sto pHÔOHymieonpoTeHHOBbie nacTHu,bi, 
ôójibinyio nacTb Maccbi KOTopbix cocTaBJíaeT pPHK. y Bcex 
Phôocom c{)opMa b u,ejioM OAHa h Ta xce (ôaKTepnajibHbie 
70S phôocomh H3yneHbi aynrne, neM Bce ocTajibHbie). Ma- 
Jiaa, 30S, cyô'beAHHHU.a ôaKTepHaabHOH phôocomh HMeeT 
cnjnocHyTyio ({)opMy, b Hen xoporno pa3JiHnHMbi Tejio (Ha 
Hero npnxoAHTca okojio AByx TpeTeň Maccbi cyôijeAHHH- 
u.bi), h rojiOBKa, pa3Ae;ieHHbie rneeH. nojioxceHHa ôejiKOB 
b cocTaBe Maaoň cyô'beAHHHU.bi H3Becrabi Jinrnb npnôjiH- 
3HTejibHO. Bojibinaa, 50S, cyô'beAHHHU.a ôaKTepnajibHOH 
pnôocoMbi ôojiee hjih MeHee mapoBHAHa; OHa HMeeT He- 
CKOJIbKO BblCTynOB; CaMblH 3aMeTHbIH H3 hhx — ueHTpajib- 
HbiH npoTyôepaHeu. 

KaxcAaa cyô'beAHHHU.a pnôocoMbi coAepxcHT OAHy 
ôojibinyio MOJiexyjiy pPHK (y npoKapnoT sto lóS h 23S; 
b u.HTonjia3Me syxapHOT — 18S h 28S pPHK). EcTb Taoce 
HeKOJibKo Majibix pPHK, caMaa H3Bec™aa H3 KOTopbix — 
5S pPHK ôojibinoH cyô'beAHHHu.bi ôaKTepnajibHOH pnôo- 
coMbi. BojibuiHe pPHK hmciot BbipaxceHHyio BTopHnHyio 
crpyKTypy, cocToamyio H3 MHoacecTBa kopotkhx HecoBep- 
meHHbix AynJieKCOB, nepeMexcaeMbix OAHOu,enonenHbiMH 
neTJMMH. 3BOJHOU.HOHHO KOHCepBaTHBHbie OCOÔeHHOCTH 
pPHK BblHHCJIHIOT MeTOAOM cpaBHeHHa pHÔOHyiOieOTHA- 
Hbix nocJieAOBaTejibHOCTeň h BTopnnHbix CTpyKTyp rjik 
pa3HbIX BHAOB OpraHH3MOB. B lós pPHK HaCHHTblBaeT- 
ca neTbipe neTKO BbipaaceHHbix AOMeHa; b 23S pPHK hx 
rnecTb. B syKapnoTHnecKHx pPHK ecTb AonojiHHTejibHbie 
AOMeHbl. 

AHaaH3 KpHCTaajiHnecKOH CTpyKTypbl pnôocoMbi no- 
Ka3bmaeT acHMMeTpnio b pacnpeAeaeHHH PHK h ôejiKa b 
cocTaBe 30S cyô'beAHHHu.bi. PHK cocpeAOToneHa y noBepx- 
HOCTH COnpHKOCHOBeHHa C 50S CyÔ'beAHHHU.eň; CO CTOpO- 
Hbi 50S cyô'beAHHHUbi 3Ta noBepxHOCTb oôpa30BaHa ôea- 
kom, npouíHTbiM ajihhhmmh «6ajiKaMH» AByxu.enoneHHOH 
PHK. Oô'beAHHeHHe 30S cyô'beAHHHu.bi c 50S cyôTeAHHH- 
u,eH b nojiHyio pnôocoMy nponcxoAHT bo MHoroM 3 a cneT 
KOHTaKTOB MeacAy lóS h 23S pPHK Ha noBepxHOCTH pa3- 
Aeaa cyô'beAHHHu, b noJiHOH pnôocoMe ecTb mhoxccctbo 
T oneK, AOCTynHbix pacTBopHTejno. KorAa cyô'beAHHHU.bi 
BCTpenaiOTca, nTOÔbi oôpa30BaTb nojiHyio pnôocoMy, b 
K aacAOH H3 hhx npoHexoAaT onpeAeaeHHbie CTpyKTypHbie 
H3MeHeHHa. 

B oôenx cyô'beAHHHu.ax pnôocoMbi ecTb HecKOJibKo 
aKTHBHbix caHTOB; ohh crpynnnpoBaHbi b TaK Ha3biBae- 
MOM TpaHCJiaUHOHHOM OTACJie pHÔOCOMbl, TAe, COÔCTBeH- 
ho, h nponcxoAHT CHHTe3 ôejixa. PacTyuj.HH nojinnenTHA 
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noKHflaeT pnôocoMy nepe3 TaK Ha3biBaeMbiň paňoH bu- 
XOfla, KOTOpblň MO)KeT 6bITb CBH3aH C MeMÔpaHOH. ľJiaB- 
HblMH aXTHBHbIMH CaňTaMH pHÔOCOMbl HBJmiOTCfl CaHTbl P 

h A, caňT E, caňTbi CBíi3biBaHH5i (})axTopoB EF-Tu h EF-G, 
aKTHBHbm ijemp nenTHAHJi-TpaHC({)epa3bi, a Taxxce caňT 
CB5I3bIBaHHH mPHK. KOHCjjOpMaiJHfl pHÔOCOMbl OHCHb J\W~ 
HaMHHHa; OHa H3MeHaeToi corjiacHO TpeôoBaHHHM xa)x- 
floro STana CHHTe3a; bo bcaxom cjiynae, AOCTynHOCTb ot- 
AejibHbix ynacTKOB óojibiiiHx pPHK b xo^e CHHTe3a ôejixa 
HenpepbiBHO H3MeHaeToi. 

Caň™ P h A coflepacaT no oahoh tPHK, KOTopbie pacno- 
jio>KeHbi napajuiejibHO Apyr Apyry. Hx aHTHXOAOHOBbie ncr- 
m B3anMOAencTByK)T c mPHK b 6opo3Axe Ha noBepxHOCTH 
30S cyó'beAHHHu.bi. OcraBinHecfl nac™ oóenx tPHK y^ep- 
MBaiOTca 50S cyô'beflHHHueH. Hto6m hx aMHHoaijHjibHbie 
KOHUbi npHimiH b cóJinxceHHe, tPHK b caňTe A AOJDXHa no- 
MeHaTb cbok) xoHcjjopMai/HK). Akthbhhh ijemp nenTHAHji- 
TpaHC(J)epa3bi HaxoAHTca Ha CTbiKe TPHK-CBH3biBaiomHx 
caňTOB P h A; oh coctoht H3 23S pPHK, KOTopaa oôJia^aeT 
COÓCTBeHHOH XaTaJIHTHHCCXOň aKTHBHOCTbK) nenTHAHji- 
TpaHC(J)epa3bi (xoth pjm no/mep>KaHbw xaTajíHTHnecxn ax- 
THBHOH CTpyKTypbl eň, nO-BH^HMOMy, HeOÔXOAHMa nOMOIAb 
uejioro p*ma pnôocoMajibHbix ôo/ikob). 

06 axTHBHOH pojih pPHK b CHHTe3e ôejixa roBopHT 
tot (jjaxr, hto MHorae TOHeHHbie MyraijHH b pPHK napa- 
JIH3yiOT (jjyHXIJHK) pHÔOCOMbl. flpyrHM noATBepxcAeHHeM 
ee aKTHBHOH pojih aiyxcaT B3aHM0AeňcTBHa pPHK c mPHK 
h tPHK, KOTopbie moxcho AeTexrapoBaTb npH noMOu^H xh- 
MHHeCKOH (jjHXCaiJHH. pPHK CJiyäCHT MHIIieHbK) HeKOTOpblX 
aHTHÓHOTHKOB H APY^HX areHTOB, HHľHÓHpyiOIIJ.HX CHHTC3 

ôejixa. HaxoHeij, 06 axmBHoň pojih pPHK b CHHTe3e 6eji- 
xa moxcho cy^HTb no o 6 pa 30 BaHHio rnôpHAHbix AByxije- 
noHenHbix ynacrxoB Mexc/iy pPHK h mPHK, a Taxace MQKAy 
pPHK n tPHK, h npHHi/HnHajibHoň (jjyHKííHOHajibHoň Baxc- 
hocth sthx npexoAamnx raôpHAHbix /jynJiexcoB. Tax, bo 
B peMa HHHUHan,HH TpaHCjmijHH 3'-K0Hu,eBaa oôjiacrb 16S 
pPHK B3aHM0AeňcTByeT c xoMmieMeHTapHbiM cerMeHTOM 
mPHK — nocjieAOBaTe^bHOCTbK) IIIaňHa-flajibrapHO b caň- 
Te HHHijHaijHH; BHyrpeHHHe o6jiac™ pPHK o6pa3yx)T p aa 
KOHTaXTOB c tPHK b caňTax P H A. 

Jlioôoň 3HanamHH xoaoh mPHK y3HaeTca MOJiexyjioň 
aMHHoan,HJi-TPHK, coAepacameň aHraxoAOH, xoMnjie- 
MeHTapHbíň flaHHOMy xoflOHy, n Hecymeň aMHHOXHCJiOTy, 
cooTBeTCTByiouj.yK) STOMy xoAOHy. Ocoóaa HHHijHaTop- 
Haa tPHK (fMet-TPHK f y npoxapHOT, Met-TPHKj b i/HTon- 
;ia3Me syxapnoT) y3HaeT HHHijHaTopHbíň xoaoh AUG, c 
KOT oporo HanHHaeTca non™ jnoôaa xoAHpyiomaa noc- 
jieflOBaTejibHOCTb (y npoxapHOT HHor^a Hcnojib3yx)Tca 
HHHijHaTopHbie xoflOHbi GUG h UUG). Eme TpH xo^OHa 
He y3HaiOTCH HHXaXHMH aMHHOaD,HJI-TPHK; 3T0 TepMHHH- 
pyiomHe, hjih HOHceHC-xoAOHbi, UAA, UAG h UGA. 

Phôocomm, 3aBepinHBinHe chhtc3 ôejixa, nonojiHaioT 
coóoh xjieTOHHbiH nyji cboôoahhx phôocom, xoTopbíň 
ypaBHOBemeH nyjiOM pasoômeHHbix ôojibuiHx h Ma^bix 
o/6'beRmmu,. Majibie cyô'beflHHHu.bi CBH3biBaiOT mPHK; 
noc^e 3Toro x hhm npHCoeAHHaiOTCH óojibinHe cyóijeAH- 
HHIJbl; o6pa30BaBuiHeca nOJIHbie pHÔOCOMbl CHHTe3Hpy- 
K)T HOBbie nojiHnenTHAbi. Y3HaBaHHe npoxapHTHnecxo- 


ro canTa HHHĽíHan.HH (caňTa CBH 3 biBaHHa phóocomm) b 
mPHK — cjio)XHbiH npon,ecc c ynacTHeM onaTb xce pPHK: 
3 '-xoHu,eBafl oôJiacTb l6S pPHK b Majion cyô'beAHHnu.e 
CBH3biBaeT nocjieAOBaTejibHOCTb IIIaHHa-flajibrapHO, 
npeABapaiomyK) coôoh HHHu,HaTopHbiH xoaoh. Y3HaBa- 
HHe syxapHOTHnecxoro caňTa HHHUHauHH npoHexoAHT 
HHane: CHanajia Majiaa cyô'beAHHHu.a y3HaeT mPHK xax 
MOJiexyjiy AäHHoro xnacca, no xsny Ha 5 '-xoHu,e (mo- 
AH^Hxau,™, npHcyman bccm syxapHOTHnecxHM mPHK). 
CBH3aB xsn, Ma^aa cyô'beAHHHua HanHHaeT ^BHraTbca 
B/i, oji b mPHK b noHexax HHHi/HaTopHoro xo/íOHa AUG. 
Kor/^a OHa BCTpenaeT uoj^xo^m^Pí AUG (naui,e Bcero sto 
nepBbíň AUG Ha ee nyra), x Heň npHCoe/íHHaeTCH 6o;ib- 
oiaa cyô'beAHHHu.a, h nojiHaa pHÔocoMa npHCTynaeT x 
CHHTe 3 y nojiHnenTH/ia. 

B pHôocoMe OAHOBpeMeHHO noMeu/aiOTca ABe tPHK. 
B caňTe P HaxoAHTca nojiHnenTH/jHJi-TPHK; nepe^ tcm, 
xax noxHHyTb caňT P, OHa nepe^aer cboh nojiHnenraAHji 
Ha tPHK, pacnojio^ceHHyio b caňTe A; stot caňT cjiyxcHT 
pHÓocoMe /v m xoHxypeHTHoro CBH3biBaHHH tPHK, Hecy- 
ui,Hx HOBbie aMHHOXHCJioTbi pacrymero nojiHnenTHAa. B 
óaxTepHajibHbix pnôocoMax ecTb AonojiHHTejibHbíň caňT 
E, nepe3 xoTopbíň, noxHAaa pHÔocoMy, npoxo/iHT Hcnojib- 
30BaHHbie AeauHJiHpoBaHHbie tPHK. B xaxcAOM paôoneM 
i/HXJie 3JiOHran,HH o6pa3yeTca HOBaa nenTHAHaa CBH3b: 
nojiHnenTHAHaa i/enoHxa nepeHOCHTca H3 caňTa P Ha 
aMHHoai/HJi b caňTe A; npH stom OHa yAJiHHaeTca Ha oahh 
aMHHOXHCJiOTHbíň ocTaTox. tPHK b caňTe A npeBpamaeTca 
H3 aMHHoauHJi-TPHK b nojiHnenTHAKJi-TPHK, Tor^a xax b 
caňTe P ocTaeTca noxHHyraa pacTyni,HM nojiHnenTHAOM, 
AeauHJiHpoBaHHaa tPHK. 

B xaxmoM paóoneM qHXJie sjiOHrai/HH 3 a axTOM 06- 
pa 30 BaHHa nenTH/jHoň cbh3h cjie^yeT axr TpaHC/ioxai/HH. 
Bo BpeMfl TpaHc/ioxauHH Aeau™HpoBaHHaa tPHK nepe- 
xoaht b caňT E, a nenTHAKJi-TPHK nepexoAHT H3 caňTa A 
b caňT P. KaTa;iH3aTopoM TpaHCJioxai/HH BbicrynaeT (Jjax- 
Top 3JiOHrauHH EF-G; /v m 3Toň peaxuHH (paBHO xax h /v ia 
oôecneneHHíi pa/^a ApyrHx momchtob pa6o™ phóocomm) 
HeoôxoAHM raApojiH 3 ITO. npH TpaHGJIOXaiJHH pHÔOCOMa, 
AecJjopMHpyacb, nepexoAHT b Hexoe npoMexcyroHHoe (rHÓ- 
pnAHoe) cocToaHHe, c xapaxTepHbiM cabhfom cyô'beAHHHi/ 
Apyr OTHOCHTejibHO Apyra. 

Chhtc3 ôejixa oôxoahtch He/jerneBO. Pa 3 JiHHHbie STa- 
nbi CHHTe 3 a oôecnenHBaiOTca SHepraeň 3a cneT thapojih- 
3a AT® jihôo ľT®. Tax, /yra « 3 apaAXH» tPHK aMHHOXHCJio- 
TaMH hjih /yia pacnjieTaHHH BTopnnHoň CTpyxTypbi mPHK 
HeOÔXOAHM THAP 0 JIH 3 AT®. Ho HeXOTOpbIM OI/eHXaM, 
Ha CHHTe 3 nojiHnenTHAOB pacxoAyeTca ao 90% Bcex mo- 
jiexyji AT®, xoTopbiMH pacnojiaraiOT ôbicTpo pacrymne 
ôaxTepHH. 

Ha xaxcAOM STane CHHTe3a ôejixa pnóocoMa Hy^KAa- 
eTca b noMOiAH AonojiHHTejibHbix cf)axTopoB, coBepmaio- 
IAHX U,HXJIbI aCCOI/Hai/HH H AHCCOI/Hai/HH C pHÔOCOMOň. 
®axTopbi IF ynacTByiOT b HHHi/HaijHH CHHTe3a ôejixa 
(HHHUHaUHH TpaHCJMIJHH mPHK) y npoxapHOT. ®aXTOp 
IF-3 HyxceH Rjm CBH3biBaHHa 30S cyô'beAHHHii, c mPHK h 
noAAep^xaHHH 30S cyô'beAHHHU b cboôoahom coctohhhh, 
HeoóxoAHMOM AJia HHHn.Han.HH. ®axTop IF-2 xaTajiH3Hpy- 
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er CB>i3biB;u ihc fMet-TPHK f c 30S cy6T>eAHHHijeň h He ao- 
nycKaeT flpyrne tPHK b miimiianiiK). nocjie cb>i3bib;iiih>i 
HHHIÍH aTOpHOH TPHK C KOMOJieKCOM HHHUHaUHH npO- 
hcxoaht rHApojiH3 ITO. M'ľoôbi ôojibiim cyfi’beAiumna 
pHÔocoMbi Morjia npHMKHyTb k KOMnJieKcy Hiii-mi-iaiami, 
a KTO p BI IIIIHHHai4HH AOJCKHbl IlOKHHyTb KOMnJICKC. 

B syKapHOTHHecKofl HHHu,HauHH ynacTByeT ropa3AO 
ôo^binee hhoio (JjaicropoB. HeKOTopbie m hhx coaeňcTByioT 
nepBOHana^bHOMy CBíBbiBaHHio 40S cy6i>eAHHHUbi c ksiih- 
poBaHHbiM 5 '-kohpom mPHK, Apyrae cfiaKTopbi b sto BpeMa 
npnHOCBT HHnpnaTopHyro tPHK. Iloaie ocymecTBJíeHna 
nepBOíiaHa.Tbiioro cBM3biBaiina c 5 '-kohhom Majiaa cy6'b- 
eflHHHiía CKaHHpyer mPHK ao Tex nop, noxa He BCTpeTHT 
noAxoAHiAHň koaoh AUG. Ha stom cfiaKTopbi Hinipnaiann 
nojivnaiOT cbo6oav; bmccto hhx b komiuickc 111111141134111-1 
BCTynaeT 60S cy&beAHHHU,a. 

Y npoKapHOT HopMaaibHbíň xoa aJiouľapiiii oóecne- 
HHBaeTca (JiaicropaMH EF. Oaicrop EF-Tu noMemaeT 3mh- 
HoaiíRn-TPHK b 70S pHÔocoMy; eam oh cnpaBroica c stoh 
aa/umcii, eMy pa3pemaeTQi rHApojiH30B3Tb cboh TT<J) h no- 
KHHyTb piiÓOCOMy A^ BOCCTaiIOBJíeiIHH 3KTHBHOH (f)OpMbI 
H «nOHMKH» HOBOH TPHK. BoCCTaHOBHTb 3KTHBHyK) (j)Op- 
My EF-Tu noMoraeT (Jiaicrop EF-Ts. Eme oahh (Jjaicrop, EF- 
G, yuacTByeT b TpaHCJioKau,HH. IIpHcyTCTBHe b pHôocoMe 
EF-Tu HCKJiiouaeT npucyTCTBHe EF-G, h HaoóopoT; Taxoe 
B33HMHOe HCKJIIOUeHHe AByX (J)3KTOpOB OiyXCHT rapaHTH- 
eň CTpororo uepeAOBaHHa aKTOB o6pa30BaHHH nenTHAHOH 
CBH3H C 3KT3MH TpaHCJIOKapHH. 

TepMHHaUHH CHHTC33 npOHCXOAHT no OAHOMy H3 
Tpex cneniBBibHbix koaohob (UAA, UAG h UGA). <l>aKTopbi 
RF Kaacca 1, y3HaBaa ara ctoh-koaohh, noóyxcAaiOT pH- 
ÔOCOMV k raApojiH3y niTrni/iiiJi-TPIlK. Mroôbi noc/ie SToro 
RF miacca 1 Mor noKHHyrb puóocoMy, HyxceH /lonojiim- 
TeabHbifl (JiaKTop, RF Kaacca 2 (RF3 y E. colí). Bce [Tí>- 
33BHCHMbie (JjaKTOpbl CHHTC33 ÔeJIKa (IT<l)-3aBHCHMbie 

(JjaKTopbi TpaHcaaiíHH IF-2, EF-Tu, EF-G, RF3) noxoxai 
Apyr Ha Apyra. OaKTopu EF-G h RF 3 Kax 6bi noApaxcaiOT 
PHK-6eaKOBOfi CTpyKType IF-2 hjih EF-Tu b KOMroieKce c 
tPHK. no nocaeAHHM AaHHbiM, Bce rTí>-3aBHCHMbie <J>aK- 

TOpbl TpaHC/IHU,HH BnHCblBaiOTCH B OAHH H TOT XCe 3KTHB- 
HblH C3HT pHÔOCOMbl — TaK Ha3bIBaeMbIH C3HT CB«3bIBaHH« 
G-cfiaKTopoB. 
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PaCLĽMC|)pOBKa 

reHenmecKoro KOfla 


KPATKOE COflEP>KAHl/IE 17lABbl 


iBI BBefleHMe 

WBM Cxowne KOAOHbl KOflMpyiOT aMMHOKMC/lOTbl 

C ľlOXOKMMM CBOMCTBaMM 

• 61 M3 64 B03M0>KHblX KOAOHOB KOflMpyiOT 
20 aMMHOKMCJlOT. 

• 3 KOflOHa He KOflMpyiOT aMMHOKMC/lOTbl, a BB/lfllOTCfl 
CTOn-KOflOHaMM, Bbl3blB3fl TepMMHaLJMlO CMHTe3a 
6 e/iKa. 

• reHeTMHecKMÍí KOAyHMBepca/ieH m pačoiaeT oflMHaKOBo 
b opraHM3Max pa3Horo ypoBHB c/io>khoctm. 

• OaHOÍÍ M TOÍÍ >Ke 3MMH0KMC/10Te MO)KeT COOTBeTCTBOBaTb 
HeCKO/lbKO KOAOHOB. 

• KoflOHbi, KOflupyiomne OAHy m Ty we aMMHOKMC/iOTy, 
nOXO>KM. 

• TeHAeHAMB k cxoACTBy koaohob a/ib noxo/KMx no 
CBOMCTB3M 3MMH0KMC/10T CymeCTBeHHO CHM)KaeT 
3(f)4)eKT MyrauMM. 

ESI KoAOH-aHTMKOAOHOBoe pacno3HaBaHne 

AonycKaeT HeoAH03HanHoe cnapMBaHMe 

• TpMn/ieTbi, KOAMpyiomne OAHy m Ty we aMMHOKMC/iOTy, 
HaCTO pa3JlMHaiOTCfl TO/lbKO HyKneOTMAHbIM OCHOBaHMeM 
b TpeTbeŕí no3MUMM. 

• Heo6fl3aTe/lbHOCTb COOTBeTCTBMfl OCHOB3 HMM b nepBOM 
n0/10>KeHMM aHTMKOAOHa M TpeTbeM no/io>KeHMM 
KOAOHa BB/iBeTCB pe3y/ibTaTOM ocočoíí CTpyKTypbi 
aHTMKOAOHOBOÍÍ neT/iM. 

ESI tPHK o6pa3yeTCB M3 A-nnHHoro npeAwecTBeHHMKa 

• 3pe/iaa tPHK o6pa3yeTca b pe3y/ibTaTe npoueccMHra 
npeAiuecTBeHHMKa. 

• 5'-KOHeu 3pe/ioŕí tPHK o6pa3yeTca b pe3y/ibTaTe 
pacmen/ieHM/i MO/ieKy/ibi-npeAwecTBeHHMKa 
3HAOHyK^ea3oŕi — PHKa3oŕi P. 

• 3'-KOHeu o6pa3yeTCfl b pe3y/ibTaTe pacmen/ieHM/i, 
KOTopoe c/ieAyeT 3 a yAa/ieHMeM HecKO/ibKMx noc/ieAHMx 
OCHOB3HMM m Ao6aB/ieHMeM o6mero A<na ecex tPHK 
TepMMHa/ibHoro TpMn/ieTa CCA. 

EES tPHK COAep>KMT MOAM(J)MAMpOBaHHbie OCHOBaHMfl 

• tPHK coAepwMT 60/iee 50 MOAM^MLjMpoBaHHbix 

OCHOBaHMM. 

• MoAM4)MKaAMB očbiHHO npeACTaB/iaeT co6oíí M3MeHeHMe 
MCxoAHbix HyK/ieoTMAOB tPHK oah3KO b HeKOTopbix 
c/iyna/ix, 3aK/H0HaeTC5i b 3aMeHe oahmx ocHOBaHMií Ha 
Apyme. 


9.6 
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9.8 
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MOAMCjjHAHpOBaHHbie OCHOBaHMB B/lMflIOT Ha KOAOH- 

aHTMKOAOHOBbie B3aMMOAGMCTBMB 

• MOAM4)MKaAMM HyKJieOTMAOB aHTMKOAOHa B/lMflIOT 
Ha Ha6op BOČ/lMpyiOlAMX OCHOBaHMM, TeM CaMbIM 
onpeAe/iflfl cneuM(()MHHOCTb tPHK. 

M3MeHeHMB B yHMBepcaAbHOM reHeTMHeCKOM KOAe 
HocBTcnopaAMHecKMM xapaKTep 

• y HeKOTOpblX BMAOB BCTpeH3IOTCfl OTK/lOHeHMfl OT 
yHMBepca/ibHoro reHeTMHecKoro KOAa. 

• l/l3MeHeHMB b reHeTMHeCKOM KOAe HaMČo/iee 
xapaKTepHbi a/ia reHOMa mmtoxohapmm. Ha ochob3hmm 
3TMX M3MeHeHMÍÍ MO>KHO nOCTpOMTb (J)M/10reHeTMHeCK0e 
ApeBO. 

• B BAepHOM reHOMe otk/iohchma ot CTaHAapTa KpaíiHe 
peAKM M OČblHHO 33TparMBaiOT /lMLUb CTOn-KOAOHbl. 

HeKOTopbie CTon-KOAOHbi MoryT BCTpaMBaTb b 6e/iOK 

CTaHAapTHbie aMMHOKMC/lOTbl 

• P^a reHOB caHKAMOHMpyeT oco6oe npoHTeHMe 
CneUM(f)MHHblX KOAOHOB. 

• B3aMMOAeMCTBMe ce/ieHO-Cys-TPHK m UGA- 
KOAOHa TpečyeTynacTMB HecKO/ibKMX 6e/iKOB, 
MOAM()3MUMpyiOlAMX CyS-TPHK M npMCOeAMHBIOlAMX ee K 
pMČOCOMe. 

• ľlMppO/lM3MH MO>KeT TpaHC/lMpOB3TbCB C UAG-KOAOHa. 

CMHTeTa3bl npMCOeAHHBIOT aMMHOKMC/lOTbl ktPHK 

• AMMHOaUM^-TPHK-CMHTeTa3bl — ()3epMeHTbl, 
npMCoeAMHBKDiAMe aMMHOKMC/iOTbi k MO/ieKy/iaM tPHK. 
06pa3OBaHMe aMMHoaLjM/i-TPHK MAeT b 2 ctbamm c 
MC n0/lb30B3HMeM 3HepľMM ATO. 

• B Ka>KAOÍí K/ieTKe npMcyTCTByeT 20 aMMHoauM/i-TPHK- 
CMHTeT33. Ka>KAOM 3MMH0KMC/10Te COOTBeTCTByeT KaK 
MMHMMyM oAHa CMHTeTa3a, KOTopaB o6Hapy>KMBaeT Bce 
tPHK, npeACTaB/iBioiAMe 3Ty aMMHOKMC/iOTy. 

• Y3HaBaHMe MO/ieKy/ioŕí tPHK CBoeíí aMMHOKMC/iOTbi 
očecneHMBaeTCB He6o/ibWMM hmc/iom caíiTOB 
CBB3blB3HMB B ee HyK/ieOTMAHOÍÍ nOC/ieAOB3Te/lbHOCTM. 

AMMH0aAMA-TPHK-CMHTeTa3bl AOABT Ha 2 K/iacca 

• B 33BMCMMOCTM OT aMMHOKMC/lOTHOÍÍ 
noc/ieAOBaTe/ibHOCTM m CTpyKTypHoro cxoACTBa 
aMMHoauM/i-TPHK-CMHTeTa3bi Ae/iflT Ha 2 K/iacca. 

CMHTeT33bl — (|)epMeHTbl C KOppeKTMpyiOLAeM 

aKTMBHOCTblO 

• Cnei4M(j3MHHOCTb peaKUMM y3HaB3HMB Me>KAy 
aMMHOKMC/lOTOM M tPHK KOHTpO/IMpyeTCB aMMHOaLlM/1- 
TPHK-CMHTeTa30M, KOppeKTMpyKDlAaB aKTMBHOCTb 
kotopoíí očecneHMBaeT McnpaB/ieHMe oujmčok b c/iynae 
CBB3blB3HM51 HenpaBM/lbHOľO KOMnOHeHT3. 











msmrM 
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MyTaHTHbie aHTMKOAOHbl flaiOT B03M0>KH0CTb 
CynpeCCOpHbIM tPHK CHMTbIBaTb HOBbie KOflOHbl 

• Cynpeccopbie tPHK očbiHHO Hecyr MyrauMM b 
aHTMKOflOHe, npMBOAfliomMe k M3MeHeHMio Tuná KOAOHa, 
y3HaBaeMoro flaHHOíí tPHK. 

• B pe3y/ibTaTe cynpeccopHoŕí MyTai^MM b amMKOAOHe 
tPHK npno6peTaeT cnocoČHOCTb pacno3HaBaTb CTon- 
KOflOH KaK CMblCJlOBOÍÍ, OČeCneHMBafl BK/llOHeHMe 
aMMHOKMC/iOTbi b nojinnenTMAHyio Ljenb n CMHTe3 6ejwa 
3a CTon-KOflOH. 3to BB/ieHMe no/iyHM/io Ha3BaHMe 
HOHceHC-cynpeccnM min cynpeccnM npe>KAeBpeMeHHOM 
TepMMHauMM 6e/iKOBoro CMHTe3a. 

• MMCceHC-cynpeccMfl npoflB/ifleTCfl b cnocoČHOCTM tPHK 
y3HaBaTb KOAOHbl, OTJlMHHbie OT OČblHHblX AJ1B A3HHOM 

tPHK m npMBOAMT k 3aMeHe oahoíí aMHHOKHCJIOTbl Ha 
APyryto. 

fljifl Ka>KAoro TepMMHMpyioiAero koaoh 3 cymecTByioT 
cbom HOHceHC-cynpeccopbi 

• KawAOMy TMny HOHceHC-KOAOHa cooTBeTCTByeT tPHK c 
onpeAe/ieHHbiM MyTaHTHbiM 3 htmkoaohom. 

• 1/lHorAa cynpeccopHbie MyraLiMM B03HMKai0T * 

He TO/ibKO b aHTMKOAOHax, ho m b Apyrftx ynacTKax 
MO/ieKy/ibi tPHK. 

CynpeccopHbie tPHK MOiyr KOHKypnpoBaTb c tPHK 
AMKoro Tuná 3a CBB3biBaHne c KOflOHaMM 

• CynpeccopHbie tPHK m tPHK AUKoro Tuná, oó/iaAaiomne 
OAMHaKOBbiMM aHTMKOAOH3MM, KOHKypnpyiOT Apyr 

C APyľOM 3a B03M0>KH0CTb B33MMOAGHCTBMB C 
COOTBeTCTByiOlAMM KOAOHOM. 

• HeraTMBHbiíí 3(()4)eKT cynpeccMM 33KJiK)HaeTCB b 
CHMTbIBaHMM M npaBMJlbHblX CTOn-KOAOHOB. 
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• Koaoh UGA Aawe b OTcyTCTBMe MyTaHTHOíí 
cynpeccopHoíí tPHK MO>KeT y3HaBaTbca Trp-TPHK c 
HaCTOTOÍÍ 1-3%. 

PklČOCOMbl BilMBIOT Ha TOHHOCTb TpaHCABL(MM 

• CTpyKTypa 16s-pPHK b pn6ocoMa/ibHbix caŕiTax A n P 
BJIMfleT Ha TOHHOCTb TpaHC/lBAMM. 

ľlepeKOAMpoBaHMe MeHBeT 3HaneHMe koaoh3 

• M3MeHeHne CMbic/ia koaoh a MO>KeT 6biTb cneACTBMeM 
B03HMKH0BeHMB MyT3HTHblX tPHK MJ1M tPHK CO 
CneAM(t)MHHblMM CBOMCTB3MM. 

• B pe3y/ibTaTe CABMra mjim nponycKa (})parMeHTa 
pMČOCOMa MO>KeT MeHBTb paMKy CHMTbIBaHMB, 
o6a 3 tmx npouecca 33 bmcbt ot crpyKTypbi 

M CBOÍÍCTB mPHK. 

CaBMT paMOK CHMTbIBaHMB npOMCXOAMT Ha 
«CKOJlb3KMX» nOCJieAOBaTejlbHOCTBX 

• PaMKa CHMTbiBaHMB onpeAe/ifleTCfl 
nocjieAOBaTe/ibHocTbio HyKJieoTMAOB b m PH K n 
pMČOCOMa/lbHbIM OKpy>KeHMeM. 

• «CKO/ib3Kne» noc/ieAOBaTe/ibHOCTM cnocočcTByiOT 
CABMry tPHK, cnapeHHoŕí c 3 htmkoaohom 

Ha oaho ocHOBaHMe M3MeHBB TeM caMbiM paMKy 

CHMTblB3HMB. 

• TpaHCBBUMB HeKOTOpblX MPHK 33BMCMT 

ot pery/iBpHbix «3anporpaMMnpoBaHHbix» cabmtob 
paMKM CHMTblB3HMB. 

«nepenpbirMBaHMe» nepe3 ochob3hmb 
ocyiuecTBABeTCB nepeMeiueHMeM 
pMÓOCOMbl 

Pe3iOMe 


BBeAeHMe 

nocjieAOBaTejibHOCTb KOAHpyiomeH ijenH J \HK (b HanpaB- 
jieHHH ot 5'- k 3'-KOHijy) npeACTaBJíeHa HyioieoraAHbiMH 
TpHiuieTaMH (koaoh aMH), cooTBeTCTByK)nj,HMH onpeAe- 
JieHHblM äMHHOKHCJIOTaM B nOCJICAOBaTCJIbHOCTH ÔeJIKa 
(CHHTe3HpyeMOTO COOTBCTCTBCHHO OT N-KOHIia K C-koh- 
iiy). CeKBeHHpoBaHHe J \HK h ôcjikob AeJiaeT bo 3 moxchmm 
npaMoe conocraBjíeHHe nocneAOBaTejibHOCTH HyKJieora- 
AOB H aMHHOKHCJIOT. PÍ3 64 B03M0)KHbIX KOAOHOB (KaXCAblH 
H3 HeTbipeX HyKJieOTHAOB MOXCeT 3aHHMaTb OAHy H3 Tpex 
n03HIJHH B KOAOHe, (jjOpMHpyfl 4 3 = 64 pa3JIHHHbIX KOMÔH- 
HailHH) 61 TpHnJieT KOAHpyeT aMHHOKHCJIOTy (CMblCAOBbie 
KOAOHbl), a TpH (CTOn-KOAOHbl) BbI3bIBaiOT TepMHHaU,HIO 
CHHTC3a ôejiKa. 

CooTBercTBHe CMbiaiOBoro KOAOHa onpeAejieHHOH 
aMHHOKHCJIOTe ACTepMHHHpOBaHO ľtHOM tPHK, HeCyiAeH 
ee. OAHaxo rjvi ctoh-koaohob hct cooTBCTCTByiomHx tPHK, 
a TepMHHaiira TpaHCJiaiinn onocpeAOBaHa ôeiiKOBbiMH 
(J)aKTopaMH. 

nepBbie HCCJieAOBaHHa CTpyKTypbi reHeTHnecKoro 
koa 3 noKa3aAH, hto reHeranecKafl HH(})opMaiiHa xpaHHT- 
Ca B (})OpMe HyKJieOTHAHblX TpHIIJieTOB, OAHaKO COOTBeTC- 
TBHe KOAOHOB aMHHOKHCJIOTaM OCTaBaJIOCb HeBbiaCHeH- 
HbiM. C iiejibio onpeAejieHHa a^hoto cooTBeTCTBua eme 
AO noaBjíeHHa ceKBCHupoBaHHa 6biJio pa3pa6oTaHO A®a 


MeTOAa, c noMOiAbio KOTopbix h pacuiH(})poBajiH 6oAb- 
UIHHCTBO KOAOHOB. CHCTCMy TpaHCJiai^HH CHHTCTHHCCKHX 

nojiHHymieoTHAOB cTajiH npHMeraTb ahh CHHTC3a ôejiKa 
nocjie toto, KaK b 1961 r. HHpeHÔepr noKa3aJi, hto nojiH- 
ypHAHJiOBaa KHCJiOTa (poly (U)), KaK h KjieTOHHbie mPHK, 
MOxceT cjiy^HTb MaTpniieH nm cHHTC3a ôejiKa. npn stom 
H3 (J)eHHjiajiaHHHa CHHTe3HpyeTca noJiH(J)eHHjiaHHH. H 3 
3TOTO CJieAOBaJIO, HTO KOAOH UUU COOTBCTCTByCT (})e- 
HHjiajiaHHHy. BTopoň MeTOA, pa3pa6oTaHHbiň no3xce, 
3aionoHaAca b tom, hto TpHHyioieoTHAbi (KOTopbie yxce 
yMeJIH CHHTC3HpOBaTb C 3aA3HHOH nOCJieAOBaTCJIbHOC- 
TbK)) CTHMyJIHpyiOT CB5I3bIBaHHe CneilH(J)HHHbIX K A3HHO- 

My TpHmieTy MOJieKyji aMHHoaiiHJi-TPHK c pHÔocoMaMH 
(HMHTHpya npoiiecc B3aHMOACHCTBHB KOAOHa C aHTHKO- 
AOhom Ha pHóocoMe). OnpeAeJiaa, KaKaa hmchho aMH- 
HOKHCJIOTa BXOAHT B COCTaB CBB3aBUieHCa C pHÔOCOMOH 
aMHHoaijHJi-TPHK, ôhoxhmhkh ycTaHOBHjiH 3HaneHHe 
KaxcAoro H3 TpHnjieTOB. ,Il,Ba onHcaHHbix Bbirne MeTOAa 
no3BOJiHJiH tohho onpeAeJíHTb 3HaneHHe Bcex cmhcjio- 

BblX KOAOHOB. 

KaK yxce 6buio cKa3aHO, 61 H3 64 bo3moxchhx koaohob 

KOAHpyiOT aMHHOKHCJIOTbl, a 3 OCTaBUIHXCH HBJIHIOTCH CTOn- 
KOAOHaMH, TepMHHHpyioiAHMH CHHTC3 óe^Ka. BaXCHO, HTO 
ocHOBaHHe b TpeTbeM nojioxceHHH mhothx koaohob Hecy- 
mecTBCHHO jjjir hx «cnapHBaHra» c aMHHoaiinji-TPHK Bo- 
Jiee TOTO, aMHHOKHCJIOTbl CO CXOXCHMH ÓHOXHMHHCCKHMH 
CBOHCTBaMH KOAHpyiOTCH CXOJKHMH KOAOHaMH. 


200 TJ1ABA 9 PaciBMcfipoBKa reHeTMnecKoro KOfla 









9.2 


CxOMMe KOflOHbl 

KOflMpyiOT aMHHOKHCJIOTbl 
C ÍIOXOJKHMH CBOMCTBaMM 


KjnoneBbie noHATMíi: 


• 61 M3 64 B03M0>KHblX KOAOHOB KOflMpyiOT 20 aMHHOKHCJIOT. 

• 3 KOflOHa He KOflUpyiOT aMHHOKHCJIOTbl, a BBJlfUOTCfl 
CTon-KOflOHaMM, Bbi3biBaB TepMMHauMio CMHTe3a 6e/iKa. 

• ľeHeTMHecKMM koa yHMBepca/ieH h pačoiaeT OAMHaKOBo b 
opraHM3Max pa3Horo ypoBHB cjiojkhocth. 

• OaHOM H TOÍÍ >Ke aMMHOKMC/lOTe MO>KeT COOTBeTCTBOBaTb 
HeCKO/lbKO KOAOHOB. 

• Koaohh, KOAupyKDiAMe OAHy h Ty we aMHHOKHCJiOTy, 
nOXOJKH. 

• TeHAeHLlMB K CXOACTBy KOAOHOB A/lfl nOXOJKHX no CBOHCTB 3 M 
aMHHOKHCJIOT CyiAeCTBeHHO CHM>KaeT 3 C|)C| 3 eKT MyTaUMM. 


Pe3yAbTaT pacuiH(})poBKH reHeTHnecKoro KOAa npeAcraB- 
JltH Ha PMC. 9.1. EÍOCKOJIbKy HHCJIO B03M05KHbIX TpHnJieT- 
HblX KOMÔHHailHH npeBblIIiaeT HHCJIO aMHHOKHCJIOT, nOHTH 

KaacAaa aMHHOKHCJioTa cooTBeTCTByeT ôojiee neM OAHOMy 
KOflOHy. PiCKJIIOHeHHeM aBJíaiOTCa ABe aMHHOKHCJIOTbl — 
MeTHOHHH H TpHIITO(J)aH, HMeiOIAHe JIHIIIb nO OflHOMy KO- 
AOHy. KoAHpyTonj,He OAHy h Ty ace aMHHOKHCJiOTy koaohm 
Ha3bIBaiOT CHHOHHMHHHbIMH. ľlOCKOJIbKy ľeHeTHHeCKHH 

koa CHHTbiBaeTca phôocomoh c mPHK, ero oôhhho 3ann- 
CbiBaiOT npn noMonj,H ocHOBaHHH PHK: U, C, A h G. 

ľpniuieTbi, KOAHpyioiAHe OAHy h Ty ace aMHHOKHCJio- 
Ty (jIHÔO aMHHOKHCJIOTbl CO CXOaCHMH CBOHCTBaMH), HMe- 
iot cxoacne HyioieoTHAHbie nocjieAOBaTejibHOCTH. HacTo 
ocHOBaHHe b TpeTbeM nojioaceHHH KOAOHa 0Ka3biBaeTca 


ľeHenmecKMH koa TpHn/ieieH 



PMC. 9.1 Bce Tpnn/ieTHbie KOAOHbi ocMbic/ieHHbi: wecrbAecflT oahh 
KOAOH COOTBeTCTByiOT 3MHH0KHCJ10T3M, TpH KOAOHa Bbl3blBaiOT Tep- 
MMHaUMK) CMHTe33 6ejwa (STOP) 


Hecynj,ecTBeHHbiM Rjm ero cneiiHcjiHHHOCTH. O ah a aMH- 
HOKHCJiOTa MOxceT 6biTb npeACTaBJíeHa neTbipbMa koao- 
HaMH, pasjiHnaioiAHMHca no ocHOBaHHio b TpeTbeM no- 
jioaceHHH. PiHorAa pa3JiHHHe coctoht b npeAnonTeHHH 
nypHHa nnpuMHAHHy B TpeTbeM nojioaceHHH KOAOHa. 
MeHbinaa cneijH(J)HHHOCTb TpeTbero nojioaceHHa b ko- 
AOHe Ha3biBaeTca BbipoxcAeiiHOCTbio TpeTbero ocho- 
BaHHH. ,0,emH(J)poBKa HyKjieoTHAHoro TpHnjieTa mPHK b 
cooTBeTCTByioiAyio aMHHOKHCJiOTy ôejixa npoHexoAHT b 
pe3yjibTaTe B3anMOACHCTBna KOAOHa mPHK h aHTHKOAO- 
Ha cooTBeTCTByiomeH aMHHoamui-TPHK. 3 tot npoijecc 
npoTexaeT b pHÔocoMax: Heôojibinoe hhcjio KOMnjieMeH- 
TapHbix HyioieoTHAOB TpunjieTa caMO no ce6e He MoaceT 
OÔeCneMHTb CTaÔHJIbHOľO KOAOH-aHTHKOAOHOBOrO B3a- 
HMOACHCTBHfl, OAHaKO B A-CaHTe pHÔOCOMbl C03Aai0TCa 
ycjiOBHa, HeoôxoAHMbie rmí cra6HjiH3aijHH KOMmieKca 
KOAOH-aHTHKOAOH. BapHaHTbl B3aHMOACHCTBHa MeXCAy 
KOAOHOM H aHTHKOAOHOM BKJIKmiOT B Ce6a He TOJIbKO 
A-U H G-C B3aHMOACHCTBHfl. 06pa30BaHHe HyKJieOTHA- 
Hbix nap b nepBbix A®yx noJioaceHHax KOAOHa BcerAa 
nponcxoAHT no KäHOHHnecKHM npaBHJiaM, OAHaKO b Tpe¬ 
TbeM nojioaceHHH bo3moxcho HecTporoe cooTBeTCTBne 
B HTore OAHa aMHHoaijHji-TPHK MoaceT y3HaBaTb ôojiee 
OAHoro KOAOHa. KpoMe Toro, Ha KOAOH-aHTHKOAOHOBbie 
B3aHMOACHCTBHH MOľyT BJIHaTb MOAH(J)HIJHpOBaHHbie 
HyKjieoTHAHbie ocHOBaHHa, npncyTCTByioiAHe b tPHK He- 
nocpeACTBeHHO b aHTHKOAOHe jihôo paAOM c hhm. 

TeHAeHiina k cxoACTBy koaohob jyift aMHHOKHCJIOT oa- 
Horo Tnna CHHacaeT 3(})(})eKT MyraijHH. Tlpn onncaHHOH op- 
raHH3aiiHH KOAa cjiynaHHO B03HHKinaa 3aMeHa ocHOBaHra b 
,I1,HK c ôojibineH BepoaTHOCTbio npnBeAeT k 3aMeHe Ha cxo- 
)Kyio no CBOHCTBaM aMHHOKHCJiOTy b ôejiKe (hjih xce 3aMeHbi 
He npoH30HAeT BOBce). K npHMepy, 3aMeHa TpHmieTa CUC 
Ha TpHimeT CUG He 0Ka3biBaeT HHKaKoro BJiraHHa Ha noc- 
jieAOBaTeabHocTb aMHHOKHCJIOT 6 eaKa, TaK KaK 06 a KOAOHa 
COOTBeTCTByiOT aMHHOKHCJiOTe jieHUHHy. A 3aMeHa CUU Ha 
AUU npHBOAHT k 3aMemeHHio JieniiHHa oneHb noxoxcHM Ha 
HerO H30JieHIlHH0M. 

Ha pmc. 9.2 noKa 3 aHa 3 aBHCHMOCTb MexcAy hhcjiom 

KOAOHOB AJIH KaXCAOH aMHHOKHCJIOTbl H HaCTOTOH BCTpe- 

naeMOCTH a^hhoh aMHHOKHCJIOTbl b ôejiKax (E. colí). 
Bhaho, hto MexcAy sthmh AByMa napaMeTpaMH Haôjno- 
AaeTca AOCTaTOHHO cjiaôaa Koppejiai^Ha. Bo3HHKaeT 
omymeHHe, hto opraHH3auna reHeranecKoro koa ä He 
OnTHMH3Hp*OBaHa. 

Tpn KOAOHa (UAA, UAG h UGA) He KOAHpyiOT aMHHO- 
KHCJIOTbl, a BbI3bIBaiOT OCTaHOBKy CHHTe3a ÔeJIKa — TepMH- 
HaiiHio. Oahh H3 3thx koaohob (UAA) aBJíaeTca Hanôojiee 
nacTbiM CTon-KOAOHOM npn CHHTe3e ôejiKOB. 

YHHBepcajieH jih reHeTHnecKHH koa A-^b Bcex opra- 

HH3MOB? 

npH cpaBHeHHH nocjieAOBaTejibHOCTen flHK c coot- 

BeTCTByiOIIJiHMH ÔeJIKOBbIMH nOCJieAOBaTCJIbHOCTaMH OKa- 
3ajiocb, hto bo Bcex ôaKTepnajibHbix h ayKapHOTHnecKHx 
reHOMax Hcnojib3yiOTca oahh h Te xce 3HaneHHa koaohob. 
B pe3yjibTaTe mPHK OAHoro BHAa MoaceT 6biTb npaBHjibHO 
npoHHTaHa in vivo hjih in vitro 6ejioK-CHHTe3HpyioiiJiHM an- 
napaTOM Apyroro BHAa, a koaohh, Hcnojib3yeMbie b mPHK 
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KaXiAOM aMMHOKMCJlOTe COOTBeTCTByeT OT 1 flO 6 KOflOHOB 
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HmC/ 10 COOTBeTCTByK)lAMX aMMHOKMCnOTe KOAOHOB 


PMC. 9.2 HMCAO KOflOHOB flAA Ka>KflOM aMMHOKMCAOTbl He OČHapyiKM- 
BaeT TeCHOÍÍ CBA3M C HaCTOTOÍÍ MCn0Ab30B3HMB flaHHOÍÍ aMMHOKMCJlO¬ 
Tbl b 6e/iKax 


OflHOTO BHfla, HMeiOT eflHHblH CMblCJI flJW pHÔOCOM H tPHK 
flpyTHX BHflOB. 

YHHBepcajibHOCTb KOfla CBHfleTejibCTByeT o tom, hto b 
npoijecce sbojhoijhh oh cjioxchjicii oneHb paHO. Bo 3 moxc- 
ho, CHanajia koa cymecTBOBaji b hphmhthbhom BHfle, npn 
3TOM Majioe HHCJIO KOflOHOB 0603HanaJI0 CpaBHHTeJIbHO 
HeÔOJIbUIOe HHCJIO aMHHOKHCJIOT; OflHH KOflOH MO T COOT- 
BCTCTBOBaTb jnoôoMy HJieHy OflHOH rpynnbi aMHHOKHC- 
jiot. Bojiee tohhoc 3 HaneHHe koaohob h ôojibinee hhcjio 
aMHHOKHCJIOT motjih 6 biTb «BBefleHbi» no3>Ke. CHanajia 
fljia y3HaBaHHa Hcnojib30BajiHCb TOJibKo nepBbie flBa H3 
Tpex ocHOBaHHH b KOflOHe, pojib TpeTbero nojioxceHna 
onpeflejiHjiacb no3flHee. (CorjiacHO HeKOTopbiM MOfle- 
jihm, nepBOHanajibHO motjih cymecTBOBaTb HeKOTopbie 
CTepeoxHMHnecKHe B3aHMOfleHCTBHa Mexcfly aMHHOKHC- 
jiOTaMH h hx KOflOHaMH. 3aTeM, no Mepe pa3BHTna 6e- 
jiOK-CHHTe3HpyK}nj,eH chctcmh, noiiBHJiHCb ôojiee KOMn- 
jieKCHbie CHCTeMbi.) 

B HeKOTOpblH MOMeHT BpeMCHH KOfl 6 bIJI «3aMO- 
poxceH» b ero coBpeMeHHOM BHfle, nocKOJibKy jnoôbie 
H3MeHeHHa b yace cjioxcHBineHca chctcmc KOflHpoBa- 
HHfl npHBOflHJIH K KpHTHHeCKHM H3MCHCHHBÍM B ÔeJIKe, 
OÔyCJIOBJíeHHblM aMHHOKHCJIOTHOH 3aMeHOH. YHHBep- 
cajibHOCTb KOfla 03HanaeT, hto oh bo3hhk eifle y npn- 
MHTHBHblX KJieTOK, H3 KOTOpblX np0H30UIJIH BCe HbIHe 
xcHByiflHe opraHH3Mbi. 

PicKjnoHeHra H3 yHHBepcajibHOCTH reHeTHHecKoro KOfla 
oneHb peflKH. PÍ3 mchchhb naifle Bcero KacaiOTca cron-KOflO- 
hob. K npHMepy, y Mycoplasma koaoh UGA KOflHpyeT aMH- 
HOKHCJIOTy TpHnTO^aH; y HeKOTOpblX BHflOB peCHHHHblX 

Tetrahymena h Paramecium koaohh UAA h UAG ncnojib- 
3yiOTca fljia KOflHpoBaHHa rjiyraMHHa. CHCTeMaranecKne 
H3MCHeHHfl KOfla XapaKTepHbl TOJIbKO flJIfl MHTOXOHflpHaJIb- 
hoh JX HK (cm. pa 3 fl. 97 «PÍ 3 MeHeHra b yHHBepcajibHOM reHe- 
THnecKOM KOfle hodiť cnopaflHnecKHH xapaicrep»). 


KOflOH-aHTMKOflOHOBOe 
pacno3HaBaHne 
AonycKaeT HeoAH03Hamioe 
cnapMBaHMe 


KAioneBbie noHBTMB: 


• TpMruieTbi, KOflMpyioiflMe oflHy m Ty >Ke aMMHOKMCAOTy, nacTO 
pa 3 AMH 3 K)TCB TOJIbKO HyKJieOTMflHblM OCHOBaHMeM B TpeTbeíí 
n 03 MflMM. 

• Heo6íl3aTeAbHOCTb COOTBeTCTBMfl OCHOBaHMM B nepBOM 
nOAOJKeHMM aHTMKOflOHa M TpeTbeM nOAOJKeHMM KOflOHa 
BBABeTCB pe3yAbTaTOM OC060ÍÍ CTpyKTypbl aHTMKOflOHOBOÍÍ 
neTAM. 


OyHKíiHa tPHK b MexaHH3Me CHHTe3a ôejiKa 3aKjiKmeTca 

B TOM, HTOÔbl nOCJie aCCOIJHaiJHH C CaHTOM A pHÓOCOMbl 
y 3 HaTb Hy^KHbiH KOflOH Ha mPHK. B 3 aHMOfleHCTBHe Mexcfly 
KOflOHOM mPHK h aHTHKOflOHOM tPHK npoHCxoflHT nyreM 
KOMnjieMeHTapHoro cnapHBaHHa ocHOBaHHH, ho no npa- 
BHJiaM, KOTOpbie 3HaMHTeJIbHO OTJIHMaiOTCa OT KJiaCCHHeC- 
khx, onncbiBaioiflHx B 3 aHMOfleHCTBHe nap G-C n A-U npn 
CHHTe3e mPHK. 

npaBHJia B3aHMOfleHCTBHH MOKfly KOflOHOM H COOTBeTC- 
TByiOIflHM eMy aHTHKOflOHOM MOJKHO yCTaHOBHTb npH nOMO- 
nj,H TecTa Ha cneijH(})HHHOCTb CBa 3 biBaHra tPHK c 3apaHee 
H3BeCTHbIM TpHIIJieTOM HJIH IiyTCM HCn0JIb30BaHHfl tPHK b 
CHCTeMe ôejiKOBoro CHHTe3a in vitro. 

CTpyKTypa reHeranecKoro KOfla no3BOJiaer CflCJiaTb pafl 
BaaCHblX 3aKJIIOMeHHH O MexaHH3Me y3HäBäHHH KOflOHa. Ha 
pne. 9.3 npHBefleHbi npHMepbi BbipoxcfleHHOCTH TpeTbero 
ocHOBaHra: b ôojibuiHHCTBe cjiynaeB oho BOBce He pejieBaH- 
tho, jihôo 3HaneHHe HrpaeT jiHinb npHHaflJie^cHOCTb ocho- 
BaHra k nypHHaM hjih nHpHMHflHHaM. 

no npHHĽlHny KOflHpOBaHM OflHOH aMHHOKHCJIOTbl 
moxcho BbiflejíHTb BoceMb ceMeňcTB KOflOHOB. Bce neTbl- 
pe KOflOHa b KaxcflOM H3 ceMeňcTB coBnaflaiOT no nepBbiM 
flByM OCHOBaHHflM H KOflHpyiOT OflHy H Ty )Ke aMHHOKHCJIO- 
Ty. CjieflOBaTejibHO, fljia TaKHx ceMeňcTB TpeTbe ocHOBaHHe 
KaK 6bi He HrpaeT pojih b onpeflejieHHH CMbicjia KOflOHa. 
AHajiorHMHO onncaHHbiM ceMencTBaM cyiflecTByiOT ceMb 
nap KOflOHOB, CMblCJI KOTOpblX He 3aBHCHT OT TOTO, KaKOH 
H3 nHpHMHflHHOB npHCyTCTByeT B TpeTbeM nOJIOXCeHHH. 
KpoMe toto, HMeeTca eifle naTb nap koaohob, b KOTopbix 
jiioôoh H3 nypHHOB MOxceT HaxoflHTbca b TpeTbeM nojioxce- 
hhh, He H3Meraa npn stom cmhcji KOflOHa. 

H3BecTHO TOJIbKO TpH cjiynaa, Korfla ocHOBaHHe, Haxo- 
AflCb b TpeTbeM nojioxceHHH, npHflaeT yHHKajibHbíň cmhcji 
KO flOHy. AUG (KOflHpyeT mcthohhh), UGG (KOflHpyeT Tpnn- 
TOíJiaH) h UGA (cTon-KOflOH). TaKHM o6pa30M, ecjiH b Tpe¬ 
TbeM nojioxceHHH HaxoflaTca C hjih U, to koaoh He aBjmeTca 
yHHKajibHHM. AfleHHH b TpeTbeM noJioxceHHH He BCTpena- 
eTCa y KOflOHOB, COOTBeTCTByiOIflHX eflHHCTBeHHOH aMHHO- 
KHCJIOTe. 

CorjiacHO cyiflecTByioiflHM npaBHJiaM HanncaHKa noc- 
jieflOBaTejibHOCTeH HyioieHHOBbix khcjiot, nocjieflOBaTejib- 
HOCTb aHTHKOflOHa (KaK h Jiioôyio flpyryío nocjieflOBaTejib- 
HOCTb) Bcerfla 3anHCbiBaiOT b HanpaBJíeHHH ot 5'-KOHfla k 
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Tpeľbe ocHOBaHMe KOAOHa 
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PUC. 9.3 TpeTbe ocHOBaHMe KOflOHa HaMMeHee cymecTBeHHO aab ero 
cneuM(f)MHHOCTM. BbifleAeHHbie LjBeTOM paMKM noKa3biBaiOT rpynnbi 
KOAOHOB, MMeiOlAMX OflHO M TO >Ke 3HaHeHMe BC/ieflCTBHe BbipO>KAeH- 
HOCTM TpeTberO OCHOB3HMfl 


3'-KOHIjy. riOSTOMy, HeCMOTpfl Ha TO 4T0 aHTHKOAOH KOM- 
mieMeHTapeH Ko/jOHy h TpeTbe ocHOBaHMe KORom b33h- 
MOAeňcTByeT c nepBbiM ocHOBaHHeM aHTHKOAOHa, komôh- 
HäU.HIO 

KoflOH 5' ACG 3' 

Ahthkoaoh 3' UGC 5' 

OÔblHHO 3anHCbIBaiOT KaK KOflOH ACG/aHTHKOAOH CGU 

(BCJieflCTBue npaBHjia 3anHCH nocjieAOBaTejibHOCTeH aH- 

THKOflOH HanncaH KaK 6bi HaoôopoT, h HHTaTb ero Ha^o 
cnpaBa HajieBo). 

Bo môoKSiHm nyraHHijbi, Mbi ôyzjeM 3anHCbiBaTb Bce 
nocjie/íOBaTejibHOCTH KaK oôhhho, b HanpaBJíeHHH ot 5' k 
3 ', ho npn stom noc^e/jOBaTejibHOCTb aHTHKOAOHa ôy^CM 
o6o3HanaTb CTpejiKOH, HanpaBJíeHHOH b oôpaTHyio CTopo- 
Hy Oyrn HanoMHHaHHa 06 HMeiomeHca B3aHMOCB5i3H c ko- 
AOhom). TaK, paccMOTpeHH aa Bbi rne napa koaoh / aHTHKOAOH 
óyqeT 3anHcaHa KaK ACG h CGU cooTBeTCTBeHHO. 


Cynj,ecTByeT jih jym Kax<Aoro KOflOHa cboh tPHK c noji- 
HOCTbK) KOMnjieMeHTapHbIM aHTHKOAOHOM? IÍJIU ORH2L tPHK 
moxcct B3aHMOAeHCTBOBaTb co BceMH (hjih, no KpaHHen 
Mepe, c HecKOJibKHMH) npeflCTaBHTeAaMH KOAOHOBoro ce- 
MeHCTBa? 

noKa3aHO, hto OAHa tPHK moxcct y3HaBaTb ôojiee oaho- 
ro KOAOHa. CjieAOBaTejibHO, ocHOBaHMe b nepBOM nojioxce- 
HHH aHTHKOAOHa AOJDKHO OÔJiaAaTb CnOCOÔHOCTbK) o6pa- 
30BbIBaTb napy C HeCKOJIbKHMH pa3JIHHHbIMH OCHOBaHHHMH, 
HaXOA^IAHMHCa B TpeTbeM nOJIOXCCHHH COOTBCTCTByiOmHX 

koaohob. KaK yxce 6buio cKa3aHO, B3aHMOAeňcTBHe ocho- 
BaHHH b nepBOM nojioxceHHH aHTHKOAOHa He orpaHHneHO 
o6pa30BaHHeM KaHOHHnecKHx nap G-C h A-U. 

npaBHjia, onncbiBaioiAHe KOAOH-aHTHKOAOHOBbie B3a- 
HMOACHCTBHa, CyMMHpOBaHbl B rifflOTe3e HeOAHOSHa 1 !- 
Horo cnapHBaHHA (rmioTe3a Ka^ejieH, wobble hy- 
pothesis). 3Ta ranoTe3a rjiacrn, hto oôpa30BaHHe napbi 
KOAOH-aHTHKOAOH b A®yx nepBbix nojioxceHHax KOAOHa 
BcerAa npoHcxoAHT no KaHOHHnecKHM npaBHJiaM, ho 
b TpeTbeM nojioxceHHH bo3mo>kho «KOJie6aHHe>> (HeoA- 
H03HanHoe cnapHBaHHe, hjih BOÔJiHHr). OÔMCHaeTca sto 
T eM, HTO KOH(})OpMaUHa aHTHKOAOHOBOH neTJIH tPHK AO- 
nycKaeT 3HanHTejibHyio noABHXCHOCTb nepBoro ocHOBaHHa 
aHTHKOAOHa. Ha P MC. 9.4 npHBeACH npHMep oôpa30BaHHa 


OopMMpoBaHne napbi G-U b TpeTbeM no/ioweHMH KOflOHa 
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PMC. 9.4 06pa3OBaHMe napbi G-U Me>KAy TpeTbMM ocHOBaHneM ko- 
AOHa m nepBbiM ocHOBaHneM aHTHKOAOHa cor/iacHO rMnoTe3e HeoA- 
H03H3HH0r0 COOTBeTCTBMfl 
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PMC. 9.5 BTpeTbeíí no3MUnn KOflOH-amHKOflOHOBoŕí napbi bo3mo>k- 
ho HeoflH03HaHHoe cnapMBaHMe 


napbi G-U b AonojiHeHHe k oôbiMHbiM B3aHMOAeHCTBH5iM. 
B03HHKaeT HOBaa MOACJIb B3aHMOACHCTBH5I, B KOTOpOH A 

ôojibine He HMeeT OAH03HanHoro cootbctctbhb (TaK KaK U, 
oôbiMHO KOMiuieMeHTapHbiH a^eHHHy, AOJixceH y3HaBaTb h 
G), no aHa^oraH, C TaioKe He HMeeT o/jH03HaHHoro coot- 
BeTCTBHa (TaK KaK OÔblHHO KOMnJieMeHTapHblH 4HT03HHy 
ryaHHH rojuk£h y 3 HaBaTb enj,e h U). Ha P M c. 9.5 npHBefle- 
Hbl B03M0)KHbie BapHaHTbl B3aHMOACHCTBHÍI. 

Hcxoaa H3 BbimecKa3aHHoro moxcho c/^ejiaTb bmboa, 
HTO 0flH03HaHH0e y3HaBaHHe KOAOHa B03M0XCH0, TOJIbKO 
ecjiH b TpeTbeM nojioxceHHH ctoht G hjih U. Oamko h 
sto npaBHjio Hcnojib3yeTca He nacm npHMepaMH TaKHx 
koaohob Moryr c^y^HTb UGG h AUG, oflHaKo aHajiorHH- 
Hbix ko/johob c TpeTbHM U He cymecTByeT. (G-U napbi 
Booôme CBOHCTBeHHbi rjisí AByxijenoHeHHbix PHK, OAHa- 
ko AJia cjiynaa KOAOH-aHTHKOAOHOBoro B3aHMOAeHCTBHa, 

KOTOpoe (j)HKCHpyeTCa TOJIbKO CnapHBaHHeM OCHOBaHHH, 
(J)OpMHpOBäHHe CTaÔHJIbHblX B3aHMOACHCTBHH OCOÔeH- 

ho aKTyajibHO, h G-U napbi Moryr BHOCHTb BKjiaA b sto 
(J)O pMHpOBaHHe, JIHIIIb HaXOA^Cb B nOCJieAHeH n03HIJHH 
KOAOHa.) 


EQ tPHK o6pa3yeTC« 

M3 fl/iMHHoro npefliuecTBeHHMKa 


KniOHeBbie noHATHB; 


• 3pejiaa tPHK o6pa3yeTca b pe3y/ibTaTe npoueccMHra 
npeAiuecTBeHHMKa. 

• 5'-KOHeu 3pe/ioií tPHK o6pa3yeTca b pe3y/ibTaTe 
pacmen^eHMB MOJieKy/ibi-npeAiuecTBeHHMKa 3HAOHyKJiea30Íí — 
PHKa30Íí P. 

• 3'-KOHeA o6pa3yeTCB b pe3y/ibTaTe pacmen/ieHMa, KOTopoe 
c/ieAyeT 3a yAa/ieHMeM HecKO/ibKMx nocneAHMx ocHOBaHMM m 
A o6aB^eHMeM o6mero a/ia ecex tPHK TepMMHa/ibHoro Tpun/ieTa 
CCA. 

KaK npaBHJio, tPHK CHHTe3HpyeTca b bhac npeAinecTBeH- 
HHKa, HMeiomero no KpaaM AonojiHHTejibHbie nocJieAOBa- 
TejibHOCTH. Ha pmc. 9.6 noKa3aHO, KaK «H36biTOHHbie» noc- 
jieAOBaTejibHOCTH yAajunoTca KOMÔHHaijHeH (J)epMeHTOB 
c 3K30- h 3HAOHyKJiea3HbiMH aKTHBHOCTaMH. 06maa RJín 


Bcex 3pejibix tPHK 3'-KOHijeBa5i nocjieAOBaTejibHOCTb CCA 
He KOAHpyeTca tchomom, a AOÔaBJíaeTca k CTpyKType tPHK 
b pe3yjibTaTe npoqeccHHra. 

5'-KOHeu tPHK (fopMHpyeTca nocjie OTmeruieHra «H3- 
jihuikob» npn ynacTHH (})epMeHTa — pHÔOHyioiea3bi P. 

OepMeHTbi, ocyiAecTBJíaioiAHe npoijeccHHr 3'-KOHu,a 
tPHK, Jiynme Bcero oxapaKTepH30BaHbi y E. coli. 3hao- 
Hyioiea3bi 3anycKaiOT npoijeccHHr MOJieKyjibi-npeAinec- 
TBeHHHKa, a 3aTeM 3K30Hyioiea3bi OTmemunoT H36biTon- 
Hbie KOHueBbie HymieoTHAbi no HanpaBJíeHHio ot 3'- k 
5'-Komjy. Y syKapnoT b stot npoijecc BOBjíeneHO He- 
CKOJibKO (J)epMeHTOB. B pe3yjibTaTe hx paôoTbi o6pa3y- 
eTca MOJieKyjia tPHK, k 3'-KOHijy KOTopon Ha 3aBepma- 
K)nj,eM 3Tane npoijeccHHra AOJixcHa 6biTb npHcoeAHHeHa 
nocjieAOBaTejibHOCTb CCA. 

KoHijeBafl nocjieAOBaTejibHOCTb CCA He KOAHpyeT- 
ca reHaMH tPHK, ee AOÔaBJíeHHe aBjmeTca pe3yjibTaTOM 
cneuHajibHoro (J)epMeHTaTHBHoro npoqecca. CneijH- 
(J)HMHOCTb npHeoeAHHeHHa CCA onpeAejiaeTca ôejiKOM, 


06a KOHAa tPHK (JjopMMpyiOTCfl b pe3y/ibTaTe npoueccMHra 



PMC. 9.6 3'-KOHeA tPHK o6pa3yeTca b pe3y/ibTaTe OTmen/ieHMa M3- 
6biTOHHbix KomjeBbix hykjibotmaob m noc/ieAytomero Ao6aB/ieHHfl 
nocjieAOBaTe/ibHOCTM CCA; 5'-KOHeA o6pa3yeTCfl b pe3y/ibTaTe ot- 
men/ieHMB kohacbom noc/ieAOBaTe/ibHOCTM 
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AOÓaBJunomHM 3 th Tpn HymieoraAa k jiioôoh nocjieAO- 
BaiejibHOCTH tPHK, rAe OHa OTcyTCTByeT. CymecTByeT 
HecKOJibKo BapnaHTOB 3Toro npoijecca, OTjmnaiomHxai 
y pa3Hbix opraHH3MOB. 

y HeKOTopbix opraHH3MOB npHCoeAHHeHHe TepMH- 
HajibHOH nocjieAOBaTejibHOCTH CCA KaTajiH3HpyeTC5i o/j- 

HHM eflHHCTBCHHblM (J)epMCHTOM. EÍO OflHOH H3 BepCHH 
3 tot (fepMeHT CB5i3biBaeT 3'-KOHeq tPHK h noonepeAHO 
AOÔaBJíaeT k HeMy HyKjieoraAbi C, C h A. CneijH(})HHHOCTb 
KaacAOH CTa^HH onpeAeji^eTc^ CTpyKTypon 3'-Komja mo- 
jieKyjibi tPHK. flpyraa MOfleJib npeAnoJiaraeT, mto (J)ep- 
MeHT HMeeT pa3Hbie aKTHBHbie canTbi CB5i3biBaHH5i /yifl 
Ľ(HT03HHTpH(j)OC(j)äTä (U.TO) H aACH03HHTpH(})0C({)aTa 

(ATO). 

B flpyrHx opraHH3Max 3a AOÔaBjíeHHe C h A — HyKJieo- 
THAHblX OCTaTKOB OTBCMaiOT pa3Hbie t{)epMeHTbI, KOTOpbie 
AeňcTByioT nocjieAOBaTejibHO. 

B cjiynae oiiihôok npoijeccHHra tPHK aKTHBHpyeTCíi 
«CHCTCMa kohtpojiä KanecTBa*, 3anycKaioma5i npouecc jxt - 
rpaflau.HH ôpaKOBaHHOH MOJieicyjibi. 3 to HCKJnonaeT 6 jio- 
KHpoBKy annapaTa ôejiKOBoro CHHTe3ä HecjjyHKíjHOHajib- 
hhmh tPHK. 


9.5 


tPHK coAepMMT 

MOflM(J)MUMpOBaHHbie 

OCHOBaHMfl 


KniOHeBbie noHBTMB: 


• tPHK coflep>KMT 6o/iee 50 MOAM^MUnpoBaHHbix ocHOBaHníí. 

• MoAM(J)MKauMfl oóbiHHO npeACTaB/iBeT coóoŕí M 3 MeHemie 
ncxoAHbix HyK/ieoTMAOB tPHK, oah3ko b HeKOTopbix aiynaflx 
3 aK/iK)HaeTCB b 3 aMeHe oahmx ocHOBaHMÍí Ha Apyrwe. 


OflHa H3 xapaKTepHbix ocoôeHHOCTen TpaHcnopT- 
hhx PHK, oTJiHnaiomafl hx ot flpyrax HyioieHHOBbix khc- 
JIOT, — 3TO HaJIHHHe B COCTaBe MOJieKyJIbl «Heo6bIHHbIX» 
ocHOBaHHH. HeoôbiMHbiM flBjmeTCfl Jiioôoe nypHHOBoe hjih 
nHpHMHAHHOBOe OCHOBaHHe, OTJIHHHOe OT A, G, C HJIH U, 
H3 KOTopbix H3HanajibHO CHHTe3HpyioTCÄ Bce PHK. Bce 
HecraH/japTHbie ocHOBaHHH o6pa3yiOTC5i b pe3yjibTaTe mo- 
AH^)HKau,HH oahoto H3 neTbipex BbimeHa3BaHHbix ocho- 
BaHHH (ho yxce nocjie toto, KaK ocHOBaHHe óyzjeT BKjnone- 
HO b PHK). 

Bce Kjiaccbi PHK AeMOHcrpHpyiOT HeKOTopyio cre- 
neHb MOAH(})HKaiíHH OCHOBaHHH, HO BO BCeX CJiynaflX, 
KpOMe tPHK, 3TH MOAH(J)HKaiJHH CBOA^TCÄ K npOCTbIM 

peaKu,™M (TaKHM, KaK MeTHjinpoBaHHe ocHOBaHHH). B 
cjiynae xce c tPHK moxcho yBHAeTb pa3Hoo6pa3Hbie mo- 

AH(J)HKaiíHH, HaHHHa^ OT npOCTOTO MeTHJIHpOBaHHfl H 
AO KpynHOMacuiTaÔHbix nepecTpoeK nypHHOBbix KOJieij. 
MoflH(})HKaiíHH 3aTparHBaioT Bce nac™ MOJieicyjibi tPHK. 
OnncaHO ôojiee 50 pa3JiHHHbix MOAncjjHijHpoBaHHbix 
ocHOBaHHH, BcrpenaiomHxoi b tPHK. 

Ha P M C. 9.7 H3o6paxceHbi HeKOTopbie H3 HaHÔojiee 
HacTo BCTpenaiomHxai b tPHK MOAncjjHijHpoBaHHbix 


OCHOBaHHH. Mo/JH(|)HKaiJHH IIHpHMHAHHOB (C H U) Me- 
Hee cjioxcHbi, neM H3MeHeHHa crpyKTypbi nypHHOB (A h 
G). KpoMe MOAH(J)HKaiAHH, 3aTparHBaK)nj,Hx CTpyKTypy 
caMoro a30THCToro ocHOBaHHH, moxcho oÔHapyxcHTb 
H3MeHeHHB, CB5I3aHHbie C MeTHJIHpOBaHHeM pHÔ03H0r0 
KOJibua b 2'-0 nojioxceHHH. 

HaHÔojiee nacro BcrpenaioTai MOAH(j)HKaijHH ypn- 
AHHa. MeTHjiHpoBaHHe b iiatom nojioxceHHH KOJibua 
npHBOAHT k noflBjíeHHio pHÔOTHMHAHHa (T). Taxoe xce 
ocHOBaHHe oÔHapyxcHBaeTCB h b flHK, ho ecjiH b J \ HK 

THMH/JHH COeAHHeH C AC30KCHpH6030H, TO B CJtyHae 

tPHK oh CBíi3aH c pHÓ030H. npncyTCTBHe b PHK thmh- 
Ha ^BJi^eTCH HeoôbiHHbiM /yifl AaHHoro THna MOJieKyji. 

flHTHApoypHAHH (D) o6pa3yeTOi b pe3yjibTaTe Ha- 
CbimeHHfl abohhoh CB^3H, HSMeHHioiij.eH CTpyKTypy 
KOJibija. B nceBAoypHAHHe (xp) aTOMbi N h C mchhiot- 
cn MecTaMH (cm. pne. 26.40). B 4-THoypHAHHe Ha Mecre 
aTOMa KHCJiopo^a HaxoAHTc^ aTOM cepbi. 

Hho3hh — Hyioieo3HA, KOTopbiH oôbiHHO oÔHapyxcH- 
BaeTCH b KjieTKe b Ka^ecTBe npoMexcyTOHHoro npoAyKTa 
npn 6nocHHTe3e nypHHOB. TeM He MeHee oh He bkjiio- 
naeTCÄ HenocpeACTBeHHO b PHK, ho npeBpanj,eHHe A b I 
Heoôxo/jHMO aj m ee (J)opMHpoBaHHB. Apyrne moru^ukz- 
4HH A BKJIIOHaiOT npHCOeAHHCHHe pa3JIHHHbIX CJIOXCHblX 

rpynn. 

npn MOAH(J)HKaiAHH G o6pa3yiOTCÄ ABe cjioxcHbie ce- 
PHH HyKJieOTHAOB. OCHOBaHHfl Q-THna, TaKHe KaK KBe- 
yo3HH, coAepxcaT AonojiHHTejibHoe neHT03Hoe KOJibuo, 
npHeoeAHHeHHoe c noMonj,bio NH-cbä3h k MerajibHOH 
rpynne 7'-MeTHJiryaH03HHa. neHT03Hoe KOJibuo, b cboio 
onepeAb, moxcct coAepxcaTb pa3JiHHHbie AonojiHHTejib- 
Hbie rpynnbi. OcHOBaHHH Y-rana, TaKHe KaK bho3hh, 
coAepxcaT AonojiHHTejibHoe KOJibuo, cjíHToe BoeAHHO 
c nypHHOBbiM KOJibuoM. 3 to BHeuiHee KOJibuo HeceT 
AJiHHHyio yrjiepoAHyio uenb, k kotopoh MoryT 6biTb 
npHCoeAHHeHbi pa3JiHHHbie AonojiHHTejibHbie rpynnbi. 

PeaKUHÄ MOAH(J)HKaiAHH OÓblHHO 3aKJIKmeTC5I B H3- 

MeHeHHH (hjih AoéaBJíeHHH) onpeAeJieHHOH rpynnbi k 
ocHOBaHMM, yxce BKjHoneHHbiM b cocTaB tPHK. Hckjiio- 
HeHHeM ÄBJI^eTCÄ CHHTe3 OCHOBaHHH Q-THna, RJin KO- 
Topbix 6bui oÔHapyxceH (JiepMeHT, cnocoÔHbin oÔMeHH- 
BaTb CBOĎOAHbiH KBeyo3HH Ha ocTaTOK ryaHHHa b tPHK. 
PeaKijHB coctoht H3 pa3pbiBa h nocjieAyioiAero BoccTa- 
HOBjíeHH^ CBíi3eH no o6e CTopoHbi ot HyKjieo3HAa. 

MOAH(})HUHpOBaHHbie HyKJie03HAbI CHHTe3HpyiOTCÄ 
c noMOiAbio ocoôbix PHK-MOAHC^HqHpyioiAHx (})epMeH- 
tob. Hyioieo3HA, H3HanaJibHO npncyTCTByiomHH b Kaxc- 
AOM nojioxceHHH tPHK, MOxceT 6biTb HAeHTH^HqHpoBaH 
nyTeM cpaBHeHH^ nocjieAOBaTejibHOCTH tPHK h koah- 
pyiomero ee reHa hjih (hto ôojiee TpyAoeMKo) nyTeM 
BbmejieHHfl MOJieKyji-npeAinecTBeHHHKOB tPHK, He noA- 
BepraiHxoi MOAH(J)HKaiAHÄM. C noMOiAbio nocjieAHero 
noAxoAa 6buio noKa3aHO, hto pa3JiHMHbie MOAH(J)HKa- 
Uhh bhochtcä b tPHK Ha pa3Hbix CTaAH^x ee o6pa30Ba- 
hhíi H3 npeAinecTBeHHHKa. 

P^A MOAH(J)HUHpOBaHHbIX OCHOBaHHH npHcyTCTByeT 
bo Bcex MOJieKyjiax tPHK — HanpHMep, D-ocTaTOK, a^b- 
iiihh Ha3BaHHe D-neTjie, h xp, HaxoAaiAHHC^ b Tip U — 
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PMC. 9.7 Jlioóoe M3 netbipex ochob3hmm tPHK NioweT óbitb MOAM(()MUMpoBaHO 


noc^eAOBaTe^bHOCTH. C 3'-K0Hija aHTHKOAOHa Bcer^a 
HaxoAHTca MO,aH(J)HUHpoBaHHbiH nypHH, xota xapaKTep 
3T0H MOAH(J)HKaUHH MO^CCT BapbHpOBaTb B IIIHpOKHX 
npeAejiax. 

^pyrne MOAH(J)HKauHH cneijH(j)HMHbi rjir onpeAe- 
neHHbix tPHK hjih rpynn tPHK. Hanpniviep, npncyTC- 
TBHe BH03HHa xapaKTepHO rjir TPHK Phe , BbmejmeMOH h3 

ÓaKTepHH, ApO^OKeH H MJieKOnHTaiOmHX. 

MHoroMHC^eHHbie TPHK-MOAncjwijHpyiomHe (J)ep- 
MCHTbi (~60 pa3JiHMHbix óejiKOB y Apo^OKeň) niHpoKO 
BapbnpyioT no CBoen cneijH(j)HMHOCTH. B oahhx cjiyna- 
ax c{)epMeHTbi MoryT onpeAejieHHbiM o6pa30M moahcJ)h- 
IjnpOBaTb OCHOBaHHfl TOJIbKO B OAHOM nOJIOaceHHH. B 
Apyrnx (J)epMeHTbi MoryT MOAH(j)HijHpoBaTb ocHOBaHna, 
HaxoAflmneca b HCCKOJibKnx pa3Hbix nojioaceHnax. He- 
KOTopbie (J)epMeHTbi KaTajiH3npyioT CTporo onpeAejieH- 
Hbie peaKijnn c HHflHBHflyajibHbiMH tPHK; flpyrne oójia- 
AaiOT ninpoKOH cyócrpaTHOH cneijH(j)HMHOCTbK). KaKHM 
o6pa30M TPHK-MOAH^HunpyiomHe (J)epMeHTbi y3HaiOT 
cboh cyócTpa™, Hen3BecTH0. Bo3mo)kho, y3HaBaHne 
oóecnenHBaeTca crpyKTypHbiMH ocoóeHHOCTAMH MOJie- 
Kyjibi tPHK b panoHe cannra MOAH(j)HKaijHH. HeKOTopbie 
MOAH(j)HKaijHH TpeóyiOT /ym CBoero ocymecTBjíeHra 
ynaCTHfl HCCKOJIbKHX (J)epMeHTOB. 


9.6 


MOAM(|)M4MpOBaHHbie 
OCHOBaHMfl BJIMflIOT 
Ha KOAOH-aHTMKOAOHOBbie 
B3aMM0AeMCTBMH 


KnioHeBbie íiohhtmh: 


• MOAH(()MKaUMM HyKAeOTMAOB aHTMKOflOHa BJ1M5U0T Ha 
Haóop BOÓAkipyiOLAMx ochob3hmm, TeM caMbiM onpeAeAHH 
cneuMtjDMHHOCTb tPHK. 


Hanóojiee omyraMbiH 3(jxj)eKT Ha CBOHCTBa tPHK 0Ka3bi- 
BaiOT MOAH(J)HKaUHH OCHOBaHHH aHTHKO^OHa, MTO MO^CeT 

BecTH flaace k H3MeHeHHio 3HaneHHa tPHK 3a cneT Bjmmm 
m cnocoÓHOCTb aHTHKOAOHa B3anM0AeHCTB0BaTb c koao- 
hom. MoAH(j)HKaijHH b ynacTKax MO^eKy^bi tPHK, pacno- 
^o^ceHHbix no coce^CTBy c aHTHKOAOHOM, Tanúce b^hhiot 
H a ero B3aHM0AencTBne c koaohom. 

ECJIH OCHOBaHHa aHTHKOflOHa M0AH(J)H4Hp0BaHbI, TO 
B03M0^cHbie BapnaHTbi B3anM0AeHCTBna y)Ke He orpaHH- 
MHBaiOTCa HeTbipbMfl CTaHflapTHbIMH OCHOBaHHaMH (A, G 
h U, C), o6pa3yK)iu;HMH KOMn^eMeHTapHbie n BOÓJinpyio- 
uijHe napbi. Ha pmc. 9.8 noKa3aHbi BapnaHTbi B3anM0AeHC- 
TBHfl HH03HHa (I), MacTo npncyTCTByioiiiiero b nepBOM 
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PMC. 9.8 Mho3mh MO>KeT oópa30BbiBaTb napbi c U, C m A 


P M C. 9.9 B pe3yjibTaie moahíJdm Kalinu 2-TMoypMAMH TepaeT cnoco6- 
HOCTb 0Ópa30BblBaTb CBA3M C G M MO>KeT (jDOpMMpOB3Tb MX TOJlbKO C A 


nOJIOXCeHHH aHTHKOAOHa, C TpeMfl OCHOBaHHflMH — U, 

Ch A. 

3TO OCOÓeHHO Ba^CHO AJIfl H30JieHIJHH0BbIX koaohob, 
r^e AUA KO^HpyeT H30JieHijHH, b to Bpeivw KaK AUG koah- 
pyeT MeTHOHHH. Kor#a A Haxo^HTca b TpeTbeM nojioaceHHH 
KOflOHa, npn nOMOIUjH OÓblHHblX OCHOBaHHH HCB03M0XCH0 

oôpa30BaTb 0,aH03HaHHyK) napy, TaK KaK jnoóaa tPHK ,aaH- 
hoh rpynnbi koaohob, y KOTopon b nepBOM nojioaceHHH aH- 
THKOAOHa HaxoAHTca U, óy^eT BOcnpnHHMaTb AUG h AUA 
KaK paBH03HanHbie. O^HaKo b cootbctctbhh c reHeranec- 
khm koaom TpnruieT AUA aojdkch MHTaTbca TaK ace, TOJibKO 
KaK AUU h AUC. 3to bo3moxcho ÓJiaroflapa cymecTBOBaHHio 
H30JienijHH0Bbix tPHK, coAepacamnx hho3hh b nepBOM no- 
JICOKeHHH aHTHKOAOHa. 

B AencTBHTejibHOCTH, HeKOTopbie K/iaccnnecKHe Bapn- 
aHra nap HMKor^a He BCTpenaiOTca npn KOAOH-aHTHKOflO- 
HOBOM B3aHMOAeHCTBHH B CK/ty TOTO, MTO OTfleJIbHbie OCHO- 
BäHHa Bcer^a MOAH(j)HijHpoBaHbi. TaK, b nepBOM nojioaceHHH 
aHTHKOAOHa HMKor^a He oÓHapy)KHBaeTca A, nocKOJibKy 
oôbiHHO oh npeBpanijaeTca b I. B óojibinnHCTBe cjiynaeB U 
b nepBOM nojioaceHHH aHTHKOAOHa npeBpamaeTca b moah- 
(J)HI^HpOBaHHyiO (J)OpMy C H3MeHeHHOH CnOCOÓHOCTbK) K 
o6pa30BaHHio nap. 

B pe3yjibTaTe HeKOTopbix MOflH(j)HKauHH B03HHKa- 
k)t ocHOBaHHfl, Taoce BjiHmomne Ha H3ónpaTejibHOCTb 
y3HaBaHná koaohob. Ahthkoaohm, Hecymne b nepBOM 
no^oxceHHH ypHflHH-5-OKcnyKcycHyio KHCJiOTy nnn 5 - 
MeTOKCHypHAHH, 3(J)(J)eKTHBHO y3HaiOT A H G B TpeTb¬ 
eM nojioaceHHH Ko^OHa h MeHee 3(J)(J)eKTHBHO y3HaiOT 


U. flpyroH npnMep HeoAH03HanHoro cnapnBaHHa (ho c 
cymecTBOBaHneM 6ojiee npeAnonTHTenbHoro Bapnama) 
oÓHapy^KHBaeTcn b pa^y KBeyo3HHa h ero npon3BOAHbix. 
3 tot MOAH(J)H4HpoBaHHbiH ryaHHH coxpaHaeT cnocoó- 
HOCTb y3HaBaTb KaK C TaK h U, ho npeAnonTHTenbHO B3a- 
HMOAeHCTByeT c U. 

OrpaHHMeHne o6pa30BaHna CTaH,aapTHbix nap bo3- 
MO^CHO npH HaJIHMHH B aHTHKOAOHe 2-THoypnAHHa. 
Ha phc. 9.9 noKa3aHO, mto 3Ta MOAH(J}HKauna He HapymaeT 
cnocoÓHOCTH THMHHa o6pa30BbmaTb napy c A, ho 3anpe- 
ui;aeT ero B3anMOAeHCTBne npH BOÓJiHHr-cnapnBaHHH c G. 

PaCCMOTpeHHe pa3JIHHHbIX BapnaHTOB KOAOH-aHTH- 
KOAOHOBblX B3aHMOAeHCTBHH n03B0JIfleT CAeJiaTb BbIBOA o 
tom, mto cym,ecTByeT HecKOJibKO cnocoóoB rjih. C03AaHna 
Haóopa MOJieKyn tPHK, cnocoÓHbix y3HaBaTb 61 CMbicjio- 
BOH KOAOH. B JIIOÓOM KOHKpeTHOM OpraHH3Me HH OAHH 
H3 cnocoóoB He HMeeT npeHMym,ecTB, xoth oTcyTCTBne 
onpeAejieHHoro nyro MOAncj)HKaijHH mo^cct noMemaTb 
Hcnojib30BaHHio HeKOTopbix cnocoóoB y3HaBaHna. TaKHM 
o6pa30M, b pa3Hbix opraHH3Max oaho h to ace ceMeHCTBO 
KOAOHOB MOHceT «CMHTbIBaTbC5I» pa3HbIMH tPHK. 

B KjieTKe nacTO npncyrcTByiOT tPHK, MbH cnocoÓHOCTH 
k y3HaBaHHio koaohob nepeKpbmaiOTcn. Bc^eACTBne 3Toro 
onpefleJieHHbiH kojxoh mo^cct 6biTb nponnTaH 6ojiee neM 
oahoh tPHK. npn stom bo3moxchh pa3Jimm b 3(J)(J)eKTHB- 
HOCTH CB5I3bIBaHHH KO^OHOB. (KaK npaBHnO, KOAOHbl, BCTpe- 
naiouiiHeca nanije, MHTaiOTca 6ojiee 3(J)(J)eKTHBHO.) C flpyroH 
CTOpOHbi, b cocTaBe nojiHoro Haóopa tPHK (HeoóxoAHMoro 
pjm CMHTbmaHHa Bcex koaohob) npncyTCTByeT mho^ccctbo 
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MOJieKyjI, CnOCOÓHblX B3aHMOACHCTBOBaTb C HeCKOJIbKHMH 
pa3HbIMH KOAOHaMH. 

noMTH j\jin Bcex tPHK npeACKa3aHHa rnnoTe3bi He- 
OAH03HaMHoro cnapHBaHHA xoporno comacyiOTCfl c hm e- 
lOuijHMHca AäHHbiMH. Ho cymecTByeT p aa hckjhomchhh, 
npn KOTOpblX KOAOH-aHTHKOAOHOBOe B3aHMOAeHCTBHe 
onncbiBaeTca MexaHH3MaMH, He npeAycMOTpeHHbiMH 
npaBHjiaMH rHnoTe3bi. BepoaTHO, sth 3(jxj)eKTbi o6yc- 

JIOBJíeHbl BJIHflHHCM COCCAHHX OCHOBaHHH H/HJIH KOH- 
(J)OpMaĽI,HOHHbIMH H3MeHeHHflMH B aHTHKOAOHOBOH neT- 

jie. fleHCTBHTejibHO, caMa HAea, sajioaceHHaa b rnnoTe3y 
HeoAH03HaHHoro cooTBCTCTBHa, nocTyjinpyeT BaacHOCTb 
CTpyKTypbl aHTHKOAOHOBOH neTJIH. nOATBepTOCHHeM 
BjimmiR ÓJiHxcaHinero OKpyaceHra aHTHKOAOHa Ha ero 
cnocoÓHOCTb y3HaBaTb KOAOHbi mo)kho CHHTaTb pe3yjib- 
TaTbi H3yneHHa cnoHTaHHbix MyraHTOB, Hecymnx 3aMeHbi 
BHe aHTHKOAOHOBOH OÓJiaCTH MOJieKyjIbl. 3 th MyTai^HH, 
HCCMOTpa Ha HX JIOKaJIH3aiJHK), MCH5HOT B3aHMOACHCTBHe 
tPHK C KOflOHOM. 

.QpyrHM npHMepOM B3aHMO,aeHCTBra, He npeACKa3aH- 
Horo rnnoTe30H, ABjweTCfl cnocoÓHOCTb óaKTepnajibHOH 
HHH 4 HaTopHOH fMet-TPHK f y3HaBaTb KaK koaoh AUG, Tax h 
koaoh GUG. 3to BbiHy^cAaeT TpeTbe ocHOBaHne aHTHKOAO- 
Ha B3aHMOAeHCTBOBaTb «He no npaBnnaM». 


EO M3MeHeHMfl b yHMBepca/ibHOM 
reHenmecxoM KOfle hocat 
cnopaflMMecKMÍí xapaxtep 


K/iioHeBbie noHATMA: 


• y HeKOTOpblX BMflOB BCTpeHaiOTCfl OTKJlOHeHMfl OT 
yHMBepca^bHoro reHeTMHecKoro KOfla. 

• M3MeHeHMA b reHeTMHecKOM KOfle Han6ojiee xapaKTepHbi AJifl 
reHOMa mmtoxohapmíí, Ha OCHOBaHHH 3 tmx M3MeHeHMÍí mo>kho 
nocTpomb 4)M/ioreHeTMHecKoe ApeBO. 

• B AAepHOM reHOMe OTKJioHeHMA ot craHAapia KpaŇHe peflKM n 
oóbiHHO 3aiparnBaK)T/imiib don-KOAOHbi. 

ľeHeTHMecKHH koa xapaKTepH3yeTca yHHBepcajibHocrbio, 
OAHaKo H3 3Toro npaBHjia cymecTByiOT HeKOTopbie hc- 
K/noMeHHa. HcionoHeHHfl 3 th, KaK npaBHjio, 3aTparnBaiOT 
KOAOHbl, BOBAeneHHbie B HHHUHaUHK) HJIH TepMHHaUHK) 
óejiKOBoro CHHTe3a, h noflBjmioTCfl b pe3yjibTaTe bo3hhk- 
HOBeHna (hjih yrpaTbi) tPHK, cnocoÓHbix y3HaBaTb TaKne 
KOAOHbl. OTKJIOHeHHa OT «KJiaCCHKH», oÓHapyaceHHbie B 
óaKTepnajibHbix h 3yKapnoTHHecKHx reHOMax, cyMMnpo- 
BaHbl Ha PMC. 9.10. 

nOHTH BCe H3MeHeHHH, B pe3yJIbTaTe KOTOpblX KOAOH 
npnoópeTaeT cnocoÓHOCTb KOAHpoBaTb HOByio aMHHOKHC- 
jioTy, KacaiOTca cron-KOAOHOB: 

• B K/ieTKax óaicrepHH Mycoplasma caprícolum koaoh 
UGA HcnoAb3yeTca He jyw TepMHHaijHH, a koah- 
poBaHHH TpnnTO(J)aHa (Trp). npHneM ncnojib30BaHHe 
UGA b KanecTBe Trp-KOAOHa npeAnoHTHTejibHeH, neM 
Hcnojib30BaHne UGG. CymecTByeT ABa BHAa Trp-TPHK 


c aHTHKOAOHOM UCA* - (npoHHTbiBaeT koaohh UGA h 
UGG) H C aHTHKOAOHOM CCA* - (npOMHTbIBaeT TOJIbKO 

UGG). 

• y HeKOTopbix npocreHiiiHx H3 rana pecHHMHbix koaohh 
UAA h UAG HcnoAb3yiOTca He b Kanecree TepMHHHpyio- 
mero CHTHajia, a jijiä KOAnpoBaHHH rjiyraMHHa. TaK, y Tet- 
rahymena termophila HMeeTca Tpn BHAa tPHK g1u . Oahh 
H3 hhx y3HaeT oóbiMHbie koaohh jyin rjiyraMHHa — CAA 
h CAG, BTopofí y3HaeT UAA h UAG (comacHO rnnoTe3e 
HeoAH03HanHoro cnapHBaHHJi), a Tperoň — TOJIbKO UAG. 
Mbi MoaceM AonycTHTb, mto AonojiHHTe;ibHbie H3MeHeHHa 
3aioiK)MaK)Tca b tom, hto (J)aKTop TepMHHauHH eRF npn- 
oópeTaeT orpaHHneHHyio cneiiH({)HMHOCTb b cpaBHeHHH 
c ApyrHMH syKapHOTaMH. 

• y Apyrnx pecHHMHbix ( Euplotes octacarinatus ) koaoh 
UGA KOAHpyeT iihctchh. B KanecTBe CTon-KOAOHa hc- 
nojib3yeTca TOJIbKO koaoh UAA, a koaoh UAG He oÓHa- 
py^ceH. PÍ3MeHeHHa b 3HaneHHH KOAOHa UGA AonojiHa- 
lOTCfl MOAH(J)HKaiJ,HeH aHTHKOAOHa tPHK C V s , KOTOpaa 
no3BOJiaeT MHTaTb h koaohh UGU h UGC. 

• CMeHa 3HaneHHH KOAOHa c oahoh aMHHOKHCJio™ Ha 
Apyryío BCTpenaeTca y ApoxoKen ( Candida ), y KOTopbix 
CUG KOAHpyeT cepHH bmccto jieniiHHa (a UAG ncnojib- 
3yeTca b KanecTBe CMbiCAOBoro KOAOHa). 
npnoópeTeHHe cTon-KOAOHaMH KOAHpyiomeH (J)yHK- 

iihh onocpeAyeTCH H3MeHeHHHMH AByx ranoB: tPHK AOJWCHa 
MyTHpOBaTb TaKHM 0Ópa30M, MTOÓbl y3HaBaTb CTOn-KOAOH, a 
(J)aKTOp TepMHHauHH AOJI^CeH MyTHpOBaTb TaKHM 0Ópa30M, 
MTOÓbl He paen03HaBaTb KOAOH KaK TepMHHHpyiOmHH. 

/(pyrHM nacTO BCTpenaiomHMca BapnamoM H3MeHeHHa 
reHeTHnecKoro KOAa aBjmeTca yrpaTa tPHK, OTBenaK)nj,eH 

3a TOT HJIH HHOH KOAOH, H, KaK CJieACTBHe, HeCnOCOÓHOCTb 
KOAOHa TpaHCJiHpOBaTbca b aMHHOKHCJiOTy. .QajibHeHmaa 

cyAbóa TaKoro KOAOHa 3aBHCHT ot toto, 6yAer jih oh pac- 
no3HaBaTbca (JjaKTopoM TepMHHaiiHH TpaHCJiai^HH. 

' Bce onncaHHbie H3MeHeHHa reHeTHnecKoro KOAa eAH- 

HHMHbl. 3TO n03B0JiaeT yTBep^CAaTb, MTO B03HHKaJIH OHH B 
xoAe 3 bojik)iihh He3aBHCHMO Apyr ot Apyra. KaK npaBHjio, 
H3MeHeHH5i Bbipa^caiOTca b 3aMeHe 3HaneHHa CTon-KOAO- 
hob, a He b 3aMeHe KOAOHa oahoh aMHHOKHCJiOTbi Ha ko¬ 
aoh ApyroH. nocjie toto KaK Ha paHHHx 3Tanax sbojiioiihh 
cjio^cHJiacb CHCTeMa KOAnpoBaHHa, jnoóoe H3MeHeHHe 3Ha- 
neHH5i KOAOHa Bejio k H3MeHeHHio aMHHOKHCJioTbi bo Bcex 
ôejiKax, coAep^canijHx AaHHyio aMHHOKHCJiOTy. no KpaHHen 
Mepe, min nacTH óejiKOB TaKne H3MeHeHHa motjih cTaTb 
KpHTHMHHMH, 4 to noTpeóoBajio 6bi HaHHHaTb npoiiecc ce- 
jieKiiHH óejiKOB 3aH0B0. ^BoaKoe Hcnojib30BaHHe TepMH- 
HHpyiOIIIiHX KOAOHOB OTpa^CaeT B03M0^CH0CTb HX BOBJíene- 
HHfl B npoiieccbl HH(J)OpMailHOHHOrO KOAHpOBaHHH. Ecjih 
H eKOTopbie H3 KOAOHOB TepMHHailHH BCTpenaiOTCfl OMeHb 
peAKO, ohh Moryr 6biTb Hcnojib30BaHbi a^« KOAHpOBaHna 
aMHHOKHCJIOT B pe3yjIbTaTe H3MeHeHHH, n03B0JI5H0H];HX 

tPHK y3HaBaTb hx. 

HcKjnoMeHra H3 yHHBepcajibHoro reHeTHnecKoro KOAa 
nacTo oÓHapyxoiBaiOTca b mhtoxohaphhx. Ha p m c. 9. i i no- 
Ka3aHO (JjraoreHeTHnecKoe Apeso Taícnx H3MeHeHHH. Oho 
npeAnojiaraeT, hto CHana^a cyui,ecTBOBaji yHHBepca^bHbiH 
koa, KOTopbiH npeTepneBaji H3MeHeHHH Ha pa3Hbix 3Tanax 
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M3MeHeHH» reHeTMMecKoro KOAa oôbiqHo 3aTparnBaiOT cron-KOAOHbi 
/ih6o npHBOAflT k noTepe koaohom csoero 3HaqeHiifi 


uuu phe 
uuc 

UUA 

UUG LeU 

UCU 

UCC Ser 
UCA 

UCG 

UAU Tyr 

UAC 

UAA CT0íl-»Gln 
UAG 

UGU ^ 

UGC CyS 

UGA CTOľl^Trp, Cys, Sel 

UGG Trp 

cuu 

CUC Leu 

CUA 

CUG Leu-»Ser 

CCU 

CCC Pro 
CCA 

CCG 

CAU His 

CAC 

CAA Gin 

CAG 

CGU 

CGC A 

CGA Aľg 

CGG Arg->YTPATA 

AUU 

AUC íle 

AUA Ile->yTPATA 
AUG Met 

ACU 

ACC Thr 
ACA 

ACG 

AAU A 

AAC ASn 

AAA , 

AAG LyS 

AGU c 

AGC Seľ 

AGA Arg^yTPATA 

AGG Arg 

GUU 

GUC w , 

GUA Val 

GUG 

GCU 

GCC Ala 
GCA 

GCG 

GAU Asp 

GAC 

GAA 

GAG Glu 

GGU 

GGC 

GGA Gly 

GGG 


P MC. 9.10 M3MeHeHMfl reHeTMHecKoro KOfla b reHOMax 6aKTepnajibHbix m 3yKapnoTMMecKnx flflep 
ľipMBOflflT JIMÓO KyTpaTe KOAOHOM CnOCOÓHOCTM KOAĽipOBdTb aMMHOKMCJlOTy, JIMÓO npMAaiOTTepMM- 
HMpyiOLAMM KOAOHdM CMblCJlOBOe 3HaHeHMe. M3MeHeHMfl 3HaveHM KOAOHa C OAHOií aMMHOKMCJlOTbl 
Ha Apyryío, KaK npaBMJio, He npoMCxoAMT 


3BOJiK)iiHH MHT0X0H£pHH. ConiacHO pHcyHKy, caMbiM nep- 
BbiM H3MeHeHHeM, xapaKTepHbiM juw Bcex mhtoxohaphh 
(K poMe pacTHTe^bHbix), cra^o Hcnojib30BaHHe UGAajw ko- 
AHpoBaHim TpnnTO(J)aHa. 

HeKOTopbie H3 H3MCHeHHH npHBejiH k ynponijeHHK) 
KOAa, nepe3 3aMemeHHe napbi koaohob, HMeiomHx pa3Hoe 
3HaM0HHe, napoň c OAHHaKOBbiM 3HaMCHHeM. npHMepaMH 
Moryr cjiy^CHTb koaohm UGG h UGA, KOAHpyiomne Trp 
(BMecTo OAHoro KOAOHa jum Trp h OAHoro ju ia TepMHHa- 
ijhh), KOAOHbi AUG h AUA, KOAnpyiomHe Met (bmccto oa- 
Horo KOAOHa jyw Met h OAHoro juw íle). 

IlOMeMy B03HHKJIH H3MeHeHHfl B KOAC MHTOXOHApHH? 
CncTeMa MHToxoHApnajibHoro ôe^KOBoro CHHTe3a, KaK 
npaBiwo, npoH3BOAHT Heóojibinoe mhoio pa3Hbix 6e;iKOB 
(Bcero okojio 10). no3TOMy npoójieivia 3HanHTe;ibHbix BHyT- 
pHKJieTOMHbix HapymeHHH H3-3a CMeHbi 3HaneHHfl koao¬ 
hob Morjia óbiTb He cTOJib ocTpa. Bepoarao, H3MeHeHHbie 
koaohh pacnojiaraancb b TaKHx nojioaceHrax, b KOTopbix 
aMHHOKHCJIOTHbie 3aMeHbI He npHBOAHJIH K Cepbe3HbIM 
noBpe^CAeHHHM. Pa3Hoo6pa3ne H3MeHeHHH reHemnecKo- 
ro KOAa, HaňAeHHbix b mhtoxohaphhx pa3JiHHHbix bhaob, 
CTaBHT nOA COMHeHHe B03M0)KH0CTb HX npOHCXOHCAeHHfl OT 
o6m,ero npeAKOBoro MHTOxoHApnajibHoro KOAa h no3BOJia- 
CT npeAnOJIOXGlTb, HTO OHH B03HHKaJIH H 3BOJIK)IJHOHHpO- 

BajiH He3aBHCHMO APF ot Apyra. 

ConiacHO ranoTe3e HeoAH03HanHoro cooTBeTCTBHa, 
TpeóyeTca KaK mhhhmym 31 tPHK (6e3 yneTa cneijHajib- 
Hbix HHHunaTOpHbix tPHK) ju ifl toto, HToôbi pacno3HaTb 
61 koaoh (no KpaHHeň Mepe ABe tPHK HeoôxoAHMbi jum 
Ka^KAoro ceMeHCTBa koaohob, h OAHa tPHK — jum koaoho- 
BOH napbl HJIH eAHHHHHOTO KOAOHa). Ho B HeKOTOpblX MH- 
TOxoHApnax (HanpHMep, y MaeKonHTaiomHx) HaÔJiiOAaeT- 
ca HeoóbiHHaíi cmyaijHfl: ohh coAepacaT TOJibKo 22 pa3Hbix 


H3MeHeHna reHeTMMecKoro KOAa mhtoxohaphh 


AGŽyrron noaBOHOHHbie 

Zl 


AUA = íle 



HaceKOMbie 
Mo/i/uockm 

HMOKO>KMe 
HeMaTOflbi 
ľl/lOCKMe nepBM 
ľl/iecHeBbie rpn6bi 

ApO>K>KM 
PacTeHMB 


PMC. 9.11 /V 1 * M3MeHeHMÍí reHeTMMecKoro KOAa reHOMa mmtoxoha- 
p m MO>KeT 6bHb CKOHCTpykipoBaHO (JjunoreHeTkiHecKoe ApeBO.ľlpefl- 
nojioKme/ibHo, 3aMeHbi, npeBpaTMBLUMe AUA b koaoh, KOflkipyiomMií 
Met a AAA -b koaoh, KOflkipyioLUMií Asn, npoM30WJiM b bbojuoamm 
ABa>KAbi n He3aBMCMMo, a 3aMeHa, BepHyBwaa KOAOHy AUA ero mc- 
xoAHoe 3HaHeHkie, npon30iiJAa y mmokokmx 


tPHK. KaK xce 3 tot HenojiHbin Haóop tPHK oóaiyacHBaeT 
Bce KOAOHbl? 

lOnoneBbiM momchtom, jieacamHM b ochobc 3Toro hb- 
jieHHa, CTajio ynponteHHe KOAOH-aHTHKOAOHOBoro B3anMO- 
AeHCTBHa, b pe3yjibTaTe KOToporo OAHa tPHK npno6peTaeT 
cnocoÔHOCTb y3HaBaTb Bce neTbipe npeACTaBHTejia koaoho- 
boto ceMeHCTBa. 3to no3BOJweT CBecra MHHHMajibHoe hhc- 
jio tPHK, HeoôxoAHMbix juw y3HaBaHra Bcex koaohob, k 23. 
Mcnojib30BaHHe AGqJUw TepMHHayHH TpaHCJiayHH no3BO- 
jmeT coKpaTHTb TpeôyeMoe hhoio tPHK ao 22. 
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y tPHK, oóaiyacnBaioiflHx Bce BOceMb koaohobmx ce- 
MCHCTB, B nepBOM nOJIO)KeHHH aHTHKOAOHa HaXOflHTCfl 
HCMOflH(J)Hij 1 HpOBaHHbiH U. OcraBmnecfl KO^OHbi pacnpe- 
AejunoTCfl no napaM: saKamnBaiomHecfl nnpnMHflHHaMH 
KOAOHbi npoMHTbmaiOTca ocHOBaHHCM G (b nepBOM nojio- 
aceHnn aHTHKOAOHa), a Bce TpnrmeTbi, saKamnBaiomHecfl 
nypHHaMH, npoMHTbmaiOTca MOflH(j)HijHpoBaHHbiM U b aH- 
THKOAOHe (coniacHO npaBHjiaM rnnoTe3bi HeoflH03HanHO- 
ro cnapHBaHna). OioxcHOCTb c yHHKajibHbiM koaohom UGG 
npeoAOJieBaeTCH b pe3yjibTaTe H3MeHeHHH b reHeranecKOM 
KOfle: koaoh UGA npoMHTbmaeTca Hapafly c UGG KaK Tpnn- 
TO(J)aH. AUA b MHTOxoHflpnfix MJieKonnTaiomHx óojibine He 
KOAnpyeT H30Jieni4HH, a y3Haerca Hapa/iy c AUG KaK Merao- 
hhh. B pe3yabTaTe Bce KOflOHbi, He Bomeflinne b ceMencTBa, 
noflpa3fle;unoTCfl Ha 14 nap no cnocoÓHoera B3anMOfleHC- 
TBOBaTb c MoaeKyaaMH tPHK 

22 HfleHTH(j)HIJHpOBaHHbIX MHTOXOHflpHaJIbHblX ľeHa 
tPHK KOAHpyiOT 14 MOJieKyji tPHK, y3HaK)H]jHx napbi ko- 
AOhob, h 8 MoaeKyji tPHK, ysHaiomnx ceMeHCTBa koaohob. 
OcTaiOTca ab a oóbiHHbix cron-KOflOHa UAG h UAA (He y3- 
HaBaeMbix tPHK), a Taoce KOflOHOBaa napa AGq CxoflHbie 
pe3yabTa™ nojiyneHbi npn nccjieflOBaHnn mhtoxohaphh 
rpnóoB. 


9.8 


HeKOTopbie cron-KOflOHbi 
MoryT BcrpaMBaTb b éeiioK 
HeaaHflapTHbie 
aMHHOKHC/lOTbl 


KnioHeBbie noHama: 


• Píia reHOB caHKUMOHkípyeT ocoóoe npomeHMe cneun(()MHecKMX 
KOflOHOB. 

• B3anMOfleíícTBMe ce/ieHO-Cys-TPHK n UGA-KOflOHa TpeóyeT 
yHacTkm HecKO/ibKMx 6e/woB, MOAM(()MUMpyK)LUMx Cys-TPHK n 
npncoeflMHBK)LUMx ee k pkióocoNie. 

• ľlMppOJlM3MH MO>KeTTpaHCaMpOBaTbCB C UAG-KOflOHa. 


B oTAejibHbix reHax Moryr noaBaaTbca ocoóeHHbie pefl- 
KHe H3MeHeHHfi CMHTbIBaHHa KOAOHOB. CneiJH(j)HMHOCTb 
TaKHx H3MeHeHHH npeflnojiaraeT, mto y3HaBaHne OTfle- 
jibHbix KOflOHOB onpeflejmeTCfl hx OKpyaceHHeM. M3BecTHbi 
flBa cjiynaa, Korfla aMHHOKHCJiOTbi, He Bxoflamne b cnncoK 
20 KaHOHHnecKHx, BCTpanBaioTca b óejiKOByio nocJieflOBa- 
TejibHOCTb cneunajibHbiMH aMHHoaijHji-TPHK. 

HpKHM npHMepOM fiBjmeTca BCTaBKa b óejiKOByio noc- 
jieflOBaTejibHocTb MOflH(J}Hu I HpoBaHHOH aMHHOKHCJioTbi ce- 
aeHouncTeHHa b otbct Ha onpeflejieHHbiH koaoh UGA reHa, 
KOflnpyiomero cejieHonpoTenH y npoKapnoT h ayKapnoT. 
OÓbIMHO 3TH (J)epMeHTbI KaTaJlH3HpyiOT OKHOIHTeabHO-BOC- 
CTaHOBHTeabHbie peaKi^nn h coflepacaT oahh cejieHOiincre- 
HHOBblH OCTaTOK, (J)OpMHpyK)II];HH MaCTb aKTHBHOTO IjeHTpa 

6tJi Ka. Hanóojiee H3yneHHbiM aBjmeTca npoijecc ncnojib30- 
BaHna KOflOHa UGA y Tpex reHOB E.coli , KOflHpytomnx H30- 
(J)OpMbi (J)opMHTflerHflporeHa3bi. BHyrpeHHHH koaoh UGA b 


3thx c/iynaax MHTaeTca ceaeHO-Cys-TPHK. 3Ta Heoóbram 
peaiojHfl onocpeflyeTca jiOKaabHOH btophmhoh CTpyKTypon 
MOJieKym mPHK, b nacTHOCTn innnjibKOň, pacnojioxceHHon 
3a UGA KOflOHOM. 

Myraijnn b neTbipex reHax sel Beflyr k o6pa30BaHHio 
cncTeM CHHTe3a, flecJ)H4HTHbix no cejieHonpoTenHaM. selC 
KOflnpyeT tPHK (c aHTHKOflOHOM ACU*~), cooTBeTCTByio- 
myio aMHHOKHCJiOTe cepnH. npoflyKTbi reHOB selA h selD 
HeoóxoflHMbi fljia Toro, mtoóh npeBparaTb cepnH b cejieHO- 
UHCTenH. EejiOK SelB npeflCTaBJíaeT coóoh ajibTepHaTHBHbiH 
(J)aKTop 3JiOHraunn, 3 to ryaHHH-CBa3biBaiomHH (J)epMeHT, 
BbicTynaiomnH b KanecTBe cneunaabHoro TpaHCJumnoH- 
Horo (J)aKTopa, oóecnennBaiomero nonaflaHne ce^eHO-Cys- 
tPHK b A-cam pnóocoMbi, n ABjmiomHHCfl aHa^oroM (J)aK- 
Topa EF-Tu (fljm ce^eHO-Cys-TPHK). nocieflOBaTe^bHOCTb 
SelB roMOJiornMHa KaK EF-Tu, TaK n IF-2. 

noneMy >Ke ce^eHO-Cys-TPHK BCTaBJíneTca TOJibKO no 
onpeflejieHHOMy UGA KOflOHy? 3a 3thm koaohom c^eflyeT 
ynacTOK mPHK c ocoóoh btophmhoh CTpyKTypon (rana 
creóejib-neTjm). Ha pmc. 9.12 noKa3aHO, KaK cre6e;ib stoh 
CTpyKTypbi y3HaeTca flonojiHHTejibHbiM aomchom óejiKa 
SelB (oTcyTCTByioiiiiHM y (J)aKTopa EF-Tu n (J)aKTopa IF-2). 
C noMOiflbio noxo^cero MexaHH3Ma HHTepnperapyioTca 
HeKOTopbie KOflOHbi UGA b KJieTKax MJieKonnTaiomHx [ 3 a 
HCKJIIOMeHHeM Toro, MTO fljia y3HaBaHHH COOTBeTCTByiOIIliHX 
UGA HeoóxoflHMO cpa3y flBa óe^Ka: oahh óejiOK (SBP2) cbh- 
3bmaeT CTpyKTypy Tnna CTeóeAb-neTjm, pacnoAO^ceHHyio 3a 
KOflOHOM UGA, b to BpeMfl KaK aHa^or SelB (Ha3bmaeMbiň 
SECIS) oflHOBpeMeHHO CBfl3braaeT SPB2 n cooTBeTCTByio- 
iflyK) tPHK]. 

.QpyrHM npHMepOM BK/noneHna ocoóbix aMHHOKHCJiOT b 
nocAeflOBaTeAbHOCTb óe^Ka aBjmeTca BCTaBKa nnppojin3HHa 
b oTBeT Ha KOflOH UAG. 3 to aBJíeHne BCTpenaeTca y apxen 
n óaKTepHH. MexaHH3M noxoac Ha MexaHH3M BCTaBKH ce^e- 
HOijncTenHa. HeoóbiMHaíi tPHK CBa3bmaeT jih3hh, KOTopbin 
jinnib 3aTeM npeTepneBaeT MOflnc])HKauHK). 3Ta tPHK HMe- 
eT aHTHKOflOH CUA, B3aHMOfleHCTByiOII];HH C KOflOHOM UAG. 
B npoijecce flOJixcHbi ynacTBOBaTb n flpyrne KOMnoHeHTbi, 
orpaHHMHBaiomHe B3anMOfleHCTBne HecTaHflapTHon tPHK 
C « 06 bIMHbIMH» UAG. 



PMC. 9.12 EejiOK SelB — cj)aKTop 3JioHraunn, cneun(()MHHo CBíi3biBa- 
IOLUMM ce^eHO-Cys-TPHK c koaohom UGA, 3a KOTopbiM cneAyeTyHac- 
tok cjio>khoíí BTopMHHoíí CTpyKTypbi m PH K (cre6e;ib-neT;ifl) 
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9.9 


CMHTeTa 3 bl npMCOeAMHfllOT 
aMMHOKMCilOTbl KTPHK 


K/iiOHeBbie noHflT m: 


• AMMHoa4MA-TPHK-CMHTeTa3bi — cjDepMeHTbb npMcoeflMHíiioLUMe 
aMMHOKMCJioTbi k MO/ieKy/iaM tPHK. 06pa3OBaHkie aMMHoaumi- 
tPHK MfleT b 2 CTaflUM c ncno/ib30BaHneM 3Heprnn AT0. 

• B KaxíflOM mieTKe npncyTCTByei 20 aMMHoauMA-TPHK-CMHTeia3. 
KaWflOÍÍ aMHHOKHCJiOTe COOTBeTCTByeT KaK MHHHMyM OflHa 
CHHTeTa3a, KOTopaa o6Hapy>KHBaeT Bce tPHK, npeflCTaBjííHOLUHe 
3Ty aMMHOKMCJlOTy. 

• y3HaBaHkie MO/ieKyjion tPHK cBoeŕí aMHHOKncnoTbi 
oóecneHMBaeTCfl Heóo/ibiiJHM hhcjiom caŕÍTOB cBfl3biBaHHfl b ee 
HyKJieoTMflHoíí nocjieAOBaiejibHocTM. 


Bce tPHK aojdkhm 6biTb OAHOBpeMeHHO cxoxch no oahhm 
xapaKTepncTHKaM h 6biTb pa3JiHMHMbiMH no ApyrHM. 3to 
TpeóoBaHne peajiH3yeTca ÓJiarojjapa cnocoÓHOCTH MOJie- 
Kyji tPHK CBopanHBaTbca onpeAejieHHbiM o6pa30M, (J)op- 
Myjinpya npn stom xapaKTepHyio npocrpaHCTBeHHyio 
CTpyKTypy (noxoacyio Ha óyMepaHr hjih 6yKBy L). Bapn- 
aôejibHOCTb oTAejibHbix ACTajieň stoh cTpyKTypbi, TaKnx 
KaK yroji MOK/jy AByMa njienaMH L-o6pa3Hon CTpyKTypbi 
HJIH BbinaMHBaHHe OTACJIbHblX OCHOBaHHH, OTJIHHaeT 

tPHK Apyr ot Apyra. 

Bce tPHK oóJiaAaiOT cnocoÓHOCTbio CBfl3biBaTbCfl c A 
h P caňTaMH pnóocoMbi. npn stom oahhm kohijom ohh 
B 3äHMO ( n,eHCTByiOT C KOflOHOM mPHK, a APyrOH KOHOJ 
yracTByeT b npncoeAHHeHHH /j,ocTaBJieHHOH aMHHOKHC- 
jioth k pacTymeMy nojinnenTHAy. KpoMe toto, Bce tPHK 
(3a HCKjnoneHHeM cneunajibHbix HHHijHaTopHbix tPHK) 
oÔJiaflaiOT cnocoÓHOCTbio B3aHMOAeHCTBOBaTb c (jjaKTopa- 
mh sjioHraijHH (EF-Tu hjih eEFl), ynacTByiomHMH b cba- 
3biBäHHH tPHK c phóocomoh. MHHi^naTopHbie xce tPHK 
y3HaiOTCfl COÓCTBeHHbIMH (J)aKTOpaMH HHHUHaUHH IF2 H 
eIF2. OieAOBaTejibHO, pjm B3aHMOACHCTBH5i c (J)aKTopaMH 
sjiOHrau.HH MOJieicyjibi tPHK aojdkhm oóJiaflaTb onpefle- 
JieHHblMH OÓmjHMH HepTaMH (npn STOM OTJIHMaiOmHMH HX 

ot HHHunaTopHbix tPHK). 

AMHHOKHCJIOTbl BOBJíeKaiOTCfl B ÓeJIKOBblH CHHTC3 nOC- 
peflCTBOM aMHHOaura-TPHK-CHHTeTa3. 3TH (J)epMeHTbI 
oôecneMHBaiOT npaBHjibHoe B3aHMOACHCTBHe aMHHOKHCJiOT 
c tPHK. Bce CHHTeTa3bi (JjyHKíiHOHHpyiOT corjiacHO AByx- 
cryneHHaTOMy MexaHH3My, npHBe^eHHOMy Ha phc. 9.13: 

• CHanajia äMHHOKHCJioTa B3aHMOAeHCTByeT c AT® c 
o6pa30BaHneM aMHHoaijHji-aAeHHjiaTa (npn stom bh- 
CBOÓoxc/íaeTca nnpo(J)oc(J)aT). HeoóxoflHMaa jym peaK- 
ijhh SHeprna o6pa3yeTca b pe3yjibTaTe pacmemieHHfl 
MaKposprHMecKHx CBA3eH AT®. 

• 3aTeM aKTHBHpOBaHHaa aMHHOKHCJioTa nepeHOCHTca 

Ha tPHK c BbiCBOóoxc/jeHHeM AM®. 

CHHTeTa3bi noAÔnpaiOT tPHK h aMHHOKHCJiOTbi b 
crporoM cooTBeTCTBHH c reHeTHMecKHM koaom. Ka^aa 
CHHTeTa3a y3HaeT TOJibKo o^Hy aMHHOKHCJiOTy h Bce Tnnbi 
tPHK, cooTBeTCTByioiiiiHe AaHHOH aMHHOKHCJiOTe (oóhmho 
OAHOň aMHHOKHCJiOTe COOTBeTCTByeT óojiee oahoh tPHK). 

/VM y3HaBaHHfl CHHOHHMHMHblX KOAOHOB MO^CeT ÓbITb He- 

oóxoflHMa óojiee neM o^Ha tPHK. MHor^a b K/ieTKe npn- 


cyTCTByeT HecKOJibKO bhaob tPHK, pearnpyioiiiiHx c oahhm 
h TeM ^ce KOflOHOM. Mojieicyjibi tPHK, cooTBeTCTByiomHe 

OAHOH aMHHOKHCJiOTe, Ha3bIBaiOT H30aKU,enT0pHbIMH. 
A TaK KaK Bce ohh y3HaK)Tca o^hoh h toh ^ce cHHTeTa30H, 
to HMeiOT h BTopoe Ha3BaHHe — pOACTBeHHwe tPHK. 

MHoroHHCJieHHbie nonbiTKH BbmBHTb cxoactbo noc- 
jieAOBaTejibHOCTeH H 3 oaK 4 enTopHbix tPHK, a Taioxe 

OnbITbl no HH^yKI^HH XHMHMeCKHX MOAH(J)HKaUHH, BJIH- 
5HOUIÍHX Ha CneiJH(j)HMHOCTb npHCOeAHHeHHH aMHHOKHC- 
jiot, noKa3ajin, mto MexaHH3Mbi pacno3HaBaHHa pa3Hbix 
tPHK aMHHoaijHJi-TPHK-CHHTeTa30H pa3JiHMaK)Tca h 
H e OrpaHHMHBaiOTCH KaKOH-JIHÓO OAHOH OCOÔeHHOC- 
TbK) nepBHMHOH HJIH BTOpHMHOH CTpyKTypbl MOJieKyJIbl. 
AHajiH3 KpHCTajuiOB tPHK noKa3aji, mto aKi^enTopHbiH 
H aHTHKOAOHOBblH CTeÓJIH OÓpa3yiOT TeCHblH KOHTaKT 

c CHHTeTa 30 H. MyTauHH, cnocoÓHbie BjimiTb Ha cneun- 

(J)HMHOCTb B3aHMOAeHCTBHa tPHK C CHHTCTa30H, JIOKa- 
JIH30BaHbI HMeHHO B 3THX RByX peTHOHaX. (HpH STOM 
H3MeHeHH5I B CaMOM aHTHKOflOHe HeOÓ5I3aTeJIbHO CKa- 



PMC. 9.13 AMMHoaun;i-TPHK-CMHTeTa3bi npucoeflMHíuoT aMMHOKMC- 
noTbi k McmeKyjiaM tPHK 
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3bIB3K3TCH Ha CnOCOÔHOCTH tPHK CBH3bIBäTbC3 C (})ep- 
MeHTOM; k npHMepy, paccMaTpHBaeMbie fla^ee b 3Toň 
raaBe cynpeccopHbie MyrauHH h3mchhk)t ocHOBaHHe 
B aHTHKOflOHe, a CJieAOBaTeJIbHO, H XOAOH, C KOTOpbIM 

B3aHMOAeňcTByeT tPHK, ho He bjihhkdt Ha THn 3 mhho- 
KHoioTbi, npncoe/uiiiHeMoň k tPHK.) 

Tpynna H3oaxpenTopHbix tPHK AOJDXHa B3aHMOfleňc- 
TBOB3Tb C OflHOH CHHTeT330H, CneiJH<|)HMHOH A-™ COOT- 

BeTCTByiomeH aMHHOKHCJioTbi, a noTOMy /jojDKHa 06/ia- 

flaTb H OÔmHMH CBOHCTB3MH, n03B0JIHf0U],HMH (J)epMeHTy 

OTjiHHaTb tPHK stoh rpynnbi ot Bcex flpyrnx tPHK. Bce 
tPHK /je/íHTCfl Ha 20 H3oaxpenTopHbix rpynn, h xaxcAaa 
rpynna y3HaeTca CBoen aMHHoap™-TPHK-CHHTeTa30H. 

tPHK BsauMO/icHCTBycT c CHHTeT330ň npn noMomn 
ynacTKOB, coctohuíhx H3 Heôojibinoro nnaia ochob3hhh 
(K ax npaBHJio, ot oahoto ao mrm). B3aHMOAeňcTBHe tPHK 
h (J>epMeHTa xapaxTeprayeTCfl TpeMB ochobhhmh nepTaMH: 

• Kax npaBHJio (ho He BcerAa), bo b33hmoachctbhh 
ynacTByeT oaho ocHOBaHne aHTHKOAOHa (ho HHorAa 
Bce Tpn nojioxceHHB aHTHKOAOHa nrpaioT pojib b y3Ha- 
B3HHH). 

• HaCTO BO B33HMOAOHCTBHH ynaCTByeT OAHa H3 Tpex 
noaieAHHx nap ochob3hhh b axpenTopHon neTjie. 
HanpnMep, ajiaHHHOBaa tPHK y3Haerca (J>epMeHTOM 
no eAHHCTBeHHOň yHHKajibHoň nape ochob3hhh b ax- 
penTopHoň neTJie. 

• Mexwy axiíenTopHon nex/ieH h 3'-xohpcboh nooieAOBa- 
TejibHOCTbK) CCA HaxoABTCB Tax Ha3biBaeMbie AHCxpn- 
MHHHpyiOmHe OCHOB3HHB, XOTOpbie BCeTAa HeH3MeHHbI 
b npeAe/iax oahoh rpynnbi H3oaxi;enTopHbix tPHK 
Hh OAHa H3 3 thx oco6eHHOCTeň caMa no ceôe He 

oôecneHHBaeT aoct3tohhoh cnepn(j)HHHOCTH h He bbjib- 
eTca onpeACJTMKjmcň npn paa/iejiemin Bcex tPHK Ha 20 
rpynn. Y3HaBaHne tPHK cbohm (JjepMeirroM — yHHxajib- 
HblH npopecc, nOAHHHHKDIAHHCH B XaXCAOM XOHXpeTHOM 
c/iynae cbohm npaBH/iaM. 

HexoTopbie CHHTeT33bi y3Hax)T tPHK no «MHHH-cnn- 
pa;iH», cocTOflineň H3 axpenropHoro ynacTxa MOJiexyjibi 
tPHK h TipC-n/iena (hto cooTBeTCTByeT OAHOMy ruieny 
L-o6pa3Hon MOJiexynbi tPHK). Cneu,H(f)HHHOCTb y3HaB3HHB 
(J)epMeHT3MH HeXOTOpblX tPHK 3aBHCHT HCXJIfOHHTejIbHO 
ot crpyxTypbi hx axn;enTopHoro cTeôjw. TeM He MeHee one- 
BHAHO, HTO CymeCTByiOT 3H3HHTeJIbHbie BapnaUHH MOKAy 
pa3HbiMH tPHK, h b pime oiynaeB BaxcHyx) pojib nrpaeT h 
aHTHXOAOHOBaa neTjw. MyrapnH b aHTHXOAOHe oxa3biBa- 
k)t BJiHHHne Ha y3HaBaHHe tPHK Phe-TPHK-cnHTeTa3on II 
xjiacca. B npopecc y3HaB3HHH moxcct ôbiTb BOBJíeneHO cpa3y 

IICCKO.HbKO (JaXTOpOB: A.™ IipaBHJIbHOľO y3H3BaHHH CHH- 
TeTa33MH TPHK Val H TPHK Met in vivo BaXCHbl OAHOBpeMeHHO 
aHTHXOAOH H MHHHCnHpaJIH. 

TaxHM oôpa30M, y3HaBaHne onpeAe/werai B3anMO- 
AeHCTBHeM MOKAy HeCXOJIbXHMH XOHTaXTHbIMH TOHX3MH 

b tPHK (oo/ibuieň naerbio pacnojiOKeinibiMii no KOHivaM 
MOJiexyjIbl) H HeCXOJIbXHMH aMHHOXHCJIOTaMH, (})OpMHpy- 
K)ntHMH Cy6CTpaTCBH3bIBafOLU,HH C3HT (JjepMeHTa. OTHOme- 
Hne BKJiaAOB axpenTopHoro h aHraxoAOHOBoro ynacTxoB 
MOJiexyjibi tPHK b sto B3aHMOAeňcTBne BapbnpyeT 
pa3Hbix nap TPHK-cnHTera3a. 


9.10 


AMMHOaUMil-TPHK-CMHTeTa3bl 
AejiflT Ha 2 tuiacca 


KjnoneBbie noHHTMH: 


• B 33BMCMMOCTM OT 3MMHOKMCAOTHOM nOC/ieflOBaTe^bHOCTM M 
CTpyKTypHoro cxoflCTBa aMMHoauMA-TPHK-CMHTeTa3bi flejiHT Ha 
2 KAacca. 


HecMOTpa Ha cxoactbo (J)yHKijHH, aMHHoau;HJi-TPHK-CHH- 
TeTa3bi npeACTaBjíaioT coóoh a OBOJibHO reTeporeHHyio 
rpynny óejiKOB. Pa3Mepbi OTAe^bHbix cyó'beAHHHu; MOiyr 
BapbnpoBaTb ot 40 ao 110 Kfla, a caMH (J)epMeHTbi MOiyr 
CymeCTBOBaTb B BHAC MOHOMepOB, AHMepOB HJIH TeTpa- 
MepoB. ľoMOJiorHH MexcAy hhmh oÓHapy^KHBaeTca pe^KO. 
AKTHBHblH UeHTp CHHTCTa3bI npeACTaB^eH HeÓOJIbinOH 
MaCTbK) MOJieKy^bl. ľlpH CpaBHCHHH aKTHBHblX I^eHTpOB 
pa3Hbix (J)epMeHTOB 6bmn nojiyneHbi AOBOJibHO ^loóonbiT- 
Hbie pe3yjibTam 

Ha ocHOBe ocoóeHHOCTeH crpyKTypbi AOMeHa, oópa3y- 
iomero aicrHBHbiH ueHTp (})epMeHTa, Bce CHHTera3bi pa3Ae- 
^eHbi Ha ABa KJiacca, Ka^KAbiH H3 KOTopbix coctoht H3 ac ca- 

TH (J}epMCHTOB. OÓlBjHH THn OpraHH3aiJHH, CBOHCTBOHHblH 
oóenM rpynnaM, npHBCACH Ha P M c. 9.14. KaTajíHTmecHň 
AOMeH, BKJIKmiOmHH CaHTbl CBa3bIBaHHH ATO H aMHHOKHC- 
jioth, npeACTaB^eH npoTaxceHHbiM ynacTKOM MOJieicyjibi. Oh 
npepbiBaercH BCTaBKOH AOMCHa, OTBeTCTBCHHoro 3a B3an- 
MOAeHCTBHe c aKijenTopHOH cnnpajibio tPHK, b pe3yjibTaTe 
nero aKuenTopHbiH KOHeu MOJieKy^bi tPHK pacnojiaraeroi 
b HenocpeACTBeHHOH 6jih30Cth ot KaTamTmeocoro ynac- 
TKa CHHTeTa3bi. OTAOJibHbiH AOMeH oTBenaeT 3a CBa3bmaHHe 
aHTHKOAOHOBoro mien a tPHK CnHTeTa3bi, cynj,ecTByioii]iHe 
b BHAe MyjibTHMepoB, nacTO hmciot AonojiHHTejibHbifí o^h- 
rOMepH3abl,HOHHbIH AOMeH. 

CnHTeTa3bi I KJiacca oóJiaAaiOT N-KOHueBbiM KaTajiH- 

THMeCKHM AOMeHOM, OT^HMaiOIIliHMCa HaJIHMHCM AByX KO- 


aa-TPHK CMHTeia3bi Ae/íHTcsi Ha A&a miacca 


Kaia/uiTMHecKMíí caŇTA^ caííTA^fi o/imto- 

AOMeH: CBfl 3 blBa- CBB 3 blBaHMB MepM 3 a- 

CaňTbl CBB 3 bl- HMB aKUen- aHTMKOflOHO- 141/10 H H bi M 

BaHMíi ATO TopHoŕí bom neuiM caňT 

M aMMHOKMC/lOTbl CľlMpaJlM tPHK 

tPHK 


HyK/ieoTMA-CBfi3biBaK)iuaB ocnaAKa ct-cnnpajib 
(miacc I) min aHTMnapa^/ie/ibHbie mam P~ta>km 
P-caom (KAacc II) 


OepMeHTbi KAacca I naiue Bcero ababiotcb MOHOMepaMM, 
HeKOTopbie - roMOAMMepaMM 


OepMeHTbi KAacca II Mame Bcero bb/iaiotcb roMOAMMepaMM, 
2 ab/ibkdtcb TeTpawepaMM 



PHC. 9.14 AMMHoauMA-TPHK-CMHTeTa3a npeflCTaBAeHa TpeMH mam 
HeTbipbMfl ynaCTKaMM, KaiKflblM M3 KOTOpblX BbinOAHHeT C BO K) (j)yHK- 
UMK). (ToAbKO CMHTeTa3bi, MMeioiAMe MyAbTMMepHyio CTpyKTypy, 06- 
A3A3K)T OAMTOMepM3aUMOHHblM AOMeHOM.) 
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POTKHX HaCTHHHO KOHCepBaTHBHblX nOCJICAOBaTeJIbHOCTeH, 
MHor^a Ha3bmaeMbix 3HaKOBbiMH nocjiejjOBaTejibHocraMH 
(asignature sequences). KaTajinraMecKHH a omch (popMHpy- 
cr mothb, Ha3bmaeMbiH HyKJieoTH^-CBH3biBaioii]ieH neTjieH 
(CTpyKTypbi noAOÓHoro THna oÓHapyxcHBaiOTca h y Apyrax 
KJiaccoB HyKJieoTHA-CBa3biBaK)ii]iHx (J)epMeHTOB). /JaHHaa 
ner/ia coctoht H3 nepeiviOKaiomHxca (3-cjioeB h a-cnnpa- 
aeň; 3HaKOBbie nocjieAOBaTejibHocrn (j)opMHpyiOT nacrb 
AT®-CBa3biBaiomero cama. BcTaBKH, KOHTaKrapyiomHe c 
aKi^enTopHOH cnnpajibio tPHK, OTJimaiOTca y pa3Hbix chh- 
TeTa31 KJiacca. Bojimiihm pa3Hoo6pa3neM xapaKTepn3yiOTca 
h C-KOHijeBbie AOMeHbi, BKjnonaiomHe aomch /yia CBa3brea- 
HHH aHTHKOAOHOBOrO CTtÔJlÄ TPHK, 2 TaiOKe OJIHrOMepH3a- 
IÍHOHHbie AOMeHbl. 

/Via nocaeAOBaTeabHOCTeH KaTajiHranecKoro AOMeHa 
CHHTeTa3 II KJiacca xapaicrepHbi Tpn oómne ocoóeHHOcm 
AKTHBHbiH ijemp coctoht H3 óojibuiHx aHranapajmejibHbix 
p-oioeB, OKpyxceHHbix a-cnnpajiaiviH. JIomčh, OTBeTCTBeH- 
Hbíň 3a CBfi3braaHHe aicuenTopHOH cnnpajín tPHK, npepbi- 
BaeT nocneAOBaTejibHOCTb KaTajíHTmecKoro AOMeHa (no 
äHajioraH c CHHTeTa3aMH I KJiacca), a ero CTpyKTypa onpe- 
AejiaeTca oco6chhoct5imh Kax^oro KOHKpeTHoro (JjepivieH- 
Ta. AHTHKOAOH-CBa3bIBaiOII]iHH AOMeH, KaK npaBHjio, aBJía- 
oca N-K0H4eBbiM. JIoKajiH3auna 0Jinr0MepH3aijH0HHbix 
AOMeHOB BapbnpyeT b mnpoKHx npeflejiax. 

OTcyTCTBHe CKOJIbKO-HHÓyflb BeCKHX AOKa3aTeJIbCTB 
poflCTBa Mexc^y AByMa rpynnaMH CHHTeTa3 — aBjíeHne 
TpyflHOOÓ'bfiCHHMOe. B03M0XCH0, OHH B03HHKJIH H 3BO- 
jnoqHOHHpoBajiH He3aBHCHMO Apyr ot flpyra. B stom cjiy- 
aae moxcho npeAnojioxcnTb, mto y paHHnx (j)opM xch3hh 
ÔeJIKH COCTOaJIH TOJIbKO H3 flCCRTH aMHHOKHCJIOT, B3aH- 

MO^eHCTByiomHx c (JjepMeHTaMH oahoto H3 Hbme cymec- 

TByiOmHX KJiaCCOB. 

CorjiacHO oómenpnHaTon moacjih, cHHTera3a CBa3bi- 
BaeT tPHK, KOHTaKrapya c oahoh H3 ctopoh L-o6pa3HOH 
MOJieKyjiH. HecKOJibKO oómnx npnHijHnoB onncbraaioT 


BCe THnbI B3aHMOAeHCTBHH MOK.Íiy aMHHOaiJHJI-TPHK-CHH- 
Tera30H h MOJieicyjiOH tPHK: CBa3bmaHHe tPHK, rjiaBHbiM 
o6pa30M, nponcxoAHT no KOHijaM MOJieicyjibi, npn stom 
óojibinaa nacTb tPHK He ynacTByer b npoijecce y3HaBaHHa 
CHHTeTa30H. O^HaKO AerajiH npoijecca B3anMOAeHCTBHa 
pa3JiHnaiOTca jyix CHHTera3 I h II KJiaccoB. 3th pa3JiHMHa, 
BbiacHeHHbie c noMombio AaHHbix peHTreHOCTpyKTypHoro 
aHajiH3a, noKa3aHbi Ha P M c. 9.15. R Ba KJiacca (JjepMeHTOB 
CBa3bmaiOT tPHK c npoTHBonojioxcHbix ctopoh, b pe3yjib- 
TaTe nero moacjih B3anMOAencTBHa tPHK-6cjiok /yia AByx 
rpynn cpepMeHTOB Bbirjia^aT noMTH KaK 3epKajibHbie OTpa- 
xceHHa Apyr flpyra. 

CnHTeTa3a 1 KJiacca (Gln-TPHK-cnHTeTa3a)' koh- 
TaKTHpyeT c tPHK co CTopoHbi ee D-neTJin. OHa y3HaeT 
Majiyio 6opo3AKy aKijenTopHoro CTeÓJia tPHK oahhm H3 
KpaeB CBoero KOHTaKTHoro cama h B 3 anMOfleHCTByeT c 
aHTHKOAOHOBOH neTjieH flpyraM ero KpaeM. Ha P M c. 9.16 
cxeMaTHMHO npejiCTaBjíeH KOMnjieKC TPHK Gln -cnHTeTa3a. 
KoHTaKT c (JjepMeHTOM H3MeHaeT CTpyKTypy tPHK b AByx 
TOMKaX. 3™ H3MeHeHHa (b aHTHKOAOHOBOH neTJie H aK- 
iienTopHOM CTeóJie) noKa3aHbi c noMombio nyHKTnpHbix 
H CnjIOIDHblX JIHHHH: 

• OcHOBaHHa U35 h U36 b aHTHKOAOHOBOH neTJie Aocra- 
tomho AaJieKO BbicTynaiOT 3a npeAOibi tPHK h KaK 6bi 
norpyacaiOTca b óejiOK. 

• Kohoj; aKiienTopHoro CTeÓJia AecVopMHpyeTca, b pe- 
3yjibTaTe nero HapymaeTca B3anMOAeHCTBne Me5K,iiy U1 
h A72. OAHOiienoneMHbiH kohoj, aKijenTopHoro CTeÓJia 
bxoaht b rjiyóoKHH KapMaH b cTpyKType (^epMeHTa, ko- 
TopbiH, KpOMe toto, co^epaGiT caňT CBa3bmaHHa ATO. 
TaKaa CTpyKTypa oó^acHaer, noneiviy H3MeHeHHa b oc- 

HOBaHHax U35, G73, a Taioce nape U1-A72 BJinaioT Ha npo- 
iiecc y3HaBaHna tPHK (JjepMemoM. BoAopoAHbie CBa3H B03- 
HHKaiOT MOK,ny tPHK h ócjikom bo Bcex 3thx nojioxceHHax. 

CnHTeTa3a II KJiacca (Asp-TPHK-cnHTeTa3a) KOHTaKTH- 
pyeT c Apyroň ctopohoh tPHK; OHa y3HaeT BapnaóejibHyio 



PMC. 9.15 CTpyKTypa KpMcrajuioB aMMHoauna-TPHK-cnHTeTa3 I m II KaaccoB noKa3biBaeT, hto cj)ep- 
MeHTbl pa3HblX KJiaccoB CBB3blB3K)T CyÓCTpaTHyK) tPHK C ľ!pOTMBOn0J10)KHblX CTOpOH. tPHK M30Ópa- 
>KeHa KpacHbiM, 6es\K\A — cmhmm ubctom. IlK)6e3HO npeAOCTaB^eHo Dino Moras, Inštitúte of Genetics 
and Molecular and Cellular Biology 
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neTjiio h óojibinyK) 6opo3AKy aKijerrropHoro creójia, KaK 
noKa3aHO Ha pmc. 9.17. AicuenTopHbiH creóejib npn stom 
coxpaHaer cbok) oóbiMHyio cnnpajibHyK) crpyKTypy. ATO- 
CB5I3bIBaK)II]iHH y^aCTOK paCnOJIO^CeH p*mOM C KOHIjeBbIM 
aAeHHHOM .QpyrHM KpaeM CBoero cy6crpaTCBa3biBaioii];ero 
cama (J)epMeHT oópa3yeT naoTHbiH KOHTaKT c aHTHKOAOHO- 
boh nemeň tPHK, nperepneBaiomeH rjví stoto KOH(J)opMa- 
UHOHHbie H3MeHeHra. 


A/ifl Toro MTo6bi o6pa30BaTb KOHTatcr c cMHTeTa30H I TMna 
tPHK M 3 MeHflet cboio crpyitTypy 



PMC. 9.16 AMMHoaun^-TPHK-CMHTeTa3a I KJiacca ko ma ktm pyeT c 
tPHK b oó/iacTM Majioň 6opo3flKM aKueriTopHoro cre6;ifl m aHTMKO- 
flOHOBOM neTJiki 


CnHTeia3bi II Kiiacca KomaKTHpyiOT c tPHK b AByx oô/iacrax 



PMC. 9.17 AMMHoaumi-TPHK-CMHTeTa3a II KJiacca ko HTa ktm pyeT c 
tPHK b oó/iacTM óojibwoií 6opo3flKM aKijenTopHoro ynacTKa m aimi- 
KOflOHOBOÍÍ neTJIM 


CnHTeTa3bi — (jjepMeHTbi 

c KoppeKTupyioiiieft aKTMBHoabio 


KmoneBbie noHflTMfl* 


• CneuM(j)MHHocTb peaKUMM y3HaBaHkm Niewfly aMMHOKMCJioToŕí 
m tPHK KOHTpojikipyeTCfl aMMHoaAMji-TPHK-CMHTeTa30ií, 
KoppeKTMpyioLuaíi aKTMBHocrb KOTopoŇ oóecneHMBaeT 
McnpaBAeHkíe owm6ok b cnynae CBfl3biBaHmi HenpaBmibHoro 
KOMľlOHeHTa. 

AMHHoauHJi-TPHK-CHHTeTa3bi BbinojiHaiOT HenpocTyio 
(J)yHKiiHio. Kaa<Aaa CHHTCTa3a AoaacHa yMeTb omHnaTb 
cboio aMHHOKHCJiOTy ot 20 Apyrnx, a TaioKe pacno3HaBaTb 
Bce cooTBeTCTByioiiiiHe en tPHK (KaK npaBHJio, ot oahoh 
AO Tpex) cpe^H oómero hx MHorooópa3Ha (bo3mo)kho, 
oómee pa3HOOÓpa3ne tPHK AOcraraeT 100). 

MHorne aMHHOKHCJIOTbl noxoacn ppyr m Apyra. Kpo- 

Me TOTO, ÓOAblIIHM CXOACTBOM C aMHHOKHGJIOTaMH OÓJia- 
Aaer pHA npoMDKyTOMHbix MeraóoaHTOB, oópasyiomnxca 
b pe3yjibTaTe xhmhmcckhx npeBpameHHH aMHHOKHCJioT. 
OCOÓeHHO GJIOXCHO npOBeCTH pa3JIHMHH MOKAy AByMa aMH- 
HOKHCAOTaMH, OTJIHMaiOmHMHCa TOAbKO A™HOH yiTieBOAO- 
poAHofí ijenn (HanpHMep, Ha OAHy CH 2 -rpynny). HcxoAa 
H3 OTHOCHTeAbHOH 3HepTHH CBa3bIBaHHa AByX TaKHX aMH- 
HOKHCAOT, HX K03(j)(j)HIJHeHT AHCKpHMHHaiJHH AOJDKCH 6bl 
6bui cocTaBAKTb npHMepHO 1/5. CHHTera3bi yBeAHMHBaiOT 
3TOT K03({)(J)HLIiHeHT npHMepHO B TblCBHy pa3! 

npOBOAHTb pa 3 AHMHa MOKAy OTACAbHbIMH TPHK npO- 
m,e, nocKOAbKy óoaee KpynHaa crpyicrypa MOAeicy/ibi tPHK 
cnocoÓHa (J)opMHpoBaTb óojibinee hhcao tomck Komaicra c 
(J)epMeHTOM. OAHaKO acao yGJioacHaerca tcm, mto Bce tPHK 
npHHHMaiOT nOXOXGie KOH(j)OpMaiJHH c OrpaHHMeHHbIM 
HaÓOpOM OTAHMHTeAbHblX npH 3 HaKOB, n 03 B 0 Jiai 0 II];HX CHH- 
Tera 3 e omHnaTb HeoóxoAHMyio tPHK ot Bcex npoHHx. 

Cym,ecTByeT ABa ochobhhx MexaHH3Ma, onHCbreaiomHx 
y3HaBaHHe cyócrpaTa (J)cpmchtom: 

• nocrymieHHe, npoBepKa npaBHjibHocm, bkjhomchhc hjih 
yAajieHHe BbiópaHHoro KOMnoHeHTa npeACTaBJíaioT coóoh 
eAHHbíň aicr, npeABapaioiAHH coóctbchho KaTaaH3 peaK- 
ijhh. Hhhmh ciOBaMH, b cy6crpaTCBa3biBaK)iij t HH ynac- 
tok MoaceT nonacTb TOAbKO HyacHbiH cyócrpaT. B aiynae 
CHHTcra3 sto 03HaMaer, mto TOAbKO npaBHAbHaa aMHHO- 
KHCAOTa h cooTBeTCTByioiiiiHe eň H3oaKu,enTopHbie tPHK 
oôaaAaioT cnocoÓHOCTbio CTaónjibHO npHKpemiflTbca k 
cy6apaTCBa3biBaioiij t eMy caňTy AaHHoro (jepMeHTa. 

• flpyrofí B 03 M 0 XCHbIH MexaHH 3 M COCTOHT B TOM, HTO peaK- 
u,™ MoaceT npoHTH pHA CTaAHH, npexcAe hcm 6 yAeT npn- 
hhto pemeHHe o npaBHJibHOCTH BbiópaHHoro cyócTpaTa. 
Ecah cyócTpaT He yAOBJíeTBopaeT HyxcHbiM KpHTepnaM, 
to peaKiiHa npoTeKaer b oópaTHOM (wm oóxoahom) Ha- 
npaBJíeHHH, b pe 3 yabTaTe Mero HenpaBHAbHbiH cyócrpaT 
yAajiaerca. TaKOH cnocoó npOBepKH (ocymecTBAaeMbiH 
yace nocae toto, KaK KaTajiH 3 npyeMaa peaKi^na npoiiuia) 
Ha 3 bmaiOT KOppeKu^Heň. B oiynae CHHTera 3 ncnoAb 30 - 
BaHHe TaKoro MexaHH 3 Ma 03 HaMaer, mto peaKiiHa coeAH- 
HeHHB aMHHOKHCJIOTbl H TPHK M 02 KCT KaTaAH 3 HpOBaTb- 
ca, A^ace ecan b chctcmc npHcyrcTByioT HenoAxoAam,He 
TPHK HJIH aMHHOKHCJIOTbl. 
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PMC. 9.18 Kompojiby3HaBaHMfl CMHTeTa3oŕí npaBunbHoií tPHK bkjho- 
Haeľ Aee cranm. Bo-nepBbix, npaBmibHaa tPHK o6^aflaeT óojibweií 
a(f)(t)MHHOCTbK) K CBfl3blBdK)IA6My CaŕÍTy (JjepMeHTa. Bo-BTOpblX, 3MMHO- 
auMAMpoBaHkíe oujmóohhoíí tPHK npoMcxoflMT ropa3flo MeftneHHee 


CHHTeTä3bI HCnOJIb3yK)T MexaHH3MbI KOppeKU,HH npn 
y3HaBaHHH oóohx cbohx cyócrpaTOB. C noMombio sthx Me- 
XäHH3MOB OHH 3HaHHTCJIbHO nOBbiniaK)T 3(j)(j)eKTHBHOCTb 
Bblóopa KaK npaBKJIbHblX aMHHOKHCJIOT, TaK H npaBMbHblX 
tPHK (3(JxJ}eKTHBHOCTb AHCKpHMHHaiiHH óojiee hjih MeHee 
nocroaHHa BHyTpH KaacflOH H3 rpynn). Eojibine oiiihóok chh- 
TeTa3bi AejiaiOT npn Bbióope HyxcHOH aMHHOKHCJioTbi (bcjihhh- 
Ha oiiihókh KOJieÓJieTca ot 10~ 4 ro 10 -5 ), npn Bbióope tPHK 
3Ta BejiHMHHa cocraBJíaeT okojio 10~ 6 (cm. pne. 8.8). TpaHC- 
nopmaa PHK B3aHMOAeHCTByeT c CHHTeTa30H no ABycraAHH- 
hoh cxeMe, H30ÓpaaceHH0H Ha p m c. 9.18. npaBHjiwm tPHK 
oÓJiaAaeT óojibineH acj)(j)HHHOCTbio k cyócTpaTCBa3biBaioiij t e- 
My carny (J)epMeHTa, a noTOMy CBa3biBaeTca c hhm óbicipo, a 
AHCCOu.HHpyeT Me/yieHHO. ľlocjie caBfl3biBaHHa tPHK (JjepMeHT 
KaK óbi npoBOAHT TmaTe^bHbiH aHajiH3. B oiyqae nocryíuieHHfl 
npaBHjibHOH tPHK B3aHMO£eHCTBHe craÓHjiH3HpyeTC5i nyreM 
KOH({)OpMailHOHHbIX H3MCHCHHH CjjepMCHTa, B CBOK) OMepe^b 

pa 3 pemaiomHx peaiajnio óbicrporo aMHHoau,HJiHpOBaHHJL 
Ecjih xce nocrynaeT HenpaBHJibHaa tPHK, KOHcjjopMaijHOH- 
HblX H 3 MeHeHHH (jjepMCHTa He npOHCXOAHT. B OTCyTCTBHe 
KOH(JX)pMailHOHHbIX H 3 MCHCHHH aMHHOaiJHJIHpOBaHHe npO- 


TeKaeT ropa3AO Me/yieHHee, a aieflOBaTejibHO, yBejiHHHBaeTca 
BepOHTHOCTb TOTO, MTO AHCCOIJHailHfl tPHK ot (f)epMeHTa npo- 
H 30 fífleT paHbine, neM OHa 6yj\cľ aMHHoaijHjiHpoBaHa. TaKOH 
raň npOBepKH Ha3biBaiOT KraiermecKOH KOppeKujieň. 

CnOCOÓHOCTb CHHTeTa3 CB5I3bIBaTb TOJIbKO «CBOK)» aMH- 
HOKHOIOTy pa3JIHMHa. HeKOTOpbie CHHTeTa3bI AeHCTBHTeJIb- 
HO CB5I3bIBaK)T TOJIbKO OnpeAeJieHHyiO aMHHOKHCJIOTy, TOT^a 
KaK Apyrae cnocoÓHbi B3aHMOAeHCTBOBaTb c ijejibiM pa/jOM 
noxoxcnx no CTpoeHHio aMHHOKHCJiOT. HHorfla HeBepHO 
CBa3aHHbie aMHHOKHCJiOTbi MOiyr Aaace óbiTb npeBpauijeHbi 
b ajieHHjiaTHyio (j)opMy, ho hh b oahom H3 H3BecTHbix cjiy- 
MaeB oniHóoMHO aKTHBHpoBaHHaa aMHHOKHCJioTa He oópa- 
3yeT craÓHJibHOH aMHHoaijHji-TPHK. 

PjlÄ TOMHOTO y3HaBaHHH (JjepMeHTOM aMHHOKHCJIOTbl 
HeoóxoAHMO npncyTCTBHe cooTBeTCTByiomeH en tPHK (He- 
3aBHCHMO OT TOTO, npOHCXOAHT JIH y3HaBaHHe aMHHOKHC- 
JIOTbl £0 CTaAHH (f)OpMHpOBaHHH aMHHOaiJHJI-aAeHHJiaTa 
hjih nocjie). HcKJiiOMeHHe cocraBJweT Met-TPHK-CHHTeTa3a, 
cnocoÓHaa otkjiohhtb HenpaBHjibHbiH aMHHoaijHji-aAeHH- 
jiaTHbin KOMnjieKC AajKe b OTCyTCTBHe tPHK. 

BbmejiaiOT Aea cnocoóa KoppeKiiHH, c noMomjbio koto- 
pbix (JjepMeHT MO^ceT yzjajuiTb HenpaBHjibHyio aMHHOKHC- 
jiOTy b npouecce (JjopMHpoBaHHa aMHHoau;HJi-TPHK. Ha 
pmc. 9.19 noKa3aHO, mto npeKpauijeHHe KaTajiH3a b oóohx 


CHHTeT33bt MCnOAb3yiOT MeX3HH3M XMMMHeCKOH KOppeKUMM 
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PMC. 9.19 ľloc^e CBÍ 13 blBaH m C OUJm6oHHOÍÍ aMMHOKMCAOTOÍÍ CMH- 
TeTa 3 a AO/DKHa CBíi 3 aTb npaBM^bHyK) tPHK. B pe 3 yjibTaTe KOH(j)opMa- 
AMOHHbix M 3 MeHeHMÍí cj)epMeHTa npOMCXOAMT rnApo^M 3 HenpaBM^b- 
Horo aMMHoaumi-aAGHmiaTa. rnApojiM 3 oiiJMÓOHHoro KOMn^eKca 
MO>KeT npoM 30 ŇTM m nočné nepeHoca aMMHOKMCAOTbi Ha tPHK 
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ľlponecc koHT po/t m pyeicji Ha KaxgaiOM ct3ahh 


CTaflMíi 

HacTOTa oujmóok 

AKTMBauM/i BauMHa, 

1/225 

npeBpameHMe ero b Val-AMO Ile 


BbicBoóo/KfleHMe Val-TPHK 

1/270 

06maa BepofiTHOCTb oujmókm 

1/225 x 1/270=1/60 000 


PMC. 9.20 ToHHOdb y3HaB3HMfl TPHK-Ile cooTBeTCTByiomMM 4>ep- 

MeHTOM 33BMCMT OT KOHTpOJlfl B03M0WH0 M OĽJm 6 kM Ha flByX CTaflMflX 


CJiynaiIX HBJLHeTCH pe3y;ibTaTOM XHMOTeCKOH KOppeK- 
i^hh. CTeneHb npeo6jia£aHH5i o/jHoro cnocoôa Ha p apyrHM 
y pa3Hbix c})epMeHTOB BapbHpyeT: 

• HenpaBHJibHbiH aMHHoau,HJi-a^eHHJiaT Moxcer rn^po- 
JIH30BäTbCfl npH CBH3bIBäHHH npäBHJIbHOH TPHK 3TOT 
MCXäHH3M HCnOJIb3yiOT HeCKOJIbKO (})epMeHTOB, BKJIIOHaa 
aMHHoau,HJi-TPHK-CHHTeTa3bi MerooHHHa, H30JieHu,HHa 
h BajiHHä. (OôbiHHO peaKu,HK) Hejib3a 3aperacTpHpoBaTb 
in vivo , oflHäKO OHa npofleMOHCipHpoBaHa ajm Met- 
TPHK-CHHTeTa3bi b cjiynae HenpaBHJibHOH aKTHBau,HH 
äMHHOKHCJIOTOH rOMOU,HCTeHHOM, ,Z^ecJ)HU 1 HTHbIM nO 

MeTHJibHbiM rpynnaM MemoHHHa.) B pe3ynbTaTe xop- 
peKI^HH äMHHOKHCJIOTä BblCBOÔCOKflaeTCfl B H3MCHCHHOH 
(})OpMe, TäKOH KaK THOJIäKTOH rOMOU,HCTeHHä. noKä3a- 
ho, hto THOJIäKTOH roMou,HCTeHHä o6pa3yeTCfl B E.coli B 
KanecTBe noôonHoro npoflyKTa pa6o™ Met-TPHK-CHH- 
Tera3bL flaHHbin (Jjaicr /jeMOHCTpHpyeT, mto HenpepbiB- 
Haa KoppeKu.Ha aBJíaerca nacTbio npou,ecca B3äHMO/jeHC- 
TBHfl tPHK c COOTBeTCTByiOmeH äMHHOKHCJIOTOH. 

• HeKOTopbie CHHTera3bi Hcnojib3yiOT MexaHH3Mbi xh- 
MHnecKOH KoppeKUHH Ha 6ojiee no3£HHx cra^rax. 
HanpnMep, HenpaBH/ibHaa äMHHOKHCJIOTä Moxcer 6biTb 
nepeHeceHa Ha tPHK, a 3 aTeM, HaxoAacb yace b tPHK- 
CBa3biBaiomeM came (JjepMema, y3Haerca KaK Henpa- 
BHJibHaa no CBoeň CTpyierype, nocjie nero ra£pojiH3y- 
erca h ocBo6oJK£aeTca. TaKOH MexaHH3M KoppeiajHH 
noApa3yMeBaeT Hajimne nocTOHHHO /jeHCTByiomero 
4HKjia CBa3bmaHHa h rH^pojiH3a, npoflOJDKaiomeroai po 
Tex nop, noxa k tPHK He npHCoeflHHHTca npaBHjibHaa 

äMHHOKHCJIOTä. 

KjiaCCHHeCKHM npHMCpOM, nOKa3bIBaiOmHM, HTO y3Ha- 
BäHHe äMHHOKHCJIOT 3äBHCHT OT npHCyTCTBHfl Ha CHHTCTä- 
3e tPHK, aBJíaerca paôoTa Ile-TPHK-CHHTeTa3bi E.coli. 3tot 
(JjepMeHT CnOCOÔeH äKTHBHpOBäTb B3JIHH, 06pä3yfl BaJIHJI- 

apmumr, ho nocjie CBa3bmaHHa TPHK Ile (JjepMem ra/ipo- 
jiH3yer paHee o6pa30BaBniHHca aptmuiar. KaK noKa3aHo 
Ha pmc. 9 . 20 , HToroBaa oniHÔKa aMHHoauHJinpoBaHHa 3a- 

BHCHT OT Cnei4H(})HHHOCTH KaJK£OH H3 OnHCaHHblX CTa^HH. 

CyMMapHaa oniHÔKa npoijecca cocTaBJíaer 1,5 x 10 -5 , hto 
M eHbrne 3HaneHHH, nojiyneHHbix npn H3MepeHHH nacTOTbi 
3aMeHbi BajiHHä Ha h30jichuhh (b rjioÓHHe KpojíHKa), ko- 
jieôjnomeHca ot 2 po 5 x 10 -4 . CjieflOBaTejibHO, HenpaBHJib- 
HOe äKTHBHpOBäHHC COCTäBJIfleT JIHIIIb HeÓOJIblIiyiO flOJIK) 
oniHÔOK, npoHcxoAamnx npn CHHTe3e ôejiKa b KjieTKe. 

Ile-TPHK-cHHTeTa3a pa3JiHnaeT aMHHOKHCJioTbi Ha oc- 
HOBe hx pa3MepoB. Kax H3o6pa)KeHo Ha pmc. 9 . 21 , (JjepMem 


HMeeT PB2 äKTHBHblX IjeHTpä: äKTHBäU,HOHHbIH (HJIH CHH- 
TeTHHeCKHH) H KOppeKIJHOHHblH (HJIH THApOJIHTHHeCKHH). 
CTpyicrypa KpHCTajma (JjepMema noKa3bmaeT, mto chhtcth- 
necKHH ynacroK cjihiiikom Máji ppn Toro, moôbi oôecnenHTb 
Bxoa^eHHe rypa jieHu,HHä (6jiH3Koro no CTpyierype k H30- 
jieHi^HHy). Bce aMHHOKHCJiOTbi, pa3Mep KOTopbix npeBbimaeT 
pa3Mep H30JieHi(HHä, He äKTHBHpyioTca, nocKOJibicy He Moryr 
npoHHKHyTb b CHHTeTHnecKHH u,eHTp cJjepMema. Amhhokhc- 
jiotbi, KOTopbiM yqajiocb nonacrb b CHmeTHnecKHH u,eHTp, 
CBa3bmaiOTca c tPHK, nocjie nero (JjepMem nbiTaeTca nepe- 

HeCTH HX B KOppeKIJ.HOHHblH LjeHTp. H30JieHU,HH BCJieACTBHe 
CBOHX ÔOJIblIIHX pa3MepOB He MOaceT BOHTH B KOppeKU,HOH- 
HbiH u,eHTp h He noABepraeTca KoppeKn,HH. MeHbniHH xce no 
pa3MepaM b3jihh oÔJia^aeT cnocoÔHoerbio npoHHKaTb b Kop- 
peKn,HOHHbiH u,eHTp, b pe3yjibTaTe nero HenpaBH/ibHaa Val- 
T pHK Ile rH£pojiH3yeTCH. OaKronecKH (JjepMem ocym,ecTBJiaeT 
flBOHHoe MOJieicyjiapHoe pacno3HaBaHne, b xopc KOToporo 
pa3Mep MOJieicyjibi aMHHOKHCJioTbi Hcnojib3yeTca KaK npn- 
3HaK, n03B0JIHK)mHH npOBOflHTb pa3JIHHH5I MCTKffy ÔJIH3KHMH 
no crpyicrype äMHHOKHCJiOTaMH. 

HmepecHOH nepTOH Ile-TPHK-CHmeTa3bi aBJíaeTca 
yflajieHHOCTb cnmeTmecKoro h KoppeKUHOHHoro camoB 
flpyr ot flpyra, sto paccroaHHe cocTaBJíaeT ~34 Á. CTpyK- 
Typa KpncTajma (JjepMema b KOMnjieKce c noABeprHyTbiM 
KoppeKijHH aHajioroM H30JieHL(HHa noKa3bmaeT, hto aMH- 
HOKHCJiOTä TpaHcnoprapyeTca H3 CHmemnecKoro cama b 
KoppeKi(HOHHbiH. KaK noKa3aHO Ha pmc. 9 . 22 ,3TOT npouecc 
BKjnonaeT b ce6a KOHcJjopMaunoHHbie H3MeHeHra tPHK 
Aioj,enTopHbiH creôejib TPHK Ile MoaceT cyni,ecTBOBaTb b ajib- 


Mofle/ib ABOHHoro pacno3HaeaHM5i 
npeAno/iaraeT Ha/umne A»yx aKTMBHbix neHTpoB 


KoppeKUMOHHbiíí ueHTp MeHbiue, neM CMHTeTMHecKMÍí 



CMHTeTMHeCKMM 

uemp 


M KoppeKUMOH- 
Hbiíí uemp 


Leu c/i mu kom óoubma/i pju i Toro, 

MTOÓbl BOÍÍTM B CMHTeTMHeCKMM LjeHTp 

vy + 

íle npoHMKaeT b CMHTeTMHeCKMM ueHTp, 
ho He nonaflaeT b KoppeKUMOHHbiíí 




Val npOXOflMT Hepe3 CMHTeTMHeCKMM UeHTp B KOppeKUMOHHblíí 


PMC. 9.21 Ile-iPHK CMHTeia3a MMeeT abs aKTMBHbix ueHTpa. Amm- 
hokmcaoth, pa3Mep KOTopbix npeBbiiuaeT íle, He MoryT 6biTb sktmbm- 
pOBaHbl, nOCKO^bKy He MOryT npoHHKHyTb B CMHTeTMHeCKMM AeHTp. 
Ammhokmcaotw, pa3Mepbi KOTopbix MeHbiue pa3MepoB íle, yflaABioT- 
CB, T3K K3K CľlOCOÓHbl ľipOHMK3Tb B KOppeKAMOHHbIM AeHTp 
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0yHKllMOHMpOBaHMe aKTMBHbfX iiempoB 4>ep Merná 
KOHTpOilHpyeTCfl KOH(|)OpMa4MeH tPHK 


A^bTepHaTMBHafl wnwieHHafl 
CTpyKTypa KOHijeBoro y^acTKa 


06biHH3B cnMpa/ibHaa 
4)opMa KOHueBoro ynacTKa 



KoppeKUMOHHbiíí 
uemp 


34Ä | 


CMHTeTMHeCKMM 

uemp 



PMC. 9.22 AMMHOKMc^OTa nepeMemaeTCfl M3 cMmeiMnecKoro ueHTpa 
Ile-rPHK CMHTeia3bi b KoppeKUMOHHbiŕí uemp b pe3yjibTaTe M3MeHe- 
HMfl KOH(f)OpMaUMM aKAeľlTOpHOrO CTeÓJlfl tPHK 


TepHamBHOH KOH(})opMaijHH. Jljw toto HTo6bi oôecneHHTb 
äMHHOai^HJIHpOBaHHe B CHHTeTHHeCKOM CaHTe (})epMeHTa, 
oh cj)opMHpyeT mnn/ibKy, noaie nero B03BpamaeTai k cbo- 
eň oóbiHHOH cnHpajibHOH CTpyKType h nepeMemaeT aMHHO- 
KHCJiOTy b KoppeKi^HOHHbiH ijeHTp. TpaHCJiOKaijHíi MOKAy 
qeHTpaMH (})epMeHTa HBJIfleTCfl STanOM, JIHMHTHpyiOmHM 
CKopocTb KoppeKi^HH. Ile-TPHK-CHHTeTa3a HBJíaeTCB chh- 
TeTa30H I Kjiacca, OAHaKO MexaHH3M ABOHHoro pacno3HaBa- 
hhh Hcno^b3yeTCB h c})epMeHTaMH II miacca. 


CynpeccopHan tPHK pacno3HaeT HOHceHtr-KOAOH 


f\mm TMn: UUG koaoh cHMTbiBaeTca Leu-iPHK 


AUG 


UUG UAA 
AAC 


Leu 



\ 

Leu 


HoHceHC-MyiauMB: UAG koaoh TepMMHupyeT CMHTe3 


AUG 


UAG UAA 


i 


OaKTop 

TepMMHaUMM 


CynpeccopHaa MyiauMfi: M3MeHeHne amHKOflOHa Tyr-iPHK 


AUG 


UAG UAA 
AU C 



AA AAAA A 
/v wvwvw'O 


9.12 


MyraHTHbie aHTM koaoh bi asiot 
B 03 M 0 >KH 0 CTb cynpeccopHMM tPHK 
CMMTbIBaTb HOBbie KOAOHbl 


KmoMeBbie noHHTMfl: 


• Cynpeccopbie tPHK oôbiHHO HecyT MyTaLjMM b aHTMKOAOHe, 
npMBOAJUUMe k M3MeHeHMHM TMna KOflOHa,y3HaBaeMoro flaHHoŕí 
tPHK. 


• B pe3y;ibTaTe cynpeccopHOM MyTaLiMM b aHTMKOflOHe tPHK 
npno6peTaeT cnocoÓHOCTb pacno3HaBaTb CTon-KOflOH KaK 
CMblCJlOBOM, OÓecneHWBafl BK/1K)HeHMe aMMHOKMCJlOTbl B 
no^MnenTMflHyK) uenb m cmhtc3 6 e/wa 3a cron-KOflOH. 3 to 
BB/ ieHMe no/iyHM/io H33BaHMe HOHceHc-cynpeccMM mjim 
cynpeccMM npewAeBpeMeHHOM TepwnHauMM 6e/iKOBoro cMHTe3a. 

• MncceHc-cynpeccM5i npoflB/ifleTCH b oiocoóhoctm tPHK 
y3HaBaTb KOAOHbl, OTJIMHHbie OT OÓblHHblX flaHHOÍÍ tPHK, m 
npMBOflWT k 3aweHe oahoíí aMMHOKuciiOTbi Ha flpyryío. 


MyraHTHbie tPHK BBHjiHCb oahhm H3 HaHÔojiee MOujHbix 
HHCTpyMeHTOB npH HCCJieAOBaHHH KOAOH-aHTHKOAOHOBO- 

ro B3aHMOAeHCTBH5i, a Tanúce npu BbracHeHHH ocoôeHHoe- 
Teň pa3JiHHHbix tPHK b stom npoijecce. 

MyraHTHbie tPHK oÔHapyxcHBaiOT ÔJiaroAapa hx cno- 
coóhocth KOMneHCHpoBaTb 3(})(})eKT MyrauHH, npHcyrcTBy- 
K)uj,hx b reHax onpeAeAeHHbix 6e;iKOB. B TepMHHax KjiaccH- 
necKoň reHeTHKH MyraijHH, cnocoÔHbie ycTparaTb 3(})(})eKTbi, 


PMC. 9.23 HoHceHC-MyTauMM MOiyróbiTb cynpeccMpoBaHbi TPHKcMy- 
T3HTHblM aHTMKOflOHOM, BCT3BJ151K)LAeM B 6eJ10K 3MMH0KMCJ10Ty B OTBeT 
Ha MyTaHTHbiíí koaoh mPHK. B pe3yjibTaTe cMHTe3MpyeTCH nojiHopa3- 
MepHbiŕí 6ejiOK, b kotopom McxoAHbiŕí ocTaTOK Leu 3aMeHeH Ha Tyr 


Bbi3BaHHbie flpyrHMH MyraiiHaMH, Ha3bmaiOT cynpeccopHbi- 
mh. B CHCTeMax, Ha KOTopbix H3yiaiOT cynpeccopHbie tPHK, 
nepBHHHaíi MyraijHíi, H3MeHBiomaíi koaoh b mPHK, HHaKTH- 
BHpyeT 6e;iKOBbiH npoAyKT. BTopHMHafl (cynpeccopHaa) My- 
TaijHíi H3MeHaeT aHTHKOAOH tPHK TaKHM o6pa30M, hto oh 
H anHHaeT y3HaBaTb MyraHTHbíň koaoh bmccto, vmw TaK xce 
xoporno, KaK h cboh hcxoahmh koaoh. B pe3yAbTaTe bkjiio- 
naeMbie b nojiHnenTHAHyio uenb aMHHOKHOiOTbi Boccra- 
HaBJIHBaiOT (})yHKIJ 1 HIO ÔeAKa. B 3aBHCHMOCTH OT npHpOAbl 
nepBOHanajibHOH Myrai^HH H3MeHeHHbie tPHK no^ynujiH 
Ha3BaHH5I HOHCeHC- HJIH MHCCCHC-CynpeCCOpOB. 

B KjieTKax AHKoro rana HOHceH-MyTai^HH pacno3- 
HaiOTCil TOJIbKO peJIH3HHr-(J)aKTOpaMH, npHBOA^mHMH 
k TepMHHaiiHH CHHTe3a 6eAKa. CynpeccopHbie MyTai^HH 
b A^HHOM Gnynae npHAaiOT aMHHoauHA-TPHK HOBbie 
CBOHCTBa, no3BOJiaiomHe eň y3HaBaTb CTon-KOAOH KaK 
CMblCJIOBOH. COOTBeTCTBeHHO, BKJHOHCHHe aMHHOKHCJIO- 
Tbi oôecneHHBaeT npoAOJDKeHHe CHHTe3a ôe^Ka 3a cTon- 
KOAOH. OnHCaHHblH MexaHH3M nOKa3aH Ha PMC. 9.23. 
Ecah aMHHOKHCJioTa, BKJHOHaeMaa b 6caok b pe3yAbTaTe 
cynpeccHH, oTjiHHaeTca ot hcxoaho KOAnpyeMOH aMH- 
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Mwccewc cynpeccopbi KOHKypupyiOT c tPHK amkoto Twna 


9.13 


Aiia Ka>KAoro TepMMHMpyiomero 
KOAOHa cymecrByioT cbom 
HOH ceHC-cynpeccopbi 



PHC. 9.24 ľlpM MMCceHC-cynpeccMMaHTMKOflOHTPHKMyTMpyeTTaKMM 
o6pa30M, hto npMOÓpeiaeT cnocoÓHOdb OTBenaTb Ha HenpaBMjibHbm 
koaoh. CynpeccMA b 3tom c/iynae flBJíaeTCfl HacTMHHoŕí, nocKO/ibKy m 
tPHK AMKoro Tuná, n cynpeccopHaa tPHK MoryT B3aMMOfleŕícTBOBaTb 
C KOflOHOM AGA 


hokhcjioth b 6ejixe AHKoro rana, to aKTHBHocTb 6e;ixa 

MO)KCT H3MCHHTbCa. 

MncceHC-MyTauHH H3MeHaioT cmmcji xoAOHa, npHBOAa 
k 3aMeHe oahoh aMHHOXHCJiOTbi Ha Apyryío, hto Bbi3bma- 
er o6pa30BaHHe Hec})yHKijHOHajibHoro 6eaxa (hjih 6eaxa c 
H3MeHeHHOH (JjyHxijHeH). (CTporo roBopa, jnoôaa 3aMeHa 
aMHHOKHCJiOTbi b 6eaxe aBjíaeTca MMCceHC-MyTaiíHeň, ho Ha 
npaKTHKe Myrau.HH oÔHapyacHBaioTca TOJibxo b tom oiynae, 
eCJIH npHBOAHT K H3MeHeHHIO aKTHBHOCTH ÔCJIKa.) MHCCeHC- 
MyTau,HH cynpeccHpyioTCH b pe3ynbTaTe BKJnoneHHa b 6e- 
jiok jihôo hcxoahoh, jihôo noxoacen Ha ncxoAHyio aMHHO- 
KHCJIOTbl, npHBOAa K BOCCTaHOBJíeHHIO (})yHKLI 1 HH ôcjikx Ha 
pne. 9.24 noKa3aHO, hto MncceHC-cynpeccHa ocymecTBjíaeT- 
ca Tax ace, Kax h HOHceHC-cynpeccHa. B pe3y;ibTaTe MyraijHH 
b aHTHKOAOHe tPHK, Hecymaa noAxoAaiiiyio aMHHOKHCJiOTy, 
craHOBHTca cnocoÔHOH y3HaBaTb MyraHTHbiH xoaoh. TaKHM 
o6pa30M, cyrh MHCceHC-cynpeccHH 3axaiOHaeTca b H3MeHe- 
hhh 3HaneHHa xoAOHa c oahoh aMHHOKHCJiOTbi Ha Apyryío. 


K/noweBbie noHATMa: 


• KawflOMy TMny HOHceHc-KOflOHa cooTBeTCTByeT tPHK c 
O npeAeAeHHbIM MyTaHTHbIM aHTWKOAOHOM. 

• MHorAa cynpeccopHbie Myiai^MM B03HMKai0T He TO/ibKO b 
aHTMKOAOHax, ho m b Apyrwx ywacTKax MO/ieKy/ibi tPHK. 

HoHceHC-cynpeccopbi noApa3Ae/iax)T Ha TpH xaacca — no 
OAHOMy Ha KaxcAHH CTon-KOAOH. Ha pmc. 9.25 onHcaHbi 
CBOHCTBa HeKOTopbix HaH6o;iee xoporno H3yneHHbix cyn- 
peccopoB. 

PaHbrne ApyrHx ôbuih oxapaKTepH30BaHbi Tax Ha3biBa- 
eMbie aMÔep-cynpeccopbi. y E.coli cymecTByeT no xpaňHeň 
Mepe rnecTb tPHK, KOTopbie b pe3y;ibTaTe MyraijHH Hann- 
HaiOT y3HaBaTb koaoh UAG. y Bcex aMÔep-cynpeccopHbix 
tPHK aHTHKOAOHOM oiyacnT TpnnjieT CUA^. B xaatAOM 
cjiynae Taxon TpnnjieT B03HHKaer b pe3y;ibTaTe cahhhhhoh 
3aMeHbi ocHOBaHra b xoaohc rhkoto THna. Kax bhaho H3 
cpaBHeHra nocaeAOBaTcnbHOCTeH supD, supE h supF, Myra- 
ijHa Moxcer 3aTparaBaTb .nioôoe H3 Tpex ocHOBaHHH b aH- 
raxoAOHe. B more, bmccto CBoero npeacHero xoAOHa(OB) 
xaxcAaa cynpeccopHaa TPHKy3Haer xoaoh UAG. npn stom b 
6cnox BXAK)HaK)Tca cepHH, rjiyraMHH hjih rapo3HH — Te ace 
aMHHOXHcnoTbi, hto cooTBeTCTBOBajiH tPHK AHxoro rana. 

Bo3HHXHOBeHHe oxpa-cynpeccopoB Taxace aBjíaeTca 
pe3ynbTaTOM MyraijHH b aHTHXOAOHe tPHK HaH6o;iee H3y- 
HCHHbiMH cynpeccopaMH Taxoro rana aBjíaiOTca supC h 
supG , BXAK)HaK)iAHe rapo3HH hjih jichi^hh b otbct Ha oxpa 
(UAA) h aMôep (UAG) CTon-xoAOHbi. Taxoe noBeAeHne 
tPHK nojiHOCTbio connacyeTca c rnnoTe30H HeoAH03Han- 
Horo cnapHBaHra, no xoTopon xoaoh UAA He MoaceT y3Ha- 
BaTbCa 0AH03HaHH0. 

Cynpeccop xoAOHa UGA o6;iaAaeT HeoacHAaHHbiMH 
CBOHCTBaMH. Oh B03HHxaeT b pe3y;ibTaTe MyTäu.HH b reHe 


Cynpeccopbi xapatcrepioyioToi na/iimneM MyTatjHM b aHTMKOAOHe 

-floxy c 

tPHK 

Amkmíí Tun 

Cynpeccop 




KOílOH/aHTMKOIlOH 

Ahtmkoaoh/koaoh i 

supD (sul) 

Ser 

UCG 

CGA 

CUA 

UAG 

supE (su2) 

Gin 

CAG 

CUG 

CUA 

UAG 

supF (su3) 

Tyr 

UAu 

GUA 

CUA 

UAG 

supC (su4) 

Tyr 

UA& 

GUA 

UUA 

ua£ 

supG (su5) 

Lys 

aa£ 

UUU 

UUA 

ua£ 

supU (su7) 

Trp 

UGG 

CCA 

UCA 

UGg 


PMC. 9.25 HoHceHc-cynpeccopHbie tPHK o6pa3yioTCfl b pe3y/ibTaTe 
MyTauMÍí b aHTMKOAOHe 
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tPHK Ti p 3aMeHfliomeH b 24-m nojioxceHHH A Ha G. 3to npn- 
BOflHT k 3aMeHe napbi G-U b D-creôJie MOJieicyjibi Ha A-U, 
noBbimaa craÔHJibHOCTb cmipajiH. nocjieAOBaTejibHOCTb aH- 
THKOflOHa npH STOM OCTaeTCfl TOH ace, HTO H B TPHK flHKOrO 
rana: CCA^. TaKHM o6pa30M, MyraijHa b D-cTe6jie jipjmm 
K2KHM-TO 0Ôpa30M H3MCH5ITb KOH(})OpMaiJHIO aHTOKOflOHO- 
Boň neTJiH, no3BOJtfra CCA"" B3aHMOfleHCTBOBaTb c UGA ny- 
TeM o6pa30BaHra HeoóbiqHOH BOÔJiHHr-napbi C-A. JXzhhm 
cynpeccopHaa tPHK coxpaHaer cnocoÔHOCTb y3HaBaTb h 
CBOH OÔblHHblH KOAOH UGG. 

AHaJIOrHMHOe KOAOH-aHTHKOAOHOBOe B3aHMOACHC- 
TBHe oÔHapy)KHBaeTca h b cjiynae oahoh H3 syKapno- 
THMecKHx tPHK. B neneHH KpynHoro poraToro CKOTa 
oÓHapyxceHa TPHK Ser , aHTHKOAOHOM xoTopoň flBjíaeTca 
TpHiuieT m CCA^. ComacHO ranoTe3e HeoflH03HaHHoro 
cnapHBaHHa, Taxaa tPHK AOJDKHa B3aHMOfleHCTBOBaTb c 
TpHnToc})aHOBbiM koaohom UGG. Ho Ha fle;ie OHa y3HaeT 
TOJIbKO CTOn-KOAOH UGA. TaKHM 06pa30M, MOJKHO CKa- 
3aTb, hto UGA b onHcaHHOH CHTyauHH Kax 6bi «ecrecT- 
BeHHO cynpeccHpoBaH». 

Ba)KHOCTb npHBeAeHHbix Ha6;nofleHHH coctoht b 
TOM, HTO OHH npOfleMOHCTpHpOBaJIH HCB03M0)KH0CTb 
HCMepnbiBaK>mero onHcaHHa KOflOH-aHTHKOflOHOBoro 
B3aHMOfleHCTBHa TOJibxo Ha ochobc TpnnjieTHOH noc- 
^eflOBaTe^bHOCTH (npHneM Kax /yia tPHK ahkoto THna, 
Tax h fljia MyTaHTHbix tPHK). Emjio AOKa3aHO BjmaHHe 
Ha npoijecc y3HaBaHHa h Apyrnx ocoôeHHOCTen MOJie- 
Kyjibi tPHK. 


9.14 


CynpeccopHbie tPHK 
Moiyr KOHKypupoBaTb c tPHK 
AMKOrO TMna 3 a CBfl 3 blBaHMe 
C KOflOHaMM 


KniOHeBbie noHATMa: 


• CynpeccopHbie tPHK m tPHK A^Koro TMna, oónaflaioiUMe 
oflMHaKOBbiMM aHTMKOflOHaMM, KOHKypMpyiOT Apyr 

C APyrOM 3a B03M0>KH0CTb B33MMOAGMCTBMB C COOTBeTCTByiOLAMM 
KOAOHOM. 

• HeraTMBHbiŕí 3(f)(j)eKT cynpeccMM 3aK/nowaeTCB b cHMTbiBaHMM m 
npaBMBbHblX CTOn-KOAOHOB. 

• Koaoh UGA Aame b OTcyTCTBMe MyraHTHOM cynpeccopHOM tPHK 
MO>KeT y3HaB3TbCB Tľp-TPHK C HaCTOTOM 1-3%. 


Cyiu,ecTByeT jnoôonbľmoe pa3JiHHHe MOKAy cmyaijHfl- 
mh, Kor^a koaoh y3HaeTca CBoeň coôctbchhoh aMHHO- 
aijHJi-TPHK, h KorAa MyTai^Ha no3BOJiaeT cynpeccopHOM 
tPHK y3HaBaTb hobbih koaoh. B KJieTKe ahkoto THna 
Ka^AOMy KOAOHy MOXCeT ÔbITb npHCBOeHO TOJIbKO oaho 
3HaneHHe, cooTBeTCTByiomee jihôo kohkpcthoh aMH- 
HOKHCJIOTe, JIHÔO CHTHaJiy TepMHHai^HH TpaHCJIHI^HH. B 
KjieTKe ace, Hecymeň cynpeccopHyio MyTai^Hio, MyTaHT- 
Hbin koaoh HMeeT ABa 3HaneHHa: oh moxcct ôbiTb y3HaH 
cynpeccopHOH tPHK jihôo ôhtb nponHTaH corjiacHO 
CBoeMy oôbiHHOMy 3HaneHHio. 


HoHceHC-cynpeccopHaa tPHK AOJDKHa, TaKHM oôpa- 

30M, KOHKypHpOBaTb C peJIH3HHľ-(j)aKTOpaMH 3a TepMHHH- 
pyiomHH koaoh. A MHCceHC-cynpeccopHaa tPHK AOJDKHa 
KOHKypHpOBaTb C «OpHTHHaJIbHOH» tPHK. CTeneHb KOHKy- 
pCHI^HH BJIHaeT Ha 3(})(})eKTHBHOCTb CynpeCCHH, npHBOAfl 
K 3aBHCHMOCTH STOTO npOIjeCCa He TOJIbKO OT CTeneHH 
CpOACTBa MOKAy KOAOHOM H aHTHKOAOHOM, HO H OT KOH- 
ueHTpauHH cynpeccopoB b KJieTKe, a TaioKe ot Apyrnx na- 
paMCTpoB, bjihbioiahx Ha npoTeKaHHe 3thx KOHKypnpyio- 
QJ.HX peaKUHH. 

Tax, Ha 3(j)(j)eKTHBHOCTb CHHTblBaHHB KOAOHa OKa3bI- 
BaeT BJiHBHHe ero OKpy^KeHHe, h creneHb HOHceHC-cyn- 
peccHH MOJieicyjiaMH onpeAejieHHOH tPHK KOJieÔJieTca b 
innpoKHx npeAejiax b 3aBHCHMOCTH ot coceACTByioiAHx 
OCHOBaHHH. Mbl He 3HaeM MexaHH3MOB, nOCpeACTBOM 
KOTopbix OKpy^xeHHe KOAOHa OKa3bmaeT bjihbhhc Ha ko- 
AOH-aHTHKOAOHOBOe B3aHMOACHCTBHe. Ho B 3aBHCHMOCTH 
ot jiOKajiH3auHH, nacTOTa y3HaBaHHa KOAOHa onpeAejieH- 
hoh tPHK MOxceT H3MeHBTbca ôojibme, nm Ha nopaAOK. 
HanôojibmHH 3(})(})eKT npn stom OKa3bmaeT ocHOBaHHe, 
npHMbiKaioiAee k 3'-KOHijy KOAOHa. 

HoHceHC-cynpeccopbi ôbijih BbiAejieHbi ôjiaroAapa 
hx cnocoÔHOCTH y3HaBaTb MyTaHTHbie hohcchc-koao- 
Hbl. OAHaKO B KJieTKe eCTb H HOpMaJIbHblH CTOn-KOAOH c 
TaKOH xce nocjieAOBaTejibHOCTbio. MyTaHTHaa tPHK, cyn- 
peccnpyioiAaa HOHceHC-MyTauHio b npHHUHne AOJDKHa 

CynpeCCHpOBaTb H COOTBeTCTByiOmHH HOpMaJIbHblH 

CTon-KOAOH b KOHue KaTOoro reHa, 3axaHqHBaiomerocfl 
Ha 3 tot koaoh. Ha P M c. 9.26 noKa3aHO, xaK b pe3yjibTaTe 
TaKoro CKB03Horo npOHHTWBaHHH o6pa3yeTca ôojiee 


HoHceHc-cynpeccopbi cnocoôcTByioT 

CKBOSHOMy npOMMTblBdHMlO TepMMHMpyiOLAMX KOAOHOB 


TpaHc^íiUMíi 6e^Ka AUKoro Tnna 


AUG 

Pe/iM3MHr-(J)aKTop 
npeKpaiuaeT CMHTe3 6e^Ka 
Ha CTon-KOAOHe 


AMÓep-cynpeccMíi 


UAA 

d 

Pe/iM3MHr- 

(JjaKTop 


r J 


AUG 


CynpeccopHaa tPHK 
npoMMTbiBaeTUAG koaoh. 
npoAO^>KaB cMHTe3 óe^Ka T y r 
AO Tex nop, noKa He BCTpeTMT 
c^eAyioiMMÍí aron-KOAOH Tyr 



UAG UAA 

d 

i 


PHC. 9.26 HoHceHc-cynpeccopbi oóiiaAaioT cnocoÓHOCTbio npoHM- 
TbiBaTb HopMa/ibHbie TepMMHMpyioiAMe koaoh bi. ľlpM 3 tom o6pa3yeT- 
a\ 6ojiee AJiHHHbiŕí 6e;iOK, weM 6e;iOK ahkoto TMna 
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AJihhhbih ôejiOK c flonojiHHTejibHOH C-xoHijeBOH nocne- 
AOBaTeJIbHOCTbK). CHHTC3 TaKHX npOTíDKCHHblX MOJieKyjI 
6ejixa ôy^eT 3aKaHnHBaTboi Ha cjieflyiomeM (otjihhhom 
ot cynpeccHpoBaHHoro) cron-xoAOHe b stoh xce paM- 
xe CHHTbiBaHHA. Jlioôaa sc})(})eKTHBHafl cynpecc™ Tep- 
MHHaijHH HeraTHBHO CKaxceTca Ha xcH3HeAeaTejibHOCTH 
KJieTKH, Tax Kax npn stom ôyflyT o6pa30BbiBaTbca 6ojiee 
AJIHHHbie ÔeJIKH C H3MeHeHHOH (JtyHKIJHeH. 

3c})c})CKTHBHOCTb pocTa kjictok c aMÔep-cynpeccneH 
BeCbMa BblCOKa H COCTaBJIfleT, B 3aBHCHMOCTH OT KOH- 
KpeTHOH CHCTCMbl, OT 10 flO 50% (OT HOpMbl). CTOJIb 
BbicoKaa s(J)(})eKTHBHOCTb pocTa B03MoxcHa ĎJiaroAapa 
TOMy, hto aMÔep-KOAOHbi Hcno^b3yiOTca Rjm TepMHHa- 
ijhh ôejixoBoro CHHTe3a y E.coli aobojibho pe^Ko. 

OÔHapy)KHTb oxpa-cynpeccopbi cnoxcHee. Ohh Bcer- 
Aa xapaKTepH 3 yi 0 Tca 6 ojiee hh3koh scjjcJjexTHBHOCTbio 
pocTa — oôbiMHO HHXce 10%. 3to BB^aeTca cneACTBHeM 
Toro, mto OAHOBpeMeHHaa cynpecc™ koaohob UAA h 
UAG HeĎJiaronpHBTHa /yia KJieTox E.coli , bo3moxcho, b 
CHjiy Toro, hto oxpa-KOAOHbi Hcno;ib 3 yiOTCfl b xanecTBe 
npHpoAHbix cumajiOB TepMHHaijHH HaHÔojiee nacro. 

Koaoh UGA no CBoen npnpoAe BBJíaeTca HaHMeHee 
S(j)(f)CKTHBHbIM TepMHHHpyiOmHM KOAOHOM; Trp-TPHK 
cnocoÔHa oiiihôohho CHHTbiBaTb ero b mieTxax AHKoro 
rana c nacTOTOH 1-3%. OAHaxo, HecMOTpa Ha sto, oh 
H cno;ib3yeTCfl Rjm TepMHHaijHH y ôaxTepHH name, neM 
aMÔep-TpHn^eTbi. 

MHCceHC-cynpeccop OAHoro reHa, CKopee Bcero, 
ôy^eT Bbi3biBaTb MyTauiHH h b ApyrHx reHax. Ecjih cyn- 
peccop HcnpaBJíaeT sc})(})eKT MyTaijHH, 3aMeHaa OAHy 
aMHHOKHCJiOTy Ha Apyryío b MyTaHTHOM came, oh 6y- 

AeT BBOAHTb HOByiO aMHHOKHCJiOTy B 3 aMCH OÔblHHOH H B 
Apyrnx aHajiorHHHbix carrrax, a Taxne h3mchchhb MoryT 
noAaBjíaTb HopMajibHyio cJjyHKUHio ôejixa. 

ľlosTOMy nepeA kjictkoh B03HHKaeT AHJieMMa: c OA¬ 
HOH CTOpOHbl, OHa AOJDKHa CynpeCCHpOBaTb MyTaHTHblH 
KOAOH, C APyrOH — He AOnyCTHTb CJIHIIIKOM CHJIbHblX 
H3MeHČHHH HOpMaJIbHblX 3HaHCHHH KOAOHOB B APy™X 
MeCTaX. OTCyTCTBHe CKOJIbKO-HHÔyAb CHJIbHblX MHC- 
ceHC-cynpeccopoB očTacHíieTca HeraTHBHbiM B03Aeňc- 
TBneM, KOTopoe ohh 0Ka3biBai0T Ha Apyrne reHbi. 

MyTauHB, Bbi 3 biBaiomafl o 6 pa 30 BaHHe cynpeccop- 
hoh tPHK, MoxceT HMeTb ABa cjieACTBHa. Bo-nepBbix, 
OHa AaeT B 03 M 0 )KH 0 CTb tPHK y 3 HaBaTb hobbih koaoh. 
Bo-BTopbix, b HexoTopbix cjiynaax OHa He no 3 BOJiaeT 
tPHK B 3 aHMOACHCTBOBaTb CO CBOHM npeJKHHM KOAOHOM. 
BaxcHO oTMeTHTb, hto Bce sc})c})eKTHBHbie aMÔep-cynpec- 
copbl B 03 HHKai 0 T B pe 3 yJIbTaTe MyrapOBaHHfl OAHOH H 3 
«npoAy 6 jiHpoBaHHbix» tPHK. B stom cjiynae KjieTKa no- 
npexcHeMy 6yAeT HMeTb tPHK, B3aHMOACHCTByiomHe c 

HCXOAHbIM KOAOHOM. CjieAOBaTeJIbHO, MyTai^HB He Bbl- 

KJiionHT y3HaBaHHe npexcHero KOAOHa, kotopmh ôyaeT 
oôcjiy^KHBaTbca ocTaBiiiHMHca chhohhmhhhhmh tPHK. 
B peAKHx cjiynaax, xorAa c koaohom B 3 aHMOACHCTByeT 
eAHHCTBeHHaa MOJiexyna tPHK, jnoôaa MyTaijna, Hapy- 
maiomafl sto B 3 aHMOACHCTBHe, BBJíaeTca jieTajibHoň. 

Mame Bcero cynpeccna paccMaTpHBaeTca b koh- 

TeKCTe B 03 HHKH 0 BeHHB MyTai^HH, H 3 MeHBIOIAHX CMblCJI 


KOAOHa. OAHaxo c HeôojibmoH nacTOTOH cTon-KOAOHbi 
npoHHTbiBaioTca xax CMbicjiOBbie h b KjieTKax AHKoro 
rana. nepBbiH TaxoH npHMep 6bui oóHapyjxeH b reHe 
noBepxHOCTHoro ôejixa c})ara Qp. Cjiaôaa cynpeccHa 
CTon-KOAOHa, pacnojioxceHHoro Ha KOHije SToro reHa, 
HeoôxoAHMa a™ Toro, htoôh npn c})opMHpoBaHHH 
HH(j)eKijHOHHbix nacTHU c})ara QP npoAyiinpoBajiocb 
HeKOTopoe KOJinnecTBO noBepxHOCTHoro ôejixa c ao- 
nojiHHTejibHOH C-KOHueBOH nocjieAOBaTejibHOCTbio. 
fleHCTBHTeJIbHO, STOT CTOn-KOAOH BBJIBeTCB CJiaÔbIM 
(noATexaioiAHM, leaky), nocKOJibKy c onpeAejieHHOH Be- 
poflTHOCTbio y3HaeTca Trp-TPHK. 

CKB03Hoe npoMHTbiBaHHe cTon-KOAOHOB BCTpenaeT- 
ch h y syxapnoT, rAe sto BBJíeHHe nacTO Hcnojib3yeTca 
BnpycaMH c PHK tchomom. flaHHbiH npouecc BKjnonaeT b 
ceéa cynpeccHio UAG/UAA MOJiexyjiaMH Tyr-TPHK, Gln- 
tPHK h Leu-TPHK, hjih xce cynpeccnio UGA MOJiexyjiaMH 
Trp-TPHK hjih Arg-TPHK. CTeneHb nacTHHHOH cynpecHH 
onpeAejiaeTca kohtckctom OKpyxceHHa KOAOHa. 


9.15 


PllÓOCOMbl B/lMflK)T 
Ha TOMHOCTb TpaHCJIHMMM 


K^iOHeBbie noHHTMH: 


• CrpyKTypa 16s-pPHK b pMÓocoMa/ibHbix caiÍTax A m P B/inaeT Ha 

TOWHOCTb TpaHCJIflUMM. 


npn aHajiH3e nepBHnHOH cTpyKTypbi ôejixa He yAaeTca 
oÔHapyjKHTb KaKHx-jiHÔo BapnauHH b nocjieAOBaTejib- 
hocth aMHHOKHCJiOT, hto CBHACTejibCTByeT o Bbiconaň- 
meH tohhocth ôejiKOBoro CHHTe3a. OneHb Heôojibnioe 
hhcjio oniHÔOK npoaBJíaeTca b bhac 3aMeHbi oahoh aMH- 
hokhcjioth Ha Apyryío. 3 th ohihôkh MoryT B03HHKaTb 
Ha AByx cTaAHax CHHTe3a ôejixa (cm. pne. 8.8 b pa3A. 8.3 
«CneijHajibHbie MexaHH3Mbi KOHTpojinpyioT TonHOCTb 
CHHTe3a 6ejiKa»): 

• KpHTHHHbIM MOMeHTOM HBJIHCTCH «3ap^AKa>> TPHK 
eAHHCTBeHHO npaBHJIbHOH aMHHOKHCJIOTOH. 3 to — 
(JjyHKí^Ha aMHHoauHJi-TPHK-CHHTeTa3bi. HacTOTa oihh6- 
kh Ha AäHHOM STane pa3JiHnaeToi rjw pa3Hbix cf>ep- 
MeHTOB, OAHaxo b cpeAHeM sto 1 Ha 10 5 cjiynaeB aMH- 
HOaiíHJIHpOBaHHB. 

• CneiJH(f)HHHOCTb KOAOH-aHTHKOAOHOBOrO B3aHMOACHC- 
TBHa BBjmeTca BTopbiM pemaioiAHM (JjaicropoM. Xoth 
AJbi pa3Hbix KOAOH-aHTHKOAOHOBbix nap 3HaneHHa 
KOHCTaHT CBfl3biBaHH5i MoryT pa3JiHMaTbca, cntixu^m- 
HOCTb BcerAa cjihhikom HH3Ka, qToôbi oôecnenHTb ypo- 
BeHb oniHÔOK MeHee 10~ 5 . B pacTBope CBOÔOAHaa tPHK 
AObojibho cjiaôo CBB3biBaeTca c cooTBeTCTByioiAHM eň 
TpnnjieTOM. noxoxcHe, ho He coBnaAaioiAHe TpHnjiera 
(HMeioiAHe Asa npaBHjibHbix ocHOBaHra H3 Tpex) y3- 
HaioTca jiHiiib b 10-100 pa3 MeHee scjjcjjeKTHBHO, nm 
npaBHjibHbie TpnnjieTbi. 

TaKHM OÔpa30M, KOAOH-aHTHKOAOHOBOe y3HaBaHHe 
BBJíaeTca xa k 6bi cJiaôbiM 3 bchom b npouecce oôecnene- 
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HHfl TOHHOCTH TpaHCJIHI^HH. O^HaKO pHÔOCOMbl, HrpaiO- 
mne Ba5KHeňniyio po;ib b KOHTpojie 3a cneuH^HMHOCTbio 
3Toro B3aHMOAeňcTBHa, oTJiHnaioT KoppeKTHbie xoaoh- 
aHTHKOAOHOBbie napbi ot HeKoppeKTHbix h noBbima- 
IOT 3(f)(})eXTHBHOCTb OTÔOpa HyXCHblX nap npHMepHO B 
1000 pa3. B flono^HeHHe k xoppexTHpyiomeH (})yHxijHH 
CaMHX pHÔOCOM, Ha TOHHOCTb y3HaBaHHfl KOAOHa aHTH- 
KOflOHOM OKa3bIBaiOT BJIHflHHe ÔeJIXOBbie C})aKTOpbI, flO- 
craBjunomHe HHHijHaTopHyio h Bce ocrajibHbie aMHHoa- 
IJHJI-TPHK Ha pHÔOCOMbl. 

Oiefl0BaTe;ibH0, aojdkch cymecTBOBaTb hckhh Me- 
XaHH3M, OTBeTCTBeHHblH 3a CTa6HJIH3aiJHK) npaBHJIbHOH 
aMHHoauHJi-TPHK Ha pHÔocoMe h no3BOJiaiomHH bkjiio- 
HHTb flOCTaB^eHHyiO aMHHOKHCJIOTy B CHHTe3HpyeMyK) 
nojiHnenTHflHyio ijenb; b to xce BpeMa xomaxT pHôoco- 
Mbl C HeKOppeKTHOH aMHHOaUH^-TPHK AOJDKCH ÔblCTpO 
pa3pymaTbCfl (ao Toro, xax xoMmiexc ycneeT npopea- 
THpOBaTb). ripeAnO^OXCHM, HTO B3aHMOAeHCTBHe tPHK 
c phôocomoh (b cocTaBe aMHHoauH^-TPHK-EF-Tu-ITO 
KOMmiexca) He flBjíaeTCfl cneuH(J)HHHbiM. ľlpn ycnoBHH, 
HTO JIIOÔOH KOMnJICKC (HC3aBHCHMO OT npHpOAbl BXOAfl- 
meň b ero cocTaB tPHK) MoaceT nonacTb b A-caňT, hhcjio 
H enpaBH^bHblX B3aHMOACHCTBHH AOJDKHO 3HaHHTeJIbHO 
npeBbimaTb hhcjio npaBHjibHbix. 

CymecTByioT ABe ocHOBHbie moacjih, comacHO koto- 
pblM pHÔOCOMbl AHCKpHMHHHpyiOT BepHbie H OIHHÔOHHO 
npHBHeceHHbie aMHHoauHJi-TPHK. BepoaTHee Bcero, Ha 
npaKTHKe npoHexoAHT xoMÔHHaijHfl sjicmchtob oôeHX 
MOAe;ieH. 

• MoAejib npaMoro pacno3HaBaHHB npeAnojiaraer, hto 
caMa CTpyKTypa phôocombi npHcnocoĎJieHa AJifl pac- 
no3HaBaHra tohho cnapeHHbix aMHHOijHji-TPHK. 
Hhbimh cjiOBaMH, b pe3ynbTaTe KOppeKTHOrO KOAOH- 
aHTHKOAOHOBOrO B3aHMOACHCTBH5I B03HHKai0T He- 
3Ha^HTe^bHbie H3MeHeHna xoH(})opMaijHH MOJiexyjibi 
aMHHoauM-TPHK, KOTopbie h pacno3Haer pHôocoMa. 
B stoh moacjih npoijecc pacno3HaBaHra npaBHJibHOH 
tPHK npeAniecTByer bcom ocTajibHbiM peaxijraM. 

• MoAcnb KHHeTHnecKOH KoppeKijHH npeAnojiaraeT no 
KpaHHež Mepe ABe craAHH, Ha KOTopbix Moxcer nponc- 
xoahtb cejieKn,Ha aMHHoau.Hji-TPHK. GieAOBaTejibHO, 
HenpaBKJibHaa aMHHoaijHJi-TPHK Moxcer nponra paA 
3TanoB npexcAe, neM 6yAer oTXjiOHeHa. 06maa 3(J)<J)eK- 
thbhoctb OTÔopa HpcHbix aMHHoaijHji-TPHK aBJíaeToi 
b stom cjiynae pe3yjibTaTOM cejiexn,HH Ha xaxcAOH cra- 
Ahh npoijecca. 

Ha P MC. 9.27 CXeMaTHHHO H30Ôpa)KeH0, HTO npOHCXO- 
AHT C npaBHJIbHbIMH H HCnpaBHJIbHblMH aMHHOaiJHJI-TPHK 
Ha pHôocoMe. npaBHJibHaa aMHHoaijHji-TPHK o6pa3yer cra- 
6 hjib Hbie KOHTaKTbi c pPHK OniHÔOHHaa aMHHoaijHJi-TPHK 
He cnocoÔHa c})opMHpoBaTb Taxne xomax™ h nosTOMy 
jierxo AH(})(J)yHAHpyeT H3 A-cama pHôocoMbi. 

Hcc^eAOBaHHe B3aHMOACHCTBHa tPHK c phôocomoh 
H anajiocb b 1960 roAy c H3yneHHa 3(})(})exTa aHTHÔHOTH- 
Ka CTpenTOMHI^HHa. CTpenTOMHI^HH HHTHÔHpyeT CHHT03 
óejixa, CBH3biBaacb c 16S pPHK h noA^B^aa cnocoÔHOCTb 
EF-G xaTajiH3HpoBaTb TpaHC^oxauHio. K TOMy xce oh yBe- 

JIHHHBaeT ypOBeHb OniHÔOHHOrO CHHTbIBaHHa nHpHMH- 


Pn 6 ocoMa yqacTByet b BbiSope aMMHoauii/i-TPHK 


/lK)6afl tPHK MO>KeT boíítm b caňT A 



ľlpaBM^bHaB tPHK B3anMOfleíícTByeT c pPHK 



OiuMÓOMHaB tPHK flM(J)ct)yHflMpyeT m cama A 



PMC. 9.27 J\ \06an aMMHoauM^-TPHK (c noMombio EF-Tu) womeT 
pa3MeCTMTbCfl B A-CaŕÍTe pMÓOCOMbl, HO TOJlbKO Ta aMMHOaLJMJl- 
tPHK, aHTMKOflOH KOTOpoŕí ľipOB3aMMOfleŕíCTByeT C KOflOHOM mPHK, 
o6pa3yeT craÓMjibHbie KOHTaKTbi c pPHK. B c/iynae ec^M 3 tm koh- 
TaKTbi He o6pa3yiOTCfl, aMMHoauM^-TPHK AM^yHAMpyeT M3 caŕíia A 
pMÓOCOMbl 

AHHOB U H C (OÔblHHO OAHH nHpHMHAHH 3aMeHaeTCH Ha 
ApyrOH, H3peAXa — Ha A). MHIIieHbK), HyBCTBHTCJIbHOH x 
ACHCTBHK) CTpenTOMHUHHa, OXa3aJICfl pHÔOCOMaJIbHblH 
6e^ox SI 2 (MyTauiHa, noBbimaiomafl ycTOHHHBOCTb xjie- 
TOX X ACHCTBHK) CTpenTOMHI^HHa, BJIHHJia Ha aMHHOXHC- 
jiOTHyio noc^eAOBaTejibHOCTb 6e^xa SI2). Phôocombi c 
M yTaHTHbIM Ôe^XOM S12, BblAe^eHHbie H3 yCTOHHHBblX 
X ACHCTBHK) aHTHÔHOTHXa ÔaXTCpHH, A^MOHCTpHpOBa- 
jih CHH^ceHHe ypoBHa oniHôox TpaHc^auHH no cpaBHe- 
hhk) c pHÔocoMaMH «ahxoto THna». Oxa3a^ocb, HTO SI2 
npHHHMaeT ynacrae b xompojie HaA ypoBHCM ouihôox 
T paHcrai^HH. Ero MyraHTHaa c})opMa yMeHbmaa npoueHT 
oniHôox, CHHXcaeT h 3(})cJ)exT CTpenTOMHi^HHa. 

PHÔocoMajibHbiH ôejiox SI 2 CTa6MH3HpyeT CTpyxTypy 
16S pPHK b ynacTxe, c xoTopbiM CBa3biBaerca CTpenTOMH- 
4 hh . HeoôxoduMO onwemumb, nmo na mowocmb mpanc- 
jiRUjUU mmem P/A-pezuon puôocoMu: mowocmb mpauc- 
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jmfuu Mememcn c umenenum cmpymiypu 16S pPHK 
KOMÔHHaiJHfl 3(j)(j)eKT0B ÔCJIKa SI 2 H CTpenTOMHIJHHa Ha 
CTpyKTypy pPHK 06 'bflCHfler c})eHOTHn pa3;mqHbix MyraH- 
TOB no S12. y HeKOTOpblX H3 HHX B03M0XCH0CTb KOppCKTHOH 
pa 6 o™ pnôocoM Aaxce craHOBHTCfl 3aBHCHMOH ot HajiH mm 
CTpenTOMHiíHHa. 

Cemac, ncxo ah H3 CTpyierypbi KpHcramia pn6ocoMbi, 
mm 3HaeM, hto 16S pPHK oTBenaeT 3a (J)opMHpoBaHHe koh- 
TaKTOB c aMHHoauRJi-TPHK. flBa ocHOBaHra lóS pPHK MoryT 
KOHTaicmpoBaTb c Majioň 6opo3AKOH cnnpajiH, c})opMHpye- 
MOH aHTHKOAOHOM TPHK H nepBbIMH flByMfl OCHOBaHHflMH B 
KOflOHe mPHK 3to OKa 3 bmaeT npxMOH cra6HXH3HpyiomHH 
3(})C})eKT Ha B3aHMOfleHCTBHe KOAOHa H aHTHKOAOHa B nep- 
bbix flByx no3Hurax KOflOHa, OAHaKo He 3aTparHBaeT Tpe- 
TbK) n03HIJHK). 

CTa6H^H3auHB KoppeKTHO cnapeHHOH aMHHoa- 
ijhji-tPHK oÔJiaAaeT AByMfl cjicactbhhmh: BO-nepBbix, 
yAepxcaHHe aMHHoaijH;i-TPHK b A-canie pnóocoMbi He 
no3Bo;meT en ymiOHHTbCfl ot nooieAyiomHX CTa^nn 
Ôe^KOBOrO CHHTe3a; BO-BTOpbIX, KOH(j)OpMaUHOHHbie 
H3MeHeHHH pPHK 3anycKaiOT cneflyioiijyK) craAHio — 
rHflpo^H3 HTO c noMombio c})aKTopa EF-Tu. 

TOHHOCTb TpaHCJIfllJHH CBH3aHa CO CKOpOCTbK) pa- 
ÔOTbl pHÔOCOMbl. nOKa aMHHOaiJHJI-TPHK HaXOAHTCH B 
came A pHÔocoMbi, OHa moxcct ôbiTb BOBJíeneHa b noc- 
jieflyiomHe cTa^HH ôe^KOBoro CHHTe3a. TaKHM o6pa30M, 
nay3a Mex<Ay nonaAaHHeM aMHHoaijHJi-TPHK b A-caňT 
h noc^e^yiomeH peaKijnen TpaHcnenraflaijHH flaeT ao- 
nOJIHHTeJIbHyiO B03M0XCH0CTB Rjm flHCCOUHaiíHH OIIIH- 
ÔOUHOH aMHHOaiíHJI-TPHK. ^HCCOIJHaiJHfl OIIIHÔOMHOH 
aMHHoauH^-TPHK nponcxoAHT ropa3flo ôbicrpee ahc- 
coijHaijHH noAxoAxmeH aMHHoaijH;i-TPHK (npH6;iH3H- 
TeJIbHO B 5 pa3). noSTOMy HtM HHXCe CKOpOCTb TpaHC- 
nenTHflauHH, TeM Bbime BepoxTHOCTb AnccoijHaijHH 
HenpaBHJibHOH aMHHoaijHJi-TPHK. 

PaHee KOHTpojib 3a cneuH(j)HHHOCTbK) y3HaBaHHx 
aMHHoauHji-TPHK npHnHCbiBa;iH caMOH pnôocoMe, oa- 
Haxo pe3yjibTaTbi nocneAHHx paôoT no3Bo;unoT CHHTaTb, 
hto Ha stot npouecc h b canTax A h P cymecTBeHHoe 
BjiHXHHe OKa3biBaiOT c})aKTopbi TpaHCJiOKai^HH. Cymecr- 
ByiOT AaHHbie, noKa3biBaiomHe, uto c})aKTop EF-Tu bob- 
jieneH b noAAepxcaHHe npaBHjibHOH paMKH CHHTbiBaHHfl. 
3 to npoAeMOHCTpHpoBaHO Ha MyTaHTHbix c})opMax EF- 
Tu, cynpeccnpymHx cABnr paMKH. npeAnojiaraeTcx, hto 
EF-T u He TOJibKO AOCTaBjmeT aMHHoaijH;i-TPHK b caňT A 
pHÔOCOMbl, HO H ynaCTByeT B OpneHTaiJHH TOJIbKO HTO 
nocTynHBnieH aMHHoaijHji-TPHK OTHOCHTe;ibHO nenTH- 
Ahji-tPHK b came P. 

HaH6o;iee apKHM npHMepoM bjihah™ 6e;iKOBbix 
(})aKTOpOB TpaHCJIHI^HH HBJIfleTCfl HX CnOCOÔHOCTb H3Me- 
hxtb 3HaueHHe KOAOHa npn HHHi^Hai^HH CHHTe3a ôe^Ka. 
y ApoxoKen b reHe HIS4 oÔHapyxceHbi MyTai^HH hhhijhh- 
pyiomero KOAOHa AUG, H3MeHflioiAHe ero Ha UUG h tcm 
caMbiM HapymaioiAHe HHHiíHauHio. O^HaKO cymecTByioT 
BHeniHHe cynpeccopHbie MyTai^HH, no3BoxxioiAHe koao- 
Hy UUG BbiCTynaTb b po^H HHHijHHpyiomero. ^Be TaKHx 
MyTai^HH BbmB^eHbi b reHax, KOAHpyioiAHx a- h p-cyôT- 
eAHHHUbi eIF2 — c})aKTopa, CBX3biBaiomero Met-TPHKj c 


caňTOM P. MyraijHfl b eIFp2 pacnojioxceHa b ynacTKe 6eji- 
Ka, OTBeTCTBeHHOM 3a CBfl3bIBaHHe C HyKJieHHOBOH KHC- 
jiotoh. npeAnojiaraeTCfl, uto MHmeHbio CBX3biBaHHB pjm 
3Toro ôe^Ka xB^xeTcx HHHi^HHpyiomax noc^eAOBaTejib- 
hoctb mPHK h^h xce napbi ocHOBaHHH, o6pa3yK)iAHecB 
MexcAy koaohom mPHK h aHTHKO/jOHOM Met-TPHKj. Bepo- 
XTHO, nOMHMO AOCTaBKH HHHI^HaTOpHOH TPHK B P-CaHT 
pHÔocoMbi, eIF2 yuacTByeT h b pacno3HaBaHHH hhhuhh- 
pyiomero KOAOHa. 

SHepreranecKHe 3aTpaTbi Ha chhtc 3 ôe^Ka yBe;iHHH- 
BaiOTCx 3a cueT AonojiHHTejibHbix pacxo/jOB oHepran Ha 
npoqeccbi KoppeKUHH. Bonpoc, hmcioiahh BaxcHoe 3Ha- 
ueHHe npn noAcneTe SHepreraqecKHx 3aTpaT Ha chhtc 3 
ôe^xa, 3aKjnoHaeTcx b c^e^yiomeM: Ha KaKoň cTa^HH npo- 
uecca npHHHMaeTCfl pemeHHe o bo3moxchocth aKuenTH- 
poBaHHfl tPHK. Ec^h pemeHHe npHHHMaeTcx cpa3y nocjie 
npHCoeAHHeHHB KOMn^eKca aMHHoau™-TPHK-EF-Tu- 
rŤO, to Aono^HHTe^bHbie 3aTpaTbi 3HeprHH (TpeôyiomH- 
ecx Rjm yAajieHHx Bcex oniHôouHbix aMHHoauHJi-TPHK, 
ycneBaioiAHx nonacTb b cam A ao Toro, KaK TyAa nona- 
AeT npaBH^bHax aMHHoai^Hx-TPHK) 6yAyT MHHHMajibHbi. 
Ho ecjiH TaKoe pemeHHe npHHHMaeTcx noc^e rHApo;iH3a 
ITO, pacxoAbi 3HeprHH 6yAyT 3HaHHTejibHO Bbime. Oiiih- 
ÔOHHaB aMHHOaura-.PHK MOXCeT AHCCOIJHHpOBaTb AO 
uji h noc^e rHApojiH3a ITO, ho KorAa hmchho sto npoHC- 
xoaht, ao chx nop tohho He ycTaHOBJíeHO. CymecTByeT 
pxA c})aKTOB, CBHAeTejibCTByiomiHx, hto pacxoA UTO in vivo 
npeBbimaeT Tpn MaKpospranecKHe cbx3h, HeoôxoAHMbie 
AJIX BKJHOHeHHX KaXCAOH (KOppeKTHOH) aMHHOKHCJIOTbl B 
no^HnenTHAHyio ijenb. 


9.16 


riepeKOAMpoBaHMe 
MeHneT 3HaMeHMe KOflOHa 


KxioweBbie noHjuna: 


• H3MeHeHne cMbic/ia KOflOHa MomeT 6biTb c/ieflCTBueM 
B03HMKH0BeHM51 MyTaHTHblX tPHK MilM tPHK CO Cľiei 4 WC|)MHHblMM 
CBOÍÍCTBaMM. 

• B pe 3 yjibTaie cABMra mv\ nponycKa c()parMeHTa pwóocoMa 
MO>KeT MeHBTb paMKy CHMTbIBaHMB, OÓa 3 TMX npouecca 3 aBMCBT 
ot CTpyKTypbi m cbomctb mPHK. 


Kax npaBHjio, y 3pe^bix mPHK cym,ecTByeT eAHHCTBeHHax 
HenpepbiBHax paMKa CHHTbiBaHHx. TpaHc^xura HauHHa- 
eTcx c KOAOHa AUG h npoAOJixcaeTCfl ao nepBoro cTon- 

KOAOHa B 3TOH paMKe. lÍpH 3TOM npOUeCC CHHTbIBaHHB 

TpnnxeTOB hact noAP^A: BCTaBKa wm RtJitixm oahoto oc- 

HOBaHHX BbI3bIBaiOT MyTaUHlO (CABHľ paMKH CHHTbIBaHHfl) 
B pe3y^bTaTe paMKa cuHTbiBaHHx 3 a mcctom BCTaBKH wm 
Ae;ieijHH MeHxeTex. PnôocoMa h tPHK, npoAOJixcafl chhtbi- 
BaTb TpnnAeTbi, CHHTe3npyioT npn stom cobccm Apyryío 
nOC^eAOBaTe^bHOCTb aMHHOKHCJIOT. 

Cym,ecTByK)T CHTyai^HH, KorAa Aaxce b c^ynae CABHra 
paMKH CHHTbiBaHHx hjih BKJiiOHeHHx b noc^eAOBaTejib- 
HOCTb HOHceHC-KOAOHa, CHHTe3 noAHopa3MepHoro 6cJ1K2l 
He HapymaeTcx. HaononeHra H3 oôbiHHbix npaBra TpaHC- 
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CneiiuajibHbie mam MyTaHTHbie tPHK 

MSMeHAlOT 3H3MeHMA KOflOHOB 


Myiaunfl b aHTMKOflOHe tPHK Mo>KeT npMBecTM k yipaie 



PMC. 9.28 B pe3yAbTaie Myiaunu b MHflMBMflyajibHoŕí tPHK (oówhho 
b aHTMKOflOHe) npoflecc y3HaBaHMB cooTBeTCTByioiflero eŕí KOflOHa 
MO>KeT cynpeccMpoBaTbCB. B ocoóbix cnynaflx ocoóafl tPHK, cbb33h- 
Haa c HeoóbNHbiM (J)aKTopoM 3iiOHraflMM, npMOÓpeTaeT cnocoÓHOCTb 
pacno3HaBaTb TepMMHMpyioiflMM KOflOH, npMAeraioiflMM k iĽľiMjieHHOM 
apyKType m PH K 

jwiíhh B03M0)KHbi npn nepeKOAHpOBaHHH. 3th HCIOIK)- 
Htnm MoryT 6biTb HecmnbKHx mnoB. 

PÍ3MeHeHHe CMbicjia oflHoro-eflHHCTBeHHoro KOflOHa 
mcokct Bbi3BaTb 3aMeHy oahoh aMHHOKHCJioTbi Ha flpyryío 

HJIH BKJHOHCHHe aMHHOKHCJIOTbl B OTBCT Ha TCpMHHHpyiO- 


IIJHH KOflOH. KaK nOKa3aHO Ha P M C. 9.28, TaKHe H3MeHCHHH 
ocHOBbiBaiOTca Ha ocoôeHHOCTax HHflHBHflyajibHbix tPHK, 
y3HaiOIflHX flaHHblH KOflOH: 

• CynpeccHa 3aiuiKmeTCfl b pacno3HaBaHHH KOflOHa My- 
TaHTHOH tPHK, KOTopaa b oóbiHHbix ycjiOBrax B3aHMO- 
fleňcTByeT c flpyrHM koaohom (cm. pa3fl. 9.12 «MyraH- 
THbie aHTHKOflOHbi flaiOT B03M0XCH0CTB cynpeccopHbiM 
tPHK CHHTbIBaTb HOBbie KOflOHbI»). 

• H3MeHeHHe CMbioia KOflOHa npoHexoflHT npw mo/jh- 
(J}HKauHH aMHHoauHfl-TPHK. (cm. pa3fl. 9.8 «HeKOTopbie 
CTon-KOflOHbi MoryT BCTpaHBaTb b 6chok HecTanaapT- 
Hbie aMHHOKHCJIOTbI»). 

H3MeHeHHe xce paMKH CHHTbmaHHa Tanúce bo3mo>kho b 
flByx CHTyauHax: 

• Kax npaBHjio, cflBHr paMKH CHHTbrcaHHfl npoHexoflHT 
b pe3yflbTaTe npocKa;ib3biBaHHfl aMHHoaiflun-TPHK 
Ha OflHO ocHOBaHHe, +1 Bnepefl hjih -1 Ha3afl (cm. 
cneflyiomHH pa3flefl «CflBHr paMOK CHHTbiBaHra npo¬ 
HexoflHT Ha CKo;ib3KHx nocneflOBaTejibHOCTflx»). B pe- 
3yflbTaTe, KaK H3o6paxceHO Ha P n c. 9.29, TpaHcnaijHfl 
MOxceT npoflOflxcaTbca 3a npefle;ibi CTon-KOflOHa. 

• flBHraacb BflOJib mPHK, pnôocoMa cnocoÔHa «ne- 
pecKaKHBaTb» c o/jhoto KOflOHa Ha flpyron, HfleH- 
THHHbíň nepBOMy, flaxce ecnn ohh pa3fle;ieHbi npo- 
TíDKeHHOH nocjieflOBaTeflbHOCTbio. HyK/ieoTHflHaa 
nocfleflOBaTeflbHOCTb, nponymeHHaa phôocomoh, He 
TpaHGJiHpyeTca b aMHHOKHCJiOTHyio. KaK noKa3aHO 
Ha pmc. 9.30, flaHHbíň npoijecc no3Bo;meT TpaHcna- 
ijhh «nepecKOHHTb» nepe3 Jiioôbie TepiviHHHpyioiflHe 
KOflOHbi, pacnoflOxceHHbie b nponymeHHOH nocneflo- 
BaTeflbHOCTH. 


CflBUT paMKM CMMTbIBaHMA MOXCeí npMBeCTM 
k cynpeccMM TepMMHaijMM CMHTe3a 6eA«a 


CflBnr paMKM Ha -1 y peipoBMpyca Bl/IH 

0 

NNNNUUUUUUAGGNNNNNNNN 

ľloCAeflHMM KOflOH MCXOflHOÍÍ paMKM CHMTbIBaHMfl 
fle'BblM KOflOH HOBOÍÍ paMKM CHMTbIBaHMfl 

CHMTbiBaHMe 6e3 CflBMra paMKM 

NNNNUUUUUUAGGNNNNNNNN 

CnMTbiBaHMe noc/ie CflBMra paMKM 

NNNNUUUUU GNNNNNNNN 


«riepenpbirMBaHMe» pn 6 ocowbi 
C OAHOrO KOflOHa Ha flpyrOM (MfleHTMMHblM) 


60 HyKAeoTMflOB nponycKatoTCB npM TpaHc/iaflMM 
reHa 60 cjjara T4 ^__ 



GAUGGAUGAC.AUUGGAUUA 

ľlOCneflHMM KOflOH MCXOflHOÍÍ paMKM CHMTbIBaHMfl 
flepBbl KOflOH HOBOÍÍ paMKM CHMTbIBaHMfl 

CnMTbiBaHMe 6e3 CflBMra paMKM 

GAUGGAUGAC.AUUGGAUUA 

CnMTbiBaHMe noc/ie CflBMra paMKM 

GAUGGAUGAC.AUUGGA’UUA 


PMC. 9.29 ripocKajib3biBaHMe tPHK Ha OflHO ocHOBaHMe npM CBH3bi- 
B3HMM C KOflOHOM Bbl3blBaeT CflBMľ paMKM CHMTbIBaHMfl, HTO, B CBOK) 
onepeflb, npMBOflMT k cynpeccMM TepMMHaflMM. 3c|)4)eKTMBHOCTb 3Toro 
npoflecca, KaK npaBMiio, cocTaBiineT ~ 5% 


PMC. 9.30 flBMraacb BflOiib mPHK, pMÓocoMa MomeT nponycTMTb 
3HaHMTeiibHbiŕí (J)parMeHT, nepecKOHMB c oflHoro KOflOHa Ha flpyroŕí, 
b 3tom ciiynae nenTMflMji-TPHK b caŕÍTe P npoB3aMMOfleŕícTByeT co 
ciieflyioiflMM aHajiorMHHbiM koaohom nociieflOBaTejibHOCTM 
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9.17 


CflBMr paMOK CHMTbIBaHMfl 
npOMCXOAMT Ha «CKOJ 1 b 3 KMX» 
noc/ieAOBaie/ibHocTíix 


KiiiOMeBbie noHJiTMH: 


• PaMKa cHMTbiBaHMH onpeAejiaeTCfl nocneAOBaTe/ibHOCTbK) 
HymieoTWAOB b mPHK h pnóocoMa/ibHbiM OKpyweHweM. 

• «CKOiib3Kne» nociieAOBaie/ibHOCTM cnocoócTByioT CABMry tPHK, 
cnapeHHoíí c aHTMKOAOHOM, Ha oaho ocHOBaHHe, M3MeHfla Tew 
CaMbIM paMKy CHMTbIBaHMfl. 

• TpaHCiiHAMH HeKOTopbix reHOB 33 bmcmt ot peryjiapHbix 
«3anporpaMMnpoBaHHbix» cabhtob paMKH CHHTbiBaHHfi. 


CflBHr paMKH CHHTbIBaHHfl OnpeACJIfleTCfl CBOHCTBaMH OT- 
AcnbHbix tPHK: 

• HeKOTopbie MyraHTHbie cynpeccopHbie tPHK cnocoô- 
hh y3HaBaTb KBaApnnneTHbiH «koaoh» (bmccto o6bih- 
Horo TpHMera). 

• «CKOJib3KHe» nocjieflOBaTeflbHocra cnocoôcTByioT 
CABHry tPHK b carrre A Ha oaho ocHOBaHHe Ha3aA hah 
BnepeA BAOJib nocjieAOBaTejibHocra mPHK. 

MyTaHTbl CO CABHrOM paMKH CHHTbIBaHHfl o6pa3yK)TCH B 

pe3y^bTaTe BCTaBKH hjih AeJieijHH OAHoro ocHOBaHra. TaKHe 
MyraijHH Moryr 6biTb cynpeccHpoBaHbi 3a cner BOCCTaHOB- 
JieHHfl HCXOAHOH paMKH CHHTbIBaHHfl. 3(})(})eKT MOXCeT ÔbITb 
AOCTHrHyT nyreM KOMneHcaTopHbix BCTaBOK hjih acjici^hh 
BHyrpn AäHHoro reHa (cm. pa3A. 2.8 <ďeHeTHHecKHH koa 
TpHnjieTeH»). KpoMe Toro, b po.™ bhciiihhx cynpeccopoB 
MyraijHH co cabhfom paMKH CHHTbiBaHra Moryr BbicTynaTb 
tPHK c aôeppaHTHbiMH CBOHCTBaMH. 

CaMbiM npocTbiM npHMepoM bhouhch cynpeccHH Myra- 
u,hh co CABHroM paMKH HBJíaeTCH aiynaH, KorAa cynpeccop 
HcnpaBJíaeT CABHr, Bbi3BaHHbiH BcraBKOH AonojiHHTejibHoro 
OCHOBaHHa B ynaCTOK, COCTOBIAHH H3 HeCKOJIbKHX hachthh- 
hbix ocraTKOB. HanpHMep, ocHOBaHHe G Moxcer 6biTb bkjiio- 
neHO b ynacroK H3 HecKOJibKHX pacnojioxceHHbix noAP^A G. 
CynpeccopoM TaKOH MyraijHH oiyacHT tPHK g1 >' , coAepxcamaa 
AononHHTe/ibHoe ocHOBaHHe b aHTHKOAOHOBOH nerne. B 
pe3ynbTaTe aHTHKOAOH npeBpamaeTca H3 oôhhhoh Tpnn- 
jicthoh noc/ieAOBaTejibHOCTH CCC* - b KBaApnnjieTHyio noc- 
jieAOBaTejibHOCTb CCCC* - . TaKHM o6pa30M cynpeccopHaa 
TPHKy3Haer koaoh, coctohiahh H3 nerapex ocHOBaHHH. 

HeKOTopbie tPHK, cynpeccnpyioiAHe MyraijHH co cabh- 
tom paMKH, Moryr B3aHMOACHCTBOBaTb ôojiee neM c oahhm 
KBaApnnjieTHbiM «koaohom». HanpHMep, ôaKTepnajibHaa 
cynpeccopHaa tPHK l v s cnocoÔHa y3HaBaTb koaohbi AAAA 
h AAAU BMecTo oôbiHHoro KOAOHa AAA. flpyroH cynpeccop 
MOxceT npoHHTbmaTb aioôoh KBaApnnjieTHbiH «koaoh», co- 
AepxcaiAHH b Tpex nepBbix nojioxceHrax ACC; npnpo m ao- 
ôaBonHoro ocHOBaHra He BjinaeT Ha npoijecc y3HaBaHna. 
Bo Bcex 3thx cjiynaax ajibTepHaTHBHbie ocHOBaHra, Haxo- 
AAmneca b neTBepTOM nojioxceHHH yzyiHHeHHoro «KOAOHa», 
He HMeiOT oTHomeHHa k rnnoTe3e HeoAH03HanHoro cnapn- 
BaHna. Bepoflrao, b ACHCTBHTejibHOCTH TaKaa cynpeccop- 
Haa tPHK, KaK Bce tPHK, y3HaeT TpnnaeTHbiH koaoh, ho no 
KaKOH-TO npHHHHe (B03M0aCH0, H3-3a npOCTpaHCTBeHHblX 
orpaHHneHHH) coceAHee ocHOBaHHe OKa3bmaeTca 6jiokh- 


poBaHHbiM. B pe3yabTaTe caeAyiomaa tPHK MoaceT npoB- 
3aHMOACHCTBOBaTb C KOAOHOM, TOJIbKO nponyCTHB OAHO 
OCHOBaHHe. 

Caynan, KorAa CABHr paMKH npncyrcTByeT b HopMe, xa- 
paicrepHbi jijm (f)aroB h BHpycoB. 3to aaneHne OKa3bmaeT 
BjinaHHe Ha TepMHHaijHio CHHTe3a 6enKa h aBaaTbca pe- 
3yabTaTOM ocoôeHHOCTen CTpyierypbi BHpycHbix mPHK. 

Y peTpoBHpycoB TpaHCJiaijHa nepBoro reHa, KaK h y 
Bcex, TepMHHHpyeTca CTon-KOAOHOM. BTopoň reH BHpy- 
ca (KOAnpyioiAHH KaK 6bi AonoaHHTenbHyio C-KOHi^eByio 
nocaeAOBaTenbHOCTb nepBoro 6enKa) jitmrr cpa3y 3a nep- 
bbim reHOM b Apyroň paMKe cnHTbmaHHa h (y HeKOTopbix 
BHpycoB) TpaHCJinpyeTca b pe3yabTaTe CABHra hcxoahoh 
paMKH, npHBOAamero k «Hcne3HOBeHHio» CTon-KOAOHa (cm. 
pne. 9.29 n pa3A. 22.3 «PeTpoBHpycHbie reHbi, KOAnpyioiAHe 
noaHnpoTeHHbi»). 3(})(})eKTHBHOCTb CABHra paMKH HeBean- 
Ka, h, KaK npaBHJio, He npeBbimaeT 5%. B ACHCTBHTeabHOCTH 
3tot MexaHH3M HrpaeT BaacHyio poab b ônoaorHH BHpycoB, 
a B03pacTaHHe 3(})(})eKTHBHOCTH MoaceT 0Ka3aTbca Aaace ry- 
ÔHTeabHbiM. Ha pmc. 9.3i nponaaiocTpHpoBaHa noxoacaa 
CHTyauHa, xapaicrepHaa Aaa Ty saeMeHTa ApoacaceH. B stom 
caynae pjw TpaHCJiai^HH reHa tyb , pacnoaoaceHHoro 3a re- 
hom tya , b pe3ynbTaTe CABHra paMKH CHHTbmaHHa aojdkch 
6biTb nponyn],eH cTon-KOAOH reHa tya. 


CABMr paMKH CMMTblBaHMH KOHTpO/lHpyeT TpaHCJIBAHK) reHOB 


rio/iMnenTMA-Leu 


n 

CUUAGGC 


Arg 

s « 


Arg-iPHK y3HaeT koaoh AGG 
HieHMe npoAO^>KaeTCfl 
BHyTpM MCXOAHOÍÍ paMKH 


A/lbTepHaTMBHbie MOAe^M TpaHC/lflUMM npMBOAÍIT 
k o6pa30BaHMto m/im Tya, Tya-Tyb 
Be^oK Tya 


1/lHHUHaUHB 

i 

TepMMHauMB 




l/lHMunauMB CABHr paMKH TepMMHauM* 

Jj Jľi/i 

XMMepHbiM 6e/iOK Tya-Tyb 


B oTcyTCTBMe Arg-iPHK Uu-tPHK nponycKaei 1 ocHOBaHHe 
Gly-TPHKy3HaetGGC ^ 

Ä6 


Leu 


m 

CUUAGGC 


mi 

CUUAGGC 


PMC. 9.31 3Kcnpeccnfl reHa tyb Ty 3/ieMeHTa APO>K>Keŕí B03M0>KHa 
TO/ibKO b cjiynae CABMra paMKH cHMTbiBaHMB Ha +1. Cabmt npoMcxo- 
Amt Ha nocjieAOBaiejibHOCTM M3 ceMM ocHOBaHHH, npeACTaBiieHHoíí 
KOAOHOM(aMM) Leu, 3a KOTopbiM cjieAyeT koaoh peAKO BCTpenaK)- 
meŕícB Arg-iPHK 
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3th npHMepbi AeMOHcrpHpyiOT, hto peAKne (ho 3amia- 
HHpOBaHHbie) OIIIHÔKH CHHTbIBaHHfl Ha CaMOM ROlt MOryT 
HBJíaTbCH HeoôxoflHMbiM KOMnoHCHTOM ecrecTBeHHoro 
npouecca rpmcnmuu. flaHHoe aBjíeHHe nojiynpwo Ha3Ba- 
HHe 3anporpaMMHpOBaHHoro c^BHra paMKH ctotm- 
BaHHH. Oho npoHcxoflHT b onpeAe;ieHHbix caíŕrax c nac- 
totoh, b 100-1000 pa3 npeBbimaiomeH oôbiHHyio nacTOTy 
oiuhôkh (~3 x 10 -5 Ha koaoh). 

MexaHH3M 3anporpaMMHpoBaHHoro CABHra paMKH xa- 
paKTepH3yeTCH AByMa o6ih,hmh nepTaMH: 

• «CKOJIb3KHe» nOCJICflOBaTeJIbHOCTH n03BOJIHK)T aMHHO- 
aUHJI-TPHK B 3 aHMOfleHCTBOBaTb CO CBOHM KOAOHOM, a 
3aTeM, CABHraacb Ha oaho ocHOBaHHe Bnepe/j (cpaBHH- 
Te^bHO pe^Ko) jihôo Ha oaho ocHOBaHHe Ha3aA (name), 
o6pa30BbmaTb napbi c eme oahhm nepeKpbrcaiomHMca 
TpHiuieTOM, KOTopbíň Taioxe MOxceT ôbiTb cnapeH co 
CBOHM aHTHKOAOHOM. 

• Phôocomm 3a^epxcHBaioTca b came, ryje flOJixceH npo- 

H30HTH CflBHr paMKH, AJIfl TOrO HTOÔbl flaTb aMHHOaiJKJI- 
tPHK B03MO)KHOCTb nepeCTpOHTb KOflOH-aHTHKOAO- 
HOByK) napy. ripHMHHOH TaKOH 3a^ep)KKH MOXCeT ÔbITb 
CMOKHblH KOAOH, TpeÔyiOIAHH peflKOH aMHHOai^HJl- 
tPHK, TepMHHHpyiOmHH KOAOH, MCflJieHHO y3HaiomHH- 
Cfl CBOHM ÔeJIKOBbIM (})aKTOpOM OCBOÔOXCAeHHa, HJ1H 
npenaTCTBHa, co3AaBaeMbie npocrpaHCTBeHHOH crpyK- 
TypoH mPHK (HanpHMep, nceBfloy3e;i (pseudoknot) — 
ocoôaa KOH(J)opMauHa MOJieKyjibi PHK), KOTopaa 3a^ep- 
)KHBaeT pnôocoMy. 

ripocKajib3biBaHHe Moxcer oq^ecm/iaTbca b oôohx Ha- 
npaBjíeHHax; CABnr Ha -1 nponcxoflHT b tom c/iynae, Kor^a 
tPHK CABHraerca Ha3aA (k 5'-KOHuy), a cabht h- 1 — KorAa tPHK 
ABH^ceTCH BnepeA (k 3'-KOHuy). B oôohx cjiynaax pe3ynbTa- 
tom BBJíaeTca no3Hu,HOHHpoBaHHe cjie^yiomen äMHHoaunji- 
tPHK b caňTe A BHe c})a3bi. C^BHr paMKH ocy^eciwmeTca ao 
MOM eHTa oôpa30BaHra nenTHAHOH cbh3h. 4ame Bcero, ecjín 
cjie^OM 3a «ckojib3koh» nocjieAOBaTejibHOCTbio, 3anycKaiomeH 
npouecc CABHra paMKH, cjie^yer BropHHHaa ((j)opMHpyK)maa 
mnnjibKy) crpyicrypa mPHK, OKpy^caiomHe nooieflOBaTejib- 
hocth 0Ka3biBaior K/iHHHHe Ha 3(j)(J)eKTOBHOCTb npouecca. 

Ha pne. 9-31 H30ôpa^ceHa cxeMa ynacTra thhhhhoh 

«CKOJib3KOH» nocjieflOBaTejibHOCTH b MexaHH3Max CABHra 
paMKH CHHTbrcaHHfl. nocjieAOBaTe;ibHOCTb H3 ccmh Hyicaeo- 
thaob CUUAGGC pacno3Haerca cjieAyiomHM oôpa30M: Leu- 
tPHK y3Haer TpnnjieT CUU, 3aTeM Arg-TPHK y3Haer rpun- 
jieT AGG. OflHaKO Arg-TPHK BCTpeHaerca peAKO, h eoín stot 
(J) aKT npHBOAHT k 3aAepacKe CHHTe3a, Leu-TPHK cocKajib3bi- 
BaeT c CUU KOAOHa Ha nepeKpbmaioiij.HHca TpnmieT UUA. 
3to Bbi3biBaer crbut paMKH CHHTbmaHHa, nocKOJibicy cjie- 
flyiomHH TpnnjieT b $a3e (GGC) npoHHTbmaeT Gly-TPHK 
IlpocKa^b3biBaHHe oômhho nponcxoAHT b came P (Kor^a 
Leu-TPHK npeBpamaeTca b nenTHAM-TPHK, HeqruyK) chh- 
Te3HpyeMyio no^HnenTHAHyio upm,). 

C^BHr paMKH Ha cron-KOflOHe Bbi3biBaer jxajibmiíwee 
CHHTbmaHHe 6e;iKa. OcHOBaHHe c 3'-KOHua CTon-KO^OHa 
BJIHaeT Ha OTHOCHTeJIbHyiO BepOHTHOCTb TepMHHaU,HH HJIH 
CflBHra paMKH, onpeAe^aa, TaKHM oôpa30M, 3(})(})eKTHBHOCTb 
CHraa^a TepMHHai^HH. 3tot c})aKT noMoraer oô^acHnTb 3Ha- 
TeHHe KomeKCTa jyw npouecca TepMHHauHH. 


9.18 


«f1epenpbirMBaHMe» qepe3 
ocHOBaHMB ocyu^ecTBiineTOi 
nepeMemeHMeM puóocoMbi 


OnpeAe^eHHbie nocjieAOBaTejibHOCTH HHAyunpyiOT c^BHr 
pnôocoMbi, b xo^e KOToporo pnôocoMa ocraHaBjíHBaeT 
TpaHCJiauHio h CKOJib3HT Bflo^b mPHK, y^epxcHBaa nenra- 
ARJi-tPHK b came P. 3aTeM TpaHC^aura B030ÔH0B^aeTca 
(cm. pne. 9-30). 3tot c})eHOMeH flOBO^bHO pe^OK; oÔHapy- 
xceHO Bcero Tpn npHMepa ero Hcno^b30BaHHa b xchbmx 
CHCTeMax, Hanôo^ee apKHM H3 KOTopbix BB^aeTca «npo- 
ckok» b reHe 60 c})ara T4. OcymecTB^aa TpaHCjmijHio, pn- 
ôocoMa CABHraeTca no mPHK Ha 60 HyKjieoTH^OB. 

KjIIOHOM K nOHHMaHHK) MexaHH3Ma TaKHX CABHrOB 
flBJIfllOTCfl HfleHTHMHbie (líJl H CHHOHHMHHHbie) KOflOHbl 
Ha oôohx KOHuax nponymeHHOH nocjieAOBaTe^bHOcm 
Hx HHorfla Ha3biBaioT TOHKaMH «B3.neTa» h «nocaAKH». J \o 
Toro, KaK ocymecTBHTb c^BHr, pnôocoMa 3aHHMaeT no- 
3huhk), b KOTopoH nenTH/uui-TPHK cnapeHa c koaohom 
«B3^eTa» b came P, a caHT A, ocraBaacb nycTbiM, BaxaHTeH 

Bxo^a aMHHoau™-TPHK. Ha puc. 9.32 noKa3aHO, KaK 
pHÔOCOMa B TaKOM COCTOflHHH CKO^b3HT B^O^b mPHK A O 
Tex nop, noxa nenTHA™-TPHK He npoB3aHMOACHCTByeT c 


PHÔocoMa Mo>KeT npocKOMMTb noc^eAOBaie^bHocTb Ha mPHK 



PUC. 9.32 PnôocoMa, b caňTe P KOTopoň HaxoflMTCB nenTMflM^-TPHK 
(cnapeHHaB c koaohom mPHK), MomeT npMOCTaHOBMTb TpaHCJiBUMio. 
OHa CKOJib 3 MT Bflo/ib mPHK ao Tex nop, noxa He BCTpeTm cmhohm- 
MMHHblií KOflOH, C KOTOpbIM nenTMflMA-TPHK, BCe e^e HaXOflflmaBCB B 
caňTe P, CMomeT npoB 3 aMMOfleňcTBOBaTb. ľlocBe 3 Toro cnHTe 3 ôe^Ka 
B 0306 H 0 BJlBeTCB 
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koaohom b came «noca^KH». CjieAyeT OTMeraTb BbicoKyio 
3 (J)(J)eKTHBH 0 CTb pa6o™ Taxoň cHCTeMbi, cocraBjííiiomyio 
OKOJIO 50%. 

CaMa nooieAOBaTejibHOCTb mPHK HHAyijHpyeT CABHr 
pHÓOCOMbl. OCHOBHbIMH napaMeTpaMH CHCTeMbi, H30Ópa- 
xceHHoň Ha pne. 9-32, aB^aioTca pm GGA xoAOHa (ajia «B3Jie- 
Ta» h «noca£KH»), npocTpaHCTBO mokay hhmh, crpyxrypa 
creóejib-neTjm, b cocTaB xoTopoň bxoaht xoaoh «B3;ieTa», 
H npHMblKaiOmHH K KOflOHy «B3JieTa» CTOn-KOAOH. KpOMe 
Toro, B COCTaB 3TOH CHCTeMbi BKJHOHCH H CHHTC3HpyeMbIH B 
AaHHblH MOMeHT ÔeJIOX. 

CTa^HH «B3JieTa» 3aKJimaeTCfl b pa3pymeHHH cbh3h mokav 
nerrrH^Hji-TPHK h cnapeHHbiM c Heň xoaohom. Uocjicjjyiou\tt 
ABHXceHHe mPHK npeAOTBpamaeT hx noBTopHoe B3aHMOAeňc- 
TBHe. PnóocoMa cxaHHpyeT mPHK ao Tex nop, noxa nenTH^Hji- 
tPHK He cnapHTca c xoaohom «noca^KH». Bo3o6HOB;ieHHe 
CHHTe3a ôejiKa nponcxoAHT nocjie Toro, na k HOBaa aMHHoa- 
umji-tPHK BOH^eT b caňT A (no oôbiMHOMy MexaHH3My). 

KaK H CABHľ paMKH CHHTblBaHHa, CflBHT pHÔOCOMbl 3a- 
BHCHT OT CKOpOCTH paÓOTbl pHÔOCOMbl. BepOíITHOCTb AHC- 

coijHaijHH nenTHAHJi-TPHK H3 caňTa P yBejiHHHBaeTca b pe- 
3y^bTaTe 3 aAepxcxH noaBJíeHHa aMHHoaijini-TPHK b A-caňTe. 
HexBaTKa xaxoň-jiHÔo aMHHoanrui-TPHK MoxceT 3anycTHTb 
peaxijHio CABHra pHÔocoMbi b 6axTepHajibHbix cncTeMax 
BCJie^CTBHe .iyíHTejibHOH nay3bi Ha 3Tane CBíi3biBaHHa aMH- 
HoauM-TPHK c caňTOM A. B reHe 60 (J)ara T4 ocoóchhocth 
CT pyKTypbi mPHK bjihaiot Ha 3(j)(j)exTHBHOCTb TepMHHaijHH, 
yMeHbmaa ee h tcm caMbiM co3AaBaa nay3y, HeoóxoAHMyio 
/Via ocymecTBjíeHHa peaxijHH CABHra. 


E23 Pe3ioMe 

nocjieAOBaTCJibHOCTb mPHK, nponHTbiBaeMaa TpnnjieTaMH no 
HanpaBJíeHHio ot 5'- k 3'- KOHuy, nocpe^CTBOM reHeranecKoro 
Ko^a nepeBOAHTOi b aMHHOXHaiOTHyio noaie^OBaTe^bHOCTb 
óejina, cHHTe3HpyeMoro ot N- k C-KOHuy. H3 64 B03M0xcHbix 
TpHIUieTOB 6l KOAHpyiOT aMHHOKHCJIOTbl, a 3 HBJíaiOTCH CHr- 
HaJiaMH TepMHHaUHH TpaHCJI5IĽI,HH. CHHOHHMHHHbie KOAOHbl, 
KOAnpyiomHe OAHy h Ty xce aMHHOxnaioTy, nacro OT/imaiOTOi 
TOJIbKO OCHOBaHHeM B TpeTbCM nOJIOXCCHHH TpHIUieTa. Bbipoxc- 
AeHHOCTb TpeTbero ocHOBamia, a Taxxce Ttupcuiyvi k cxoACTBy 
XOAOHOB, KOAHpyiOIUHX CXOXCHe no CBOHCTBaM aMHHOKHCJIO- 
Tbi, cHHxcaioT 3(Jx})eicr MyraijHň. ľeHeTHHecxnň xoa yHHBepca- 
;ieH h cboh coBpeMeHHbíň bha npHOÓpeji y>xe Ha oneHb paH- 
hhx craAHHx 3BOJHOUHH. OnuiOHeHHJi reHemnecKoro xoAa ot 
craHAapTa b ímepHOM reHOMe oneHb peAXH, OAHaxo xapaxrep- 
Hbi /yw MHTOxoHApnajibHoro reHOMa. 

C OAHHM XOAOHOM MOXCeT B3aHMOACHCTBOBaTb HeCKOJIb- 
ko pa3Hbix tPHK. /tyw xaxcAoro opraHH3Ma xapaKTepeH cboh 
H aóop tPHK, B 3 aHMOA 0 HCTByioinHx c rpynnoň chhohhmhh- 
HblX XOAOHOB. KOAOH-aHTHKOAOHOBOe B3aHMOACHCTBHe Xa- 
paicrepH3yeTai HeoAH03HanHbiM cooTBeTCTBHeM b nepBOM 
nojio>KeHHH KOAOHa (TpeTbeM no;io>xeHHH aHraxoAOHa), 
hto no3BOJiaeT HexoTopbiM tPHK y3HaBaTb HecKOJibKo ko- 
AOhob. Bce tPHK co^epacaT MOAH(J)HUHpoBaHHbie ocHOBa- 


HHa, no HeKOTOpbIM H3 KOTOpblX aMHHOai^M-TPHK-CHH- 

TeTa3bi HAeHTHcj3Hn,HpyioT tPHK. Ha KOAOH-aHTHKOAOHOBoe 

B3aHMOAeňcTBHe 0Ka3biBai0T B^naHHe xa k MOAH(J)HKauHH 
caMoro KOAOHa, Tax h npnpoAa 6^H3^excamHx ocHOBaHHH, 
b ocoóeHHOcTH pacnojioxceHHbix c 3'-xoHua aHraxo^OHa. 
HeoAH03HanHoe cnapHBaHHe npn B3aHMOAeňcTBHH xo^OHa 
H aHTHXOAOHa n03B0JiaeT MHTOXOHApnaM n03B0H0HHbIX 

Hcno^b30BaTb Bcero 22 tPHK jyvi Toro, htoóh y 3 HaBaTb 
Bce XOAOHbl (BMeCTO OÓblHHOrO /VBI X^eTOX MHHHMyMa B 
31 tPHK); Taxoň 3(J)(J)exT AOCTHraeTca b pe3y^bTaTe H3Me- 
HeHHH MHTOxoHApHajibHoro reHeTHHecxoro xo^a. 

Ka^aa^i aMHHOxnoiOTa pacno3HaeTca CBoeň coóctbch- 
hoh aMHHoan,™-TPHK-cHHTeTa3on, xoTopaa OAHOBpe- 
MeHHO pacno3HaeT Bce tPHK, cooTBeTCTByiomHe AäHHon 
aMHHoxHCJioTe. AMHoauM-TPHK-CHHTeTa3bi o6^aAax)T 
xoppexrapyiomeH axTHBHOcTbio, no3BO^aiomeH Tin,aTe^bHO 
«aHajiH3HpoBaTb» xa^x^yio cHHTe3HpoBaHHyio aMHHoai^Hji- 
tPHK h THAP0JIH30BaTb OniHÔOHHbie. 

CTpyxrypa aMHHoauM-TPHK-cHHTeTa3 BbicoxoBapna- 
ôejibHa, ho hx pawT m rez KJiacca Ha ochobc cTpyxrypbi 
xaTajiHranecxoro AOMeHa. CHHTeTa3bi cBH 3 biBaiOTca c op- 
hoh H3 cTopoH Mo^exynbi tPHK, o6pa3ya xomax™ c xoh- 
u,aMH axn,enTopHoro cTeójm h aHTHXOAOHOBOH neT^H; ABa 
KJiacca aMHHoauM-TPHK-CHHTeTa3 cBíi3biBaiOTai c MOJiexy- 
jioh tPHK c npoTHBonojioxcHbix CTopoH. OmocHTe^bHbiH 
BKJiaA axn,enTopHoro creójia h aHTHxoAOHOBoro ynacTxa b 
cneijH(j)HHH 0 CTb B3aHMOACHCTBHa MexcAy tPHK h (J)epMeH- 
tom pa3JinnaeTca pjw pa3Hbix tPHK. 

MyraijHH no3BOJiaioT tPHK nponHTbiBaTb «He cboh» xo- 
AOHbl; ÔOJIbHIHHCTBO TaXHX MyTai^HH B03HHXaeT B aHTHXO- 
AOHe. B pe3yjibTaTe H3MeHeHHa nooieAOBaTejibHocTH amn- 
xoAOHa tPHK npnoópeTaeT cnocoÓHOcTb cynpeccHpoBaTb 
HexoTopbie MyrauHH. tPHK, cnocoÓHaa y3HaBaTb cTon-xo- 
AOH, aBJíaeToi HOHceHc-cynpeccopoM; tPHK, 3aMeHaioiAaa 
OAHy aMHHOXHCJioTy Ha Apyryío, Ha3biBaeTca MHcceHC-cyn- 
peccopoM. Cynpeccopbi xoaohob UAG h UGA 6o;iee 3(})- 
(J)exTHBHbi, neM cynpeccopbi xoAOHa UAA, hto oó^acHaerca 
Bbicoxoň nacTOTOH Hcno;ib30BaHHa UAA b xanecTBe ecTec- 
TBeHHoro TepMHHHpyiomero xoAOHa. 3(J)(J)exTHBH0CTb Bcex 
cynpeccopoB, TeM He MeHee, 3aBHCHT ot xomexcra xaxcAoro 
HHAHBHAyaJIbHOrO XOAOHa-MHHieHH. 

CABHr paMXH CHHTbiBaHHa Ha oahh xoaoh BnepeA MOXCeT 
6biTb Bbi3BaH aóeppaHTHoň tPHK, cnocoÓHoň npoHHTbmaTb 
«xoaohm», cocToamne H3 neTbipex ocHOBaHHH. KpoMe Toro, 
CABHr paMXH cnHTbiBaHHa Ha oahh xoaoh BnepeA HJIH Ha 
oahh xoaoh Ha3aA MoxceT 6biTb Bbi3BaH «cxojib3XHMH» nooie- 
AOBaTeJIbHOCTíIMH B mPHK, HHAyn,HpyiOIAHMH COCXaJIb3bIBa- 
HHe nenTHAHji-TPHK co CBoero xoAOHa Ha nepexpbmaioiAHH- 
ch xoaoh. Taxoň MexaHH 3 M cABHra paMXH TpeóyeT Ha nmm 
AonojiHHTejibHoň nocjieAOBaTejibHOCTH, Bbi3biBaioiAeH nay3y 
b paóoTe pHÓocoMbi. B p^Ae aiynaeB CABHr paMXH cnHTbi- 
BaHHa, 3aBHCHIAHH OT HyXJieOTHAHOH nOCJieAOBäTeJIbHOCTH 
mPHK, aBJíaeTCH HeoóxoAHMbiM ycjiOBHeM ecrecTBeHHoro 
npon,ecca sxcnpeccHH reHa. «nepenpbirHBaHHe» pnôocoMbi 
cpa3y nepe3 Hecxo^bxo xoaohob ocyiAeowmeTca cjieAyio- 
ih,hm o6pa30M: pHÔocoMa ocTaHaBjíHBaeT TpaHCJian,Hio h 
cxojib3HT BAOJib mPHK, yAepxcHBaa nenTHAHji-TPHK b carne P. 
3aTeM TpaHCJiaiAw B030ÓH0BJweTca. 
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JloKa/iM 3 aunfl 6 e/iKa 


KPATKOE COflEPWAHME ITlABbl J 


EH BBefleHMe 

EH TpaHcnopT 6e/iK0B nepe3 MeMÓpaHy TpeóyeT ynacTHfl 
cneuMa/ibHoro óe/iKOBoro annapaia 

• TpaHcnopT 6 e/iKOB nepe 3 MeMÓpaHy npoMcxoAMT ripn 
ynacTHM cneuMa/iM 3 MpoBaHHbix 6 e/iKOBbix CTpyKTyp, 
BXOflfllMMX B COCTaB MeMÓpaHbi. 

• CMHTe3npyeMbiíí 6e/iOK HanpaMyio B3anMOfleíícTByeT c 
óe/iOK-TpaHcnopTMpyioiMMM KOMn/ieKCOM Ha MeMÓpaHe 
3ľlP, mmtoxohapmm m/im x/iopon/iacroB, ho TpeóyeT 
ynacTHfl Aono/iHMTe/ibHbix óe/iKOB-nepeHOCHMKOB npM 
TpaHcnopie b nepoxcMcoMbi. 

• fl/iB TpaHcnopia óe/iKOB b aaPO TpeóyeTca 
ynacTMe ropa3AO 6o/iee c/io>KHoro 6e/iKOBoro 
annapaia. 

ESI TpaHC/iOKauMfl MO>KeT 6biTb KaK nocr-, TaK m 

KOTpaHCABUMOHHOM 

• Be/iKM, MMnopTMpyeMbie b AMTon/ia3MaTMnecKMe 
opraHe/uibi, CMHTe3MpyiOTCfl b AMT030/ie Ha cboóoahhx 
pn6ocoMax. 

• Ee/iKM, MMnopTMpyeMbie b CMCTeMy 3ľlP-KOMn/ieKC 
ľo/lbA>KM, CMHTe3MpyiOTCB Ha pMÓOCOMaX, 
accouMMpoBaHHbix c MeMÓpaHoíí 3ľlP. 

• Be/IKM CBfl3blBaiOTCfl c MeMÓpaHoií 3ľlP 
nocpeACTBOM cneuMa/ibHbix aMMHOKMC/iOTHbix 
noc/ieAOBaTe/ibHOCTeM, Ha3biBaeMbix CMľHa/ibHbiMM 
noc/ieAOBaie/ibHOCTBMM. 

• CMTHa/lbHblMM Hail^ BCeľO flB/lfllOTCfl nepBbie HeCKO/lbKO 
aMMHOKMC/iOT óe/wa (nMAepHbiíí ynacroK) Ha N-KOHue 
MO/ieKy/ibi 6e/iKa. 

• N-KOHueBbie CMľHa/ibHbie noc/ieAOBaTe/ibHOCTM, xax 
npaBM/io, OTi/jen/i/uoTC/i bo BpeMa npoxo>KAeHMfl 6e/iKa 
nepe3 MeMÓpaHy. 

EQ LUanepoHbi oóecneHMBaiOT c|)opMMpoBaHMe 

npaBM/ibHOM npocTpaHCTBeHHOM CTpyKTypbi 
6e/iKa 

• Ee/iKM, cnocoÓHbie caMonpoM3BO/ibHO 
npMHMMaTb Hy>KHyK) KOH(]DOpMaUMK), Ha3blBaiOTCB 
caMOCOÓMpaioiAMMMCB 6e/iKaMM. 

• MHorAa 6e/iKM Moryr npMHMMaTb HecKO/ibKo 
a/lbTepHaTMBHblX KOHC^OpMaAMM. 

• UJanepoHbi HanpaB/i/uoTyK/iaAKy no/iMnenTMAHOÍí uenM 
óe/wa no eAMHCTBeHHO npaBM/ibHOMy nyTM, MCK/nonaa 
B03M0>KHbie a/ibTepHaTMBHbie BapnaHTbi. 

• UJanepoHbi npeAOTBpamaiOT (})opMMpoBaHMe 
HenpaBM^bHbix CTpyKTyp, B3aMMOAeMCTBya c 
eme He CBepHyBWMMCfl óe/iKOM m HanpaB/ifl/i ero 
CBopaHMBaHMe. 
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10.7 


iftll 


■MCI 


lilanepoHbi HeoóxoflMMbi m aha BHOBb 

CMHTe3MpOBaHHblX, M AGHaTypMpOBaHHblX 

6e/lKOB 

• ĽJanepoHbi AeiícTByiOT Ha CMHTe3MpyeMbie, 
TpaHcnopTMpyeMbie nepe3 MeMÓpaHy m Ha 
AeHaTypMpoBaHHbie 6e/iKM. 

• Hsp (6e/iOK TennoBoro moKa) 70 m HecKO/ibKO 
CBB3aHHblX C HMM Óe/IKOB (()OpMMpyK)T OCHOBHOÍÍ K/iaCC 
wanepoHOB, B3aMMOAeMCTByioiAMx c 6o/ibWMM hmc/iom 
6e/iKOB-MMiueHeM. 

• UJanepoHMHbi I m II rpynn npeACTaB/iBiOT coóoií 
óojibiuMe onMroMepHbie 6e/iKOBbie KOMn/ieKCbi, 
B3aMMOAeííCTByK)lAMe C 6e/lKaMM-MMWeHflMM 
nyreM mx 3amiK)HeHMfl b CBoeií BHyrpeHHeM 
no/iocTM. 

• Hsp90 — cneuManM3MpoBaHHbiíí wanepoH, 
AeíícTByioiAMM Ha 6e/iKM CMľHa/ibHbix 
KacxaAOB. 

Ee/iKM ceMeíícTBa HspľO BcrpenaiOTCfl bo Bcex 

KOMľiapTMeHTaX K/ieTKM 

• Ee/iKM — H/ieHbi ceMeíícTBa Hsp70 — o6Hapy>KeHbi 
b AMTonna3Me, 3ľlP, mmtoxohapmax m x/iopon/iacrax. 

• Hsp70 — tuanepoH, AeíícTByioiAMM Ha óe/iOK-MMLueHb b 
KOMn/ieKce c DnaJ m GrpE. 

CMľHa/lbHbie nOCAeAOBaTeAbHOCTM MHMLlMMpyiOT 

TpaHCAOKaUMK) 

• Ee/iKM nonaAaiOT b CMCTeMy 3ľlP mnbKO 
KOTpaHC/lBUMOHHO. 

• 3a accouMauMio c MeMÓpaHOÍí 3ľlP OTBeTCTBeHHbi 

CMTHa/ibHbie noc/ieAOBaTe/ibHOCTM CMHTe3MpyeMbix 
6e/iKOB. 

CMľHaAbHbie nOCAeAOBaTeAbHOCTM B3aMMOAeMCTByK)T 

C CMľHaA-y3HaK)lAMMM HaCTMI^aMM (SRP) 

• CMľHa/ibHbie noc/ieAOBaTe/ibHOCTM CBB3biBaiOTC/i c SRP 
(CMľHa/l-y3HaiOlAMMM HaCTMAaMM). 

• CBB3biBaHMe SRP c CMrHa/ibHoíí noc/ieAOBaTe/ibHOCTbio 
6e/iKa Bbi3biBaeT ocTaHOBKy 6e/iKOBoro cMHTe3a. 

• Cmhtc 3 6e/iKa B03o6HOB/i/ieTCB, KOľAa SRP CBfl3biBaeTca 
c SRP-peuenTopoM Ha MeMÓpaHe 3ľlP. 

• Pacno/io>KeHHaB Ha BHyrpeHHeM noBepxHOCTM 
MeMÓpaHbi cMľHa/ibHa/i nenTMAa3a OTmen/i/ieT 
CMľHa/ibHbie noc/ieAOBaTe/ibHOCTM ot 
T paHcnopTMpyeMoro 6e/iKa. 

SRP B3anMOAeŕícTByeT co cbomm peuenTopoM 

• SRP npeACTaB/iaeT coóoíí KOMn/iexc M3 7S PHK m mecTM 
6e/iKOB. 









• BaKTepna/ibHbiM 3KBMBa/iemoM SRP BBJíJieTCfl KOMn/ieKC 
M3 4,5S PH K n AByx óe/iKOB. 

• SRP-peuemop npeACTaBJíaeT coóoií flMMep. 

• ľlocjie B3anMOfleMCTBM5i c peueniopoM SRP 
AMCCOUMkipyeT ot Hero b pe3y/ibiaie rMApojiM3a TTO. 

ntnn TpaHCJiOKOH (J)opMMpyeT nopy 

• TpMMepHbiíí KOMľuieKC Sec61 4)opMnpyeT KaHa/i ajib 
T paHcnopia 6e/iKOB nepe3 MeMÓpaHy. 

• TpaHcnopTMpyeMbiíí nepe3 MeMÓpaHy óeJioK nociynaei 
b TpaHCJiOKOH HenocpeACTBeHHO c pmóocomw (6e3 
KOHTaKTa C AMTOn/ia3MOÍÍ). 

illléil fl/lfl TpaHCAOKSUMM HeOÓXOAMMbl AOnOAHMTeAbHbie 
BKJHOHeHMfl B TpaHCJiOKOH, a MHOľAa m xpanoBMK 

B3np 

• PMÓocoMa, SRP m SRP-peuemop C03Aai0T ycnoBMfl a^b 
nonaAaHMfl HacueHTHoro óejwa b TpaHCJiOKOH. 

• Be/iKM, nonaAaioiAMe b TpaHCJiOKOH noarpaHJiflAMOHHO, 
TpeóyiOT nanmm AonojiHMTeJibHbix KOMnoHeHTOB b 
AMT oruia3Me n 6e/iKa BiP b 3Í1P. 

• BiP — 3to xpanoBMK, npeAOTBpamaioiAMM ABMweHMe 
óejwa b oópaTHyio CTopoHy. 

Ékiiié fljia AerpaAauuM óejiKM eosepauJiaiOTCH b AMT030Jib 
nyieM oópaTHoŕí TpaHCJlOKaAMM 

• TpaHCJiOKOH Secôl MO>KeT Mcnojib30BaTbca 
AJifl oópaTHoro nepeHOca óeJiKOB M3 3ľlP 

b AMTonjia3My. 

ťkiMfct BeAKM 3aBKopeHbi b MeMÓpaHe npw íiomoiam 

ľMApOCfjOÓHblX peľMOHOB 

• y MeMÓpaHHbix 6eJiKOB I rpynnbi N-KOHeu MOJieKyjibi 
pacnojio>KeH Ha BHyipeHHeíí CTopoHe MeMÓpaHbi, 

a óeJiKM II rpynnbi MMeiOT npoTMBonojiojKHyio 
opMeHTauMio. 

• HeKOTopbie óeJiKM MMeiOT HecKOJibKo 
MeNl6paHCBfl3aHHblX AOMeHOB. 

itMU/k BxopHbie nocneAOBaTejibHocTM onpeAejiaiOT 
opueHTauMK) óejwa b MeMÓpaHe 

• flKopHaa nocjieAOBaiejibHOCTb ocTaHaBJíMBaeT 
ABM>KeHMe óejiKa nepe3 TpaHCJiOKOH. KaK npaBMJio, 

OHa pacnojioweHa Ha C-KOHue MOJieKyjibi, 
npMBOAJi k o6pa30BaHMio MeMÓpaHHoro óejwa 

I rpynnbi c N-kohaom, npoweAWMM CKB03b 
MeMÓpaHy m 3KcnoHMpoBaHHbiM Ha BHyipeHHeíí ee 
CTopoHe. 

• KOMÔMHMpOBaHHaJl CMTHaJlbHO-JlKOpHajl 

nocjieAOBaieJibHOCTb cny>KMT OAHOBpeMeHHO 

m a/iji BBeAeHWi óejwa CKB03b MeMÓpaHHbiií KaHaji, 
m AJifl 3ajiKopMBaHM5i b MeMÓpaHe BoweAwero 
ynacTKa MOJieKyjibi. ľlocKOJibKy 3aaKopMBaHMe 
MAeic BHyipeHHeŕí CTopoHbi MeMÓpaHbi, 

MeMÓpaHHbiíí óejiOK npMOÓpeiaeT opneHiauMK) 
óeJiKa II rpynnbi c N-kohaom, 3KcnoHMpoBaHHbiM b 
AMT onjia3My. 

■línia Kax óejiKM BCTpanBatOTCB b MeMÓpaHbi? 

• ľlepexoA TpacMeMÓpaHHbix aomchob M3 TpaHCJiOKOHa 
b ji m n m ah bi m ÓMCJioŕí 3anycKaeTca b pe3yjibTaie 
B3aMMOAeíícTBMji TpaHCMeMÓpaHHoro perMOHa c 
TpaHCJlOKOHOM. 

IWÉIkl ľlOCTTpaHCABAHOHH3B MHTerpdAMB ÓeJIKOB 
B MeMÓpaHy 33BMCMT OT JlMAepHblX 
nocAeAOBaTeAbHOCTeŕí 

• N-KOHAeBaji JiMAepHaa nocjieAOBaTejibHOCTb 
HeceT MHcjjopMaAMio, HeoóxoAMMyio A<na accoAMaAMM 
óeJiKa c MeMÓpaHaMM mmtoxohapmm mjim 
xjioponjiacTOB. 


mnrj CepMB jiMAepHbix ynacTKOB onpeAejineT AeiajibHoe 
MecTonoAO>KeHMe óejwa BHyTpn opraHejuibi 

• N-TepMMHajibHaji nacrb JiMAepHoií nocneAOBaTejibHOCTM 
onpeAeJiBeT nonaAaHMe óejwa b mbtpmkc mmtoxohapmm 
mjim BHyTpeHHee npocTpaHCTBO xjioponjiacTOB. 

• ľlocjieAyioiAMe ynacTKM JiMAepHoro nenTMAa 
onpeAeJiJUOT AaJibHePiiuee BcrpaMBaHMe óejwa 
b MeMÓpaHy opraHejuibi jimóo ero nonaAaHMe b 
M e>KMeM6paHHoe npocrpaHCTBO. 

• JlMAepHbie nocjieAOBaTeJibHOCTM OTmenjuuoTCB ot óejwa 
OAHa 3a Apyroŕí. 

mma BHeiiJHBii m BHyTpeHHBíi MeMÔpaHbi mmtoxohapmm 
coAep>KaT pa3Hbie TpaHCAOKOHbi 

• TpaHcnopT óeJiKOB nepe3 BHeiuHioK) m BHyTpeHHioK) 
MeMÓpaHbi ocymecTBJuieTCJi npn ynacTMM pa3Hbix 
peAenTopHbix KOMnjieKCOB. 

• PacnojiojKeHHbiíí Ha BHeiuHeií MeMÓpaHe KOMnjieKc TOM 
npeACTaBJíaeT coóoŕí KpynHyio óejiKOByio CTpyKTypy, 
HanpaBJíJuomyio TpaHcnopTMpyeMbie óejiKM b KaHaji 
Tom40 npn noMOiAM OAHoro M3 AByx cy6KOMnjieKCOB. 

• B 33BMCMMOCTM ot Toro, KyAa AOJDKeH nonacTb 
TpaHcnopTMpyeMbiŕí óeJiOK (Ha BHyTpeHHioK) MeMÓpaHy 
mjim b MaTpMKc), Ha BHyTpeHHeíí MeMÓpaHe mmtoxohapmm 
AJ iJi TpaHcnopTa Mcnojib3yiOTCJi pa3Hbie TIM-KOMnjieKCbi. 

• BeJiKM nepexoAJiT ot KOMnjieKca TOM HenocpeACTBeHHO 
k KOMnjieKcy TIM. 

ébWfei TlepoKCMCOMbi oÓAaAatOT co6ctb6hhom cmctcmom 
T paHCAOKaAMM ÓeAKOB 

• BejiKM MMnopTMpyioTCJi b nepoKCMCOMbi b BMAe MOJieKyji 
cy>Ke npaBMJibHoíí npocTpaHCTBeHHOÍí CTpyKTypoíí. 

• Ohm MMeiOT jimóo nocjieAOBaTejibHOCTb PTSl Ha C-kohab 
MOJ ieKyjibi jimóo nocjieAOBaTeJibHOCTb PTS2 Ha N-KOHAe. 

• PeAenTop Pex5p CB5i3biBaeT nocjieAOBaTejibHOCTb PTSl, 
peAenTop Pexľp CBJi3biBaeT nocjieAOBaTeJibHOCTb PTS2. 

• PeAenTopbi npeACTaBJíjuoT coóoíí AMTonjia3MaTMHecKMe 
óejiKM, nepeMemaioiAMecji b nepoKCMCOMy b 
KOM njieKce c TpaHcnopTMpyeMbiM óejiKOM m 3aTeM 
B03BpamaioiAMecji b oópaTHO b AMTonjia3My. 

■klíčili EaKTepMM MCnOAb3ytOT KaK KOTpaHCABAHOHHyiO, TaK M 
nocnpaHCJiflAMOHHyio CMCTeMbi TpaHcnopTa 6eA kob 

• fljui TpaHcnopTa óaKTepMajibHbix óejiKOB Ha 
MeMÓpaHy mjim CKB03b Hee Mcnojib3yiOTCJi oóa 
MeX3HM3Ma TpaHCJlOKaAMM: KOTpaHCJlflAMOHHblM M 
nOCTTpaHCJlJlAMOHHblM. 

iiiw Sec-CMCTeMa TpaHcnopTMpyeT óeAKM Ha BHyTpeHHioK) 
MeMÓpaHy óaKTepMajibHOM oóoaohkm m cKB03b Hee 

• BaKTepMajibHbiíí TpaHCJiOKOH SecYEG cooTBeTCTByeT 
TpaHCJiOKOHy Secól y ayKapMOT. 

• B npoAecc nonaAaHMji TpaHcnopTMpyeMoro óejiKa b 
T paHCJiOKOH BOBJíeneHbi pa3JiMHHbie manepoHbi. 

■kii Sec-He3aBMCMMaB CMCTeMa TpaHcnopTa ócakob E. coli 

• CMCTeMbi AJifl TpaHCJlOKaAMM óejiKOB nepe3 KJieTOHHyio 
MeMÓpaHy E. coli cxoahw c CMCTeMaMM, xapaKTepHbiMM 
AJiJi opraHeJiJi. 

• OAHa M3 CMCTeM no3BOJUieT onpeAejieHHbiM óejiKaM 
BCTpaMBaTbCB b MeMÓpaHy óe3 ynacTMfl annapaTa 
TpaHCJlOKaAMM. 

• YidC roMOJiorMHeH MMTOxoHAPMajibHoŕí CMCTeMe 
nepeHOca óejiKOB bo BHyTpeHHioK) MeMÓpaHy. 

• Tat-CMCTeMa TpaHcnopTMpyeT óeJiKM c abomhum 
aprMHMHOBbiM motmbom b nepMnjia3MaTMHecKoe 
npocTpaHCTBO. 

ikilkki Pe3tOMe 
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10.1 


EteeAeHMe 


Chhtc 3 ficjiKä HMeeT flBa rana JiOKa;in3anHH b icience: 

• rio/iaitraioinee 6ojibmniic'nio ôcjikob cuHresupycTca 
UHTOIUia3MaTHHeCKHMH pHÔOCOMaMH. 

• Heôo^binaa nacTb ôcíikob CHHTe3HpyeTca prióocoMaMH 
BHyrpH oprane/ui (mhtoxoh/ipiih h;ih xroporuiacTOB). 
B 33BHCHMOCTH OT JIOK3JIH3aUHH, CHHTe3HpyK>mHe 

b uHToruia3Me phôocomm achíit Ha CBOÔoflHbie h mcm 6- 
paHCB«3aHHbie. Ha pmc. 10.1 H3o6pax<eH BHyrpHKJieTOHHbíň 
TpaHcnopT óeaKOB c yica3aHHeM B03MoacHbix kohchhmx 
nyHKTOB iiaaHaMCHHa: 

• UHToiuia3MaTHHecKHe (hjih «pacTBopeHHbie») 6 aim 
He CB«3aHbi c k3khmh-jih6o opraHeaaaMH. Ohh chhtc- 
3npyioTCH b uHTonaa3Me h ocraioTCfl TaM ace, (JjyHKíjH- 


OHIipyH KaK HHflHBHflya^bHbie KaTaJIHTHMCCKHe peH- 
Tpbi h fleňcTBya Ha npHcyrcTByiomHe b nnTomiasMe 
MeTaÔOJIHTbl. 

MaKpoMOJieKyaapiibíc crpyKTypbi Moryr pacnonaraľb- 
ch b onpeflaieHHbix yaacTKax nnToiuiaaMbi; HanpHMep, 
MCcronojK)>KeHnc nempnojieri accopHHpoBaHo c pera- 
OH 3 MH, ľflC BnOCJieflCTBHH B 03 HHK 3 I 0 T IlOJIIOCa BepCTe- 
Ha flejieHHH. 

BflepHbie 6eaKH TpaHcnoprapyiorca ot Mecr cBoero chh- 
Te3a b HHToruia3Me nepe3 rmepHyio oóo/ioHKy b aapo. 
BojibiiiHHCTBO ôeaKOB pHTonjia 3 MaTHHecKHx opraHejui 
CHHTe3HpyiOTCH B U,HTOruia3Me H Cnen,H(})H4H0 TpaHC- 
nopropyioTCfl k MCMfipaHt (h cKB03b Hee) mhtoxoh- 
flpHň, nepoKCHCOM hjih (b pacTHTG/ibHbix Kneroax) 
xjioponjiacroB. (EejiKH, CHHTe3HpyeMbie BHyrpH opra- 
Hejuibi, ocTaFOTor BHyrpH Hee.) 


Mecra cBoeíí KOHeMHOM /ioKa/iH3ai4HM 
6e/iOK AOCTMraet b p e 3y /i biate npouecca cne4Mt|>MMHoro TpaHcnopTa 


CeKpeTopHbiií 6e/ioK 


Se/iOK n^a3MaTMHecKoŕí MeMÓpaHbi 
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PMC. 10.1 Be/iKM, TpaHcnopT KOTopbix ocymecTBJíaeTCfl nocľTpaHCJiflLiMOHHO, noc/ie CMHTe3a Ha 
CBOÓOflHblX pMÓOCOMaX BblCBOÓOKAaiOTCfl B 4MT030Jlb. HeKOTOpbie M3 3TMX Óe/IKOB OÓ/iaflaiOT CMľ- 
Ha/iaMM, HanpaBABiomMMM mx b opraHen/ibi (flflpo, mmtoxohapmm). BejiKM, TpaHcnopT KOTopbix ocy- 
meCTBAfleTCB KOTpaHCABUMOHHO, aCCOLJMMpyiOT C MeMÓpaHOÍÍ 3ľlP BO BpeMfl CMHTe3a. PMÓOCOMbl, 
CMHTe3MpyiomMe TaKMe 6enw, Ha3biBaiOT MeM6paHCBfl3aHHbiMM. Be/iKM nocrynaioT b 3Hflon/ia3Ma- 
TMHecKMÍí peTMKy/iyM, 3aTeM nepe3 annapaT ľojibjpKM HanpaB/iaiOTCfl k n/ia3MaTMHecKOÍí MeMÓpaHe m 
T paHcnopTMpyiOTCB CKB03b Hee (b tom c/iynae, ec/iM He oó/iaAaiOT CMrHa/iOM, onpeAe/iaiomMM ocra- 
HOBKy ABMweHMfl 6e/iKa Ha K3 kom-am6o M3 nepeHMcneHHbix maroB). KoHeHHOíí tohkoíí TpaHcnopTa 
óe/iKOB MoryT 6biTb m APyrMe opraHe/uibi, TaKMe KaK 3HAOCOMbi m /iM30C0Mbi 
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• B u,HToruia3Me pacircwioxceH pjm MeinôpaHHbix kom- 
napTMeHTOB, T3khx KaK 3Hflonna3MaTHHecKHň pemicy- 
jiyM (3FIP), annapaT ľo^b/pRH, sH^ocoMbi h jih 30 comh. 
HHOľfla HX Ha3bIBaiOT peTHKy/IOSHflOTeJIHajIbHOH chc- 
TeMoň. Ee/iKH, oÔHapyxcHBaeMbie BHyTpn srax KOMnap- 
TMeHTOB, cima/ia npoxoflHT cKB03b MeMÓpaHy 3I1P, 
noc/ie nero HanpaBjíaioTCfl k kohcthomy Mecry CBoeň 
JIOK3JIH3apHH C IIOMOmblO TpaHCIlOpTHOH CHCTeMH an- 
napaTa IanbflxcM. 

• CeKperapyeMbie 6enKH TpaHcnoprapyioTCH k iuia3MaTH- 
MCCKOH MCMÔpaHC H BblDpaCblBaiOTOI BO BHeiOieTOHHOe 
npocrpaHCTBO. Hana^bHbie 3Tanbi hx cHHTe3a He o'mim- 
I0TO1 OT CHHTe3a ÔC'IKOB, aCCOIJHHpOBaHHblX C pCTHKyJIO- 
3HflOT£JIHajIbHOH CHCTeMOH, OflHaKO BMCCTO TOTO, HTOÔbl 

3a^epxaTbca b KaKOM-;iH6o kjictohhom KOMnapTMeHTe, 
ohh npoxoflaT Becb TpaHcnopTHHň nyTb HacKB03b. 


10.2 


TpaHcnopi 6e/iKOB nepe3 MeMÓpaHy 
TpeóyeT yvacrm cneuMa/ibHoro 
óe/woBoro annapaTa 


KmoneBbie noHama: 


• TpaHcnopi óe/iKOB nepe 3 MeMÓpaHy nponcxoflHT npM ynacTMM 
Cnei 4 Ma/lM 3 MpOBaHHblX Óe/lKOBblX CTpyKTyp, BXOflfllUMX 

B COCTaB MeMÓpaHbl. 

• CMHTe 3 MpyeMbiíí óe/iOK HanpflMyio B 3 anMOfleiícTByeT c 
óe/iOK-TpaHcnopTMpyiomMM KOMn/ieKCOM Ha MeMÓpaHe 
3Í1P, MMTOxoHflpMM m/im x/iopon/iacroB, ho TpeóyeT ynacTM/i 
flono/iHMTe/ibHbix óe/iKOB-nepeHOCHMKOB npM TpaHcnopie b 
nepoKCMCOMbi. 

• fl/ifl TpaHcnopia óe/iKOB b aflpo TpeóyeTCfl ynacTMe ropa 3 flo 
óo/iee c/io>KHoro óe/iKOBoro annapaia. 



PMC. 10.2 Be/iKM TpaHcnopTMpyiOTCfl BHyipb 3ľlP m/im b mmtoxoha- 
PMM nyTeM CBfl 3 blBaHMfl C TpaHC/lOKOHOM, OCymeCTB/l/HOlMMM MX nepe- 
hoc nepe 3 MeMÓpaHy 



PMC. 10.3 Be/iKM TpaHcnopTMpyiOTCfl b nepoKCMCOMbi c noMombio 
óe/ixa-nepeHOCHMKa, KOTopbiíí CB/BbiBaeT mx b UMT 030 /ie, nepeHO- 
cmt nepe 3 MeMÓpaHHbiíí KaHa/i m BbicBoóo/KflaeT Ha flpyroíí dopoHe 
MeMÓpaHbl 


ľlpoiiecc HHTerpaiiHH óejiKOB b MeMÓpaHy wm hx nepeHO- 
ca nepe3 MeMÓpaHy Ha3biBaioT TpaHCJiOKaujieH. Bonpoc 
Bbióopa MexcAy BCTpaHBaHHeM óejiica b MeMÓpaHy h TpaHC- 
nopTOM CKB03b Hee BCTaeT Kaac/jbiH pa3 npn npoxoxcAeHHH 
óe^xa nepe3 MeMÓpaHy. Eejioic, xax npaBHJio, oóJia#aeT 
rHApocJ)rabHOH noBepxHocTbio, b to BpeMa xax MeMÓpam 
aBJíaeTca thapocJdoóhoh. IIoaoóho Macjiy h Bo^e, ra^po- 
(J)™bHbie óejiKH h MeMÓpaHbl He cMeniHBaioTOL PemeHHe 
npoóJieMbi 3aioiioHaeTai b co3^aHHH cneijHajibHOH cTpyx- 
Typbi b MeMÓpaHe, cKB 03 b KOTopyio Mor óbi npoňTH m r- 
pO(J)HJIbHbIH ÓeJIOK. H3BeCTHO TpH pa3JIHHHbIX THna TaKHX 
CTpyKTyp. 

3 HAomia 3 MaTHHecKHH peTHKyjiyM, mhtoxoh^phh h 
xnopomiacTbi coAepxcaT b cocTaBe cbohx MeMÓpaH crpyK- 
Typbi, no 3 BOJunoiij,He óe^xaM npoxoflHTb cKB 03 b MeMÓpaHy 
(He KOHTaKrapya npn stom c rH£pocj)o 6 HbiMH jiHnH^aMH). 
Ha pmc. io .2 H 30 Ópa)KeH 0 , xa k TpaHcnopTHpyeMbíň óe^ox 
CBa 3 biBaeTca c TaxoH CTpyxrypoH, nepeHOCHTca eio cKB 03 b 
MeMÓpaHy h BbicBOÓox^aeTca Ha Apyroň cTopoHe. 

nepoKCHCOMbi Toxce HMeioT aHajiorHHHbie crpyKTypbi 
b cbohx MeMÓpaHax, oAHaxo TpaHcnopTHpyeMbie óejiKH He 
CBfl3biBaioTCfl HenocpeACTBeHHO c hhmh. Ha pmc. io. 3 no- 
xa3aHO, xax TpaHcnoprapyeMbiH óejiox cBfl3biBaeTca c óeji- 
KOM-nepeHOCHHKOM b iiHTomia3Me, nepeHocHTca c ero no- 
Monibio BHyrpb nepoKCHCOMbi qepe3 MeMÓpaHHbíň xaHaji, 
nooie nero ^HccoijHHpyeT ot npeHocHHKa. 

flna TpaHcnopTa óe^KOB b 5 ^po TpeóyeTca ynacTne ro- 
pa 3 AO óo^ee oioxcHoro MexaHH 3 Ma, KjHOHeByio po^b b ko- 
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Be/iOK nepeHocMTca nepe 3 HflepHyio nopy 



PMC. 10.4 Be/iKM npoHMKaiOT b flflpo, npoxoflB nepe3 oneHb óo/ibWMe 
flflepHbie nopbi. TpaHcnopTHbiíí annapaT cymecTByeT OTfle/ibHO ot ca- 
mom nopbi n npeflCTaB/ieH óe/iKaMM-nepeHOCHMKaMM, AOCTaB/iaiomM- 
mm BflepHbie 6e/iKM BHyipb flflpa 


TopoM HrpaeT aAepHaa nopa. KaK noKa3aHO m pmc. 10 . 4 , 
JiAepHaa nopa C03AaeT ycjiOBHa, no3BOJiaiomHe cyócrpaTy 
npoHHKHyTb b *mpo (hjih BbíHTn H3 Hero), O^HaKO caMa no 
ce6e OHa He CBa3biBaeT ôejioK n He nepeHOCHT ero. fl/ia 3to- 
ro cymecTByioT ôejiKH-nepeHocnHKH, cBa3biBaiomHe cy 6- 
CTpaT n TpaHcnopTOpyiomne ero CKB03b ímepHyio nopy Ha 
Apyryío cTopoHy aAepHoň oôojiohkh. 


10.3 


TpaHCiioKauim mojkct 6 biTb KaK 
I10CT-, TaK H KOTpaHCiimiHOHHOÍÍ 


K/iiOHeBbie noHBTMfl: 


• Be/iKM, MMnopTMpyeMbie b AMTon/ia3MaTMHecKMe opraHe/uibi, 
CMHTe3MpyiOTCB B AMT030Jie Ha CBOÓOflHblX pMÓocoMax. 

• Be/iKM, MMnopTMpyeMbie b CMdeMy 3ľlP-KOMnjieKC ľo/ibA>KM, 
CMHTe3MpyiOTCB Ha pMÓOCOMaX, aCCOUMMpOBaHHblX C MeM6paHOM 

3np. 


• Be/IKM CBfl3blBaiOTCfl C MeMÓpaHOM 3ľlP nocpeflCTBOM 
cneuManbHbix aMMHOKMC/iOTHbix nocneAOBaTe/ibHOCTeM, 
HaabieaeMbix CMrna/ibHbiMM noc/ieAOBaie/ibHOCTBMM. 

• CMmanbHbiMM name Bcero BB/iaiOTCfl nepBbie HecKO/ibKO 
aMMHOKMC/iOT 6e/iKa (jiMAepHbiií ynacroK) Ha N-KOHue MO/ieKy/ibi 
óe/ixa. 


• N-KOHueBbie CMTHa/ibHbie nocneAOBaTe/ibHocTM, KaK npaBM/io, 
OTiAennfliOTCB bo BpeMfl npoxowAeHMfl 6e/iKa nepe3 
MeMÓpaHy. 


CymecTByeT ABa nyTH, c noMombio KOTopbix ôejiKH ycra- 
HaBJIHBaiOT nepBHHHblH KOHTaKT C MeMÔpaHOH: 

• Eejioic MoxceT cBa3biBaTbca c annapaTOM TpaHCJioKa- 
ijhh bo Bpeivw cBoero cnHTe3a Ha pHÔocoMe. TaKoň ran 
nepeHoca ôejiKOB Ha3biBaioT KOTpaHCJwi^HOHHOô 
TpaHCJiOKau,HeH. 

• /ípyroň nyTb 3aKjnonaeTca b CHHTe3e nojmoro óejiKa Ha 
pHÔocoMe, nocjie nero CHHTe3HpoBaHHbiň ôejioK ahcJ> 
(J)yHAHpyeT k MeMÔpaHe h cBa3biBaeTca c annapaTOM 
TpaHdOKaiiHH. TaKoň raň nepeHoca ôejiKOB Ha3bmaioT 
nOCTTpaHCJIHU,HOHHOH TpaHCJIOKail,IieH. 
OieAOBaTejibHo, MecronojioxceHHe paóoTaiomeň pn6o- 

coMbi ôy^eT 3aBHceTb ot Toro, accoijHHpyeT ôejiOK c mcmô- 
paHOH KOTpaHCJIflIJHOHHO (B XO^e CHHTe3a) HJIH nOCTTpaH- 
CJIfllJHOHHO: 

• KoTpaHCJiaiiHOHHaa TpaHCJiOKaijna npHcyma óejixaM, 
TpaHcnoprapyeMbiM b 3HAonjia3MaTHnecKHH peTHKy- 
jiyM (3I1P). B npoijecce CHHTe3a Taxoro óejixa pnôo- 
coMa HaxoAHTca Ha noBepxHOCTH 3I1P. nocKOJibicy pn- 
ÔOCOMbl Ha BpeMa KOTpaHCJIfllJHOHHOH TpaHCJIOKaiJHH 
accoiiHHpoBaHbi c MeMÔpaHoň 3I1P, ohh oÓHapyxcHBa- 
iotcb b MeMÔpaHHOH (J)paKn,HH KjieTOK (KHor^a Taícne 
pHÔOCOMbl Ha3bIBaiOT MeM6paHCBÍI3aHHbIMH). 

• Äpyrne pnôocoMbi HaxoAflTca b iiHTonjia3Me. ľlocKOJib- 
Ky ohh He accoijHHpoBaHbi hh c KaKHMH opraHejmaMH 
H CjjpaKH,HOHHpyiOTCH OTAeJIbHO OT KJieTOHHblX MeMÔ- 
paH, HHorAa hx Ha3biBaiOT «cbo6oahbimh pHÔocoMaMH». 
CBOÓOAHbie pHÓOCOMbl CHHTe3HpyiOT BCe ĎeJIKH KJieTKH, 
KpOMe KOTpaHCJIHIlHOHHO TpaHCJIOU,HpyeMbIX B 3np 
óejiKOB. nocjie 3aBepmeHHa cHHTe3a Ha cboóoahhx pn- 
ôocoMax ôejiKH BbiCBOÓoxcAaiOTOi b ijHTonjia3My. MacTb 
3THX ÔeJIKOB TaK H OCTaeTCfl B IlHTOmia3Me B CBOÓOAHOH 
(JjopMe; Apyrne accou,HHpyiOT c MaKpoMOJieicyjiapHbiMH 
ilHTomia3MaTHnecKHMH CTpyKTypaMH (TaKHMH, KaK mhk- 
pO(Jj™aMeHTbI, MHKpOTpyÓOHKH, U,eHTpHOJIH, H T. £.), 
TpaHcnopTHpyioTCH b a/jpo hjih nonaAaioT b opraHejnibi 
b pe3yjibTaTe nocrrpaHCJiaiiHOHHOH TpaHCJiOKaiiHH. 

Rnn Toro MToóbi CBíi3aTbai c MeMÔpaHoň (hjih jiioóoh 

Apyroň CTpyKTypoň), ôejiOK aojdkch hccth cooTBeTCTByio- 
iahh cHmaji. KaK npaBHjio, mm 3Toro Hcnojib3yeToi onpe- 
AejieHHaa aMHHOKHCJioTHaa nocjieAOBaTejibHOCTb, y3HaBae- 
Maa cHCTeMOH TpaHCJiOKaiiHH (hjih xce BCTpaHBaHne ôejiKa b 
cneiiHajibHyio MaKpoMOJieKyjmpHyio CTpyicrypy). 

Ha pmc. 10.5 nepenHCJieHbi HeKOTopbie cHmajibi, hc- 
nojib3yeMbie ôejiKäMH, cHHTe3HpyeMbiMH Ha cboóoahmx 
pHÔocoMax. TpaHcnopT ôejiKa b aApo onocpeAOBaH Ha- 
6opOM pa3HOOÓpa3HbIX, CpaBHHTeJIbHO KOpOTKHX, nocjie- 
AOBaTejibHOCTeň, bxoahiahx b cocTaB caMoro ôejiKa. 3 th 
«CH majibi HAepHoň jioKajiH3aiiHH» oóecnenHBaioT npoxoxc- 
AeHne óejiKa nepe3 HAepHbie nopbi. CHmajioM, onpeAejia- 
ioiahm TpaHcnopT ôejiKa b nepoKcncoMy, íiBJíaeToi oneHb 
KopoTKaa C-KOHiieBaa nocjieAOBaTejibHOCTb. Mhtoxoha- 
pnajibHbie ôejiKH h ôcjikh xjiopomiacTOB chHT e3HpyioTca 
CBOÓOAHbIMH pHÔOCOMaMH. Yxce nOCJie BblCBOÓOXCAeHHa B 
i!HTonjia3My ohh accoiiHHpyioT c MeMÔpaHaMH opraHejm 
nocpeACTBOM N-KomieBbix nocjieAOBaTejibHOCTen (ajihhoh 
okojio 25 aMHHOKHCJioT), y3HaBaeMbix ôejiKaMH oóojiohkh 
opraHejuibi. 
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Mecro 6yAymeň /ioKa/iM3a4HM 6ema onpeAe/iaeTca 
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PMC. 10.5 Be/iKM, CMHTe3npyeMbie CBOóoflHbiMM pn6ocoMaMM b ljm- 
T030/ie, HanpaBAfliOTCfl k CBoeMy KOHenHOMy Meciy Ha3HaneHM s\ npM 
ynacTMM kopotkmx CMrHa/ibHbix noc/ieAOBaTe/ibHOCTeM 


AOBaTejibHocTb, Ha3biBaeTca npe-6ejiKOM h npeAcraBJíaeT 
coóoh KopoTK05KHBynj,HH npeAiuecTBeHHHK 3pe^oro 6e;iKa. 
JlH^epHaa nocneAOBaTejibHOCTb oTmemrneTca ot ôe^Ka bo 
BpeMB npoyecca TpaHCJiOKau,HH nepe3 MeMÔpaHy 3I1P. 


10.4 


UJanepoHbi oóecneMMBaiOT 
(|)OpMMpOBaHMe ľipaBMJlbHOM 
npOCTpaHCTBeHHOM 
apyKTypbi 6e/ixa 


KiiiOHeBbie noHama: 


• Be/iKM, cnocoÓHbie caMonpoM3BO/ibHO npMHMMaTb Hy>KHyK) 
KOHífjOpMaUMK), Ha3blBaK)TCfl CaMOCOÓMpaK/lAMMMCfl Óe/lKaMM. 

• MHorfla 6e/iKM MoryT npMHMMaTb HecKO/ibKO a/ibTepHaTMBHbix 
KOHC))OpMaUMM. 

• WanepoHbi HanpaB/iaiOT yx/iaflKy no/iMnenTMAHOM i\env\ 6e/iKa 
no eAMHCTBeHHO npaBM/ibHOMy nyTM. MCK/iK/naa B03M0>KHbie 
a/ibiepHaTMBHbie BapnaHTbi. 

• WanepoHbi npeAOTBpamaiOT cfiopMMpoBaHMe HenpaBM/ibHbix 
cipyKTyp, B3anMOfleMCTByfl c eiue He CBepHyBWMMca óe/iKOM m 
HanpaB/iaa ero CBopaHMBaHMe. 


5e/iKH MoryT npoHHKHyTb b 30P TO/ibKO bo BpeMB cMHTeaa 

Onuen/ieHMe N-KOHLieBOM —-- 


cMrHa/ibHOM noc/ieAOBaie/ibHocTM 

-- 

fš 

3HA0flAA3MATMHECKMM PEÍMKYBYM 
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PMC. 10.6 Be/iKM npoHMKaioT b CMCTeMy 3ľlP-KOMn/ieKC ľo/ibfl>KM, 
TO/ibKO 6yflyn m accounnpoBaHbiMM c MeMÓpaHOíí 3HAon/ia3MaTMnec- 
Koro peTMKy/iyMa bo BpeMa CMHTe3a 

BejiKH peTHKyji03H,A0TejiHajibH0H chctcmm nona^aiOT 
b 3I1P b npouecce cHHTe3a. ľlpHHijHnbi KOTpaHCJiau,HOHHoň 
TpaHCJioKaiiHM H3o6pa^ceHbi m pmc. 10 . 6 . CHHTe3HpyeMbiň 
ôejiOK caM oTBenaeT 3 a y3HaBaHHe TpaHCJioKaijHOHHoro anna- 
paTa, hto RBjmcroi Ba^cHofí xapaicrepHCTHKOH stoh CHcreMbi. 
MexaHH3M TaKoro TpaHcnopTa ocHOBaH Ha tom, hto CHraaji 
KOTpaHCJIHUHOHHOH TpaHCJIOKaUHH ÍIBJIHeTCH HaCTbK) óejnca, 
CHHTe3HpyeMoň b nepByio onep e^b. fleňcTBHTejibHO, cnmajib- 
Hbie nOCJieAOBaTeJIbHOCTH KOTpaHCJIHIJHOHHOH TpaHCJIOKaiJHH 
pacnojioxceHbi oómhho Ha N-KOHu,e MOJieicyjibi ôejiKa. 

B ôejiKax, Hcnojib 3 yTomHx N-KOHijeBbie cHraajibi /ym 
KOTpaHCJiayHOHHoro TpaHcnopTa b 311P h nocnpaHCjm- 
yHOHHoro TpaHcnopTa b mhtoxohaphh h x^opomiacTbi, 
oÓHapyxceHa OAHa oóiyaa nepTa. N-KOHijeBaa wm jm^ep- 
Ha h nooieAOBaTe^bHOCTb He oÓHapyxcHBaeTca b cocTaBe 
MOJieicyjibi 3pe;ioro ôoikx Bejiox, HecymHH Taxyio nooie- 


HeKOTopbie 6cjikh cnocoÓHbi caMonpoH 3 BOJibHO npHHH- 
MaTb KOH(J)OpMailHIO, CBOHCTBeHHyiO HX 3 peJI 0 My COCTO- 
íihhk). ľlpoBepHTb 3 Ty cnocoÓHOCTb moxcho, noABeprHyB 
ôe^OK ACHaTypayHH h npocjieAHB, cmoxcct jih oh 3 aHOBO 
peHaTypHpoBaTb b cboio aKTHBHyio cj)opMy. Taxoe cbohc- 
TBO ÔOIKOB Ha 3 bIBaiOT CaMOCÓOpKOH CaMOCOÓHpaiOIAHH- 
ca ôejiOK cnocoóeH CBopanHBaTbca b aKTHBHyio cj)opMy H 3 
HeaKTHBHbix KOH(J)opMauHH (BKJiionaa HeBepHbie KOH(f>op- 
MayHH, peajiH 3 yeMbie npn ero cHHTe 3 e Ha pHôocoMe). 3 Ta 
cnocoÔHOCTb onpeAejmeTca BHyrpeHHHMH B 3 aHM 0 ACHC- 
tbhíimh b MOJiexyjie 6 e^xa, HanpaB^eHbiMH Ha (J)opMHpo- 
BaHHe aKTHBHOH KOH(J)OpMailHH. KjiaCCHHeCKHM npHMepOM 
caMOCoÓHpaiomHxcfl ôcjikob aBjunoTc« pH6oHymiea3bi. B 
1970 roAy 6 bmo noKa 3 aHO, hto nocjie ACHaTypayHH stot 
(J) epMeHT MoxceT BoccraHaBjíHBaTb cboio npaBrabHyio koh- 
(})opMauHio in vitro . Ilo 3 AHee npouecc cBopanHBaHna 6 bui 
AeTajibHO onHcaH jyw HecKOJibKHx HeôojibiiiHx ôe^KOB. 

OAHaxo HeKOTopbie óejiKH He cnocoÓHbi k caMOCToa- 
Te^bHOMy (J)OpMHpOBaHHIO KOppeKTHOH npOCTpaHCTBCH- 
hoh cTpyicrypbi, h 6e^ox npHHHMaeT «HeBepHyio» cTaÔHjib- 
Hyio KOH(J)opMaiiHio, onpeAejiaeMyio ajibTepHaTHBHbiMH 
BHyrpHMOJieKyjiapHbiMH B3aHMOAencTBHaMH. Be^KH TaKoro 
rana He oÓJiaAaioT cnocoĎHOCTbio k caMocóopKe. OopMH- 
poBaHne aKTHBHOH KOH(J)opMauHH b stom cjiynae TpeóyeT 
ynacTHa manepoHOB. 

OoJiAHHr (cBopanHBaHHe) óejixa oómhho nponcxoAHT 
nOCpeACTBOM B3aHMOAeHCTBHa MeXCAy HeCKOJIbKHMH KOH- 

TaKTHbiMH noBepxHOCTíiMH. Kax npaBrao, sto noBepxHocTH, 
Hecyiyne BbicTynaiomHe Hapy^cy rHApocJ)o6Hbie paAHKa^bi, 
(J)opMHpyiomHe rHApocJ)o6Hoe aApo óe^Ka. B oTcyrcTBHe 
manepoHOB THApo(J)o6HOCTb sthx noBepxHocreH cTaHO- 
BHTCa npHHHHOH HenpaBHAbHblX B3aHMOAOHCTBH H H, KaK 
oieACTBHe, HenpaBHJibHOH yxjiaAKH nojiHnenTHAHOH u,enH. 
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BHyTpMMOJieKy/iíipHoe BsaHMOAeŇcTBMe 
rHApo<t)o6Hbix o6iiacieH 6ejina 



PMC. 10.7 ľnApo(t)o6Hbie perMOHbi oahoíí no/iMneriTMAHOM ueriM 
CMHTe3npyK)iAerocfl mam AeHaiypMpoBaHHoro 6e/iKa B3aMMOAeííc- 
TByiOT Apyr c APyroM 


Ha PMC. 10.7 H306pa)KeH0, HTO MOXCeT np0H30HTH B AaHHOM 
oiyHae. ľlo Mepe CHHTe3a 6e;nca Ha pnóocoMe, rHApocj)o6- 
Hbie ynacTKH, noKHAaa 30Hy Bmmmm phôocomm, b boahoh 
cpe/je cTpeivwTCH arperHpoBaTb c ApyruMH rHApocj)o6HbiMH 
ynacTKaMH. ľlocKOJibKy Taxne B3aHMOAeňcTBHa B03HHKai0T 
aiynaHHO, ohh MoryT h He cooTBeTCTBOBaTb axraBHOH koh- 
(j)opMaijHH óejiKa. 

IHanepoHbi — 6e;iKH, onpeAejunomHe npaBHJibHyio 
KOH4)opMau,Hio 6ejiKOB-MHineHeH, 3 a cneT Bjmnmm m 
npoijecc hx cBopaHHBaHm. 3cJ)(J)eKT ot achctbhíi rnane- 
poHOB AocraraeTCfl ĎJiaroAapa CBfl3biBaHHio hmh sxcno- 
HHpyeMbix bo BpeMíi cHHTe3a óejiKa-MHineHH KOHTaKTHbix 


noBepxHOCTeH, tcm caMbiM npeAOTBpamaa B3aHMOAeňc- 
TBHe 3thx noBepxHOCTeň c ApyraMH peraoHaMH óejixa 
H (J)OpMHpOBaHHe HenpaBrabHOH KOH(j)OpMaiJHH. OyHK- 
ijhb inanepoHOB 3aKJiKmeTca CKopee b npeAOTBpameHHH 
cj)opMHpoBaHHfl HenpaBHjibHbix cTpyKTyp, neM b co3AaHHH 
npaBHJibHOH. Ha pmc. 10.8 noKa3aH npHMep Toro, xax rna- 
nepoH CBíi3biBaeT raApocjioÓHbiH ynacTOK nojiHnenTHAHOH 
iienn, oóecnenHBaíi B3aHMOAeňcTBHe, xoTopoe 6buio 6bi 
HCB03M0XCH0 B eľO OTCyTCTBHe (cpaBHHTe C pHC. 10 . 7 ). 

HenpaBHAbHan npocrpaHCTBeHHafl cTpyiaypa MoxceT 
(J)opMHpoBaTbai b pe3yjibTaTe oniHÔOHHoro (JiojiAHHra oa- 
Horo óejixa jihôo b pe3y;ibTaTe B3aHMOAeňcTBHfl ôc/ikob Apyr 
c ApyroM. KoHiieHTpau,™ ôcjikob b ijHTonjia3Me AOBOJibHO 
BblCOKa, HTO MOXCeT 3HäHHTeJIbHO yBCJIHHHBaTb BepOHTHOCTb 
MHOľHX B3aHMOAeHCTBHH B TaKOH «MaKpOMOJieKyJIflpHOH 
Kame» b cpaBHeHHH c CHTyaijHeH in vitro. CxomieHHe ôejiKOB 
cnocoócTByeT hx arperaijHH, OAHaxo manepoHbi noMoraioT 
npeAOTBpaTHTb HexcejiaTeAbHbie 3(j)(j)eKTbi. TaKHM o6pa30M, 
pojib manepoHOB coctoht b 3amHTe ôcakob ot arperauHH 
h b oôecneneHHH KOHiieHTpaiiHOHHo-He3aBHCHMoro (J)oji- 
AHHra ôejiKOB b u,HToruia3Me. 

Tohho HeH3BecTHO, xaxaa nacrb ôckkob oóJiaAaeT cno- 
coÓHocTbio k caMocóopKe, a xaxaa TpeóyeT yHacnw rnane- 
POHOB. (3aMeTHM, HTO CnOCOÓHOCTb ÔeAKa K CaMOCÓOpKe 
in vitro He 03HanaeT, hto oh oôJiaAaeT stoh cnocoÓHOCTbio 
h in vivo BOíeACTBHe orpoMHoň pa3HHijbi b yoiOBHBx npo- 
TCK2H1VÍ peaKUHH. Ľ03M0XCH0, J1W MHOľHX ÔeJIKOB, CaMO- 
coÓHpaiomHxai b 3KcnepHMeHTajibHbix yoiOBH^x, CBopa- 
HHBaHHe b KjieTKe hact npH yHacTHH manepoHOB. OAHaxo 
Ha ocHOBaHHH AaHHbix in vitro moxcho pa3A0JiHTb 6e;iKH Ha 
npHHijHnHajibHO cnocoÓHbie k caMocóopxe, h ócjikh, Tpe- 
ôyiomHe oóíi3aTeAbHoro ynacTHB manepoHOB rjw (J)opMH- 
poBaHra[ npaBHjibHoň npocTpaHCTBeHHoň cTpyKTypbi.) 


UJanepoHbi KOHTpo/iMpyiOT c^oaamht 6e/iKOB 



PMC. 10.8 ynacTKM noAMnenTMAHOM uenM, B3aMMOAeMCTByioiAMe Me>KAy coóoíí bo BpeMA CMHTe3a, 
CBA3biBaiOTCA ujanepoHaMM. TeM caMbiM npeAOTBpamaeTCA mx CAynaMHaA arperaLjMfl m MCKAionaeiCA 
B03M0>KH0CTb 06pa30BaHMA OlUMÓOHHOM KOH(})OpMai4MM 
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10.5 


UJanepoHbi HeoóxoAMMbi 
M Aflfl BHOBb CMHTe3MpOBaHHblX, 

M Aflfl ABHaTypMpOBaHHblX 6e/lKOB 


KAioneBbie nonmm: 


• LUanepoHbi fletícTByiOT Ha CMHTe3MpyeMbie,TpaHcnopTMpyeMbie 
nepe3 MeMÓpaHy, m Ha AeHaiypMpoBaHHbie óe/WM. 

• Hsp (6ejiOKTeruiOBoro ujOKa) 70 m HecKO/ibKO CBíi3aHHbix 
C HMM Óe/IKOB c(30pMMpyK)T OCHOBHOM K/13CC LUanepOHOB, 
B3aMMOfleMCTByiOlUMX C 6oJlbLUMM HMCJIOM Óe/lKOB-MMLlJeHeM. 

• LUanepoHMHbi I m II rpynn ripeflcraB/iflioT coóoíí óo/ibiuMe 
OAMroMepHbie óe/woBbie KOMruieKCbi, B33MMOfleMCTByK)LUMe c 
6eAKaMM-MMiueHíiMM nyieM mx 3aKjiK)HeHMíi b CBoeíí BHyrpeHHeM 
ľlO/lOCTM. 


• Hsp90 — cneiJiMa < nM3MpoBaHHbiM wanepoH, fleMCTBytomMÍí Ha 
Óe/IKM CMTHa/lbHblX KaCKaflOB. 


B momcht npoxo)KAeHHfl MepG3 MeMÓpaHy 6eiiOK 
AOJDKeH HaXOAUTbCP B HeCBepHyTOM COCTOflHMM 



Be/iOK npno6peiaeT cboio 
OKOHH aTe/lbHyK) KOH(()Op- 
Maijmo noc/ie npoxowAe- 
h m nepe3 MeMÓpaHy 


Ee/IOK AOA>neH npoŕÍTM 
cKB03b KaHa/í b MeMÓpaHe 


B CBepHyTOM bmag óe/iox 

MO>KeT He npOÍÍTM CKB03b 
MeMÓpaHHblíí K3Ha.fl 


PMC. 10.9 OopNia óe/wa npn npoxowfleHMM ero nepe3 MeMÓpaHy on- 
pefleAíieTCíl y3KMM TpaHcnopTHbiM K3H3.nOM 


CnocoÓHOCTb manepoHOB y3HäBäTb HeBepHyio KOH(})opMa- 
ľ[hk) óejiKa no3BOJiaeT hm BbinojimiTb ABe B3aHMOCB5i3aH- 
Hbie (jiyHKUiHH, Kacaiomneca cTpyKTypbi óejiKa: 

• BbixoAflmHH no Mepe CHHTe3a (Ha pnóocoMe) b ijh- 
Ton^a3My óejiOK npe^CTaBJíaeT coóoh HecBepHyTyio 
(})opMy. YmiaflKa nojinnenTHAa hact no Mepe Toro, 
KaK CHHTe3HpoBaHHbie ynacTKH nocjieAOBaTejibHocTH 
BbIXOflflT H3 pHÓOCOMbl H HaHHHaiOT B3aHMOfleHCTBO- 
BaTb jjpyr c ApyroM. IIIanepoHbi bjihaiot Ha sto B3an- 
MOfleHCTBHe, KOHTpOJIHpya AOCTynHOCTb KOHTaKTHblX 
noBepxHocTeH. 3 tot npoijecc Ha3biBaioT nepBHHHbiM 
(j)OJi/i l HHroM 6e;iKa. 

• Ecjih óejiOK ^eHaTypHpyeT, rHApoíjjoóHbie peraoHbi 
CHOBa CTaHOBflTCfl OTKpbITbIMH AJia B3aHMOAČHCTBHfl 
(b jiioóoh KOMÓHHaiiHH). 3 th B3aHMO^eHCTBHa Hano- 
MHHaiOT npoiieccbi, npoHcxoAflmHe npn cjiynaHHOM 
(oihhóohhom) (jio/iAHHre óeiiKa bo Bpem CHHTe3a. Ta- 
Kne «HcnopTHBiiiHeca» óejiKH Moryr pacno3HaBaTbca 
manepoHaMH KaK oóJiaAaiomHe HenpaBHjibHOH npo- 
CTpaHCTBeHHOH cTpyKTyporí h ji h6o no/jBepraiOTai pe- 
HaTypaiiHH, jihóo ycTpamnoTca nyreM AerpaAaijHH. 
KpoMe Toro, manepoHbi Moryr óbiTb 3a^eHCTBOBaHbi 

b (J)opMHpoBaHHH oJinroMepHbix cTpyKTyp h ynacTBOBaTb 
b TpaHcnopTe óeiiKOB nepe3 MeMÓpaHbi. BaxcHbiM MOMeH- 
tom b oóecneneHHH TpaHCMeMÓpaHHoro nepeHoea óejiKOB 
RBmercn KOHTpojib (nepe3 3a^epxcKy) hx cfiojiAHHra. Kax 
noKa3aHo Ha pmc. io. 9, reoMeTpra TpaHCMeMÓpaHHoro 
nepeHoea TpeóyeT no/mepiKaHnu óejiKa b HeCBepHyTOM 
cocToaHHH jjp Tex nop, noxa oh He npoH^eT CKB03b MeM¬ 
ÓpaHy: CBepHyTbiH óejiOK MOxceT óbiTb nonpocTy gjihiiikom 
ÓOJI blHHM AJ m Toro, HTOÓbl npOHTH CKB03b MeMÓpaHHblH Ka- 
Haji. IIIanepoHbi cnocoÓHbi npeAOTBpamaTb npnoópeTeHHe 
óejiKOM KOHíjjopMaiiHH, MeinaionieH ero TpaHcnopTy CKB03b 
MeMÓpaHy; nosTOMy hx pojib cborwtcr, rjiaBHbiM oópa30M, 
k noAAepxcaHHK) óejixa b HeCBepHyTOM njiacranHOM cocto- 
aHHH. noc^e Toro KaK óejiOK npomeji cKB03b MeMÓpaHy, 
A^fl npnoópeTeHHa KOHíjjopMaiiHH, cooTBeTCTByiomeH ero 
3penoH (jjopMe, MoxceT noTpeóoBaTbca ynacTHe Apyrux rna- 
nepoHOB (tohho TaK xce, KaK iiHT030JibHbie óejiKH TpeóyiOT 
ynacTra manepoHOB bo Bpem CHHTe3a Ha pHÓocoMe). Co- 
CToaHne óejiKa b MOMem npoxo^KAeHra cKB03b MeMÓpaHy, 


bhahmo, HanoMHHaeT ero cocToaHHe b MOMem, KorAa oh 
noKHAaeT pnóocoMy bo Bpem CHHTe3a — MOJieKyjia h b tom, 
h b ApyroM cjiynae BbiTarHBaeTca, npnoópeTaa óojiee hjih 
M eHee jiHHeHHyio (jiopMy. 

Ha AäHHbiH MOMeHT ABe ocHOBHbie rpynnbi manepoHOB 
xoporno H3yneHbi. Ohh bjihhiot Ha (jio/iAHHr óejiKOB noc- 
peACTBOM MexaHH3MOB AByX pa3HbIX THnOB: 

• Ha pmc. ío.io noKa3aHO, K2KcucmeMaHsp70 (omheat 
shock protein — ôejiOK mermoeozo iuoko), cocmomi^m 
U3 necKOJibKUX omdejibHbix ôejiKoe, f ceH3ueaemcH c 
cyôcmpamaM, ceopmueanue Komopozo Konmpojiupy- 
em. Hsp70 y3HaeT TOJibKO hto CHHTe3HpoBaHHbie óe/i- 
kh hjih óejiKH, nponieAiiiHe nepe3 MeMÓpaHy (a TaK^ce 
óejiKH, ACHaTypHpoBaHHbie bo Bpem CTpecca). B oc- 
HOBHOM 3Ta CHCTeMa KOHTpOJIHpyeT B3aHMOAeHCTBHtf 
MexcAy SKcnoHHpoBaHHbiMH Hapyxcy peaKiiHOHHoeno- 
coóhhmh peraoHaMH óejiKa, 3acTaB^aa óejiOK npHHH- 
MaTb npaBH^bHyio KOHcjjopMaiiHio in situ. CncTeMa b 
iienoM BKJnonaeT KOMnoHeHTbi — Hsp70, Hsp40 h GrpE. 
Oónjee H23B2HHC chctcmh (Hsp70) OTpa^aeT nepBm- 
HyK) HACHTH(j)HKaiIHK) Hsp70 KaK ÓeJIKa, CHHTe3 KOTO- 
poro HH£yu,HpyeTca Ten^OBbiM uiokom. BejiKH Hsp70 h 
H sp40 CBa3biBaioTca c óejiKOM-cyócTpaTOM oóocoóiieH- 
ho. C noMonj,bio SHeprHH rHAP0JiH3a ATO ohh H3Me- 


HecBepHyTbie óeiiKH cBB3biBaiOTCfl manepoHaM* 


UJanepoHbi 


t / 

j 

/ THanpaBjíeHMe 

m 

y 1 TpaHcnopia 
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PMC. 10.10 To/lbKO HTO CMHTe3MpOBaHHbie pHÓOCOMOÍÍ Óe/IKM MAM 
óeAKM, npoiuéAiiJMe CKB03b MeMÓpaHy, h3xoaatca b HeCBepHyTOM 
COCTOAHMM. CBA3blB351Cb C T3KMMM ÓeAK3MM, UJanepOHbl He flaiOT MM 
CBepHyTbCB b HenpaBM/ibHyio cipyKiypy 
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0ojiAMHr éejwoB npoMcxoAMT BHyrpM crpyKTypbi 
o6pa3yeMoií uianepoHMHaMH 


HecBepHyTbiň 6e/iOK Be/iOK BbiCBo6o>KAaeTCfl 

noMeiuaeTCfl noc/ie npMoópeTeHMA mm 

B 3aMKHyTyiO 3pe/10M KOH(()OpMai4MM 

nnnnrTk 



PHC. 10.11 ĽJanepoHMHbi c(3opMMpyK)T6o < nbiuoŕí o/iMroMepHbiíí kom- 
ruiGKC, BHyipM KOToporo pacno/iaraiOTCfl HecBepHyTbie 6e/wn 


rnnoT cTpyKTypy cyócTpamoro ôcjikx Hsp70 h Hsp40 

paÓOTälOT COBMČCTHO C (j)äKTOpOM OÓMČHa, BOCCTäHäB- 
JIHBaiOmHM ATO H3 AJlfD. 

• Ha P M c. 10.11 H3o6pa>KeHa cucmeMa tuaneponunoe, 
ripedcrmejienuan ôojibtuuM ojiuzoMepmiM KOMtuieKcoM 
(moôpaMeuHbiM e eude upjiundpä). 3tot komiuickc 
c{)opMHpyeT crpyicrypy, BHyrpb KOTopoň noMem.aioTca 
HecBepHyTbie ócjikh, h yxce BHyrpeHHaa cpe/^a KOMmieK- 
ca KOHTpojiupyeT cBopanHBaHHe 6e;iKa. Pa3JimaioT ABa 
TMna manepoHHHOBbix chctcm: GroEL/GroES (oÓHapy- 
xceHa bo Bcex KJiaccax acHBbix opraHH3MOB) h TRiC (npn- 
cyTCTByeT b u,HTon;ia3Me syKapHOTHHecKHx kjictok). 


Pa3/iMMaK)T ABa ocHOBHbix TMna CMcreM uianepoHOB 


CMdeMa 


Cípy KTypa/(()y h kam m 


UHAMBMAya/ibHbie ujanepoHbi 
CMdeMa Hsp70 
Hsp70 (DnaK) ATOasa 

Hsp40 (DnaJ) AKTMBaiop ATtf>a3bi 

GrpE (GrpE) OaKTop HyK/ieoTMAHoro oÓMeHa 


Hsp90 


fleíiCTByeT Ha 6e/iKM, BOB/ieneHHbie 
b CMrHa/ibHbie KacKaflbi 


O^MroMepHbie apyKTypbi (wanepoHMHbi) 


ľpynna I 
Hsp60 (GroEL) 
HsplO (GroES) 

ľpynna II 
TRiC 


06pa3yeT ABa remaMepHbix Ko/ibua 
OopMMpyeT «KpbiiUKy» 

06pa3yei ABa oKTaMepHbix Ko/ibua 


PMC. 10.12 ĽJanepoHbi ayKapMOT MMeiOT cbom aHa/iom y 6aKTepnŕí 
(Ha3BaHMíi npMBefleHbi b Kpyr/ibix CKOÔKax) 


KoMnoHeHTbi Bcex sthx chctcm nepeHHCJieHbi Ha 
pmc. 10 . 12 . CncTeMa Hsp70 h abc manepoHHHOBbie chc- 
TeMbi ^eHCTByioT Ha mhoxccctbo pa3;iHHHbix óc/ikob. Eme 
o/jHa CHCTeMa — Gcjiok Hsp90 — (j)yHKijHOHHpyeT cobmcc- 
tho c Hsp70, o^HaKo ee AeHCTBHe HanpaBJíeHO Ha ócjikh, 
BOB^eneHHbie b nepeAany BHyrpHKJieTOHHbix CHraaaoB (Ha 
peiienTopbi crepoHAHbix ropMOHOB h CHmaabHbie KHHa3bi). 
Ochobhoh (j)yHKijHeH CHCTeMbi Hsp90 aBjíaeTca noAAepxca- 

HHe ÓeJIKOB-MHineHCH B nORXOPflWpÚ KOH(jX)pMaiJHH, B TO 
BpeMfl KaK OHH CTa6™H3HpyiOTCa, B3aHMOAeHCTByH c Apy- 
thmh KOMnoHeHTaMH CHraäabHoro kzckzjxz. IIpHHHHa, no 
KOTopoň MHorae H3 uianepoHOB hodiť Ha3BaHne Hsp (heat 
shock protein — 6e;iOK TemiOBoro rnoKa), 3aioiioHaeTca b 
tom, hto noBbimeHHe TeMnepaTypbi Bbi3biBaeT npoAyKijHio 
3THX ÓCJIKOB, nOCKOJIbKy OCHOBHaH HX (j)yHKU,™ COCTOHT B 
MHHHMH3aiiHH pa3pyniHTe;ibHoro 3(j)(j)eKTa TenjiOBOH Ae- 
HaTypai^HH ócjikob. MHorae H3 uianepoHOB BnepBbie 6buiH 
OTKpbITbl (h Ha3BaHbl) HMCHHO KaK KOMnOHCHTbl OTBCTa Ha 
TenjioBOH rnoK. 


B e/i km ceMeíícTBa Hsp70 
BCTpeHaiOTCB BO Bcex 
KOMnapTMeHTax K/ieTKM 


fímoHeBbie noHííTMíi: 


• BeAKM — H/ieHbi ceMeíícTBa Hsp70 — o6Hapy>KeHbi b 
i4MTonjia3Nie, 3Í1P, mmtoxohapmbx m x/ioporuiacrax. 

• Hsp70 — wanepoH, fleňcTByiomnH Ha 6e/iOK-MHiijeHb b 
KOM riAeKce c DnaJ m GrpE. 

CeMeHCTBO 6e;iKOB Hsp70 oÓHapyxceHo b óaKTepnax, ľjh- 
Ton^a3Me syKapHOTHnecKHx kjictok, b 3IIP, xaoponjiacrax 
h MHTOxoH^prax. Thhhhhhh Hsp70 HMeeT a Ba OÓMeHa: 
N-KOHijeBOH aomch, oôJiaAaiom™ ATO-a3HOH aKTHBHoc- 
TblO, H C-KOHIieBOH AOMCH, HCOÓXO/ÍHMblH RJM B3aHMO- 
AeHCTBra c cyócTpaTHbiM nojiHnenraflOM. B KOMn^eKce c 
ATO Hsp70 óbiCTpo CBa3bmaeT h BbiCBOÓoxmaeT cyócrpaT; 
ec^H xce Hsp70 CBa3aH c A£0, peaKi^ra npoTeKaeT mcatich- 
ho. nepexofl Mexmy ATO/A/1,0 cocToaHraMH peryjiHpyeT- 
ca ^ByMa ^pyrHMH óejiKaMH: Hsp40 (DnaJ) h GrpE. 

KaK noKa3aHo Ha pmc. 10.13, Hsp40 (DnaJ) nepBbiM CBa- 
3biBaeTca c CHHTe3HpyK)mnMca ócjikom (b momcht Bbixo^a 
ero N-KOHiia Ha uptRtnu pnôocoMbi). Hsp40 co^epacHT pe- 
thoh, Ha3BaHHbiH J-flOMeHOM (oTcio^a Ha3BaHHe DnaJ), B3a- 
HMOAeHCTByioiij.HH c Hsp70. Hsp70 (DnaK) CBa3biBaeTca o^- 
HOBpeMeHHO h c Hsp40, h c HecBepHyTbiM noaHnenTH^OM. 
B pe3y;ibTaTe c cyócTpaTHbiM óeaKOM 0Ka3biBai0Tca CBa3aHbi 
ABa BsaHMOACHCTByioniHx MOK^y coóoh manepoHa. J aomch 
onpeAeaaeT cneuiH(j)HHH0CTb napHoro B3aHMOAeHCTBHa h 
OTB enaeT 3a to, htoóm onpeAeaeHHbiH Hsp40 Bbiôpaa ceóe 
noAxo^aiiiero napTHepa cpe^H ceMeíícTBa óeaKOB Hsp70. 

B3aHMOAeHCTBHe Hsp70 (DnaK) c Hsp40 (DnaJ) CTHMy- 
aHpyeTca ATO-a3HOH aKTHBHOCTbio Hsp70. AJ],0-CBa3aHHaa 
(J)opMa TaKoro KOMmieKca ocTacrca accoiiHHpoBaHHOH c 
cyócTpaTHbiM 6e;iKOM a o Tex nop, noxa GrpE He bmtcchht 
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KawAbiH m m K/i Hsp40-Hsp70 CBH3biBaHHn TpeéyeT rMApo/iM3a ATO 


Hsp40 CBA3biBaeT 
cyédpaT 



KoMruieKC Hsp70-ATO 
CBfl3blBaeTCfl C KOMÍl/ieKCOM 
Hsp40-cy6cTpaT 

ATO 
DnaK 

— Hsp40 K Hsp70 


Hsp70 

rnApo^M3yeT ATO 




AnccouMnpyeT 

Hsp70 


BbicBo6o>KAaeTCfl 

Hsp40 


GrpE 

yAa/iíieT AflO 



PMC. 10.13 Hsp40 CBfl 3 biBaeTcy 6 crpaTHbiM 6 e/iOK,a 3 aieM Hsp70. rnApojiM3 ATO 3 anycKaeT KOHc( 3 op- 
MablMOHHbie M 3 M 6 H 6 HMfl. GrpE BbITGCHflGT AflO, HTO npMBOflMT K BblCB 06 o>KAeHMK) UJanepOHOB. OOilflMHr 
6 e/iKa ocymecTBJííieTCíi nocpeflCTBOM MHO>KecTBa ijimiuiob accouiMauMM m AnccounauMM manepoHOB 


A50 H3 KOMnjieKca. 3 to npnBOAHT k oTcoeAHHeHHio Hsp40, 
3ä KOTOpbIM CJIČAyeT H AHCCOIJHailHfl HspľO. CBOÓOAHblH 
Hsp70 CBa3biBaeT HOByio MOJiexyjiy ATO h iihkji noBTopa- 
eTca. GrpE (kjih ero aHa^ora) oÓHapyxceHbi TOJibxo y óaxTe- 

pHH, B MHTOXOHAPHHX H B X^OpOnJiaCTaX; BO BCČX npOHHX 

cjiyHaax peaxijHfl AHCCOLUHaijHH Hsp70 CBjmHa c rnApojín- 
3 om ATO 6o;iee gjiotxhhm rryTeM. 

CBopanHBaHHe 6e;ixa ocymecTBjmeTca nocpeACTBOM 
MHoroKpaTHoro noBTopeHra ijhx^ob accoijHaijHH h rhc- 
coiiHaiJiHH manepoHOB. IIo Mepe toto xax Rjivim nommtn- 
thahoh ijem yBejiHHHBaeTca, Hsp70 (DnaK) AHCCOijHHpyeT 
c oahoto carŕra CB5i3biBaHHfl h peaccoijHHpyeT c ApyrHM, 
TaKHM oópa30M no3Bo;itf5i ynacTKaM cyócrpaTHoro 6e;ixa 
npaBHJibHO CBopaHHBaTbca h npnHHMaTb ynopflAOHeHHyx) 
CTpyxTypy. B kohchhom HTore 6e;iox BbiCBOÓOTKAaeToi H3 
pnóocoMbi, CBepHyTbin b CTpyxTypy, cooTBeTCTBynjyio ero 
npaBHJIbHOH XOH(j)OpMaiJiHH. 

Pa3Hbie HJieHbi ceMčHCTBa Hsp70 AeHCTByioT Ha pa3Hbie 
ranbi óejixoB-MHineHeH. U,HToruia3MaTHHecxHe 6e;iXH (coóc- 
TBČHHO Hsp70 H pOACTBeHHblH ČMy ÓeJIOX, nOJiyHHBIIIHH Ha- 
3BaHne Hsc70) AeňcTByioT Ha Hacu,eHTHbie 6e;ixH Ha pnóo- 
coMax. BapHaHTbi sthx 6e;ixoB b 3Í1P (Ha3bmaeMbie BiP hjih 
Grp78 y BbícniHx syxapnoT h Kar2 y Saccharomyces cerevi- 
siae\ a Taxxce manepoHbi mhtoxohaphh h xjioponjiacroB no- 
xoxchm o6pa30M ACHCTByioT Ha óe^xH, npoHHxaionj.He noc- 
peACTBOM TpaHCMčMÔpaHHoro nepeHoca BHyrpb oprzuam. 

Kaxne ocoôeHHocTH no3BOJunoT Hsp70 y3HaBaTb 6e- 
^ox-MHineHb? 3 tot manepoH CBa3biBaeTca c nocjieAOBa- 
TeJIbHOCTbK) aMHHOXHCJIOT, 3aXJIIOHeHHOH B ľHApO(j)06HbIH 
xohtčxct. Ilocxojibxy b 3pe;iOM, npHoópeTineM npaBHJib- 
Hyio xoH(j)opMaiiHio 6e;ixe Taxne mothbh 3anpaTaHbi b 
niyób THApo(j)o6Horo aApa, hx 3xcno3HijHfl bo bhoiihiok) 
cpe^y CBHAeTejibCTByeT o tom, hto AaHHbin 6e;iox TOJibxo 
hto CHHTe3HpoBaH jihóo A^HaTypHpoBaH. Mothbh noxo- 


xcčh CTpyxTypbi BcrpenaiOTai b cpe^HeM nepe3 xaxcAbie 40 
aMHHOXHCJIOT. CB5i3biBaHHe npeAOTBpamaeT hx HenpaBmib- 
Hyx) arperaiiHio c ApyrHMH ynacrxaMH 6e;ixa. 

OnHcaHHaa mo RtJib B3aHMOAeHCTBHa manepoHa c 6en- 
xom o6T>acHaeT, xax OTHOcamHHca x ceMčHCTBy Hsp70 óe^ox 
BiP MOXCeT BbinOJIHHTb ABe (j)yHXI!HH: COAeHCTBOBaTb OJIHľO- 
MepH3aiiHH h/™h (j)o^AHHry TOJibxo hto nocTynHBniHx b 
3IIP 6e;ixoB, a Taxxce y^a^aTb óe^xn c HenpaBHjibHOH cTpyx- 
Typoň. ílpeAnojiOTKHTejibHO BiP pacno3HaeT onpeAe^eHHbie 
ynacTXH no^HnenTHAa, HčAOCTynHbie b 3pe^OM, npHOôpeT- 
rneM npaBHjibHyio xoH(J)opMaiiHio, 6e^xe. 3th ynacTXH 3K- 
cnoHnpyiOTca h npHB^exaiOT BiP bo Bpem npoxoTKAeHHa 
6e^xa (b jihhčhhom bh Ae) cxB03b MčMÓpaHy 3IIP. Ecjih 6e- 
jiox CBepHyT HenpaBHjibHo hjih ACHaTypnpoBaH, oh moxcct 
sxcnoHHpoBaTb Ha cbočh noBepxHOCTH cxpbiTbie b HopMe 
nocjieAOBaTejibHOCTH. 


10.7 


CMrHaAbHbie nocjieAOBaiejibHOCTM 
MHMUMMpyiOT TpaHC/lOKaUMK) 


KAioneBbie noHííTMíi: 


• Be/iKM nonaflaiOT b cMdeMy 3ľlP TOAbKO KOTpaHc^BbiMOHHo. 

• 3a aCCOlJIMalJIMK) C MGM6paHOM 3Í1P OTBGTCTBeHHbl CMľHaAbHbie 
noc^eflOBaie^bHOCTM CMme3MpyeMbix 6eAKOB. 


Be^XH, CBa3biBaioiAHeca c MeMÓpaHaMH nocpeACTBOM N-xoh- 
u,eBbix jiHAepHbix nocJieAOBaTejibHocreH, Hcno^b3yioT uih- 
poKHH cnexrp cnrHajiOB, nosBOJiaioiAHx hm AOCTHHb CBoero 
xoHčHHoro Mecra Ha3HaneHHa. B oiynae c peTnxyjiosHAOTe- 
jinajibHOH chctčmoh oxoHHaTejibHaa ^oxa^H3au;Ha óejixa 3a- 
bhcht ot toto, xyAa oh 6yAeT HanpaB^eH npn npoxoxcAeHHH 
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CneuMtJjMMHbie CMma/ibi AOKaAH3a4Mii 
npenaTCTByiOT ceKpeunu 6e/iKOB 


3HAon/ia3MaTMHecKMíí ^. 

peTMKy/iyM 

JlM30C0Ma I C-KOH 4 eBafl 

nocAeAOBaTeA bHOCTb 

KDEL 


j 


MaHH030-6- 

c()oc(t)aT 


* . AnnapaT 


>^!SA>KM 

CnrH3A 

1 

J!OKaj]M3ai4MM 

T 

Jk . 

riAa3MaTMHecKafl 

♦ 

MeMÓpaHa 

1 

« 

I 

CEKPE14MB 



B Me>KKJieTOHHOe npOCTpaHCTBO 


PMC. 10.14 EeAKM, nocrynMBUJMe b CMCTeMy 3riP-annapaT ľoAbAWM 
MoryT 6biTb TpaHcnopTMpoBaHbi Ha rma3MaTMHecKyK) NieNi6paHy mam, 
npM H3AMHMM CľieiJlMC|)MHHblX CMfHaAOB, K flpyrOMy nyHKTy Ha3H3HeHMA 


qepe3 3H^on;ia3MaTHMecKHH pemKyjiyM h annapaT ľojibjvm. 
C noMombio jiH/jepHoro nenra/ja óejiOK BcrpaHBaeTca b 
M eMôpaHy h BCJie/jCTBHe 3Toro B3aHMOAeHCTBHa, npoHHKaeT 
BHyTpb KOMnapTMČHTa HJIH Ha BHyTpeHHIOK) CTOpOHy MČM- 
ôpaHbi (/uia MeMÓpaHCBa3aHHbix éejiKOB). MeMÓpaHCBa3aH- 
HOMy óejncy hčoóxoahm cnmaji o npeicpameHHH ero TpaHC- 
nopra CKB03b MčMÓpaHy. JX pyrne ranbi cnmajiOB HyxcHbi /yia 
COpTHpOBKH ÔeJIKOB nO pa3JIHHHbIM KOMÍiapTMCHTaM HJIH 
MeMÓpaHaM 3a npe/jejiaMH 3LIP. ľIpou,ecc /jocraBKH óejixa 
k KOHeHHOH tohkč ero Ha3HaneHHa, ocynj,ecTBjiaeMbiH noc- 
peACTBOM TpaHcnopTa nepe3 nocjie/íOBaTejibHbie CHcreMbi 
MeMÔpaHHblX BC3HKyjI, HOCHT Ha3BaHHČ COpTHpOBKH, HJIH 
aflpeCHOH AOCTaBKH ÓeJIKOB. 

Ha pmc. 10.14 H3o6paxceHa oómaa cxeMa jwhhoto npo- 
uecca. CeKpeTopHbiH nyTb BKjnonaeT b ceóa TpaHcnopT óejixa 
aepe3 3IIP b annapaT ľoJib/pKH h /jajiee H a njia3MaTHnecKyio 
MeMÔpaHy. BejiKH, pačoTaiomne BHyTpH 3I1P, hmčiot C-koh- 
ueBOH TeTpanenTOA (KDEL). 3tot nenTHA aBjíaeTca cnraa- 
jiom pjw B03Bpanj,eHra óejixa H3 annapaTa ľojibjxmi oôparao 
b 3nP. CHmajiOM, HanpaBjíaiomHM óejiOK b jiH30C0My, aB- 


jiaeTca KOBajieHTHoe npHcoe/jHHeHHe MaHH030-6-(j)0C(j)aTa. 
HTOÓbi ocraTbca b annapaTe ľojib/pKH hjih nonacTb b crpyK- 
Typy njia3MaTHMecKOH MčMôpaHbi, óejixy TpeóyiOTca Apyrae 
CHrHajibi. Cyni,ecTByeT o6m;aa crapTOBaa TOHKa /yia ôejiKOB, 
aCCOU,HHpOBaHHbIX C HJIH TpaHCnopTHpyCMblX nOCpe^CTBOM 

MčMÓpaH peTHKyjiosHAOTejiHajibHOH CHCTOMbi. 3mu ôejvrn 
c6R3U6aiomcR c Mmôpanoú 3Y1P mojibKO Henocpedcmeen- 
ho e npoitecce cunme3a. Phóocomh, CHHTe3Hpyioiij 1 He mčmó- 
paHCBa3aHHbie ócjikh, accoijHHpoBaHHbi c MčMÓpaHOH 3IIP, 
hto ACJiaeT B03MCDKHbiM KOTpaHCJiau,HOHHbiH nepeHoc oópa- 
3yiomerocH Ha hhx óejuca b MCMópaHy. YnacTKH 3LIP, c koto- 
pblMH CBa3aHbI pHÓOCOMbl, HHOiyja Ha3bIBaiOT «mepOXOBaTbIM 
3nP» (no BHeniHeMy Bujjy sthx MeMÓpaH npn ajieicrpoHHOH 
MHKpocKonHH), b npoTHBonoJioxcHOCTb «rjiaAKOMy 3np», 
Ha noBepxHOCTH KOToporo pacnojioaceHO Majio phóocom h 
KOT opbiH name HMeeT TpyónaTyio, hokcjih ruiacTHmaTyio, 
crpyicrypy. Ha pmc. 10.15 H3o6paxceHbi MeMópaHCBa3aHHbie 
pHÓOCOMbl, CHHTe3HpyiOIIJ 1 He ÔeJIKH BHyTpb 3IÍP. 

MeMÓpaHHbie óejiKH, CHHTe3HpyeMbie Ha mepoxoBaTOM 
3ľlP, nona^aiOT H3 phóocomh Henocpe/íCTBeHHo b MeMópa- 
Hy 3ľIP. 3aTčM ohh b cocTaBe MeMÓpaHbi nepeHOcaTca b an¬ 
napaT ľojibAacn h ony^a HanpaBJíaioTca k CBoeMy kohchho- 
My MecTy Ha3HaneHHa: b jih30comh, ceKpeTopHbie Bč3HKyabi 



PMC. 10.15 3HflonAa3MaTMHecKMM peTMKyayM (3Í1P) npeflciaBAAeT 
co6om CMCTeMy CKAaflHaTbix MeMÔpaH, npocTMpaíoiAMxcA b UMTon- 
aa3My ot Aflpa. He6oAbiuMe Teabuia, pacnoAO>KeHHbie Ha BHeujHeŕí 
noBepxHOCTM MeMÓpaH, — pMÓocoMbi. OoTorpac(3MA AK)6e3HO npeflo- 
CTaBAeHa Lelio Orci, University of Geneva, Switzerland 



PMC. 10.16 CMmaAbHafl nocAeflOBaTeAbHOCTb óbNbero ropMOHa pocra npeflciaBAeHa 29 N-koh- 

IJieBblMM aMMHOKMCAOT3MM M COCTOMT M3 UeHTpaAbHOrO BblCOKO rMflpOCflOÓHOrO peľMOHa, KOTOpOMy 
npeflUJecTByiOT (mam OKpywatoi) perMOHbi, cocTOAiuMe M3 noAApHbix 3 mmhokmcaot 
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hjih Ha iuia3MaTHHecKyio MeMÓpaHy. TpaHcnopT ôejiKOB 
MOKfly opraHauiaMH H^er npn noMomn MeMôpaHHbix Be3H- 
Ky;i. KoTpaHampHOHHaa BcraBKa 6 c;ik2 b MeMôpany onoc- 
peflOBaHa CHmajibHbiMH nocneflOBaTenbHocraMH. Hame 
Bcero sto oTiuenaHCMan BnocjieflCTBHH N-KOHpeBaa Jin/iep- 
iiaa iiocjie/p:)BaTe;ibHOCTi>, cocToamaa H3 15-30 3mhhokhc- 
jiot. Ha N-KOHpe (ríih He^ajieKO ot Hero) pacno;io>KeHbi 
i lecKCMbKO nojwpHbix ocraTKOB, a BHyrpH ;mpcpHOH nocjie- 
AOBareabnocTH naxo,i(nTC>i nmpocfioônoe ;i;ipo, cocTonmee 

HOOHOHHTOIbHO (HJIH ÔOJIblIieH HaCTblO) H3 ľHflpOíjjOÔHblX 
aMHHOKHOIOT. KaKHX-JIHÔO KOHKpeTHblX KOHCepB3THBHbIX 

noaieflOBaTejibHocreň /yia stoto cnrHaaa He BbiflBJíeHO. Ha 
pmc. 10.16 npHBeneH npHMep TaKoro CHraajia. 

CHma^bHaa nocjie/iOBaTe/ibHocTb HeoôxoflHMa h flocra- 
TOHHa ftíia Toro, HTOóbi ooecnewrb nepeHoc jnoóoro npn- 
cocpmicHHOľo k Hen noanncnTupa b KOMnapTMeHT-MHineHb. 
CHraaabHaa noaieflOBaTe^bHOCTb Ha N-KOHpe ôejna itioôh- 
Ha, k npHMepy, onpeaeroieT tot (Jjaicr, hto oh He ocTaerca b 
K/ ience, a TpancnopTiipyeTCH aepea icacTOinyio MeMôpany 

CHľHa^bHan noaieflOBaTejibHOCTb onpeflejiaeT cnocoô- 
HOCTb pHÔOCOMbl CBfl3bIBaTbC» C MeMÔpaiiOH 3ľIP. CBOÔO/I- 
Hbie pHÔocoMbi (CHHTe3HpyiomHe oca ku b nn'ronaasMe) h 
pHÔOCOMbl, CBH33HHbie C MeMÔpaH3MH 3ľIP, He OTJIHaaiOT- 
ca Apyr ot flpyra no CBoeMy crpoeHHio. B momcht Hanaaa 
CHHTe3a ôeaxa Ha pnôocoMe, CHcreMa eme He oôaa/iaeT hh- 
cjaopMauHeH o tom, ocraHeTCH jih CHHTe3HpoBaHHbiň ôeaox 
B HHT()naa3MC HJIH OH ÔyflCT CHHTe3HpOB3H B 3np. HMeH- 
ho CHHTe3 CHTHajibHoň nocneflOBaTe/ibHocTH onpenenaeT 
CBH3b pHÔOCOMbl C MeMÔpaHOH. 


10.8 


CiirHa^bHbie noc/ieflOBaie/ibHOCTM 
B3aMM0AeŕícTByK)T c cnrHa/1- 
y3H3K)LAMMM HaCTMIjaMM (SRP) 


KAioneBbie noHniua: 


• CMrHa/ibHbie nocAeflOBaieAbHOCTM cBíi3biBaK)TCíi c SRP (cMrHa/i- 
y3HaK)lUMMM HaCTMĽiaMM). 

• CB5i3biBdHM6 SRP c CMrHaiibHoŕí nocneflOBaTejibHocTbK) óeAKa 
Bbi3biBaeT odaHOBKy óe/moBoro CMme3a. 

• CMHTe3 óe/wa B030ÓH0B/iíieTCíi, Korfla SRP CBíi3biBaeTCfl c SRP- 
peueniopoM Ha NieMÓpaHe 3Í1P. 


• Pacno/ioweHHaíi Ha BHyipeHHeíí noBepxHOCTM NieNi6paHbi 
CMrHa/ibHaíi nenTMfla3a OTmeruifleT cnrHa/ibHbie 
nocneflOBaTejibHOCTM ot TpaHcnopTMpyeMoro óe/ina 


npoijecc TpaHoiOKaijHH ôejixa moxcho pa3fle;iHTb Ha abč 
ocHOBHbie CTa^HH: BO-nepBbix, pnóocoMbi, HecynjHe Ha- 
ci^eHTHbiH noJiHnenTHfl, CBa3bmaiOTca c MčMÔpaHaMH 3IIP, 
a 3aTčM nenTH£Hatf uenb nepeMemaeTOi b xaHa^ h TpaHC- 
jioi^npyeTca cKB03b Hero. Coe/jHHeHHe phôocomh c mčm- 
ôpaHOH TpeôyeT ynacTna CHniaji-y3HaiomeH HacTiiu,bi 
(SRP). SRP o6;ia/jaeT ^Bym BaxamiMH ocoôeHHocniMH: 

• OHa MOxceT CBa3bmaTb CHma^bHyio nocneflOBaTejib- 

HOCTb pacrymero ceKpeTopHoro ôe;iKa. 

• OHa MoaceT CBa3bmaTb pacnojioxceHHbiH Ha MčMÔpaHe 
3IIP peijenTop (SRP-peijenTop). 


CurHajibHaa nocjieAOBaie/ibHocTb HHnunupyeT 
npoHHKHOBeHHe éeiiKa cKB03b MeMÔpaHy 


BHyipeHHAfl 
noBepxH^^CTb 3HE 


noBepxHvCTb 

14mto3oji t4 ' 






JlMflepHafl noc- 
neAOBaie^bHocTb 




Pn6ocoMa HanMHaeT 
CMHTe3MpOBaTb Óe^OK 
Ha «cbo6oahoíí» mPHK 


SRP B3anMOAeíícTByeT 
c^MAepHoíí noc/ieAOBa- 
Te/lbHOCTbK); 

TpaHc^flAMfl npnocTa- 
HaB^MBaeTCfl 


SRP CBfl3biBaeTCfl 
c SRP-peuenTopoM; 
pn6ocoMa npMKpen- 
^íieTCfl k MeMÓpaHe; 

TpaHC^flAMfl B0306- 
HOB^fleTCfl 


JlMAepHafl noc/ieAOBa- 
Te/ibHOCTb npoHMKaeT 
b MeMÓpaHy 


Be^OK npoxoAHT 

CKB03b MeMÓpaHy; 

^MAepHafl noc^eAO- 

BaTe^bHOCTb 

OTiueruifleTCfl; 

TpaHC^flAMfl 

npoAO^>KaeTCfl 


Be^oK ceKpeTMpyeTCfl 
Ha Apyryro dopoHy 
MeMÓpaHbi; 
cyóbeAHHMAbi 
PHÔOCOMbl M mPHK 
AMCCOUMMpyiOT 
APyr OT APyra 


PMC. 10.17 Pmóocomw, cMHTe3MpyioiAMe ceKpeTopHbie 6ej\m r acco- 
ĽlMMpyiOT c NieNiópaHoŕí nocpeflCTBOM cnrHaAbHoŕí nocAeflOBaTeAb- 
hoctm pacTymero noAMnenTMfla 


OyHKíira SRP h SRP-peiienTopa 3aKJiK)HaeTca b ^ocTaB- 
kč phôocom, Hecyni,Hx CHHTe3npyeMbiH hmh 6e;iOK, k mcm- 
ôpaHe. nepBbiH mar coctoht b y3HaBaHHH SRP CHraa^bHoň 
noaie^OBaTe^bHOCTH CHHTe3npyeMoro ôe^xa. 3aTeM SRP 
B3aHMOfleHCTByeT c SRP-peiienTopoM, h pnôocoMa npnco- 
eAHHaeTca k MeMÔpaHe. Bce CTa^HH TpaHCJiauHH MčMôpaH- 
hhx ôčjikob npHBeAeHbi Ha pmc. 10.17. 

SRP-peu;enTop Bbino^raeT npoMexcyTOHHyio pojib b 
T paHCJiOKaijHH ôejixa. CBa3bmaHHe SRP c CHma^bHOH noc- 
jie/íOBaTejibHocTbK) Bbi3bmaeT BpeMeHHyio ocraHOBKy TpaHC- 
jiaiiHH. Kax npaBrao, sto npoHexo/jHT noaie BKjnoneHHa b 
nojiHnenTHflHyio u;enb ~70 aMHHOKHOIOT (b stot momcht 
25-aMHHOKHoioTHaa ^H^epHaa noaieAOBaTe^bHOCTb y^ce 
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HaxoflHTCfl 32 , npe/íe;iaMH pnóocoMbi, Toiyja K2K ocraBiiiHe- 
Cfl ~40 äMHHOKHCJIOT £W£ CKpbITbl BHyTpH pHÓOCOMbl). 

ľlocjíc noca^KH SRP Ha SRP-peuenTop CHnm-y 3 Haio- 
maa HacTHu;a TepaeT cpo/jCTBO k CHnmbHOH nocne/jOBa- 
TeJIbHOCTH. npH 3TOM pHÓOCOMa OCTaeTCfl CBa3aHa c 3Í1P 
3ä cneT APyrHx komíiohchtob MčMÓpaHbi. /],HCCOijHaijH5i 
SRP ot pnóocoMbi B030ÓH0B^aeT npoijecc TpaHCJiaijHH. 
riOCJie aCCOI^Hai^HH pHÓOCOMbl C MČMÓpaHOH SRP H SRP- 
peuerrrop yace cbirpa™ cboio po;ib, h oóa (})aKTopa bo3- 
BpamaioTca b hcxoahoc cocroaHHe, CHOBa npHOÓpeTaa 
cnocoóHOCTb CBa3biBaTb hobhh pacTymHH nojiHnenTHA c 
MeMÓpaHOH. 

BpeMeHHoe npeKpameHHe CHHTe3a óe;iKa (po MOMema 
äCCOIJHaiJHH pHÓOCOMbl C MČMÓpaHOH 311P) HČOÓXO/ÍHMO 
pm Kompojia 3 a KOH(j)opMaijHeH 6 e;iKa. Ecjih óbi chhtc3 
ceKpeTopHbix ócjikob npoHcxo^™ b u;HTon;ia3Me, ohh Mor- 
JIH Óbl npHHHMaTb KOH(j)OpMaiJHK), He n03B0Jiai0myK) HM 
IipOHTH CKB03b MCMÓpaHy. CnOCOÓHOCTb SRP HHľHÓHpO- 
BäTb TpaHCJiauHio po Tex nop, noKa pnóocoMa He cbjdkct- 
ca c MeMÓpaHOH, no3BOJiaeT npe/joTBpaTHTb chhtč3 6 e;iKa, 
npeAHa 3 HaneHHoro pj ia 3ľlP, b ijHTon;ia 3 Me. 

CHma^bHbiH nenTH/j oTmenjiaeTCfl ot CHHTe3Hpye- 
Moro b 3ľIP óejiKa KOMmieKCOM h3 na™ (j)epMeHTOB, Ha- 
3 biBaeMbix CHrHajibHbiMH neirrnma3aMH. Kojihhčctbo 
paóoTaiomHx b 3IIP KOMnjieKCOB cnraaabHbix ntnmp23 b 
HecKoabKo pa3 npeBbimaeT kojihhčctbo SRP h SRP-peijen- 
TOpOB. Hx HHCJIO npHMepHO COOTBČTCTByeT HHCJiy MČMÓ- 
paHCBa3aHHbix phóocom, H3 nero mo^cho cptJi2Tb bhbo p 
06 accoi^nai^HH CHraa^bHbix nenTHfla3 c TpaHCMčMÓ- 
päHHblMH CHHTČ3HpyK)mHMH KOMnjIČKCaMH. nenTH£a3bI 
pacnojioaceHbi Ha BHyrpeHHeH noBepxHOCTH MeMÓpaHbi 
3I1P h CHľHaabHaa nocjie/íOBaTe;ibHOCTb ponmi 2 ľjčjihkom 
npoHTH CKB03b MčMÓpaHy, npaKfle hčm noABeprHeTca hx 
Phctbhk). IoMOJiorHHHbie CHraajibHbie nenTHfla3bi oÓHa- 
pyaceHbi y syóaicrepHH, apxen h syicapnoT. 


SRP B3aMM0AeíícTByeT 
co cbomm peLiemopoM 


KjnoHeBbie noHaTMa: 


• SRP npefldaBaaeT co6oŕí KONirmeKC M3 7S PHK m luecTM 6e/iKOB. 

• BaKTepMaabHbiM aKBMBaaemoM SRP aBaaeica KONiruieKC 
M3 4,5S PHK m flByx 6e/iKOB. 

• SRP-peiJienTop npeACTaBaaeT co6oŕí flMNiep. 

• ílocae B3aMMOfleMCTBMa c pei^enTopoM SRP AMecouMMpyeT ot 
H ero b pe3yabiaie rnflpoan3a ľTO. 

B3aHMOAeHCTBHe SRP c SRP-peijenTopoM — KjnoneBoe co- 
ôbirae b npouecce accouiHauiHH pnóocoMbi (HecymeH Ha- 
cueHTHbiH nenTHA) c MeMÓpaHOH 3I1P b xopt TpaHCJwijHH 
y syKapnoT. AHaaorHHHaa cncreMa cymecTByioT h y óaicre- 
pnn, xoTa ee po;ib b npoijecce 6o;iee orpaHHneHHa. 

SRP npeACTaBJíaeT coóoh 11S pnóoHyioieonpoTeH- 
HOBbiH KOMnaeKc, cocToanj,HH H3 rnecTH óčjikob (oómeH 
Mäccoň 240 K^a) h MaaoH (Bcero b 305 ocHOBaHHH, 100 
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PMC. 10.18 7S PHK SRP MMeeTflBaflOMeHa. Be^KM CBfl3biBat0Tcs, KaK 
noKa3aHo Ha ^narpaMMe b BepxHeň sbctm pncyHKa. Ha HHWHeíí Mač¬ 
ín pncyHKa npnBefleHa cipytcrypa Kpncrajuia SRP. Kamflan M3 4>yHK- 
pnň SRP onocpeflOBaHa OTflejibHbiM 3/ieMeHTOM crpyKiypu 


Kfla) 7S PHK. KaK noKa3aHO Ha pmc. 10 . 18 , 7S PHK o6ec- 
neHHBaeT CTpyKTypHbíň KapKac Hacraijbi, npHieM oTfle- 
AbHHe ôenKvi He accou,HHpyioT flpyr c flpyroM b ee ot- 
CyTCTBHe. 

B nooieflOBaTe/ibHOCTH 7S PHK SRP nacTHiibi mo>kho 
BbmeAHTb flBa ynacTKa. 100 ochob3hhh Ha 5'-KOHu,e h 45 
ocHOBaHHH Ha 3'-KOHiie o L ienb cxoacH c 1 ioc.ne;iOBaTe;ibi ioc- 
Tbio Alu PHK (oómeň ftna NuieKoni-iTaioinHx Ma.no n PHK). B 

CBH3H C 3THM HX 0003HaMai0T KaK Alu-flOMeH. OCTaBIimOI 

nacTb 7S PHK SRP cocraBJíHeT S-flOMeH. 

Kaac/ibiH H3 H3o6paxceHHbix Ha pne. 10.18 saieMeHTOB 
CTpyKTypbi SRP BbinojiHfler cbokd (j)yHKij,HK) b npou,ecce 
OCT3HOBKH CHHTe33 6eJIK3 Ha pHÔOCOMe. SRP54 M05KHO 
Ha3BaTb HanôoAee BaxcHoň cyó'beflHHHiieň SRP. OHa pac- 
noAOxceHa Ha oahom h3 kohu,ob MOJieKyjibi 7S PHK h Ha- 
npHMyio OTBeTCTBeHHa 3a y3HaBaHHe cyócTpaTHoro óe^Ka 
nyreM CBK3biBaHHa ero CHrHajibHoň nocjieflOBaTenbHOCTH. 
KpoMe Toro, coBMecTHo c flHMepoM SRP68-SRP72, pacno- 
noxceHHbiM b ijeHTpajibHOM perHOHe 7S PHK, SRP54 cbh- 
3biBaeT SRP-peiienTop. flHMep SRP9-SRP14 pacnoaioaceH 
Ha flpyroM Konne MOJieKyjiu h OTBeTCTBeHeH 3a ocTaHOBKy 
(apecT) 3/ioHrau,HH. 

SRP HBJíaeTCH rHÓKoň cTpyKTypoň. H3o6paxceHHa« Ha 
pne. 10.18 CTpyKTypa SRP, no/iyHeHHaa Ha ocHOBe flaHHbix 
peHTreHocTpyicrypHoro anajinaa, /(eMOHCipupyeT, hto b 

CBOÔOflHOM COCTOKHHH (/IC) aCCOUIiaHHH C CIIľUa.'IbHOn 
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CBH3bIBdHHe C CHľHailbHOH nOC/ieftOBaTe/lbHOCTbíO 
3acraBJ1i)eT SRP M3MeHHTb CBOIO KOHtjíOpMaAMK) 


CurHa/ibHafl nocneAOBaiejibHOCTb 
BbIXOAMT M3 pMÓOCOMbi; 

SRP HaxoAmcfl b pa3BepHyTOM 

COCTOflHMM 

Cnma/ibHafl 
noc/ieAOBaiejibHOCTb 



Tip M CBfl3blBaHMM 
ccMrHa/ibHoň nocne- 
AOBaie/ibHOCTbio SRP 
CBopaMMBaeTCB b neľ- 

JIIO, HTOÔbl KOHTaKTM- 
pOBaTb C pMÓOCOMOÍÍ 


PMC. 10.19 SRP CB5i3biBaeT CMrHa/ibHyto nocneflOBaTe/ibHocrb, KaK 
TO/lbKO OHa BblXOflMT M3 pMÔOCOMbl. 3TO B3aMMOfleMCTBMe 3aCTaBAB- 
eT SRP CMGHMTb KOHCj)OpMaiJlMK), M3rn6aílCb Ha UJapHMpe, HTO n03B0- 
ABeT SRP54 KOHTaKTMpoBaTb c pn6ocoMoŕí b Mede Bbixofla 6e/iKa, 
b 3to >xe BpeMA SRP19 c(3opMMpyeT eme oflHy rpynny KOHTaKTOB c 

PMÓOCOMOÍÍ 


noc^e^OBaTe^bHOCTbio) SRP hmččt BbroiHyTyK) (j)opMy. 
Ha pmc. 10.19 noKa3aHO, KaK CB5i3biBaHHe c CHnmbHOH 
noaieflOBaTejibHOCTbio 3anycKaeT npouecc H3MeHeHra 

KOH(j)opMaiiHH. JlHHeHHbiH KOMmieKC CBopaHHBaeTca B 

nexnio, 4 to no3BOJiaeT SRP54 KomaKrapoBaTb c pHÓoco- 
moh b MecTe Bbixo/ía CHHTe3npyeMoro 6e;iKa, b to BpeMa 
KaK SRP 19 pacnojiaraeToi paflOM c camoM CBH3biBaHra 
(j)aKTopa sjiOHraijHH (onptpamn ocraHOBKy sjiOHraijHH 
h p aBaa BpeMa pjw pocnmemm carrra TpaHCJiOKaijHH Ha 
MčMÓpaHe 3Í1P). 

SŔP-peiienTop npe/tcraBjmeT coóoh /jHMep, cocToa- 
iijhh H3 cyó'be/i.HHHii SRa (72 K^a) h SR(3 (30 Kfla). (3-cy 6^- 
e/jHHHija 3aaKopeHa b MčMÓpaHe 3nP. N-kohoj óojibinoH 
a-cyó'bčAHHHiibi CBjmH c p-cyó'be/jHHHijeH. Ochob- 
Haa nacTb a-cyó'be/tHHHijbi BbicrynaeT b ijHTon;ia3My. 
EÓJibinaa qacTb nocjie/jOBaTe;ibHocTH ijHTonjia3MaTHHec- 
Koro pernoHa peijenTopa noxoxca Ha cTpyKTypy óčjikob, 
CBa3biBaK)mHx HyioieHHOBbie khcjioth (HajiHHHčM no;io- 
XCHTČJIbHO 3ap5DKeHHbIX OCTaTKOB). aHHblH (p2KT n03- 
BOJiaeT npe/tnojioxcHTb, hto SRP-peijenTop y3HaeT b SRP 
hmčhho 7S PHK. 

AHa;ior SRP cymecTByeT h y óaKTepHH, opmKo oh 
COCTOHT H3 MeHbUierO HHCJia KOMnOHOHTOB. y E. coli 


4,5S PHK, B3aHMOAeHCTByiomaa c pnóocoMaMH, aHajio- 
rmHa 7S PHK SRP. OHa CBa3biBaeTca c flByMa gejiKaMH: 
Ffh (roMOJior SRP54) h FtsY (tomojiot a-cyó'beflHHHijbi 
SRP-peiienTopa). B fleHCTBHTejibHOCTH FtsY ojiHOBpe- 
mčhho BbinojiraeT (j)yHKijHH h a-, h p-cyô'beflHHHitbi; 
ero N-KOHiieBOH poMtn paôoTaeT KaK SRP(3, opneHrapya 
BČCb KOMmieKC OTHOCHTČJIbHO MČMÓpaHbl, B TO BpOMB KaK 
C-KOHIjeBOH AOMČH B3aHMO/jeHCTByeT C ÓeJIKOM-MHUie- 
Hbio. Pojib 3Toro KOMnjieKca HčCKOJibKO yxce, HČM pOJIb 
KOMnjieKca SRP c SRP-peijenTopoM. no bcčh bh^hmocth, 
KOMnjieKc no3BOJiaeT nacra ceKpeTopHbix ôčjikob (ho He 
BCČM) COXpaHaTb KOH(j)OpMaiJHIO, HTO R2£T HM B03M0)K- 
HocTb B3aHMO,aeHCTBOBaTb c annapaTOM ceKpeuiHH 6eji- 
kob. Bo3mo)kho, TaKaa opraHH3au;Ha CHCTčMbi oTpaxcaeT 
nepBHHHyio B3anMOCBa3b MOK^y chhtč30m ôejiKa h ero 
ceKpeuiHeH. y syKapnoT xce SRP npnoôpejia flonojiHH- 
TejibHbie (j)yHKiiHH 3a^ep)KKH TpaHCJiai^HH h noca^KH pH- 
6ocomh Ha MeMÓpaHy. 

noneMy xce b cocTaBe SRP npHcyrcTByeT komhohcht 
PHK? OTBeT flOJDKČH KpbITbCa B 3BOJHOUÍHH SRP: tt npoHc- 
xoxc/teHHe othochtch k oneHb paHHeMy 3Tany sbojiiouhh, 
K TOMy BpeMČHH, KOTR2 ^OMHHHpOBaJIH (J)epMeHTaTHBHbie 
CHCTeMbi, ocHOBaHHbie Ha PHK (aHajiorHHHO pnóocoMaM, 
HbH (j)yHKiiHH Taoce onocpeAOBaHbi PHK). KpHcrajuiHHec- 
Kaa CTpyKTypa KOMn^eKca mok/ív 6e^OK-CBa3biBaioiij 1 HM ao- 
mčhom 4,3S PHK h PHK-CBa3biBaioiitHM aomčhom Ffh no3- 
BOJiaeT npe/tno^oxcHTb, hto PHK r o chx nop npo/tojDKaeT 
HľpaTb BaXCHyiO pO^b B (j)yHKIlHOHHpOBaHHH SRP. 

4,5S PHK HMeeT b cbočm cocTaBe pernoH (aomčh IV), 
OHeHb noxo)KHH Ha IV aomčh b 7S PHK (cm. pne. 10.18). Ee- 
JIOK Ffh COCTOHT H3 TpčX flOMČHOB (N, G H M), OMČH M 
(Ha3BaHHbiH TaK BCJie/tcTBHe BbicoKoro coRtpyKmm Me- 
THOHHHa) Bbino^HaeT KnoneByio (j)yHKiiHio CBa3bmaHHa c 
cnrHajibHOH noaie/tOBaTe^bHOCTbK) óejiKa MHineHH (npn 
noMoutH rH^po(j)o6Horo KapMaHa). ľHflpo(j)o6Haa CTopoHa 
IienH MeTHOHHHOBblX OCTaTKOB (j)OpMHpyeT 3TOT KapMäH, 
B3aHMO/teHCTBya c 6opo3flKOH b CTpyKType ôe^Ka. 3a Kap- 
MaHOM aie/tyeT mothb cnHpa^b-noBopoT-cnnpa Jib, rbjw- 

lOIItHHCa THnHHHbIM fiflíl J3.HK-CB5I3bIBai0IItHX éeJIKOB (CM. 

pa3^. 14.11 «Mothb «cnHpa^b-noBopoT-cnHpa^b» hčoôxo- 
p ,hm penpeccopy jyvi CBa3biBaHHa flHK»). 

PeHTreHocTpyKTypHbiH aHajiH3 no3BO^HJi ycTaHOBHTb, 
KaK mothb cnHpa^b-neTjm-cnHpa^b ^OMeHa M CBH3biBaeT 
AymieKCHbiH pernoH 4,3S PHK b IV poMtnt. OrpniiaTe^bHO 
3apaxceHHbiH PHK-KapKac npnMbiKaeT k KapMaHy, noBbimaa 



PMC. 10.20 SRP, HecymaA TflO, CBA3biBaeT cnrHa/ibHyio nocAeflOBa- 
TGAbHOCTb. 3aieM pMÓocoMa CTMNiynnpyeT 3aMeiueHne TflO Ha ľTO 
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fnApo/in3 fTcD paspyuiaeT cBA3b Me>KAy SRP h SRP-peuerrropoM 


3HflOrUlA3MATMHECKHH PETHKYJiyM 



PMC. 10.21 M SRP, m SRP-peMenľop npoflBjunoT (T<l)a3HyK) aKTMB- 
HOdb ftnfl toto, htoóu nepenecTM CMmajibHyio noc/ieflOBaie/ibHocTb 
k MeMÓpaHe 


BepOflTHOCTb TOTO, HTO CHľHaHbHäíi nOOieflOBaTOIbHOCTb 
/íCTICTBHTCJIbl 10 CBJDKeTCH C OÔOHMH ÓeJIKaMM H PHK-kom- 
noHeHTOM SRP. nojioiKHTejibHO 3apaaceHHaa nocjieaoBa- 

TOIbHOCTb, C KOTOpOH HaHHHaeTCfl CHnmbHblH nenTHfl (CM. 
pne. 10.16), MOIKCT B 3 aHM 0 fleňCTB 0 BaTb C PHK, B TO BpeMfl 
KaK n-mpocpoonbíň pcnion cnniajibnoro nenTHfla 6yfler oc- 
TaBaTbca b rnflpoťJioÓHOM KapMaHe. 

THflpoaH3 ITÍ> iirpaeT Baimyio ponb b npopecce no- 
caflKH pnóocoMbi (c CHľiľíbibiioň nooieflOBaTeabHOCTbio) 
Ha MCMÓpaHy 31IP. H SRP, h SRP-pepenTop oó/iaflaiOT ľT- 
Oa 3 Hoň aKTHBHOCTbio. C crpyKType SRP rT<í>a30H a bjihct- 
ca CHrHaa-cBa3biBaK>maa cyó'beflHHHpa SRP54. IT<í>a3aMH 
aBaaiOTca h o6e cyô'beflHHHpbi SRP-pepenTopa. IT<í>a3Hafl 
aKTHBHOCTb 3THX yHaCTHHKOB 11 po 1 lyccil IICOÓXOflHMa fljlfl 

toto, htoóh pnóocoMa CBH3a/iacb c MeMÓpaHoň 3I1P. Ha 
pne. 10.20 noKa3aHO, KaK SRP b KOMiuieKce c r/)4> CBH3biBa- 
ct CHrHanbHyio nocaeflOBaTeabHOCTb, noejie nero pHÓoco- 
Ma CTHMyjiupyer 3aMeHy F/1<I> Ha ITO. npHHeM CHraanbHaa 
nocjie/iOBaTejibiiocTb CHHTe3HpyeMoro óe/iKa míľnôiipyer 
rn;jpojni 3 hoboh MoaeKyabi ITO, b pe3y;ibTaTe nero KOMn- 
aeKC ocraeTca ITO-CBH 3 ainiBiM j\o MOMeHTa BcrpeHH c SRP- 
pepenTopoM. 

/(aa Toro htoóh pacrymHH óejiOK 6hji nepeHeceH ot SRP 
Ha MeMÓpaHy, SRP floaxma noTepaTb CBa3b c SRP-pepenTO- 
poM. Kax noKa3aHO Ha pne. 10 . 21 , /yia ocymecTBJíeHHa sto- 
ro npopecca HeoóxoflHMO, htoóh IT<l>a3HyK) aKTHBHOCTb 
npoHBjwuiH KaK SRP, TaK h SRP-pepenTop. flaHHaa peaiojHfl 
óbiaa onHcaHa fljw óaicrepHaabHOH CHCTeMbi h oraHMaerca 
Gieflyromeň ocoóeHHOCTbK): óenoK Fts aKTHBHpoBaji rnflpo- 
jih3 ITO óoiKa Fth, a ócjiok Fth pepHnpoKHO aKTHBHpyer 
nmpojura óemca FfsY. 
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TpaHC/iOKOH (JjopMMpyeT nopy 


Kmonesbie noHATmi: 


• TpMMepHbiŕí KOMnaeKC Sec61 4>opMnpyeT nanaji fljifl TpaHcnopTa 
óejiKOB nepe 3 MeMÓpaHy. 

• TpaHcnopTMpyeMbiií nepe3 MeMÓpaHy óejiOK nocrynaeT b 
T paHcnoKOH HenocpencTBeHHO c pmóocomm (6e3 KomaKTa c 
!4MTOn/ia3MOM). 


IlepeHOC (KaK npam uio) rH/jpo(|)iuibiibix óejiKOB nepe3 nyy- 
pocJtoÓHyK) MeMÓpaHy CBa3aH co oieflyiomeH npoÓJieMoň: 
B3aHMOfleňcTBHe mokjiv 3apaxceHHbiM ócjikom h raapo- 
(Jioóhhmh iiHnimaMH Hpe3BHHaťíHO HeBbiroflHO c 3Hepre- 
THHeCKOH TOHKH 3peHHa. BbUIO yCTaHOBJíeHO, HTO -TpaHCJIO- 

PHpyeMbíň nepe3 MeMÓpaHy 3I1P óeaoK moxcho BbifleaHTb c 
noMomwo fleHaTypHpyiomHX aremoB (scjxjieKTHBHO fleňc- 
TByJOUlHX B BOflHOM paCTBOpe). OflHaKO C nOMOHlbK) Tex 
xce flerepreHTOB He yflaerca BbmenHTb óoikh, aBaaiomHeca 
nOCTOHHHbIMH KOMnOHeHT3MH MCMÓpaHH. Ha OCHOBe 3THX 
flaHHbix óbiaa npeflaoxceHa MO#e/ib TpaHcaoKaiiHH, H3o6- 
paxceHHaa Ha Pne. 10 . 22 , Ha kotopom noKa3aHO, hto mcm- 
ópaHHbie óeaKH 3nP cJ)opMHpyK>T rH^po(J)HjibHbiH KaHan, 
npoHH3biBaK>mHH jiHnHflHbiH óhoioh. TpaHcnopTHpyeMbíň 
óoiok nepeMemaerca no 3TOMy KaHaay, B3aHMOfleňCTBya 

TOJlbKO C (J)OpMHpyiOmHMH K2LH2J1 THflpO(J)HJIbHbIMH 3MH- 

HOKHcaoTaMH, ho He c UHnHflaMH. C BHyTpeHHeň cropoHH 
(b npocBeT pHcrepHbi 3nP) MeMópaHbi KaHaa 3aKpbiT, hto 
npeaoTBpamaeT CBOóoflHoe nepeMemeHHe hohob Mexyiy 

3nP H HHTOIUia3MOH. 

npoHH3biBaiomHH MeMÓpaHy Kaiiai noayHHa Ha3Ba- 
HHe TpaHCJIOKOH. Ero KOMnOHeHTbl ÓbIJIH yCTailOBJICHb] 
npn noMomH flByx noflxoflOB: 1) Mcro/yi ócjikobux cuih- 
BOK, KOTOpblH II03B0JI1-UI Bbl/íCJniTb ÓCJIKH MeMÓpaHbl 3HP, 
oópa3yiomHe KOBajieHTHbie chihbkh (b onpefleaeHHbix 
yoiOBHax) c TpaHcnopTHpyeMbiMH 6c/iKaMn, noTCHUHaib- 
ho aBJíaiOHiHMHca cyó'bc/niHľinaMH Kairaia; h 2) mcto/ib 
aHajiH3a MyraHTOB y flpoaoKeň, kotophh no3Boara oÓHa- 
pyxHTb MyraHTOB sec (H33BaHHbix TaK BoíeflCTBHe Hapy- 
uieHHoň ceKpeu.Hn óeaKOB), coflepacamHx b cbocm cocraBe 
iciacc ócjikob, Bbi3biBaiomHx naKoruieinie iipe/(HiecTBCiiHn- 
KOB CeKpeTOpHblX H MCMÓpaHHblX ÓCJIKOB B HHTOIIJia3Me. 

C noMouibio 3thx flByx noAxoflOB óbui H/(eirmt])Hu,HpoBaH 
KOMimeKC Secól, cocroamHň H3 Tpex TpaHCMeMÓpaHHbix 
ócjikob: Secól a, p h y. Secól hbjihctch ochobhhm KOMno- 
hchtom TpaHC/ioKOHa. B fleTepreme (oóecneHHBaiouieM 
rHflpo<J>oÓHyio cpefly, HMHTHpyromyio ycaoBHa MeMÓpaH- 
Horo OKpyxceHHa) Secól (JiopMHpyeT u,H/iHHflpHHecKHe 


TpaHC/iOKOH $opMHpyeT rHApo4>H/ibHbiH KaHan 

3aTBop c BHyTpeHHeií 
CTOpOHbl MeMÓpaHbl 

3Hfl0ľl/lA3MATMHECKMM 

PETMKy/lYM 

\ \ 1 

\ j 

wpp^X 

/ . 

ľlopa npeAcraB^íieT / 

COÓOM rMApO(j)MflbHblM KaHan 

unT030/ib 


PMC. 10.22 TpaHCJIOKOH — TpMMepHbiH Sec61 KOMnaeKC, <|)opMM- 
pyioiitHH MeMÔpaHHbíň Kana/i. KaHa/i 3aKpuT c BHyTpeHHeň ciopoHu 
MeMÓpaHbi 
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cwiHľOMepbi c flHaMerpoM ~85 Á h iiempa^bHoň nopoň 
AHaMerpoM ~20 Á, ripiineM xaaytbiň o/mroMep coctoht m 
neTbipex rerepoTpHMepoB. 

noxoaceň TpHMepHoň crpyxTypoň oô/ianaioT MeMôpaH- 
Hbie KaHajibi Bcex rpynn opraHH3MOB. B ôaxTepHax h apxeax 
Taxyio crpyKrypy Ha3BaiiH SecY-xoMiuiexcoM. CyôbeflHHHija 
Secóla y syxapHOT (xax h cooTBercTByiomaa eň y ôaxTepHň 
h apxeň cyôieflHHHiía SecY) HMeer HaHÔOJiee xoHcepBaTHB- 
Hyio noaieflOBaTejibHOCTb h oôecneHHBaer tJxjpMupoBamíc 
nopbi, cKB03b KOTopyio TpaHcnoprapyercH ôeiiox. nopa 
(J)0pMHpyeTCH H3 flHMepOB TpHMepHOľO KOMIUieKCa, OpH- 
eHTHpoBaHHbix Apyr oTHOCHTejibHO Apyra «cnHHa-K-cnHHe» 
T3KHM o6pa30M, HTO a-Cy&be/piIIHUbl (})OpMHpyiOT eflHHblň 
xana;i. BejiKOBbíň xoMiuiexc, (JxjpMHpyxniiHH xanan b mcmô- 
paHe, MoaceT cocroHTb h h3 flByx AHMepoB, opneHTnpoB3H- 
Hbix flpyr OTHOCHTejibHO apyra «6ok-o-6ok», oflHaKo b stom 
aiynae toju>xo o#hh h3 hhx AocryneH pjw B3aHMOAeňcTBna 
C PHÓOCOMOH. 

HMeeT n h xaHaa 3apaHee onpefleneHHyio crpyxTypy 
(Kax sto H3o6pax(eHO Ha pHcyHxe) hjih ace OHa (JaopMH- 
pyeTCH b OTBeT Ha B3anMOAeňCTBne rHflpocjjoÓHoň cnr- 
HajibHoň noaieaoBaTeAbHOCTH c imnHflHbiM ôhoiocm? 
KaHa^bi Moiyr ôbm. oÔHapyxceHbi ônaroflapa hx cnocoô- 
hocth nponycKaTb hohm (opeHHBaeMoň xax noxa/ibHoe 
H3MeHeHHe snexTpHHecxoň npoBOflHMoera). HoHonpo- 
BOflamHe KaHa^bi Moiyr ôbiTb fleTexrapoBaHbi b mcmô- 
paHe 311P, H HX COCTOflHHe 3aBHCHT OT TpaiICJIOKaHHH 
oc/ikob. /íaiiHbíň (j)aKT /(OKasbinaer, hto Kaiiajiu hbjihkjtch 
nOCTOHHHbIM KOMnOHeHTOM MeMÔpaHbl. 

B MOMeHT nepeHOca pacTymero noiiHnenTHAa ot 
Phôocomh k MeMôpaHe 3IIP xaHaa OTxpbiBaeTca. TpaHC- 
nopTHpyeMbíň 6e;iox iiojmocTbio 3ano;iiiHCT xanaa t3khm 
0Ópa30M, HTO HOHbl He MOiyr npOHHKaTb CKB03b K3H3JI 
bo BpeMH TpaHC/iOKaiJ,HH. OflHaKO eaiH ôenox bhcboôoxc- 
flaerca H3 xaHa/ia (HanpHMep, b pe3ynbTaTe achctbhh ny- 
pOMHL(HHa), K3H3JI CT3HOBHTCH npOHHIjaeM ftílfl HOHOB. 

Korfla pHÔocoMa flHCCou,HHpyeT c MeMÔpaHbl, xaHaa 3a- 
KpbiBaeTCH, hto yica3biBaeT Ha ynacTne phôocomh b nofl- 
AepxcaHHH xaHaaa b otkphtom coctohhhh. CKopee Bcero, 
cocTOHHHe xaHaaa b a3hhom c/iynae 33bhcht ot mnmm 
TpaHcnopTOpyeMoro ôenxa. 

OpeHKa cnocoôHOCTH (JuiyopeciieHTHO MeneHHbix 
areHTOB pa3Hbix pa3MepoB npoxoflHTb cKB03b xaHaa fle- 
MOHCTpnpyeT, hto caM xana;i HMeer aobojimio ôojibinoň 
BHyrpeHHHH flnaMeTp (b flHana30He ot 40 flo 60 Á). 3to 
HaMHoro ôojibiiie, hcm AnaMerp ci-cnHpaabnoň crpyxTy- 
pbi ôenxa. Eo;iee toto, sth aiianeiiHH npeBbimaiOT bh#h- 
mhh pa3Mep nopw npn HcaieflOBaHHH mcto/pimu saex- 
TpoHHOH MHKpocKonHH. /piHnoe npoTHBopeHHe noxa 
ocTaercH Hepa3peuieHHbiM. 

OxpyXCeHHe aMHHOKHCJIOTbl B ÓeAKe M0>KH0 OpeHHTb 
npH nOMOmH BKJIKDHeHHH /yamiOM aMHHOKHCJIOTbl C 4>0- 
TOpeaKTHBHHMH OCTaTK3MH. IlO 4 )JI yOpeCHei!HHH 3THX 
OCT3TKOB MO>KHO CyflHTb, HaXOflHTCH OHH B rHApO(J)HJlb- 

hoh hjih xce b rHApotfoÓHoň cpefle. 3KcnepHMeHTbi c Ta- 
khmh npoóaMH noKa3biBaioT, hto b npopecce chhtc 33 Ha 
pHÓocoMe cnrHajibHaa noc^eflOBaTe^bHOCTb HaxoflHTCH 
b THflpo(J)H^bHOH cpefle, oflHaKO HeflocTynHa pfln ho- 



PMC. 10.23 PacrymMíi (HacMeHTHbiíi) 6 ejiOK nepeHocmcfl k TpaHc- 
BOKony npsiMO ot pMÓocoMbi. Pn 6 ocoMa 3 aKpbiBaeT «aHa^ c BHe- 
uineM CTopoHbi MeMÓpaHbi 


hob iiHTorwa3Mbi. OHa ocraercH b raflpo<J)HAbHOH cpe^e 
BCJieflCTBHe CBoero B3aHMOfleňcrBHH c KaHanoM Ha MeM¬ 
ôpaHe. 3to no3BOAHer npeflnoAoxcHTb, hto b xofle chhtc- 
3a ôejiOK nepeHOCHTCH H3 33MKHyToro pnôocoMaAbHoro 
TyHHena iienocpe/íCTBeimo b rHflpo<J)HAbHyK) cpe/jy mcm- 
ôpaHHoro KaHa^a. 

B fleHCTBHTenbHOCTH AOCTyn k nope (h/ih «nponyc- 
K3HHe») KOHTponHpyeTCH c oôeux CTopoH MeMÔpaHbl. flo 
npHKpen/ieHHa phôocomh nopa 3axpbiTa c BHyTpeHHeň 
CTopoHbi 3ľlP. Ha P M c. 10.23 H30ÔpaxceH0, xax npHKpen- 
neHne phôocomh oôecneHHBaeT 3aKpbiBaHHe nopbi co 
cropoHbi iiHTonna3Mbi. Korfla /pmiia pacTymero ôenxa 
flocTHraer ~ 70 3mhhokhcjiot (hto cooTBeTCTByer npoTa- 
rHBaHHio nojimieirniAHoň iienH nepe3 Becb Kana/i), nopa 
OTKpbIBaeTCH C BHyTpeHHeň CTOpOHbl. TaKHM OÔpa30M, B 
jikdôoh MOMeHT BpeMeHH nopa 3axpbiTa c oahoh H3 cto- 
poH, hto cnocoôcTByer noflaepxcaHHio nocTOHHCTBa hoh- 
Horo cocTaBa b ojkaom h 3 KOMnapTMeHTOB. 

TpaHcnoKOH mh/imctch MyjibTH4)yiiKHHOHajibHoň 
CTpyKTypoň h Moxcer Hcnojib30BaTbCH TpaHcnoiiHpye- 
MblM ÔenKOM B HeCKOJlbKHX IieAHX: 

• Kax cpeflCTBO nepeHoca CHHTe3npyeMbix ôeuxoB c 
ilHToruia3MaTHHecxHx phôocom b npocBer 3I1P (cm. 
pa3fl. 10.11 «/Vw TpaHcnoxaiiHH HeoôxoflHMbi flono/i- 
HHTejibHbie BK/noHeHHa b TpaHcnoxoH, a HHorna h xpa- 
noBHX 3I1P»). 

• C noMonibio TpaHcnoxoHa HHTerpaAbHbie MeMÔpaH- 
Hbie ôenxH chctcmh 3nP BCTpaHBaioTCH b MeMÔpaHy; 

Pfl H 3TOľO HeOÔXOflHMO, HTOÔbl XaHaA ÔbIJI OTXpbIT 
hjih Ae3arpernpoBaH t3xhm oôpa30M, htoôh ôenox 
b JiHiiH/p iom ÔHOioe Mor flBHraTbCH naTepanbHO (cm. 
pa3fl. 10.15 «Kax ocyiHecnuiHeTca BcraBxa ôc/ikob b 
M eMÔpaHy?»). 

• B px^e aiynaeB ôcjiku MoryT nepenoaiTbcsj H3 
npocBera 3nP oôpaTHO b nnroiuiasMy; stot npo- 
iiecc H3BecreH xax «oôpa'niaH TpaHOioxaiiHH» (cm. 
pa3fl. 10.12, «/Vih nerpanaiiHH ôenxH B03Bpamax)Tca 
b iiHT030Jib nyreM oôpaTHoro TpaHcnopTa*). 
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10.11 


A/ifl TpaHC/lOKaUMM 

HeOÓXOflMMbl AOnOitHMTeitbHbie 
BKniOHeHMfl B TpaHC/IOKOH, 
a MHorfla n xpanoBMK 3ľlP 


K/iiOHeBbie noHflTMfi: 


• Pn6ocoMa, SRP m SRP-peuemop C03flai0T yaiOBMfi ajiíi 
nonaflaHMji HacuemHoro óejiKa b TpaHciiOKOH. 

• EejiKM, nonaflatouine b TpaHc/iOKOH nocrrpaHJifímioHHO, 

TpeôyiOT HajiuHMB flonojiHMTe/ibHbix KOMnoHeHTOB b umon.na3Me 
m 6ejiKa BiP b 3ľlP. 


• BiP — sto xpanoBMK, npeflOTBpamaioiuMCí flBuxeHMe ôeitna b 
oópaTHyto cropoHy. 


TpaHCJiOKOH h SRP-peu,enTop hbjihiotoi ochobhmmh a/ie- 
MCHT3MH KOTpaHCnHPHOHHOH TpaHOIOKaiJHH. IlpH BCTpa- 
HB 3 HHH KOMimeKca Sec 6 l BMecre c SRP-pepenTopoM b 
HCKyccTBeHHyio MeMÓpaHy, oh OKa3biBaeTca cnocoóeH 
noaaepxHBaTb TpaHoioKauHio HeKOTopbix Hacu,eHTHbix 
ÔejlKOB. OflHaKO ÔOTIblUHHCTBO CHHTe3HpyeMbIX ÓC/IKOB 
TpeôyioT npncyTCTBHH flono/iHHTe/ibHoro KOMnoHeHTa — 
óejiKa, CBA3biBaiomero TpaoioijHpyeMyio HacijeHTHyio 
qenb c MCMÓpanoň (óoiok TRÁM). B SKCiicpuMCHTax otot 
6 cjiok qame Bcero OKa3biBaercfl KOBa/ieHTHO npHiiiHT k 
TpaHcnopTHpyeMofi Hepe.3 MeMÓpany pacrymeň 110 /inncn- 
raflHoň penu. VcTanoBJíeiio, hto TRÁM ycmnibacT TpaHC- 
JlOKapHK) JUOÓblX ÔOIKOB. 

Bce KOMnoHeHTbi TpaHoioKOHa h isbinojiHneMbie hmh 
(JiyHKpHH CyMMHpOB3HbI Ha PMC. 10.24. ripOCTOTa HCKyC- 
CTBeHHOH CHCTeMbi no3BonaeT cfloiaTb HecKO/ibKO BaacHbix 
BbiBOflOB. Mbi npeflcraBHjiH Secól ok komiuickc, (JiopMHpy- 
wmHH xaHaa h B3aHMOfleňcrByiomHň c phóocomoh. IIpo- 
aecc HaHHHaerca c y3HaBaHiw SRP CHraa^bHoň nooieflo- 
BaToibHOCTH b momcht Bbixofla pacrymeň no^HnenTHflHoň 
aenn H3 phóocomm. nec SRP CBH3biBaeTCH c SRP-peuen- 


TopoM, h cmm/ibHaa nooieflOBaToibHocrb nepeHOCHTca b 
TpaHoioKOH. Korfla CHim/ibHaa nooieflOBaTOibHOCTb noc- 
Tynaer BHyrpb TpaHoioKOHa, pnóocoMa npHCoeflHHneTOi 
k KOMiuieKcy Secól, 3aKpbiBaa coóoň rohoj nopbi, oópa- 
meHHbíň b ii,HToruia3My. nocKOJibKy b HCKycďBeHHoň chc- 
TeMe OTmeiweHHa CHma^bHoro nemrifla He npoHexoflHT, 
moxcho c/iejiaľb hmboa o i ieoÓH3aToibi iocth /pannou) arana 
/yrn iipoHceca Tpaiic/ioKanHH. Taicsce npn noMOinn cncreMbi 
in vitro noKa3aHO, hto KOMnoHeHra nn\Tpenneň cropoHbi 
MeMÓpaHbi He ynacrByioT b TpancjiOKanmi 

KOHeHHO, 3 C|x[)eKTHBI IOCľb paÓOTbl CHCTeMbi in vitro ro- 
BOJIbHO HH3K3. B CHCTCMe in VÍVO MaCCa flOnOJIHHTOIbHblX 
KOMnoHeHTOB ynacTByeT b noBbimeHHH 3 í])(|)CKTHbi iocth 
npopecca, a Tam npeflOTBpamaeT BMeuiaToibCTBO b npo- 
necc flpyrax mieTOHHbix óoikob. 

B oiynaux, Kor^a TpaHcnopT óoiica nepe 3 MeMÓpaHy 
npoHCxoflHT nocTTpaHoiaiiHOHHO, TpeóyeTca yHacroe 60 - 
jiee oioacHoro annapaTa. Tot ace Secól -komiuickc (ftopMH- 
pycr KaHa/i, oflHaKO KpoMe Hero HeoóxoflHMbi eme HeTbipe 
flonouHHTOibHbix óoiica Sec. BMecre c tcm Ha BHyrpeHHeň 
cropoHe MeMópaHbi aojdkch npHcyrcTBOBaTb manepoH BiP 
(óoiok CBH3biBaHHa, HjieH ceMeňďBa Hsp70) H ATí>. Ha 
pmc. 10.25 noKa3aHO, hto BiP (JiyHKíiHOHHpyeT b KaHecree 
CBoeoópa3Horo xpanoBHKa. B OTcyrcTBHe BiP TpaHoio- 
PHpyeMbíň óoiok BoíeflCTBHe ópoyHOBCKoro abiukchub 
cocKiLTbSbibaer oópaTHO b HHTori;ia 3 My. Pacnoaaraacb Ha 
BHyrpeHHeň cropoHe MeMÓpaHbi 3nP, BiP 3 axBaTbiBaer 
6c/K)K, KaK TOJIbKO TOT BbIXOflHT H3 HOpbl B npOCBeT 3np 
3 to npeflOTBpamaeT flBiiaceHHe óeaica b oópaTHOM HanpaB- 
jieHHH. BiP He THHeT óejiOK cKB03b MeMÓpaHy, oh ^Hiub He 
Aaer eMy CKoab3HTb oópaTHO. (ľlpHHHHa, no KOTopoň BiP 
TpeóyeTCH rrä nocnpaHcaHiiHOHHoň TpaHOiOKaiiHH, ho 
He BBJUieTCH HeOÓXOflHMbIM fljw OCymeCTBJíeHHB KOTpaHC- 
JIÍILI,HOHHOň TpaHOIOKailHH, MOXCeT 3aKJIIOHaTbCfl B TOM, HTO 
CHHTe3HpyeMbiň óenoK, nocrouHHO BbiTaxKHBaacb H3 pnóo- 
coMbi, He Moacer ABnraTbca b oópaTHOM HanpaBiieHHH.) 



PMC. 10.24 B npoL|ecce TpaHcaoKaiann ynacTBytoT TpaHc/iOKOH, SRP, 
SRP-pepeniop, Secól, TRÁM m ckimanbHbie nenTMfla3bi 


PMC. 10.25 EenoK BiP AeňcTByeT b KanecTBe xpanoBoro MexaHM 3 Ma, 
npeflOTBpamafl oópaTHyto AMc|)(j)y3Mio nepeHOCMMoro óejixa 



BiP ~ xpanoBMK, npensrrcTByioiiiHM 
ABMmeHHio 6enKa b oópaTHOM HanpaBjíeHMM 


3Hfl0ľl/lA3MATMHECKMM 

PETHKy/lYM 


4MT030/lb 
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10.12 


KaK HHMLIMHpyeTCfl o6paTH3fl TpaHC^OKaitMH 


fljia flerpaflauMM 6enm 
B 03 Bpai 4 ai 0 TO 1 B UMT 030 /lb 
nyieM oôpaTHoro TpaHcnopia 


KniOHeBbie noHfľma: 


• TpaHC/iOKOH Secól MO>KeT ncnojib30BaTbC5i AJifl oópaTHoro 
nepeHoca 6e/iKOB m 3flP b AHľonjia3My. 


BHyTpH 311P npOHCXOAHT HeCKOJIbKO BaXCHblX npoueccoB: 
ôejiKH p BuxcyTca no 3nP b pa3Hbix HanpaBJíeHHax, ohh 
rjIHK03HJIHpyK)TCa H npHHHMaiOT CBOH KOHenHbie KOH- 
(J)opMauHH; napajuiejibHO 3EÍP oóecnenHBaeT cncTeMy 
«KOHTpojia KanecTBa», b kotopoh HenpaBHJibHO CBepHyB- 
rnneca ôcjikh pacno3HaiOTai n noflBepraiOTCfl Aerpa^aunn. 
O^HaKO coôctbchho Aerpaflau,™ óejiKOB nponcxoAHT n 
BHe 3ľIP, pnn ee pea;iH3aijHH hcoóxoahm SKcnopT óejiKa 
oôpaTHO b u,HTonjia3My. 

llepBoe yica3aHHe Ha to, ^to ócjikh AerpaAHpyioT b u,h- 
Tomia3Me, a He b 3IIP, 6bmo nojiyneHO Ha ocHOBaHHH cj)aicra 
BOBJíeneHHH b npou,ecc pe rpaAaijHH npoTeacoM (óojibiiiHx 
ÔeJIKOBblX arperaTOB C HeCKOJIbKHMH npOTeOJIHTHHeCKHMH 
aKTHBHOCTfl mh) . PiHrHÔHTOpbi npoTeacoM npenaTCTByioT pc- 
rpa^auMM ôpaKOBaHHbix óejiKOB 3EÍP. CnrHajiOM pj m pacmen- 
jieHHH 6e/iKa npoTeacoMon cjiyxcHT npncoeAHHeHHe k HeMy 
yÔHKBHTOHa — HeôoAbiuoH noAHnenTOAHOH u,enn. BaxcHO 
OTMcmTb, hto yÓHKBHTHHHpOBaHHe h npoTeacoMHaa Aerpa- 
paipm npoHCxoAHT b u,HToruia3Me (h nacTHHHO b a^pe). 

TpaHcnopT 6e;iKa H3 3EÍP b u,HTomia3My flBJweTOi npo- 
ueccoM, oôpaTHbiM HMnopTy óejiKa b 3ľIP. Oh nojiynHJi 
Ha3BaHHe oópaTHoň TpaHCJioicaijHH (HHOiTja ero Ha3bi- 
BaiOT peTpoTpaHCJioKauHen hjih puaiOKauptií). TpaHCJio- 
koh Secól npHHHMaeT ynacrae b oóparaoH TpaHCJiOKaijHH. 
OflHaKO yc/iOBHH npoTeKaHna npoueccoB npaMon h oópaT- 
hoh TpaHCJiOKauHH pa3JiHHHbi; k npHMepy npH OÔpaTHOH 
TpaHCJiOKaijHH TpaHC/ioKOH He accouHHpyeT c phóocomoh. 
HeKOTopbie MyraijHH b Secól HapyuiaiOT oópaTHyio TpaHC- 
JIOKai^HKD, HO He BJIHÍIIOT Ha npflMyK) TpaHCAOKaUHKD. 3to 
MOXCHO OÓ'bflCHHTb pa3JIHHH5IMH B MexaHH3MaX npaMOH H 
oópaTHon TpaHCJioKau.HH jihóo (hto óojiee BepoaTHo) TeM, 
hto peraoHbi, 3aTpamBaeMbie sthmh MyraijHíiMH, oTBenaiOT 
3a B3aHMOAeHCTBHe C AOnOJIHHTeJIbHbIMH KOMnOHeHTaMH 
CHCTeMbI OÓpaTHOH TpaHCJIOKaUHH. 

flo chx nop HeacHO, KaKHM oópa30M KaHaji OTKpbiBa- 
eTca h nponycKaeT ôejiOK c BHyrpeHHen ctopohh 311P (cm. 
pmc. 10.26). llpeAnojiaraeTca, hto b stom npoijecce ynacr- 
ByiOT cneiiHajibHbie KOMnoHeHTbi oóparaoH TpaHCJiOKaijHH. 
ConiacHO oahoh H3 moacjich, HenpaBHJibHO CBepHyBiUHeca 
hjih HenpaBKJibHO CHHTe3HpoBaHHbie óejiKH y3HaiOTca rna- 
nepoHaMH, KOTopbie h nepeHoaiT hx k TpaHCJioKOHy. Tax, 
u,HTOMerajiOBHpyc ne/iOBeKa (LJ.MB) KOAnpyeT u,HT030^bHbie 
6cji kh, pa3pyuiaiomHe CHHTe3npyioiij 1 Heca MoaeKyabi 6ai Ka 
MHC (raaBHoro KOMnaeKca racTocoBMecTHMOCTH) I KJiacca. 
3tot npou,ecc TpeóyeT ot BHpyca npoAyKU,HH óeJiKa US11, 
KOTopbin, aBaaacb MeMôpaHHbiM ócakom, (J)yHKu,HOHHpyeT 
b 3nP. B3aHMOAeňcTBya c MoaeKyaaMH MHC stot óeaoK, 
bo3mo5kho, HanpaBaaeT hx b TpaHCJioKOH /yrn oôpaTHOH 
TpaHC/IOKau.HH. 



PMC. 10.26 B pe3yjibTaie oópaTHoií TpaHCJiOKauMM HecBepHyTbiií 6 e- 
jiok no TpaHCJioKOHy nepeMemaeTCfl m 3ľlP b i4MT030Jib AerpaAa- 
i\m. MexaHH3M BCTaBKM 6ejiKa b TpaHCJioKOH He M3BecreH 


CHCTeMy AerpaAauHH ócakob y ApoxcxceH moxcho hc- 
oieAOBaTb c noMombio MyraiiHM, npHBOAamHx k HaKorme- 
hhk) aóóepaTHbix ócakob. B óojibiiiHHCTBe aiynaeB HeBepHO 
CBepHyBiiiHHca óejiOK He TpaHcnoprapyeTca nepe3 CHcre- 
My SÓP-KOMiHieKC ľojibpjm, a Aerpa^npyeT. MyraHTHbie 
ApoxoKH, HecnocoÓHbie AerpaAnpoBaTb ôpaKOBaHHbie 6 ea- 
kh, moxcho pa3AejiHTb Ha ABa KJiacca: oahh AeMOHCTpnpyioT 
HapyuieHHa KOMnoHemoB npoTeojíHTHnecKoro annapaTa 
(TaiGix KaK cJ)epMeHTbi, ynacTByiomHe b yôHKBHTHHHpoBa- 
hhh); Apyrne — b KOMnoHemax TpaHcnopraoro annapaTa 
(BKJiionaioiAHx Secól, BiP h Secó3). 

EejiKH, BOBJíeneHHbie b npou,ecc Aerpa^ai^HH, moxcho 
B biaBHTb Ha OCHOBaHHH HX B3aHMOACHCTBHa C ÓeJIKaMH Ľ}\- 
TOMerajiOBnpyca. BnpycHbiH óejiOK US11 nepeHOCHT MHC- 
cyócTpaT k óejiKy (Ha3bmaeMOMy Derlin), HaxoAflmeMyca Ha 
MeMÓpaHe 3EÍP. Derlin, b cboio onepeAb, TpaHcnoprapyer 
cyôcTpaT k u,HT030JibH0H ATOa3e — p97, KOTopaa, no Bceň 
BHAHMOCTH, OTBeTCTBCHHa 3a BblTaľHBaHHe ÓeJIKa H3 KaHa- 
jia b n,HToruia3My. Derlin aBJíaeTca roMOJioroM ApoxcaceBoro 
óejiKa Derlp (o^Horo H3 ócjikob onpeAejieHHoro mctoaom 
H 3yneHHa Myrammix mieTOK KaK nacTb chctcmh oópamon 
TpaHCJIOKailHH). 


10.13 


Be/iKM 3 aflKopeHbi b MeirópaHe 
npn noMOiuM 
rMApo(|)o6Hbix perMOHOB 


KmoHeBbie noHjiTMfi: 


• Y MeMÓpaHHbix 6e^KOB I rpynnbi N-KOHeu MO/ieKy/ibi 
pacnojiomeH Ha BHyTpeHHeň CTopoHe MeMÓpaHbi, a 6e^KM 
II rpynnbi MMeiOT npoTMBono^o>KHyK) opneHTaAMK>. 

• HeKOTopbie 6e^KM MMeKDT HecKO/ibKO MeM6paHCBíi3aHHbix 
AOMeHOB. 


Bce ÓHOJiorHnecKHe MeMÓpaHbi coflepxcaT óejiKH, y/jepacH- 
BaeMbie b jihhhahom ôncjioe nocpeflCTBOM HeKOBajieHTHbix 
B3aHMOAeňcTBHH. CorjiacHO npHHHTOMy onpeAejieHHio hh- 

TerpajibHbix MeMÓpaHHbix ócjikob, ohh Moryr óbiTb H3- 
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BJieHeHbi H3 MeMÓpaHbi to/iuco npH pa3pymeHHH ahhhaho- 
ro óhcaoa. Oómeň nepron t3khx ócjikob Miuineroi muimme 
xora 6bi OAHoroTpaHCMeMÔpaiiHoro AOMeHa, npeAcraB- 
;icnHOľ() «-cmipa;ibHbiM ynacTKOM aahi ioň b 21-26 iT/upo- 
(})o6Hyio aMHHOKHOioTy. IlooieflOBaTeabHOCTb 3 mhhokhc- 

JIOT, yTtOBJICTBOpaiOITUlH KpHTepHHM BCipaUBaiIHa B MeMÔ- 
paHy, mokct óbľrb onpefleneHa npH noMomn flHarpaMMbi 
rnflpo(J)o6HOCTH, no3BOJWK>meH oneiíHTb cyMMapiiyK) 
rnflpotj)o6HOCTb ynacTKa no/iHnenTH/ja. BeAOK, HMeiomHň 
ynacncH, BbicrynaiomHe Ha noBepxHocrb c oóenx cropoH 
MeMÓpaHbi, Ha3biBaercH TpaHCMeMÓpaHHMM ôejiKOM. 
AccouHapHB 6e/iKa c MeMôpaHoň mojkct npHHHMaTb pa3- 
jiHHHyio cjxipMy. Tonorpacjma MCMopaiinoro oc/ixa 33 bhcht 
ot MHCJia h KOH(J)HrypapHH TpaHCMeMÓpaHHbix peraoHOB. 

Ecah ôejioK HMeeT eflHHcreeHHbíň TpaHCMeMÓpaHHbíň 
peraoH, ero no3HUHa onpeaejwerca tcm, HacKOAbKo ócaok Bbi- 
crynaeT Hapyxcy c Kaa<Aoň H3 cropoH MeMÓpaHbi. Boiok Moxcer 
HMCTb KpynHbie flOMeHbi, BbicrynaioinHe c oóenx cropoH mcm- 
ôpaHbi, jihóo, eoiH TpaHCMeMÓpaHHbíň peraoH pacnoAOxceH 
ÓJIH3K0 K KOIII ty MOJICKyJIbl, BblCTynaiOmHH C O/IIIOII H3 cropoH 
MCMÓpai ibi AOMeii óyner iiefeíbmiiM iuiii BOBce He 6yaeT sk- 
cnoHHpoBaH. /lamia N-Konuenoľo hah C-Koimenoro ynacTKa, 
Bbyiaioiycrioi 3 a np^enbi MCMÓpaiiM p«aom c apai icmcmó- 
paHHbiM peraoHOM, BapbHpyer b uihpokhx npeAeJiax. 

Kax noKa3aHO Ha pmc. 10 . 27 , éeaKH, HMeiomne eflHHC- 
TBeHHbíň TpaHCMeMÓpaHHbíň flOMeH, flejiHT Ha ABe rpynnbi. 
EeiiKH I rpynnbi, y Koropbix bo BHeioieTOHHoe npocrpaHC- 
tbo oópameH N-kohiicboh ynacTOK MOAeicyAbi, Bcrpena- 
iotcb name, neni óexKH II rpynnbi, iimckmuhc o6p;rmyK) 
opnenTanHio (c N-koiihom, oópaiuemibiM b i yiTon.aaaMy). 
OpiieiiTaniiH óejiKOiioň MOxeKVJibi oupe/iejiacmca b momcht 
upoxiKKAeiiHH ôejiKa CKB03b MeMÔpany 3IIP. 

Ha pmc. 10.28 noica3aHO, Kaicne opHeHTaijHH npHHHMa- 
iot oeaioi, HMeiomiie 1 iecKoabKO ipai iCMeMÓpai 11 nax aomc- 
hob. HeMeTHoe hhcjio t3khx aomciiob 03HaHaeT, hto kohiih 
MoaeKyjibi 6e;iKa oKaxcyroi Ha npoTHBonoAOXCHbix cropo- 
Hax MeMÓpaHbi, nemoe hhcao aomchob npeAnoaaraeT, hto 
Konueiíbie ynacTKH óy/iyr pacno/iaraTboí c oahoii cropoHbi. 
IIpOTHXCeHHOCTb ynaCTKOB, BblCTynaiOmHX c oahoh hah c 
oóciix cTopoH MCMopaiibi, oupcAcaacTca mcctoiio/io/Kchiicm 
TpaHCMeMópaHHbix aomchob. HoMeHbi no KOHiyaM MoaeKyabi 
Moryr BbicrynaTb AaaeKO 3 a npeflenbi MeMÔpaHbi, a noaieflo- 
BaTejibHocm, pacnoAoxceHHbie mokav /(OMeiiaMii, — Bbina- 
HHBaTbCH b BOflHyio (J)a3y b Bime nerenb. Oahhm h3 HaHÓOAee 
pacnpocipaHeHHbix thiioh crpyKTypbi hbahctch Tpai icmcm- 
ôpaHHbíň naccaac H3 ccmh aomchob (hah «cepnaHTHHOBbiň» 
pepenTop); Apyroň npnMep — TpaHCMeMÓpaHHbíň naccaxc 
n312 aomchob ôejiKa — KOMnonema hohhoto Kamuia. 

HrpaeT ah TpaHCMeMÓpaHHbíň aomch eme KaKyio-HH- 
6yAb poAb b 4paiKHHOiiHpoBaiiHii óeAKa KpoMe oóecneHeHim 
ero BCipaHBaHHH b AHnHAHbíň ÓHCAOň? B npocTbix óeAKax I h 
II rpynn oh ahóo He HrpaeT HHKaKoň AonoAHHTeAbHoň poAH, 
JIHÓO BbinOAHUeT He3HaHHTeAbHyi0 Cj)yHKHHIO; nacro OH MO- 
JKCT ÓbITb 3aMeHeH AIOÓblM APyTHM TpaHCMeMÓpaHHbIM AOMe- 
hom. Oah3ko b óeAKax, MHoroicpaTHO nepeceícaiomHx mcm- 
ôpairy ahóo hmooiahx cyóbeAHHHiibi, OAHroMepH3yiomHeai 
BHyrpH MeMÓpaHbi, TpaHCMeMÓpaHHbie aomchh HrpaioT Baxc- 
Hyio poAb. B 3 thx cjiynaax ohh nacro coAepxcaT nojiapiibie 


ABe rpynn bi 6enKOB 

C eAHHCTBeHHbIM TpaHCMeMÓpaHHbIM flOMeHOM 


y óe^KOB I rpynnbi C-KOHeu 3KcnoHMpoBaH b 4mo3o^b 
a N-KOHei4 — Ha npoTMBono^o>KHyK) CTopoHy MeMÔpaHbi 


N-KOHĽieBOM 

ynacTOK 


C-KOHĽieBOM 

ynacroK 



BHEUJH^^ CT0P0HA 
MEMBPAHbl 


L4HT030Jlb 


Y 6e;iKOB II rpynnbi N-KOHeu SKcnoHMpoBaH b unT030^b, 
a C-KOHeu — Ha npoTMBono^o>KHyK) CTopoHy MeMÓpaHbi 


C- KOHLieBOH 
yMacTOK 


BHEIUHHH CT0P0HA 
MEMBPAHbl 


LJMT030/lb 


fN-KOH4eBOM 
'ynacTOK 


PMC. 10.27 TpaHCMeMÓpaHHbie óejiKM I m II rpynn mmciot npoTMBO- 
no/io>KHyK) opMeHTauMK) no othoiuchmk) k MeMÓpaHe 


BenKH m o ry t npoHH3biBaTb MeMÓpaHy MHoroKpaTHO 


N- M C-KOHLlbl Óe^KOB C HeHeTHbIM HMCJIOM 
TpaHCMeMÓpaHHbix aomchob pacno^o>KeHbi 
no pa3HbiM CTopoHaM MeMÓpaHbi 



N- M C-KOHUbl 6e;iKOB C HeTHbIM HMC^OM 
TpaHCMeMÓpaHHbix aomchob pacno^o>KeHbi 
Ha oahíí CTOpOHe 


■f 



PMC. 10.28 OpMeHTauMíi kohljob MoneKynbi óenKOB, HeoflHOKpaTHO 
npOHM3blBaiOLAMX MeMÓpaHy, 3aBMCMT OT KOAMHeCTBa TpaHCMeMÓpaH- 
Hbix cemeHTOB 


> 
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ocraTKH, He oÓHapy^cHBaeMbie b oahhohh bix TpaHCMCMÓ- 
paHHbix /íOMeHax óejiKOB I h II rpynn. IIojiapHbie peraoHbi 
b MeM6paHOCBH3aHHbix AOMeHax He B3aHM0/jeHCTByi0T c 

JlHnH^HblM ÔHCJIOeM, BMeCTO 3TOrO OHH B3aHMO^eHCTByiOT 

Apyr c ApyroM. 3to flaeT ôejiKaM B03MoxcHocrb (J)opMHpoBaTb 
nopy hjih KaHaji BHyrpH jiHnHAHoro ÔHcaoa. Ejiaroflapa B3a- 
HMOAeHCTBHKD MOK/jy TaKHMH /jOMeHaMH o6pa3yeTca ra^po- 
cJ)HJibHbiH KaHaji qepe3 rH£po(j)o6Hyio cpe^y MeMÓpaHbi, hto, 
b cbokd onepeAb, flejiaeT B03M0xcHbiM npoxo>KAeHHe nepe3 
MeMÔpaHy 3apaaceHHbix hohob h MoaeKyji h HMeeT 6oab- 
rnoe 3HaMeHHe pjm cJ)yHKu,HOHHpOBaHna hohhhx KaHajiOB h 
T paHcnopTa pa3HOo6pa3Hbix jiHrarmoB. flpyrHM npHMepOM, 
AeMOHCTpHpyiOmHM pOJIb KOH(J)OpMaUHH TpaHCMČMÓpaH- 
HblX AOMeHOB, HBJIHKDTCa peijenTOpbl, CBH3bIBaiOIIJ 1 He JIHnO- 

(J)PuibHbie ^HraHflbi. B sthx oiynaax caMH TpaHCMeMÓpaHHbie 
AOMeHbi (a He BHemieTOMHbie /jomchm) CBa3biBaiOT jinraH^bi 
HenocpeACTBeHHO BHyrpH CTpyKrypbi MeMÔpaHbi. 


10.14 


flxopHbie noc/ieflOBaie/ibHOCTM 
cmpefle/ifliOT opHemauino 6eji«a 
b MeMÓpaHe 


KmoneBbie noHsmia: 


• flKopHaa noc^eflOBaie^bHOCTb ocraHaBjíMBaeT flBtoKeHMe 
6e/ii<a nepe3 TpaHOiOKOH. KaK npaBmio, OHa pacnojioweHa Ha 
C-KOHLje MOJieKyjibi, npMBOflB k o6pa30BaHMK> MeMÓpaHHoro 
6e/ii<a I rpynnbi c N-kohljom, npoiuefliuMM CKB03b MeMÓpaHy m 
SK cnoHMpoBaHHbiM Ha BHyipeHHeíí ee CTopoHe. 

• KoMÓMHMpoBaHHaji CMrHa/ibHO-BKopHaB nocjieflOBaiejibHOCTb 
C/iy>KMT OflHOBpeMeHHO M flJlfl BB6^6HHB 6e/ll<a CKB03b 
MeMÓpaHHbm KaHa/i, m pj)fl 3aflKopnBaHna b MeMÓpaHe 
Boíuefliuero ynacTKa MO/ieKy/ibi. ílocKO/ibKy 3anKOpnBanne 
MfleT c BHyipeHHeŕí CTopoHbi MeMÓpaHbi, MeMÓpaHHbiíí 6e/iOK 
npno6peTaeT opneHTaunK> 6ejiKa II rpynnbi c N-kohljom, 
3KcnoHMpoBaHHbiM b Ljmonjia3My. 


EejiKH, ceKpeTHpyeMbie kjictkoh, npoxoAaT ckbo 3 b MeMÔpa- 
Hy ôaaroAapa rH£po(j)HabHOH cpe#e KaHajia TpaHcaoKOHa. 
B npOTHBOnO^OXCHOCTb HM, MeMÓpaHOCBJmHHbie ÔeJIKH, 
HaHHHaa npou,ecc TaKHM ace o6pa30M, 3aTeM nepeHOcarca 
H3 THÄpOCjMJIbHOH Cpe^bl KaHajia B THflp 0 (J) 06 HyK) cpefly 
OKpyacaiomeH MeMÓpaHbi. Ochobhhm BonpocoM, B03HHKaio- 
IIJHM npH paCCMOTpeHHH MexaHH3Ma BCTpaHBaHHa ÓeJIKOB B 
MeMôpaHy, aBJíaerca oóbacHeHne npHMHH ranoro nepeHoea 
Ha ocHOBe pa 3 JiHMHH MOKjiy TpaHCMeMÓpaHHbiMH h cexpe- 
TOpHblMH ÔeJIKaMH. EíyTb, nOCpeACTBOM KOTOpOrO ÔeJIKH KaK 
I, TaK h II rpynnbi BcrpaHBaiOTca b MeMÔpaHy, HanoMHHaeT 
MexaHH3M ABHaceHHa qepe3 MeMÓpaHy ceKpeTopHbix óejiKOB, 
OCHOBblBaiOIIJ.HHCa Ha KOTpaHCJiaU,HOHHOM Cj)yHKUiHOHHpO- 

BaHHH CHraajibHOH nocjie/íOBaTejibHOCTH. B otjihhhc ot ceK- 
peTopHbix óejiKOB, 6 ejiKH, ocTaioiij.Heca b MeMĎpaHe, oĎJia^a- 
kdt AonojiHHTejibHbiM cron-TpaHcnopTHWM CHmajiOM. Oh 
npeACTaBJíeH rpynnofi rrmpo(J)o 6 Hbix aMHHOKHCJiOT, npHMbi- 
KaiOIIJ,HX K HeCKOJIbKHM 3 apaXCeHHbIM aMHHOKHCJIOTaM. 3 Ta 

nocjieflOBaTeabHOCTb Bbino^HaeT pojib AKopa, uemiaacb 3a 

MeMÔpaHy h He flaBaa 6 eaKy ynTH ot Hee. 


YAHBHTe^bHoe cbohctbo aKopHbix nocjieAOBaTejibHoc- 
TeH 3aiOIK)HaeTCa B TOM, q™, b 3aBHCHMOCTH OT MeCTOIIOJIO- 
xceHHa b CTpyicrype no^HnenTH^a, ohh Moryr (J)yHKu,HOHH- 
poBaTb h KaK CHraajibHbie nocaeAOBaTe^bHOCTH. B caynae 
Kor^a aKopHaa noaitjipBZTtJibHOCTb HaxoAHTca b com- 
Be ôe^Ka, Aec})Hij 1 HTHoro no RpymM tuuzm CHmajiOB, OHa 
npHHHMaeT Ha ce6a h cJ)yHKu,HKD oôecneneHHa TpaHcaoKa- 
UHH. B03M0XCH0e OÔ^aCHCHKe TaKOH ABOHHOH (J)yHKU,HH 
aKopHbix nocaeAOBaTe^bHOCTeň 3aKJiKDnaeTca b tom, hto 
CH majibHaa h aKopHaa nocae^OBaTejibHOCTH B3aHMO,zjeHC- 
TByioT c HeKOTopbiMH oôuiHMH KOMnoHeHTaMH annapaTa 
TpaHjioKaiiHH. CBa3biBaHHe sthx KOMnoHeHTOB c CHraajib- 
hoh nocjieAOBaTeabHOCTbio HHHu,HHpyeT TpaHCJiOKau.HKD, a 
3aTeM aKopHaa nocae^OBaTe^bHOCTb BbiTecHaeT CHraajib- 
Hyio h ocTaHaBJíHBaeT nepeHOC ôejiKa. 

HHTerpaiiHa ôe^Ka b MeMÔpaHy HanHHaeTca co 
BCTpaHBaHHa CHmaabHOH nocjie^OBaTejibHOCTH (HMeio- 
meH cJ)opMy iunHJibKH), npn stom N-kohcu ôe^Ka ocra- 
eTca Ha uHTonjia3MaTHnecKOH CTopoHe MeMÔpaHbi. no- 
3HUHK) h opHeHTauHio ôejiKa b MeMÔpaHe onpefleaaKDT 
ABa napaMeTpa: OTmenjiaeTca jih cHraaabHaa nocae^OBa- 


HKopHafl nocjieAOBaTe^bHocTb ocraHaB^MBaei 


nepeHoc óejina 



PMC. 10.29 MHTerpaabHbie MeMÓpaHHbie 6eaKM bxoabt b MeMÓpaHy 
TeM >ne cnocoóoM, hto m ceKpeiopHbie 6eaKM, oflHaKO nepeHoc 6e^Ka 
odaHaBaMBaeTCB 
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TejibHOCTb h KaKOBO MecTonojiOKeiiiie HKopHoň noaie- 
flOBaTCnbHOCTH? 

ľlpouecc BcrpaHBaHHa ôeaKOB I rpyrnibi npomunocT- 
pnpoBaH Ha pmc. 10 . 29 . CHraaabHaa noaieflOBaTenbHOCTb 
pacnojioxceHa Ha N-KOHije MoneKyabi, a MecTonoaoKeHHe 
HKopHoro CHraaaa onpefleaaer momcht oct3hobkh TpaHC- 
jiOKapHH óeriKa. Ilocjie HHTerpaiiHH aKopHoň nocjieflOBa- 
TejibHocrH b MeMôpaHy N-KOHijeBbie flOMeHbi MOJieKyabi 
ôeara ôynyr oôpameHbi BHyrpb opraHemibi, b to BpeMa KaK 
flOMeHbi C-KOHpa — b uHToiuia.'wiy. 

KaK npamuio, CTOii-CHnixibi TaKoro rana pacnoaoxce- 
hh Ha C-KOHL;e. Kan bh^ho H3 pjicyHKa, TpaHoioKaiina b 
flaHHOM cnyHae ocTaiiaB-nuBacroí tojimco nooie npoxoacfle- 
hm nepe3 MeMôpaHy noc/ieflHHX ynacrKOB MoneKyabi. TaKaa 
cxeMa xapaicrepH3yeT pacnoaoxceHHe b MeMopanc m noru x 
ÔOIKOB, B TOM HHCJie H ÔeJIKOB nOBepXHOCTH KJieTKH. Bo/ib- 
rnaa nacrb noaieflOBaTe/ibHOcm TaKoro óoiKa 3KcnoHnpo- 
BaHa Ha BHyipeHHeH noBepxHOCTH MeMÔpaiibi 3IIP, h Jimiib 
coBceM HcíxuibLiiaH nacTb oôpamena b nnToiuiasMy. 

Bc.hkii II rpynnbi He hmoot Ha N-Koupe OTineiuiaeMoň 
(BnooieflCTBHH) aHflepHoň nocfie/iOBaTeabHOCTH. Bmccto 
3Toro cnniaabHaH noaieflOBaTe/ibHOCTb KOMÔnimpoBana c 
flKopHoň noaieflOBaTenbHOCTbio. OóoóipeHHbiH MexaHH3M 
HHTerpaiiHH óoikob II rana b MeMôpaHy BioiKmeT b ce6a 
craflHH, H3o6paaceHHbie Ha pmc. 10 . 30 . B nporaBonojioac- 
Hoab npoxoflameň cKB03b MeMôpaHy CHraaabHoň nooie- 
ÄOBaT&lbHOCTH, KOMÓHHHpOBaHHaa CHľHajIbHO-MKOpHaH 
noaieflOBaTeabHOCTb He bmxoaht 3 a npefleabi MeMôpaHbi. 
Bmccto SToro OHa ocTaerca b Me/viôpane (bo3moxcho, Ha- 
iipHMyio B3aHMOfleHCTBya c . ! inmi;(iibiM ôhcjiocm), b to Bpe- 
mh KaK ocraBiiiaaca nacrb pacrymero nojiHnenrafla npofloa- 
acaer BbinaHHBaTbca b npocBer 3IIP. 

CnniaabHO-HKopnaH 1 iocaeflonaTejibi ioctb, KaK npa- 
br/io, HBaaeTCH BHyipeHHeň, h ee MecTonoaoaceHHe onpe- 
fleaaer, KaKaa nacrb 6e/iKa ocraHeTca b u,HT030Jie, a KaKaa 
OKaacerca bo BHemieTOHHOM npocrpaHCTBe. Bce N-KOHiie- 


CnrHa/ibHO-flKopHdfl noaieAOBaiejibHOCTb 
Bbino/iHaeT ABOMHyio {fjyHKíjMio 


1 CnrHa^bHO-flKopHafl nocneAOBaTejibHOCTb 

npoHMKaei b MeMôpaHy 



2. Cnma;ibHO-flKopHafl noc;ieAOBaTe;ibHocTb ocraeTCfl 
b MeMÓpaHe, b to BpeMa KaK TpaHoioKauiMa 

npoflOJDKaeTCB 



PMC. 10.30 KoMÓMHMpoBaHHafl CMmajibHO-flKopHafl noc/ieAOBa- 
TejibHOCTb 3aciaB/i5ieT ôe/iOK MeHBTb cbok) opMemauMK) TaKMM o6pa- 
3 om, hto N-KOHeu MOJieKyjibi odaeTCB Ha BHyipeHHeŕí noBepxHOCTM 
MeMÓpaHbi, a C-KOHeu — Ha BHeiuHeŕí 


CiirHa/ibHo-flKopHas noc/ieAOBaTejibHocrb oÔJiaAaeT bcbmh xapaiarepMCTMKaMM TpaHCMeMÔpaHHbix pernoHOB 


,Met 


-l/lHMUMaUMB 


pro l4mon^a3MaTMHecKafl nacTb 

(ÉÉ 


i 


rMApocjjoÓHoe flflpo 1 


& Thr ' Gly Ser Cys Met) Gly Ser GLr Gly v>n Ser .Lf|i l.p .k Ser His 

< TpaHCMeMÓpaHHbiŕí perMOH . .—.—. P 
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PMC. 10.31 CMmajibHO-jiKopHaji nocjieAOBaiejibHOCTb HeiípaMMHMAa3bi Bkipyca rpMnna pacnojio>Ke- 

Ha 6 jim3ko k N-KOHAy m MMeeT rMApoc|)o6Hoe aapo 
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TpaHCMeMÔpaHHbie cerMembi rnflpo(J)o6Hbi 


Bbie nocne^OBaTeJibHOCTH, npe^mecTByiomHe CHraajibHO- 
flXOpHOH nOCJieflOBaTCJIbHOCTH, ÔyAyT SXCnOHHpOBaHbl B 
u,HTOiuia3My. Hame Bcero ijHTomia3MaTHHecxHH ynacTox 
ÔeJIKOBOfí MOJieXyJIbl CpaBHHTCJIbHO KOpOTOK — OT 6 AO 30 
aMHHOKHCJiOT. nocxojibxy N-xoHeu, MOJiexyjibi ocTacrca 
b CBH3aHHOM c MeMÓpaHoň coctoahhh, noKa OCTaBUiaaCa 
qacTb ôejiKOBOH MOJiexyjibi npoxoAHT CKB03b MeMÓpaHy, sto 
M eHaeT opHeHTaijHK) óe^xa no OTHomeHnio k MeMÓpaHe. 

KoMÔHHnpoBaHHaa cnnmbHO-flKopHaa nocjieAOBa- 
TejibHOCTb ôeJiKOB II rpynnbi HanoMHHacr OTmerniaeMyK) 
cnrHa^bHyio noaieAOBaTcnbHOCTb óejixoB I rpynnbi. Ha 
pmc. 10.31 npHBeACH npnMep CHraajibHO-axopHOH nooie- 
AOBaTejibHOCTH. Kax n b cjiynae c OTmemmeMOH jiHAepHon 
noaieAOBaTejibHOCTbKD, npnpoAa aMHHOXHCJioT, bxoahiahx 
b cocTaB cnrHajibHO-aKopHon nocjieAOBaTejibHOCTH, HMeeT 
óojibiuee 3HaneHne, neM (j)axTHHecxafl nocjieAOBaTCJibHOCTb. 
PernoHbi, pacnojioxceHHbie Ha xoHijax CHmajibHO-flxopHOH 
noaieAOBaTe^bHOCTH, HecyT nojioxcHTeflbHbiH 3apaA; u,eHT- 
pajibHbie peraoHbi He 3apaxceHbi h HanoMHHaioT rHApo(J>o6- 
Hoe ímpo OTiAenjmeMoro jiHAepHoro nenTHAa. MyTaijHH, 
npHBHOomjHe 3apaxceHHbie aMHHOKnaioTbi b iiempajib- 
Hbíň peraoH CHrHajibHO-aKopHoň nocjieAOBaTejibHOCTH, 
npenaTCTByiOT ee BcrpaHBaHHio b MeMÓpaHy; MyTaijHH Ha 
jiioóom H3 kohuob Tax>xe MeiiiaiOT npoueccy 3aaKopHBaHHa, 
BOíeACTBHe nero ôcjiok jihóo cexperapyeTca, jihóo Haxan- 
JIHBaeTCfl B OIIIHÓOHHOM KOMnapTMCHTe KJieTKH. 

3apHA aMHHOKHCJiOT, OKpy^KaioiAHx HKOpHyio nooieAO- 
BaTejibHOCTb, OKa3biBaeT cymecTBeHHoe Bjmmm m opneH- 
TaiíHKD óejixa. Kax npaBiuio, aomch c óójibiiiHM nojioxcHTejib- 
hhm 3 apHAOM 0Ka3biBaeTca Ha ijHTomia3MaTHqecxoH CTopoHe 
MeMÓpaHbi (cTopoHa, rAe pacnojioxceH N-kohoj, óe/ixoB II 
rpynnbi). Ecjih b pe3yjibTaTe MyraijHH nojioxcHTejibHbie 3a- 
pHAbi nponaAaiOT, opHeHTau,Ha óejixa moxcct noMeHmoi Ha 
npoTHBonojio>KHyio. BjiHHHHe 3apaAa Ha opnemaiiHK) óeji- 
koboh MOJiexyjibi onHCbreaeTca npaBiuiOM «nojio>KHTejibHoe 
BHyrpH» (positive inside), KOTopoe niacHT, hto kohoj, axop- 
hoh nocjieAOBaTejibHOCTH c HanóojibiiiHM nojioxcHTejibHbiM 
3apHAOM 6yACT pacnojioxceHbi b u,HTon;ia3Me. riojioxcHTejibHo 
3apaxceHHbie nocjieAOBaTejibHOCTH b AeHCTBHTejibHOcra hb- 
jmKDTca cpeACTBOM 3aKpemieHHH Ha UHTornia3MaTmecxoH 
cropoHe MeMÓpaHbi, hto, b cboio onepeAb, xoHTpojinpyeT 
HanpaBJíeHHe BCTaBKH b MeMÓpaHy rHApocjjoÓHoro peraoHa 
h oômyio opHCHTaiíHKD óejixa. 


10.15 


KaK 6e/iKM BcrpaMBaiOTCB 
b MeMÓpaHbi? 


KjnoneBbie noHfmifl: 


• ľlepexofl TpacMeMÔpaHHbix aomchob m TpaHcnoKOHa b 
^M nuflHbm 6 m c/ioŕí 3anycKaeTCfl b pe3yjibTaTe B3aMMOAeMCTBMfl 
TpaHCMeM6paHHoro pernoHa c TpaHcnoKOHOM 


K HacToameMy MOMCHTy HcaieAOBaTCJiH npHiiuiH k noHH- 
MaHHKD MexaHH3MOB, npH noMOiAH KOTopbix ceKpcropHbie 
6e/iKH npoxoAAT cKB03b MeMôpaHy, a Tax^ce Toro, xax sth 


Be^oKTpaHcnopTMpyera Mepe3 MeMÓpaHy no KaHa^y 


TpaHCMeMÓpaHHbie 6en km ociaiOTCfl b 
6 nc^oe 



PMC. 10.32 Kax M3 6ejiKOBoro KaHa^a TpaHCMeMÓpaHHbiií 6ejiOK ne- 
peXOflMT B ^MnMflHblM ÓMC/IOM? 


MexaHH3MbI COOTHOCflTCfl C npOU,eCCaMH BCTpaHBaHHH B 
MeMÓpaHy óejixoB I h II rpynn, oó^aAaxDiAHx eAHHCTBeH- 
hhm TpaHCMeMÓpaHHbiM aomchom. OAHaxo AO CHX nop He 
ycTaHOB^eHbi ACTajiH npouecca HHTerpaiiHH b MeMÓpaHy 

Óe^XOB C HeCXOJIbXHMH TpaHCMCMÓpaHHblMH AOMeHaMH. 

Mbi xoporno npeACTaB^aeM, xax cexpeTopHbie óenxn 
npoxoAAT cxB03b MeMÓpaHy, OAHaxo npHMeHHTb 3Ty xce mo- 
ACJib x óe^xaM, ocTaxDiAHMca b MeMÓpaHe, 3aTpyAHHTejibH0. 
pmc. 10.32 ACMOHCTpHpyeT pa3JiHHHH Me)KAy opraHH3aiiHeň 
TpaHcnopTHpyeMbix óejixoB (3anj,mij,eHHbix ot xomaxra c 
jiHnHAHbiM ónc^oeM nocpeACTBOM rHApo(J)™bHoro xaHa^a) 
h TpaHCMeMÓpaHHbix óejixoB, oó^aAaxDiAHx rHApo(J)OÓHbi- 
mh cerMemaMM, HanpaMyx) B3aHMOACHCTByx)mHMH c mcm- 
ópaHOH. npHHijHnHajibHbiM ocTaeTca Bonpoc o MexaHH3Me 
nepeHoea óe^xa H3 rHApocJ)rabHoro xaHajia b jmnHAHbiH 

ÓHCJIOH. 

Bo3MO^CHbin MexaHH3M nepeHoea rHApoc^oÓHbix 
TpaHCMeMÓpaHHbix aomchob HanpaMyio H3 xaHajia b MeM¬ 
ÓpaHy H30ÓpaxceH Ha pmc. 10 . 33 . 3Ta HAea cor^acyeTca c 

HaÓJIK)ACHHHMH B CHCTCMaX, C nOMOIAbK) XOTOpblX OIieHH- 
Bajica nepeHoe b jiHnHAHoe oxpy^xeHHe óenxoB c pa3Hbi- 
mh TpaHCMeMÓpaHHbiMH AOMeHaMH in vitro. KorAa aomch 
npoxoAHT nopor thapo(J)o6hocth, óenox H3 xaHajia, cocto- 
amero H3 xoMmiexca Secól h TRÁM, MOxceT nepeňTH b jih- 
nHAHbiH óhcjioh. KpoMe oómeň thapo(J)o6hocth Barnibíň 
3(J)(J)exT oxa3biBaeT h pacnojioxceHHe nojiapHbix ocTaTxoB 
BHyrpH TpaHCMeMÓpaHHbix cerMeHTOB. CaMoe npocToe 
oÓMCHeHHe 3axjix)naeTca b tom, hto CTpyxTypa xaHajia 


250 MABA 10 /1oKa;iM3aAMB óejiKa 











MeMÔpaHHbie 6 enm nepeMeujaioTCfl b /lunMAHbiM 6 mcjioh 


10.16 


nocTTpaHC/iBUMOHHaa MHTerpauMB 
ôeitKOB b MeMÔpaHy 3aBMcm 
OT/uiflepHbix nocaeAOBaieiibHoaeíí 



PMC. 10.33 CBe>KecMHTe3MpoBaHHbie MeMÓpaHHbie 6ejiKM cnocoÓHbi 
nepeMeiuaTbCB jiaiepajibHO M3 TpaHC/iOKOHa b jiMnMflHbm ómcjiom. 
MexaHH3M 3Toro nepeHOca He M3BecreH 

no 3 Bo;meT TpaHC/ioiiHpyeMOMy ôeflxy HanpaMyio KOHTax- 
THpOBaTb C JIHIIHflHblM ÔMCJIOČM, TaK, HTO COOTBeTCTByK)- 
mne nwpo(J)o 6 Hbie cerMeHTbi Moryr cpa 3 y nepexoflHTb b 
jimiHflHoe oxpyxceHne. Crpyxrypa TpaHCJioxoHa npeflno- 
jiaraer cymecTBOBaHHe «BopoT», pacnojioxceHHbix MOKfly 
flByMa cnupajiaMH h ncnojib 3 yeMbix /ym nepeHOca yqacTxa 
nojiHnenTH^HOH u,enH b ôhcjioh. 

Jl o ncoeflHero BpeMeHH HCCJieflOBaTejiH CMHTajiH, hto 
He3aBHCHMO ot toto, Kax hmchho npoHcxoflHT nepeHOC 
TpaHCMeMÔpaHHoro cerMema b MOMÓpaHy, stot npouecc 
3anycKaeTCH caMHM TpaHCJioiiHpyeMbiM nerrraflOM, mxom- 
mHMca b nope. OflHaxo OKa3ajiocb, mto H3MeHeHna b CTpyx- 
Type nopbi noaBJíaioTca paHbiue, enj,e b momčht CHHTe3a 
TpaHCMeMÔpaHHOH nocjieAOBaTejibHOCTH Ha pHÓocoMe. Kax 
ym 6buio CKa3aHO, nona cexpeTopHbiH ôejiox npoxoflHT 
CKB03b nopy, C L],HT030mia3MaTHqeCK0H CTOpOHbl MeMÔpaHbl 
muji 3aKpbiT phďocomoh Ha npoTíDxeHHH Bcero CHHTC3a, 
OflHaKO C BHyTpeHHCH CTOpOHbl MCMÔpaHbl KaHaJI OTKpblBa- 
era nočné CHHTe3a nepBbix ceMHflecara aMHHOKHC/ioTHbix 
OCTaTKOB. ripH CHHTe3e TpaHCMeMÔpaHHblX ÔeJIKOB, KaK TOJIb- 
K0 TpaHCMCMÔpaHHblH peľHOH nOJIHOCTbK) CHHTC3HpOBaH 
(HeCMOTpfl Ha TO HTO OH eilje IjeJIHKOM HaXOflHTCfl BHyTpH 
pnôocoMbi), nopa 3axpbiBaeTca c BHyTpeHHeň CTopoHbi. Kax 
3TO H3MeHCHHe CBH3aHO C IiepeHOCOM TpaHCMeMÔpaHHOH 
noaieAOBaTejibHOCTH b MOMÓpaHy, He ycTaHOBJíeHO. 

ľlpouecc HHTerpau,HH b MeMÓpaHy xoporno omcaH fl/ia 
ĎejiKOB I h II rpynn, hmčioiij.hx eflHHCTBeHHbiH TpaHCMeMÓ- 
paHHblH flOMeH. OflHaKO O BCTpaHBaHHH B MČMÓpäHy ÓeJIKOB c 
HeCKOJIbKHMH MeM6paH-CBfl3bIBaiOIflHMH flOMeHaMH H3BCCTHO 
ropa3flo MeHbiue. CqnTaioT, hto npoijecc Taicace onocpeflOBaH 
noaieflOBaTejibHOCTHMH c CHmajibHbiMH h/kjih axopHbiMH 
CBOHCTBaMH. CorflacHO OflHOH H3 MOflejieň, b noflHnenTHfle 
npHcyrcTByioT cepHH nepeMOxaiomHxcfl CHmajibHbix h flxop- 
Hbix nocjieflOBaTejibHOCTeň. TpaHCJiOKaiiHa HHHiiHHpyeTca 
nepBoň CHmaflbHOH noc/ieflOBaTejibHOCTbio h npoflOJDxaeTca 
flo nepBoň aKopHoň nocjieflOBaTejibHOCTH. 3aTeM npouecc 
penHHiiHHpyeTca cjieflyiomeH CHmajibHOH nocneflOBaTejib- 
HOCTbKD H CHOBa npOflOJDKaeTCfl flO OHepeflHOH flKOpHOH noc- 
^eflOBaTejibHOCTH. B HeKoropbix cjiyqaax TpaHCMeMÔpaHHbíň 
flOMeH nepeMeiflaeTca b jmnHflHbiH ôhcjioh cpa3y xce nocjie 
nonaflaHHH b TpaHCJioxoH, mto noflpa3yMeBaeT cymecTBOBaHHe 
pa3Hbix nyreH HHTerpaijHH ôejixa b MčMÓpaHy. 


KjnoneBbie iiohbtmb: 


• N-KOHL^eBaB BMflepHaB noc/ieAOBaTejibHocTb HeceT 
MH(|)opMaLjMK), Heo6xoflMMy»o fljiB accouwa i\m 6e/n<a c 
MeMÓpaHaMM MmoxoHflpuíí min x/ioponjiacTOB. 

MHTOXOHflpHH H XTOpOIUiaCTbl CaMOCTOHTCJIbHO CHHTC3H- 
pyiOT TOflbKO HeKOTOpbie H3 CBOHX ÔeflKOB. TaK, B MHTOXOH- 
flpHHx CHHTe3HpyeTCH jiHiub okojio 10 ôe/ixoB opraHejuibi; b 
xflopomiacTax — nopaflxa 50. BoflbuiHHCTBO xce ôeflKOB sthx 
opraHejui CHHTe3HpyeTca b u,HTonjia3Me tcm xce nyjiOM cbo- 
ÓOflHblX pHÔOCOM, KOTOpbie CHHTe3HpyiOT BCe U,HTOnJia3MaTH- 
qecxHe OeflXH. OieflOBaTejibHO, noc^e CHHTe3a b u,HTomia3Me 
3 to ôejiKH flOJDKHbi ôbľľb TpaHcnopTHpoBaHbi b opraHejuibi. 

BoflbuiHHCTBO ôejixoB, nonaflaxDiflHX b mhtoxohaphh 
h xropomiacTbi nocTTpaHCJiaiiHOHHO, hmciot AHflepHbie 
nocjieflOBaTe^bHOCTH, OTBeqaioiflHe 3a nepBHMHoe CBa3biBa- 
HHe c Hapy)KHOH MeMÔpaHOH opraHe^oibi. Kax noKa3aHO Ha 
ynpoifleHHofí flnarpaMMe pmc. 10.34, jiHflepHaa nocjieflOBa- 
TejibHOCTb HHHu,HHpyeT B3aHMOfleHCTBHe Me^fly npefliuecT- 
BeHHHKOM ôejiKa h MeMôpaHoň opraHejuibi. Beflox npoxoflHT 
cxB03b MeMÔpaHy, h jiHflepHan nocjieflOBaTeflbHOCTb oTiflen- 
jmeTca npoTea3oň co CTopoHbi opraHejuibi. 


JlMAepHbie noc/ieAOBaie/ibHOCTH CBfi3biBaioTC« 
c MeMÔpaHHbiMH pettentopaMM 


OPľAHE/l/lA 



PMC. 10.34 JlMflepHbie nocjieflOBaTejibHOCTM no3BOJiBK)T 6eBKaM 
noarpaHCJiBUMOHHO pacno3HaBaTb noBepxHOCTM mmtoxohapmm m 
xjioponjiacTOB 
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CwrHa/1, HanpaB/iaioiMMM 6e/ioK b mhtoxohaphk), pacno/iomeH Ha N-KOHAe Mo/ieny/ibi 
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Met (Čln Ser II h*e P >4 (Pro) (Ala) Thr Thr Igjjfr Cys Ser Ser 1 (íyr) 


CMmaA, HanpaBAflKJiAMM óeAOK 
B MMTOXOHApMaAbHblŕí M3TpMKC 


PMC. 10.35 /lMAepHan nocneflOBaTejibHOCTb cyóbeflMHMLibi IV iimoxpoM c-OKCMAa3bi ApofOKeň co- 
CTOMT M3 ABaflliaTM ľlflTM HeiÍTpaAbHblX M OCHOBHblX aMMHOKMCAOT. ľlepBblX ABeHaAUaTM 3MMHOKMCAOT 
AOCTaTOHHO TpaHcnopia AK>6oro CB*i3aHHoro c hmmm 6ejiKa b MMTOxoHApnaAbHbiíí MaipMKC 


JlH^epHbie nocjieAOBaTejibHOCTH ôejiKOB, HMnopTHpye- 
Mbix b mhtoxohaphh h xjioporniacrbi, oóbiMHO npeAcraBJíe- 

Hbl HepeHOBaHHeM ra^pOCjlOÔHblX H OCHOBHblX aMHHOKHCJIOT. 

J\jw 3thx nocjieAOBaTejibHoereH xapaxrepHO npaKraqecKH 
nOJIHOe OTCyTCTBHe KHCJIblX aMHHOKHCJIOT. KaKHX-JIHÔO 06- 
IIJHX KOHCepBaTHBHblX nOCJieAOBäTeJIbHOCTeH, CBOHCTBCH- 
Hbix jiH^epHbiM nenTHAaM opraHC/ui, He BbWBJíeHO. ľlpHMep 
cipyKrypbi jiH^epa ócjikob opraHC/ui npHBC^CH Ha P M c. 10.35. 
YcTaHOBJíeHO, hto y 3 HaBaHHe jiHAepHoro nenraAa 3 aBHCHT 
He crojibKO ot ero nocjieAOBaTejibHOCTH, cKOJibKo ot cnocoó- 
hocth (JiopMHpOBaTb aM^HnaraMecKyio cnnpajib, b kotopoh 
OAHa noBepxHOCTb npeAcraBJíeHa rH^pocjioóHbiMH aMHHO- 
KHCJiOTaMH, a Apyraa — ochobhhmh. 

JlH^epHaa nocjieAOBaTejibHOCTb coAepxarr bcio HHCjiop- 
Mau,Hio, HeoôxoAHMyio rjľí jiOKajiH3aijHH ôejiKa opraHejuibi. 
3to cbohctbo JiHAepHoro neriTHAa moecho AOKa3aTb nyreM 
KOHCTpynpOBaHHa HCKyCCTBeHHblX ÔeJIKOB, B KOTOpblX JIH- 
Aep ot óoikz opraHejuibi coeAHHeH c u,HTomia 3 MaTHMecKHM 
ôcjikom. B xo^e OKcnepHMeHTa co3AaiOT XHMepHbíň reH, ko- 
TOpbiH b KJieTKe TpaHC^HpyeTca b XHMepHbíň óenoK. 

B pe3yjibTaTe Taxnx SKcnepHMeHTOB 6buio oÓHapyxceHO 
HecKOJibKO pa3Hbix jiHAepHbix noc/ieAOBaTejibHOCTeH, cno- 
co6hmx HanpaB^aTb jiioôoh npHCoeAHHeHHbiH k hhm nen- 

THA B MHTOXOHAPHK) RJIH XJIOpOILJiaCT. HanpHMepy, eCJIH 
jiHAepHyio noc^eAOBaTe^bHOCTb, H 3 o 6 pa^ceHHyio Ha pne. 
10.35, npHeoeAHHHTb k u,HTomia3MaTHqecKOMy 6aixy /],rOP 
(AHrHApocJ)OJiaTpeAyKTa3a), oh 0Ka3biBaeTca ji0KajiH30BaH b 

MHTOXOHApHtfX. 

JlHAepHaa nooieAOBaTejibHOCTb h TpaHcnopTHpyeMbiH 
6 caok npeACTaBJíaioT coôoh oTAejibHbie aomchm, CBopa™- 
Baiomneca He3aBHCHMO. GieAOBaTejibHO, aaa Jiioôoro npn- 
coeAHHeHHoro k JiHAepy ôejiKa AHAepHbiH nenTHA aojdkch 
Ô bITb CnOCOÔeH npHHflTb KOH(J)OpMailHK), HeOÔXOAHMyiO 
AJifl y3HaBaHHa peijenTopaMH MeMÔpaHbi opraHejuibi. ripn- 
coeAHHeHHbiH ôejiOK He yqacTByeT b stom pacno3HaBaHHH. 

Cynj,ecTByioT jih KaKHe-jinóo orpaHHqeHna Ha TpaHC- 
nopT rHApocj)HJibHbix ôejiKOB qepe3 THApocJioÔHyK) mcm- 
ôpaHy? Otbct Ha stot Bonpoc 6bui no^yqeH b SKcnepn- 
Memax c MeTOTpeKcaTOM — jinraHAOM (JiepMema ArOP, 
ônoKHpyiomHM TpaHcnopT b mhtoxohaphk) MeqeHHoro 
jiHAepHbiM nenTHAOM Jl rOP. OKa3ajiocb, mto CBa3bmaHHe c 
MeTaTpeKcaTOM MernaeT pa3BopaqHBaHHio ôe^Ka b momcht 
T paHCJiOKau,HH ero qepe3 MeMÓpaHy. llocJieAOBaTejibHOCTb 


TpaHcnopTHpyeMoro ôe^Ka He B^naeT Ha ero accoijHaijHK) 
c MeMÔpaHOH opraHejuibi, oAHaKO jyin Toro, MToôbi npoňTH 
CKB03b MeMÔpaHy bcjica 3a jihacphoh noGJieAOBaTCJibHOC- 
Tbio, ôe^OK AOJDKeH oô^aAaTb rmacTHqHOCTbio h cnocoô- 

HOCTbK) K nOJIHOH ACHaTypai^HH. 

Pjw ocyiu,ecTRjieHHH npouecca TpaHcnoKau,HH qepe3 mcm- 
ópaHy, Kax Ha BHeuiHeH, Tax h Ha BHyrpeHHeH ee aopoHe He- 
oóxoahm rHApojiH3 ATO. 3tot aohop SHeprHH MOXceT ôbľľb 
BOB^eqeH h b nporajiKHBaHHe ôejiKa CHapy^KH, h b npoTara- 
BaHne ero c BHyrpeHHeH cropoHbi MeMÔpaHbi. fljw HMnopra 
óejiKOB b mhtoxohaphh h SKcnopTa óejiKOB H3 óaKTepna^b- 
HOH KJieTKH HeOÔXOAHMbIM yCJIOBHCM nepeHOCa TepMHHaJIb- 
hoh qacm jiHAepHOH nocjieAOBaTejibHOCTH cKB03b MeMĎpaHy 
(pjw mhtoxohaphh — qepe3 BHyrpeHHioK) MeMôpaHy) HBJíaeT- 
ca Hajimne ajieKTpoxHMHMecKoro noTeHiinajia. 


10.17 


CepMB AMAepHbix ynacTKOB 
onpeAe/iaei Aeia/ibHoe 
MecTono/io>KeHMe 6e/iKa 
BHyTpM opraHeAAbi 


K/iioHeBbie noHBTMB: 


• N-TepMMHaAbHaB nacTb jiMAepHoíí nocneflOBaieAbHocTM 
onpefleABeT nonaflaHne 6ejiKa b MaipMKC mmtoxohapmíí mam 
BHyipeHHee npocipaHCTBO xAoponAacTOB. 

• ľlocAeAyjoiAMe ynacTKM AMAepHoro nenTMAa onpefleAAJOT 
AaAbHeiíiijee BcrpaMBaHMe 6eAKa b MeMÓpaHy am6o ero 
nonaflaHMe b Me>KMeM6paHHoe npocipaHCTBO. 

• JlMflepHbie nocAeAOBaieAbHOCTM OTLuenAAfOTCA ot 6eAKa oahb 
3a flpyroíí. 


Mhtoxohaphh OKpyxceHbi oôoaomkoh, cocToauieň H3 AByx 
MeMÔpaH. BeaKH, TpaHcnopTHpyeMbie b mhtoxohaphk), 
Moryr ôbiTb npeAHa3HaqeHbi paôoTbi b HapyxcHOH mcm- 
ôpaHe, MexcMeMÔpaHHOM npocTpaHCTBe, bo BHyrpeHHeH 
MeMÔpaHe, wm b MaTpHKce. KpoMe Toro, TpaHCMeMôpaH- 
Hbie ôejiKH Moryr npHHHMaTb pa3JiHqHyio opHeHTau,Hio 
(BbicTynaa c oahoh wm c Apyrofi cTopoHbi MeMÔpaHbi). 

Hto onpeAeaaeT nonaAaHHe MHTOxoHApnajibHoro 6ea- 
xa b HyxcHbiH KOMnapTMeHT opraHejuibi? «no yMoaqaHHio» 
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HMnoprapyeMbiH b mhtoxohaphio óejiox aojdkch npotí™ 
CKB03b oóe MeMÓpaHbi b MaTpHKc. 3tot nyTb onpeAejiaer 
N-KOHijeBaa nacTb JiHAepHotí nocjieAOBaTejibHOcm Eejiox, 
npeOTa3HaHeHHbiH jy m MOKMeMÓpaHHoro npocrpaHCTBa 
hjih rjui BHyrpeHHetí MeMôpaHbi, TpeôyeT AonojiHHTejibHoro 
CHmajia, onpeAejunomero ero MecronojioxceHHe BHyrpH op- 
raHejuibi. Cocroanj.aa H3 Hecxojibxnx načretí JiHAepHaa nocjie- 
flOBaTejibHOCTb coAepxcHT cHmajibi, (J)yHKu 1 HOHHpyK)iij l He no 
HepapxnnecKOMy npHHijHiiy (xax noKa3aHO Ha pmc. 10.36). 
ľlepBaa nacrb jiHAepHoro nenTHAa HanpaBjíaeT óejiOK k op- 
raHejuie, BTopaa nacrb npHcyTCTByeT b tom cjiynae, ecjiH xo- 
HenHbiM nyHKTOM TpaHcnopTHpOBKH óejixa aB^aeTca He MaT- 
pHKc. 06e nacrn JiHAepHotí nocjieAOBaTejibHOcra y^ajmioTca 
b pe3yjibTaTe nocjie/iyioiij.ero OTmemieHHfl. 

B KanecTBe npHMepa moxcho npHBecTH ijHTOxpoM c L 
CB5I3aHHbltí C BHyTpeHHetí MeMÓpaHOtí MHTOXOHAPHH, 3T0T 
óejiox oópameH b MexcMeMÓpaHHoe npocTpaHCTBO. Ero 
jiHAepHaa nocjieAOBaTejibHOCTb coctoht h 3 LiiecTHAecflTH 

oflHoň aMHHOKHCJiOTbi h MOxceT 6biTb noAejieHa Ha OT^e- 
jibHbie peraoHbi, BbinojuuuomHe pa3Hbie cjjyHKUHH. IlepBbie 
Tpn/maTb ABC aMHHOKHCJIOTbl (HJIH A^XCC TOJIbKO N-koh- 
ueBaa nacTb 3Totí nocjieAOBaTejibHOcra) caMoawrejibHO 
oôecnenHBaiOT TpaHcnopT /l,rOP b MaTpHKc mhtoxohaphh. 
H3 3Toro cjie/iyeT, hto nepBaa nacTb JiHAepHotí nocjieAO- 
BaTeJIbHOCTH (TpHAtíaTb ABe N-KOH4eBbie aMHHOKHCJIOTbl) 
oôecnenHBaeT cHmaji, HanpaBjunomHtí óejiox b MaTpHKc. 
OAHaxo nojiHaa jiHAepHaa nocjieAOBaTejibHOCTb TpaHcnop- 
THpyeT npHcoeAHHeHHbití óejiOK — Taxotí, xax MbiuiHHbití 
flrOP, — b MexcMeMÓpaHHoe npocTpaHCTBO. 

Hto xce He a^ct óejixy ABHraTbca cKB03b MexcMeMÓpaH- 
Hoe npocTpaHCTBO, xorAa oh cBimH c nojmotí jiHAepHotí 
nooieAOBaTejibHOCTbio? PeraoH, cjieAyiomHtí 3a MaTpHxc-Ha- 
npaBjunonj,HM cHmajiOM (npeACTaBjunomHtí coóotí ynacroK 
H3 ACBHTHaAtíaTH aMHHOKHCJIOT), (J)OpMHpyeT APyTOtí CHmaJI, 
oiBenaioiAHtí 3a JiOKajiH3auHio óejixa bo BHyrpeHHetí mcmó- 
paHe hjih b MexcMeMÓpaHHOM npocrpaHCTBe. Jljm ynpomeHHa 
Ha30BeM 3tot cHmaji MeMôpaH-HanpaB^aiomHM CHmajiOM. 

JJpe nacm JiHAepHotí nocjieAOBaTejibHOcm, npeAcraBjía- 
lOiAne coóotí ABa rana CHmajiOB, hmoot pa3Hbití aMHHOKHc- 
jiOTHbíň cocraB. Kax noxa3aHo Ha pmc. 10.37, TpnAUiaTb roiTb 
N-KOHIjeBbIX aMHHOKHCJIOT CBOHM BblCOKHM COAepXCaHHCM 
He3apaxceHHbix aMHHOKHCJIOT, nepeMexcaioiAHxca ochobhbi- 
mh aMHHOKHCJioTaMH, HanoMHHaiOT nponne jiHAepHbie noc- 
jieAOBaTejibHOCTH, HanpaBJíaioiAHe óejixn b opraHejuibi. Oa- 
HäKo cjieAyiomHe ACBUTHaAuaTb aMHHOKHCJIOT npeAcraBjíaioT 
coôotí cnjiouiHyio nocjieAOBaTejibHOCTb He3apa>KeHHbix aMH- 
HOKHCJIOT, AOCTaTOHHO AAHHHyiO TOľO, HTOÓbl CBfl3aTbCfl C 
jiniiHAHbiM ÔHCJioeM. MeMÓpaH-HanpaBJíaiomHtí CHmaji Hano- 
MHHaeT nocjieAOBaTejibHOcm, ynacTByioiAHe b TpaHCJioxaiiHH 
ôejixa nepe3 MeMÓpaHbi 3IIP (cm. pa3A. 10.7 «CHraajibHbie noc- 
JieAOBaTeJIbHOCTH HHHĽI,HHpyiOT TpaHCJIOKaU,HK)»). 

OTiAemieHHe MaTpHKc-HanpaBjiínonj,ero CHma^a — 
eAHHCTBeHHaa MOAH(J)HKauHa, KOTopotí noABepxceHbi óejiKH 
MaTpHKca. OAHaxo 3Ta xce cnrHa^bHaa nocjieAOBaTejibHOCTb 
OTiAenjmeTca h b crynae óejixoB, npeAHa3HaneHHbix jyw 
Me^aneMÓpaHHoro npocTpaHCTBa, npnneM noc^e ee OTnj,en- 
jieHHH HOBOtí N-K0H4eB0tí nocjieAOBaTejibHOCTbio ôejiKa 
CTaHOBHTca MeMÓpaH-HanpaBjíflKJmHtí cHľHaji, xoTopbíň h 


MepapxHNecKH opraHM30BaHHbie cnrHa/ibi 
(j)yHK 4 MOHHpyioT He3aBMCMMO Apyr ot Apyra 


d CnrHa/1 A/iP BHeiĽHeií 
MeMÓpaHbi wj 




TOM-peueniop 


TI M 


MewMeMÓpaHHoe 

npocTpaHCTBO 


BHyTpeHHBB 
MeMÓpaHa 

BHeiuHBB MeMÓpaHa 


MaTpHKc (no/iocTb 
opraHe/i/ibi) 


CHma^ A-nfl MejKMeMÓpaH- 
Horo npocTpaHCTBa 


PMC. 10.36 Ha BHewHeíí m BHyTpeHHeŕí MeMÓpaHax mmtoxohapmíí 
pacnoAO>KeHbi peueniopbi aab TpaHcnopia óeAKOB. Pacno3HaBaHMe 
AMAepHoíí nocAeAOBaieAbHocTbio peueniopoB BHemHeŕí MeMÓpaHbi 
npMBOAm k nepeHocy 6eAKa nepe3 o6a peuenTopHbix KOMn/ieKca 
b MaipMKC, rAe AMAepHaB nocneAOBaTe/ibHocTb oTmenABeTCB. ľlpu 
H3AMHMM cMTHaAa, oľipeAe/iflioiAero AOKaAM3ai4MK) b MeMÓpaHe opra- 
He/uibi, óeAOK 3KcnopTMpyeTCB TyAa y>Ke m MaipMKca 


AOCTaBjmeT óejiOK x ero KOHenHOMy nyHKTy Ha3HaneHHa bo 
BH euiHetí MeMÓpaHe, MexMeMópaHHOM npocTpaHCTBe hjih 
bo BHyrpeHHetí MeMÓpaHe opraHejnibi, h TOJibxo nocjie 3 to- 
ro OTiAeimaeToi. 

IIoxoxchm oópa30M N-KOH4eBotí MaTpHxc-HanpaBJía- 
lOiAHtí cHmaji (JjyHxiiHOHHpyeT h b oraoineHHH Bcex oc- 
TajibHbix MHTOxoHApnajibHbix óejiKOB. Pacno3HaBaHHe ero 
peuenTopaMH BHeuiHetí MeMÓpaHbi oóecnenHBaeT TpaHc- 
nopT óejixa cxB03b oóe MeMÓpaHbi. CjieAyeT OTMeTHTb, 
hto He3aBHCHMO ot KOHeuHoro nyHKTa Ha3HaneHra óejixa 
MaTpHKC-HanpaBJunonj,Htí CHmaji OTnj,enjmeT OAHa h Ta 
xce npoTea3a. 3Ta npoTea3a aBjmeTca BOAOpacTBOpHMbiM 
Mg 2+ -3aBHCHMbIM (J)epMeHTOM MaTpHKCa MHTOXOHApHtí. 
CjieAOBaTejibHO, N-KOH4eBaa MaTpHKc-HanpaBjunonj,aa 
nocjieAOBaTejibHOCTb AOJixcHa AOCTHrHyTb MaTpnxca A^xce 
b tom cjiynae, ecjiH caM óejiOK npeAHa3HaneH jym MexMeM- 
ópaHHoro npocTpaHCTBa. 

Kax y^ce ynoMHHajiocb, jiOKajiH3aijHfl óejixa b MaTpnxce 
onpeAejmeToi OTcyTCTBHeM jix)6oro Apyroro CHmajia. MeM- 
ópaH-HanpaBjíaxjuj.Htí cnmaji axTHBHpyeToi b pe3yjibTaTe 
OTmeruieHHfl MaxTpHxc-HanpaBjunouj.ero CHmajia b MaT- 
pnxce MHToxoHApntí. OcTaBuiauoi nacTb JiHAepHotí nocjie- 
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JlMAepHa* noc/ieAOBaTejibHOCTb, HaripaB/iruomafl 6e/ioK k mmtoxohapmm coAepjKMT Aea HeaaBMCMMbix curHa/ta 
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PMC. 10.37 JlMAepHaa nocneAOBaTe/ibHOCTb Apo>K>KeBoro UMTOxpoMacl npeACTaB/ieHa N-KOHueBbiM 
ynacTKOM, HanpaB/ifliOLiiMM óe/iOK k mmtoxohapmm, 3a KOTopbiM cneAyeT ynacTOK (oTmeruiflioiAMMCfl 
Bnoc/ieACTBMM), HanpaB-nflioiAMM óe/ioK k BHyipeHHeŕí MeMÓpaHe. /1ma6ph3b nocneAOBaTe/ibHOCTb 
yAa/ifleTCfl no/iHocTbio b pe3y/ibTaTe Aeyx peaKLjMM pacmeruieHMA 


AOBaTeJibHOCTH (KOTopaa Tenepb KBJínercn N-kohi/cboh) h 
onpeflejmeT kohchhoc MecTonojioxceHHe óejiKa. 

ripHpoAa MeMÓpaH-HanpaBAaiomero CHmajia cnopHa. 
CorjiacHO oahoh h 3 MOflejieH, b MaTpHKc npoHHKaeT i/e- 
jibiH óejiOK, nocjie nero MeMÓpaH-HanpaBjnnomHH CHmaji 
cTHMyjiHpyeT oópambiH TpaHcnopT óejixa m BHyrpeHHioK) 
MeMÓpaHy hjih Aaxce ckbo3b Hee. AjibTepHaTHBHaa MOAejib 
npeAnojiaraeT, hto MeMÓpaH-HanpaBJíaiomHH CHraaji He 
AaeT óojibinen qacra 6ejiKa npoHra 3a jiHAepHOH nooieflo- 
BaTeJIbHOCTbK) CKB03B BHyTpeHHIOK) MeMÓpaHy B MaTpHKC. 
KaKaa óbi H3 MO/tejieH hh cooTBeTCTBOBajia ^eňcTBHTeab- 
hocth, enj,e o^Ha npoTea3a (pacnojioxceHHaa b mokmcmó- 
paHHOM npocTpaHCTBe) 3aBepmaeT yn;ajieHHe AonojiHH- 
TejibHbix jiHAepHbix nocjieflOBaTejibHOCTeH. 

AHajiorHHHbiM oópa30M ocym,ecTBjiaeTca TpaHcnopT 
ÓeJIKOB CKB03B MeMÓpaHbl XJIOpOIIJiaCTa. PHC. 10.38 j\t- 
MOHCTpHpyeT pa3HOOÓpa3He MecTonojioxceHHH ócjikob 
xjiopoiuiacTa. Gmajia ohh npoxoAHT ckbo3b bhoiihiok) h 
BHyrpeHHioK) MeMÓpaHbi xjiopoiuiacTa b cTpoMy (no TOMy 
xce npHHi/Hny, hto h óejiKH b MaTpHKc mhtoxohaphh). He- 
KOTopbie óejiKH TpaHcnopTHpyioTca Aajibine Ha MeMÓpaHy 
THJiaKOHAOB HJIH B npOCBeT THJiaKOH/J,OB (OHeBH£HO, HTO Ha- 
npaBaaioiij.Heca KTHJiaKOHAHbiM MeMÓpaHaM hjih b npocBeT 
TRJiaKOHAOB óeJiKH aojdkhbi npexcAe nepecenb CTpoMy). 

CHmajibi, HanpaBjíaioiij.He óejiOK b xjioporuiacT, Hano- 
MHHaiOT cHmajibi, HanpaBJunonj,He óejiOK b mhtoxohaphio. 


Ee/iKH x/topon/taera HecyT óo/tbuuoe KO/iMMecTBO cnrHa/iOB 




nepBbiií cnrHa/i 


— BHeiuHBB MeMÓpaHa 
MejKMeMÓpaHHoe 
j npocrpaHCTBo 
pBHyTpeHHBn MeMÓpaHa 



flpOCBeT 

Tn/raKOMfla 


-Biopoŕí cnma/i 
CTPOMA 
MeMÓpaHbl TM/iaKOMflOB 


PMC. 10.38 Ee/iOK Tpa h c n o ptm pyeicfl b x/iopormacT c noMombio jim- 
AepHoŕí noc/ieAOBaie/ibHocTM aíimhoíí ~50 aMMHOKMc/iOT. N-KOHLjeBafl 
nacTb AMAepHoŕí noaieAOBaTe/ibHocTM onpeAejiaeT nonaAaHMe óe/wa 
b oóoaoHKy x/ioporuiacra jimóo cKB03b Hee b CTpoMy. OniieruieHMe 
AMAepHoŕí noc/ieAOBaie/ibHocTM npoMcxoAMT bo BpeMB TpaHcnopia 
nepe3 oóo/iOHKy x/ioporuiacra 


254 MABA 10 /loKa/iM3auMfl 6e/iKa 




























JlHflepHaa nocjieAOBaTejibHocTb coctoht h3 ~50 íimhhokhc- 
jiot, h ee N-KOHLjeBaa nacTb HeoóxoAHMa aah pacno3HaBaHHa 
oóojiohkh x/iopoiuiacra. riocjie nona^aHHa óejnca b crpoMy 
npoHcxoflHT pacnj,emieHHe jiHAepHOH noejieAOBaTejibHOCTH 
MOK^y 20 -h h 25-h no3HijHtfMH, b pe3yjibTaTe oÓHaxcan hobbih 
N-KOHi^eBOH JiH/jep, o6ecneHHBaK)nj,HH y3HaBaHne rajiaKOHA- 
hoh MeMÓpaHbi hjih npocBeTa TmiaKOHAOB. B x/iopomacrax 
(ľyiu,ecTByK)T no MeHbmen Mepe neTbipe pa3Hbie cncreMbi, Ka- 
TajiH3HpyK)nj,He HMnopT óejiKOB b rajiaKOHAHyio MeMÓpaHy. 

06ihhh npHHijHn, ynpaBjraioii],™ TpaHcnopTOM óejnca 
b mhtoxohap™ h xjiopomiacTbi, 3aKJH0HaeTca b tom, hto 
N-KOH ueBaa nacTb jin^epHon noejieAOBaTejibHOCTH HanpaB- 
;meT óejiOK b MaTpHKc opraHejuibi, a AonojiHHTejibHaa (bto- 
paa) nacTb JiHAepa HeoóxoAHMa /yw jiOKajiH3aijHH óejnca b 
H apy^cHon MeMÓpaHe, MexcMeMÓpaHHOM npocTpaHCTBe hjih 
H a BHyrpeHHeH MeMÓpaHe opraHejuibi. 



PMC, 10.39 TOM-óe/iKM cfiopMMpyiOT peuenTopHbm KOMruieKC (KOMľi- 
jieKCbi), HeoóxoflMMbiŕí fljiB TpaHc/iOKai 4 MM nepe 3 BHeiumoio MeMÓpaHy 
MMTOXOHAPMÍÍ 


10.18 


BHeiiiHflfl m BHyTpeHHflji MeMÓpaHbi 
MMTOXOHAPMÍÍ COAepMOT 
pa3Hbie TpaHC/IOKOHbl 


K/HoneBbie noHHTMB: 


•TpaHcnopT óe/iKOB nepe 3 BHeujHioK) m BHyTpeHHioK) MeMÓpaHbi 
ocymecTBjíBeTCB npM ynacTMM pa 3 Hbix peuenTopHbix KOMn/ieKCOB. 

• Pacno^o>KeHHbiM Ha BHeiuHeíí MeMÓpaHe KOMruieKC TOM 
npeflCTaB/iBeT coóoíí KpynHyio óe/iKOByio CTpyKTypy, 
HanpaBJíBiomyK) TpaHcnopTMpyeMbie óe/iKM b KaHa/i Tom40 ľipn 
noMomn OAHoro M 3 AByx cyÓKOMruieKcoB. 

• B 33 BMCMMOCTM ot Toro, KyAa ao/dkch nonacTb 
TpaHcnopTMpyeMbiíí óe/ioK (Ha BHyTpeHHioK) MeMÓpaHy mjim 
b MaipMKc), Ha BHyTpeHHeŕí MeMÓpaHe mmtoxohapmíí aha 
T paHcnopia Mcno/ib 3 yiOTCfl pa 3 Hbie TIM-KOMruieKCbi. 

• BeiiKM nepexoABT ot KOMrmeKca TOM HenocpeACTBeHHO k 
KOM n/ieKcy TIM. 


TpaHcnopT nepe3 KaxcAyio H3 MeMópaH oóojiohkh xjio- 
ponjiacTa hjih mhtoxohaphh onocpeAOBaH pa3HbiMH pe- 
uenTopaMH. PeijenTopbi BHeniHeH h BHyrpeHHeH MeMópaH 
xnoponjiacTa Ha3biBaiOT TOC h TIC, a peijenTopbi mhto- 
XOHAPHH — TOM H TIM COOTBeTCTBeHHO. 

KoMimeKc TOM coctoht h3 ~9 óejncoB, MHorae H3 koto- 
pbix aBjíaioTca TpaHCMeMÓpaHHbiMH. Oómaa MOROib KOMn- 
jieKca noKa3aHa Ha pmc. 10 . 39 . Oh HMeeT pa3Mep >500 Kfla, 
AHaMeTp -138 Ä h (JjopMnpyeT HOH-npoBOAflm,™ KaHaji. 
KoMiuiexc coAepxcHT 2-3 OT/jejibHbix KOJibija AnaMeTpOM 
75 Ä, b KaxmoM H3 KOTOpbix ecTb nopa AnaMeTpoM 20 Á. 

EejiOK Tom40 npoHH3biBaeT MeMÓpaHy, (JjopMHpya 
coócTBeHHO KaHaji AJia TpaHCJioKaijHH. Oh KOHTaKTHpyeT 
c npe-óejiKaMH b tot momcht, Kor^a ohh npoxoAAT nepe3 
BHeniHioio MeMÓpaHy mhtoxohaphh. Tom40 CBH3aH c Tpe- 
m cpaBHHTejibHO HeóojibniHMH óejiKaMH — Tom5, ó, h 7, 
KOTopbie Moryr óbiTb KOMnoHemaMK KaHajia hjih (Jjaicropa- 
mh cóopKH. /],Ba AonojiHHTejibHbix cyÓKOMnjieKca npeACTaB- 
jmiot coóoh noBepxHOCTHbie peijenTopbi. Bcjikh Tom20 h 
Tom22 BMecTe oópa3yiOT cyÓKOMnjieKC, oiccnoHHpyioii],™ 
CBOH AOMeHbl B IlHTOIIJia3My. EOJIblIIHHCTBO ÓeJIKOB, HMnop- 


THpyeMblX B MHTOXOHAPHIO, y3HaiOTCfl HMCHHO CyÓKOMn- 
jieKCOM Tom20,22, aBjmiomHMCB nepBHHHbiM peuenTopoM, 
pacno3Haioiij l HM N-KOHijeByio nocjieAOBaTejibHOCTb TpaHc- 
jioiinpyeMoro óejnca. Bcjikh Tom37,70,71 oópa3yiOT peijen- 

TOp, CB5I3bIBaiOIIJ l HH JIHHIb HeÓOJIbHIOe HHCJIO ÓeJIKOB, HMOO- 
hj,hx BHyTpeHHioio CHmajibHyio noejieAOBaTejibHOCTb. 

npoxornmiHH cKB 03 b TOM-KOMnjieKC óejiOK, KaK npaBH- 
jio, He BbicBOÓoxcAaeTca b MOKMeMÓpaHHoe npocTpaHCTBO, 
a nepeHOCHTca HenocpeACTBeHHO b TIM-KOMruieicc. B skc- 
nepHMeHTax moxcho a axce oÓHapyxcnTb npoMexcyroHHyio 
cjjopMy TpaHCJioiiHpyeMoro óejixa, b KOTopon jiHAepHaa 
nocjieAOBaTejibHOCTb y^ce yAajieHa npoTea3aMH MaTpnKca, a 
óojibinaa nacTb npeAiuecTBeHHHKa óejixa Bce eiu,e 3 KcnoHH- 
poBaHa c LjHTonjia 3 MaTHHecKOH ctopohh BHeniHeH mcmó- 
paHbi. OcHOBbiBaacb Ha sthx AäHHbix, moxcho yTBepxcAaTb, 
MTO B MOMeHT TpaHCJIOKaiJHH óejiOK npoHH 3 biBaeT cpa 3 y 
oóe MHTOxoHApnajibHbie MeMÓpaHbi. KoMinieKCbi TOM h 
TIM He B 3 aHMOACHCTByiOT Apyr c ApyroM HanpaMyio (no 
KpaHHen Mepe, ohh He (JjopMHpyioT AeTeKTHpyeMoro cTa- 
ÓHJibHoro KOMimeKca). no Bcen bhahmocth, ohh npocTO 
CB 5 i 3 biBaK)TC 5 i óeJiKOM b npoijecce ero nepeMenj,eHra. Kax 
TOJibKo TpaHCJioijHpyeMbiH óejiOK AOCTHraeT MexcMeMÓpaH- 



PMC. 10.40 Ee/iKM Tim cf)opMMpyK)T peuenTopHbiíí KOMruieKC ahb 
TpaHc/iOKai4MM nepe3 BHyTpeHHioK) MeMÓpaHy mmtoxohapmm 
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Pas/iMMaioT A&a nyTM HMnopta b mmtoxohapmm 


UMT030Jlb 



Timl7-23 Tim22-54 

MATPMKC 


PMC. 10.41 Tim9-10 HanpaBJíflioT 6e/iKM ot TOM-KOMruieKca k jik>- 
6oMy M3 TIM-KOMľuieKCOB, Tim8-13 — TO/ibKO k Tim22-54 


Horo npocTpaHCTBa, 3KcnoHHpyeMbie hm aMHHOKHCJiombie 
ocTaTKH MOiyr HeMe/yieHHO cBfl3biBaTbca c komiuickcom 
TIM, b to BpeMfi KaK ocTaBinaaca nacTb 6e;iKa npoflOJDKaeT 
TpaHCJioiiHpoBaTbca nepe3 TOM-komiuickc. 

Bo BHyipeHHeH MeMÓpaHe mhtoxohaphh HaxoAflTca flea 
pa3Hbix TIM-KOMiuieKca. Komiuickc Timl7-23 nepeHOCHT 
6enKH b npocBeT opraHejuibi. ripmeM y3HaBaHHe cyôcrpaT- 
Horo nojinnemrma imeT no HajiHMHio y Hero nojioxorrejib- 
ho 3apaxceHHoro N-KOHijeBoro cHma^a. TpaHCMeMÓpaHHbie 
óejiKH Timl7-Tim23 (J)opMHpyioT KaHaji. pmc. 10.40 ^omohc- 
TpnpyeT, Kax ohh CBímHbi c éejiKOM Tim44 Ha MaTpHKCHOH 
cropoHe MeMÓpaHbi. Tim44, b cboio onepe/íb, CBH3biBaeT rna- 
nepoH Hsp70, o6pa3yK)nj,HH KOMmieKc c manepoHOM Mge 
(aHa^oroM óaicrepHajibHoro GrpE). 3th B3aHMOfleHCTBHH 
rapaHTnpyioT, hto b momcht Bxox^eHHa HMnopmpyeMoro 
6 aiK 2 . b MaTpHKc oh CBJDKeTca manepoHOM Hsp70. BbicoKaa 
a(J)(J)HHHOCTb CBH3bIBaHHa Hsp70 C ÓeJIKOM, BbIXOAHnj,HM H3 
BHyrpeHHeH MeMÓpaHbi b pa3BepHyTOH KOH(j)opMaijHH, no- 
Moraer «npoTHHyTb>> óejiOK ckbo3b KaHaji. 

OcHOBHaa manepoHHaa aKTHBHOCTb b mhtoxohaph- 
ajibHOM MaTpHKce npHHa/yiexcnT HspóO ((J)opMHpyioiij l eMy 
TaKyio xce CTpyKTypy, hto h ero aHajior GroEL). Accoiinaiina 
6ai Ka c HspóO HeoóxoflHMa .zyia coeAHHeHHa cyô'beflHHHij 
HMnoprapyeMoro ôejiKa, (J)opMHpyioiij l Hx ojiHroMepHbiH 
KOMimeKC. BejiOK moxcct nepexoAHTb ot Hsp70 k HspóO b 
npoijecce npHOÔpeTeHHa hm 3pe;iOH KOH(j)opMaijHH. 

Btopoh TIM-KOMnjieKc, Tim22-34, nepeHOCHT óeJiKH, 
npeAHa3HaHeHHbie ajm BHyrpeHHeH MeMÓpaHbi mhto- 

XOHAPHH. 


KaK TpaHcnopTHpyeMbiH 6e;iOK HaxoAHT nyTb ot 
TOM-KOM njieKca k HeoôxoflHMOMy TIM-KOMmieKcy? flBa 
óejiKOBbix KOMmieKca b MexcMeMÓpaHHOM npocTpaHCTBe 
conpoBOxcAaiOT TpaHCJioijHpyeMbiH óejiOK ot TIM k TOM. 
KoMmieKCbi Tim9-10 h Tim8-13 c^yxcaT KaK 6bi npoBOfl- 
HHKaMH /yra pa3Hbix rpynn cyôcTpaTHbix óejiKOB. Tim9-10 
HanpaB^aeT éeJiKH k Tim22-34 hjih Tim23-17, b to BpeMfl 
KaK Tim8-13 — TOJibKO k Tim22-54. HeKOTopbie TpaHC^o- 
ijHpyeMbie óejiKH He Hcnojib3yiOT hh Tim9-10, hh Tim8-13, 
cjieAOBaTejibHO, flOJDKHbi cymecTBOBaTb KaKne-TO apyrae 
nyTH TpaHcnopTa. nepenHCJieHHbie BapnaHTbi npoHJunocr- 
pnpoBaHbi Ha pmc. 10 . 41 . 

Kaxyio pojib HrpaiOT conpoBoacflaiomHe KOMmieKCbi? 
Ohh MOiyr cnocoôcTBOBaTb Bbixo/iy óejiKa H3 TOM-komľ- 
jieKca, a Taioxe y3HaBaHHio ero TIM-KOMmieKcoM. KaK no- 
Ka3aHO Ha pmc. 10 . 42 , TpaHCJioijHpyeMbiH óejiOK Moxcer 
npoHTH HanpaMyK) H3 TOM-KaHa^a k Tim9-10-KOMmieKcy, 
a 3aTeM — b KaHaji Tim22-54. 

OOpMHpOBaHHe npOCTpaHCTBeHHOH CTpyKTypbl MHTO- 
xoHApna^bHbix óejiKOB urct b pa3Hbix ycjiOBHax b momcht 
CHHTe3a Ha pnóocoMe h nocjie npoxoxcfleHHa nepe3 mcm- 
ÓpaHbl. U,HTOIUia3Ma H MHTOXOH£pHaJIbHbIH MaTpHKC pa3- 
jinnaiOTCfl no HOHHOMy OKpy^ceHHio h HMeiomHMca inane- 
poHaM. Bo3moxcho, MHTOxoHApHajibHbiH óejiOK cnocoóeH 
flOCTHHb CBOeH 3peJIOH KOH(J)OpMaiJHH YYlOJlbKO BHyTpH MH- 
TOXOH^pHH. 


Be/iKM MOiyr nanpflMyio nepexoAMTb 
ot peijenTopHoro KOMruienca BHeuiHeií MeMÔpaHbi 
k peueriTopHOMy KOMn/ieKcy BHyTpeHHew MeMÓpaHbi 


TOM I4MT030/Ib 



PMC. 10.42 TpaHcnopTMpyeMbiíí 6eAOK MO>KeT6biTb HanpaMyio nepe- 
HeceH OTTOM-KOMnAeKca KTim22-54 


256 MABA 10 /loKa/iM3ai4na če^Ka 














10.19 


nepoKCMcoMbi oó/iaflaiOT 
COéCTBeHHOM CMCTeMOM 
TpaHc^OKaumí óe/iKOB 


Pex5 nepeMeiuaeTCH 
BHyTpb nepOKCMCOMbl m oópatHo 


KmoneBbie noHBTMfl: 


• Be/IKM MMľlOpTMpyiOTCfl B nepOKCMCOMbl B BMAe MOJieKyjl c 
npsBM/ibHOM npocTpaHCTBeHHOM cTpyKTypoíí. 

• Ohm MMeiOT jimóo nocneAOBaiejibHocTb PTS1 Ha C-KOHLje 
MOJieKy/ibi, jimôo nocjieAOBaiejibHocTb PTS2 Ha N-KOHue 

• Penemop Pex5p cBB3biBaeT nocneAOBaTe/ibHocTb PTS1, 
penemop Pex7p cBB3biBaeT nocneAOBaTe/ibHocTb PTS2. 

• PeAemopbi npeAciaB/iBiOT coôoŕí i4MTon/ia3MaTMHecKMe 
óe/iKM, nepeMemaioiAMecB b nepoKCMCOMy b KOMruiexce c 
TpaHcnopTMpyeMbiM ôe/iKOM m 3aieM B03BpamaioiAMecfl b 
OÓ paTHO B UMTOľlJia3My. 

nepoKCHCOMbi npeACTaB^ínoT coóoh HeóojibiiiHe BHyrpHKJie- 
TOHHbie Tejibua (ot 0,5 ao 1,5 hm b AnaMcipe), orpaHHneH- 
Hbie eAHHCTBeHHOH MeMÓpaHOH. Ohh coAepxcaT cjjepMeHTbi, 
OTBeTCTBeHHbie 3a yrajiH3auHio KHCJiopoAa h npeBpamaio- 
mne KHCJiopoA b nepeKHCb BOAopoAa nyTeM OTmemieHHa 
aTOMOB BOAopoAa ot pa3JiHMHbix cyócrpaTOB. OepMeHT KaTa- 
Jia3a 3aTeM Hcnojib3yeT nepeKHCb BOAopoAa rjw OKHCJieHHn 
MHO^CeCTBa APyTHX CyÓCTpaTOB. AKTHBHOCTb 3THX (jjepMCH- 
TOB HMeeT AAH KJieTKH KpHTHHeCKOe 3HaneHHe. C Tex nop, KaK 
6buio oÓHapyxceHO, hto CMepTejibHoe 3aóojieBaHHe — chh- 
ApoM 3e;ibBerepa — Bbi3biBaeTca accJjhij.htom nepoKCHCOM, 
eme jijín óojiee neM 15 3aóojieBaHHH nejioBeKa 6buia noKa3a- 
Ha accoiinaiiHa c paccipoHCTBOM cjjyHiajHH nepoKCHCOM. 

Bce KOMnoHeHTbi nepoKCHCOM HMnoprapyiOTai H3 u,h- 
Toruia3Mbi. Boikh, HeoóxoAHMbie pjw cjjopMHpoBaHHn ne- 
POKchcom, Ha3biBaiOTca nepOKCHHaMH. OÔHapyxceHO ab^a- 
AaTb TpH reHa, KOAnpyioiAHx nepoKCHHbi, a nepoKCHCOMHbie 
ôojohh HCJiOBeKa pa3Ae;ieHbi m ABeHaAU,aTb rpynn, h aah 
ÓOJI bUIHHCTBa H3 HHX nOKa3aHa aCCOU,HaUHa c KOHKpeTHbIM 
reHOM nepoKCHHa. y kjictok, HecyiAHx Myraonn, nojiHOCTbio 
BbiícniOHaioiAHe HeKOTopbie H3 sthx reHOB, nepoKcncoMbi ot- 
qrcTByioT. B oTAejibHbix cjiyqaax BBeACHHe b Taicyio KJieTKy 
reHOB AHKoro rana npHBOAHT k bo3hhkhobchhk) nepoKCHCOM. 
Cym,ecTByeT mnoTe3a, corjiacHO KoropoH nepoKcncoMbi bo 3- 
HHKaiOT TOJibKO b pe3yjibTaTe AymíHKaijHH yxce cyiAecTByioiAHx 
nepoKCHCOM. JJjm ee noATBep>KAeHHfl hjih onpoBepxceHHH He- 
OÔXOAHMO OTBeTHTb Ha BOnpOC: MOiyr JIH nepOKCMCOMbl ÓbITb 
coôpaHbi de novo m oTAejibHbix komhohchtob? no KpaHHeň 
Mepe b HeKOTopbix cjiynaax Aaxce npn OTcyrcTBHH nepoKCH- 
hob b KJieTKe coxpamnoTcn nepoKCHCOMHbie «tchh» — nycrbie 
MeMÔpaHHbie Te^bqa. H jxxä ce b tom cjiynae, ecjiH b icnence He 
yAaeTca oÓHapyacHTb iqkhx-jihóo ocraTOHHbix t ejieij (oiyxca- 
iahx ajw pereHepaqHH nepoKCHCOM), AOKa3aTb hx nojiHoe ot- 
cyrcTBHe KpaHHe oiojkho. 

TpaHcnopT ócjikob b nepoKCHCOMbi ocymecTBjraeToi 
nocTTpaHCJiaiAHOHHO. HMnopTHpyeMbie BHyrpb nepoKCH- 
com nojiHnenTHAbi HecyT OAHy H3 AByx kopotkhx nocjieAO- 
BaTejibHOCTeH, Ha3biBaeMbix nepoKCHcoMO-HanpaBjwiomHM 
CHmajiOM (PTS1 h PTS2). CHmaji PTS1 npeAcraBjweT co¬ 
ôoh Tpn- hjih TeTpanenTHA, pacnojioxceHHbíň Ha C-KOHije 
MOJieKyjibi. nepBOHanajibHO oh 6bui oxapaicrepH30BaH KaK 
nocjieAOBaTejibHOCTb SKL (cepHH-jiH3HH-jieHHHH), ho k Ha- 



PMC. 10.43 PeuenTop Pex5 cBB3biBaeT cyôcTpaTHbiíí 6e/iOK b amto- 
30/ie, nepeHocMT ero nepe3 MeMÔpaHy b nepoxcMcoMy, a 3aieM B03- 
BpamaeTCB b AMT030/ib 

cToameMy BpeMeHH noKa3aHo, hto pa3JiHHHbie Tpn- h tct- 
panenTHAbi Moryr <f>yHKijHOHHpoBaTb b KanecTBe cHmajia 
PTS1. /J,o6aBjieHHa cooTBeTCTByiomeH nocjieAOBaTejibHOCTH 
k C-KOHuy u,HTonjia3MaTHHecKoro ôejiKa AOcraTOHHO aa^ 
Toro, HToébi oh 6bui HMnopTHpoBaH b nepoKCHCOMy. CHmaA 
PTS2 npeACTaBJíaeT coóoh nocjieAOBaTejibHOCTb H3 aobhth 
aMHHOKHCJioT (Taioce xapaKTepH3yiomyK)cn mhoxccctbom 
BapnaHTOB). 3Ta nocjieAOBaTejibHOCTb moxcct pacnojiaraTb- 
ca b6jih3h N-KOHi^a ôejiKa hah »ce ôbitb BHyrpeHHeH. Bo3- 
moxcho, cymecTByeT h TpeTHH Tnn mctok — PTS3. 

HeCKOJIbKO nepOKCHCOMHblX ócjikob hcoôxoahmm jijví 
HMnopTa óejiKOB H3 4HTomia3Mbi. nepoKCHCOMHbie pei^en- 
Topbi, CBasbiBaioiAHe ABa o6o3HaHeHHbix Bbirne rana cHraa- 
jiob, Ha3biBaiOTca Pex5p h Pex7p cootbctctbchho. Apyrne 
óejiKH flBJunoToi qacTbio TpaHCMeMópaHHoro KOMimeKca, 
ynacTByioniero b peaKUHH TpaHCJiOKaiiHH. 

TpaHcnopT b nepoKcncoMbi xapaKTepH3yeTcn HecKOJib- 
KHMH HeOÓbIMHbIMH HepTaMH, nOAHepKHBaiOIIJ.HMH eľO OT- 
jiHHHe ot cHCTeM TpaHcnopTa óejiKOB b APyrne opraHejnibi. 

BejiKH Moryr óbira HMnoprapoBaHbi b nepoKcncoMbi b 
CBOeM 3peJIOM, nOJIHOCTbK) CBepHyTOM COCTOHHHH, MTO He- 
B03M0XCH0 npH TpaHCnOpTe ÓeJIKOB B 3np HJIH MHTOXOHA- 
pHH (CKB03b MeMÓpaHHbie KaHaJIbl KOTOpblX ÓeJIOK npoxo- 
AHT B BHAC pa3BepHyTOH HHTH aMHHOKHCJIOT). He BnOJIHe 
nomirao, KaKHM o6pa30M CTpyicrypa TpaHCMeMópaHHoro 
KaHajia moxcct pacTHHyTbcn HacrojibKO, MTOôbi nponycraTb 
3pejibiH óejiOK. Oahhm H3 bo3moxchhx o6T>flCHeHHH nBjmeT- 
cn HAen o cóopKe KaHajia HenocpeACTBeHHO BOKpyr TpaHc- 
noprapyeMoro óejiKa b tot momcht, KorAa oh accoiiHHpyeT 
c MeMÓpaHOH. 
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PeuenTopbi Pex5p h Pex7p He hbjihiotch MeMópaHCBa- 
3aHHbiMH óejiKaMH, óojibmaa hx nacrb pacnonoxceHa b 
4HToruia3Me (h jihihb Heóojibinaa nacrb accotjHHpOBaHa 
c nepoKCHCOMaMH). PeijenTopbi ijHpKyjiHpyioT Mexpy ne- 
POKCHCOMOH H IJHTOnJia3MOH. Ha PMC. 10.43 IIOKa3aHO, KaK 
peijenTop CBH3biBaeT cyócrpaTH bi h óejiox b ijHTomia3Me, 
nepeHOCHT ero k nepoxcncoMe, npoxoflHT c hhm nepe3 
MeMÓpaHy bo BHyrpeHHioio cpe^y, a 3aTeM B03Bpanj,aeTca 
oóparao b iiHTOiuia3My /yia noBTopeHHa ijHioia. Taxa a «neji- 
HOHHaa» cxeMa paóoTbi peuenTopa HanoMHHaeT cncreMy 
nepeHOCHHKOB, ocymecTB^aiomHX HMnopT ócjikob b aflpo. 

Ha MeMÓpaHe nepoKCHCOMbi h Pex5p, h Pex7p B3an- 

MOfleHCTByiOT C OflHHM H TCM TKt MeMÓpaHHbIM ÓeJIKOBbIM 

komiuickcom, cocToanj,HM H3 Pexl4p h Pexl3p. PeiienTopbi 

CBfl3bIBaiOTCfl C 3THM KOMIIJieKCOM, nOCJie HerO HeCKOJIbKO 
Aono^HHTejibHbix nepoKCHHOB BOB^exaiOTca b npoijecc 
TpaHCMeMÓpaHHoro nepeHOca. fleTajiH 3Toro npoijecca pp 
chx nop He BnojiHe hchm. 

BejiKH, BcrpaHBaioiij.Heca b MeMÓpaHy nepoKCHCOMbi, 
HMeioT nocvieflOBaTejibHOCTb, Ha3biBaeMyio mPTS, OAHaxo o 
npoijecce hx HHTerpaijHH H3BecTHO Majio. Pex3p, bo3moxcho, 
aB^aeTca KjnoneBbiM óejiKOM BCTpaHBaHHa b MeMÓpaHy, noc- 
KOJibKy b ero OTcyTCTBHe Apyrae óejiKH b MeMÓpaHax nepox- 
chcom He oÓHapyxcHBaiOTca. Pex3p HMeeT cboio coócTBeHHyio 
nocvieAOBaTejibHOCTb mPTS, hto noAHHMaeT Bonpoc o Mexa- 
HH3Me BCTpaHBaHHa b MeMÓpaHy caMoro Pex3p. Bo3moxcho, 
mPTS hobhx Pex3p B3aHMOAericTByeT c yxce HaxoAflmHMHCfl 
b MeMÓpaHe Pex3p. 3to B03Bpanj,aeT Hac k Bonpocy o tom, 
Moryr jih nepoKCHCOMbi óbiTb coópaHbi de novo. 


10.20 


BaicrepHM Mcnoiib3yiOT 
KaK KOTpaHC/IflUMOHHyiO, 

TaK H nOCTTpaHC/lflUMOHHyiO 
CMcreMbi TpaHcnopTa óe/iKOB 


K/noHeBbie noHATM/i: 


• ftna TpaHcnopTa óaKTepMa/ibHbix óe/iKOB Ha MeMÓpaHy m/im 
CKB03b Hee MCľlOJlb3yK)TCfl OÓa MeX3HM3M3 TpaHC/lOKailMMI 
KOTpaHCJlflUMOHHblŕí M nOCUpaHCJlflLJMOHHbm. 


BaKTepnajibHaa oóojionKa (rpaMOTpnijaTejibHbix óaKTe- 
pníi) coctoht h3 AByx MeMÓpaH, npocTpaHCTBO Mexc^y 
KOTOpbIMH Ha3bIBaiOT nepHIUia3MOH. BeJIKH, SKcnop- 
TnpyeMbie H3 ijHTonjia3Mbi, Moryr ocraBaTbca b cocTaBe 
óaKTepnajibHOH oóojiohkh hjih cexperapoBaTbca mieT- 
koh BOBHe. MexaHH3M óaKTepnajibHOH cexpeijHH cxoxc c 
MexaHH3MaMH, OnHCaHHbIMH PJM SyKapHOTHHeCKHX KJie- 
TOK: B OÓeHX CHCTeMaX MOXCHO OTMeTHTb rOMOJIOľHHHbie 
KOMnoHeHTbi. Kax H30ópaxceH0 Ha pmc. 10.44, AajibHeň- 
rnaa cyzjbóa ócjikob, SKcnopTHpyeMbix H3 ijHTonjia3Mbi, 
MOxceT pa3BHBaTbca no OAHOMy H3 neTbipex nyreH: 

• BCTpaHBaHHe bo BHyrpeHHioK) MeMÓpaHy; 

• nepeHOc nepe3 BHyrpeHHioK) MeMÓpaHy b nepHiuia3My; 

• BCTpaHBaHHe bo BHeniHioio MeMÓpaHy; 

• nepeHOc nepe3 bhouhioio MeMÓpaHy bo bhouhioio cpe^y. 


Ha BHyTpeHHeH MeMÓpaHe óaicrepHajibHOH oóojioh- 
kh pa3Hbie óejiKOBbie KOMnjieKCbi OTBenaiOT 3a TpaHc- 
nopT óejiKOB, npoxoAHiij.Hx CKB03b MeMÓpaHy, h ócjikob, 
HHTerpHpyK)nj,HX b MeMÓpaHy. 3to HanoMHHaeT cmy- 
ailHIO C MHTOXOHflpHHMH, ľpt pa3Hbie KOMmieKCbl (KaK 
bo BHyTpeHHeH, Tax h bo BHeomeH MeMÓpaHe) B3anMO- 
AencTByioT c pa3HbiMH rpynnaMH cyócTpaTHbix ócjikob b 
3aBHCHMOCTH OT HX KOHCHHOrO nyHKTa Ha3HaneHHfl (cm. 
pa3A. 10.1 ó «nocTTpaHCjmiiHOHHaa HHTerpaijHfl ócjikob 
b MeMÓpaHy 3aBHCHT ot jiH^epHbix noc^e/íOBaTe^bHOc- 
TeH»). Pa3HHiia Mexc^y oxcnopTOM H3 óaKTepnajibHOH 
KJieTKH h HMnopTOM b opraHeji^bi 3aioiioMaeToi b tom, 
mto óaKTepnajibHbiH óejiKOBbin TpaHcnopT MOxceT óbiTb 
Kax ko-, Tax h nocTTpaHCJunjHOHHbiM. HeKOTopbie óeji- 
kh ceKpeTHpyioTca h ko-, h nocnpaHCjnmHOHHO (npn 
stom óaJiaHC flByx npoiieccoB onpeAe^aeTca othoch- 
TeJIbHOH CKOpOCTbK) TpaHCJIHIlHH B CpaBHCHHH CO CKO- 
pocTbio nepeHOca nepe3 MeMÓpaHy). 

SKcnopTHpyeMbie óaKTepna^bHbie óeiiKH hmoot 
N-KOHiieByio jiHflepHyio noc^e/íOBaTe^bHOCTb c rup- 
pocJ)HJibHbiM N-kohijom h npHjieraioiij.HM k HeMy th^- 
po(J)OÓHbiM aApoM. JlHAepHaa nocjieAOBaTejibHOCTb 
OTmenjmeTCfl cnrHaJibHOH nenTHAa30H, y3HaK)nj,en 
npeAinecTBeHHHKOB HecxojibKHx 3KcnopTHpyeMbix 6e^- 
kob. CHrHajibHaa nenTHAa3a HBjmeTca MeMÓpaHHbiM 
óejiKOM, pacnojioxceHHbiM Ha BHyTpeHHeH MeMÓpaHe 
OÓOJIOHKH ÓaKTepHH. MyTailHH B N-KOHIieBOH JIHflep- 
hoh nocjieAOBaTejibHOCTH HapymaiOT cexpeiinio, o^Ha- 
ko ohh cynpeccHpyioTca MyTaiinaMH b reHax, KO/jHpy- 
ioiahx KOMnoHeHTbi annapaTa óejiKOBoro TpaHcnopTa 
HecKOJibKO reHOB nofl oóiahm Ha3BaHHeM sec KOAHpyioT 
KOMnoHeHTbi ceKpeTopHoro annapaTa. MyTailHH b hhx 
ÓJiOKHpyioT cexpeiiHio MHornx (h^h ^axce Bcex) skc- 
nopTHpyeMbix ócjikob. 


BaKTepna/ibHa/i (rpaMOTpm^aTe/ibHafi) K/ietKa HMeeT ABe MCMÓpaHbi 

Be/ioK 

Be/ioK 

Be^oK CeKpeiopHbiM 

BHyTpeHHeŕí 

nepnn/ia3Mbi 

BHeiuHeŕí óe/ioK 

MeMÓpaHbi 

1 

MeMÓpaHbi ^ 


i 


t 

& 

t 

x/ y 

nOCTTpaHC/líU4MOHHblŕí ä 

KOTpaHC/lBUMOHHblŕí 

TpaHcnopT 

T 

TpaHcnopT 


X/ 

/\ 

UMT0n/lA3MA 

4^ 

BHyTpeHH^ MeMÓpaHa 



ľlEPMnjlA3MA 


N 

BHeiuHBB MeMÓpaHa 


PMC. 10.44 EaKTepna/ibHbie óe/iKM Moryr TpaHcnopTMpoBaTbCB nepe3 
n^a3MaTMHecKyio MeMÓpaHy nocr- m KOTpaHcnBUMOHHO. KoHenHbiM Mec- 
TOM MX /10Ka/1M3ai4MM MOiyT ÓbITb BHyTpeHHBB M/l M BHeiliH5151 MeMÓpaHbi, 
Me>KMeM6paHHoe npocTpaHCTBO, /imóo ohm Moryr óbiTb ceKpeTMpoBaHbi 


258 MABA 10 JloKajiM3aunfl 6e/iKa 









10.21 


Sec-CMCieMa TpaHcnopmpyeT 
6en km Ha BHyipeHHioio MeMÓpaHy 
6aKTepManbHoíí oóojiomkm 
M CKB03b Hee 


KmoHeBbie noHATMfl: 


• BaKTepMa^bHbiíí TpaHc/iOKOH SecYEG cooTBeTCTByeT 
TpaHcnoKOHy Sec61 y ayKapMOT. 

• B npcmecc nonaflaHMa TpaHcnopTMpyeMoro óe/iKa b TpaHc/iOKOH 
BOB/ieneHbi pa3/iMHHbie manepoHbi. 

CymecTByeT HecKOJibKo chctcm TpaHcnopTa ócjikob ne- 
pe3 BHyTpeHHioK) MeMÓpaHy oóojiohkh óaKTepHH. Jlyn- 
rne Bcero oxapaKTepH30BaHa cncreMa Sec, KOMnoHeHTbi 
KOTOpOH H306pa^CeHbI Ha P M C. 10.45. ÍIorpyXCeHHblH B 
MeMÓpaHy TpaHCJiOKOH coctoht h 3 Tpex cyó'beAHHHij, 
aHajiorHMHbix KOMnoHemaM KOMnjieKca Secól y Mjie- 
KoríHTaioiij.HX h Apo^oKeň. Kaxc^aa H3 cyó'beAHHHu rbjir- 
aca TpaHCMeMÓpaHHbiM óejiKOM (SecY oóJiaAaeT fleoi- 
Tbio TpaHCMeMÓpaHHbiMH cerMeHTaMH, SecE — TpeMa). 
OyHKíiHOHHpyioiij.HH TpaHCJiOKOH npeflCTaBjmeT COÓOH 
TpHMep, coAepxcanj,HH no oahoh cyó'beflHHHije Kaxc^oro 
rana. fjiaBHbiH nyTb, no KOTopoMy óejiKH HanpaBjunoToi 
b TpaHCJiOKOH, onocpeflOBaH óejiKaMH SecA h SecB. SecB 
npeflCTaBJíaeT coóoh manepoH, CBa3biBaioiij l HH óejiOK b 
npoijecce CHHTe3a h KOHTpoJiHpyiom.HH ero (Jjojiahht. 
SecB nepeHOCHT óejiOK k SecA, kotophh, b cboio onepeflb, 
TpaHcnoprapyeT óejiOK Ha TpaHCJiOKOH. 

KaK noKa3aHO Ha pmc. 10.46, cymecTByeT flBa ochobhbix 
nym flocTaBKH óejiKa b KaHaji Sec: 

• manepoH SecB, h 

• SRP Ha ocHOBe 4,5S RNA. 

HecKOJibKO inanepoHOB MoryT noBbimaTb scjxjjeKTHB- 
HocTb oKcnopTa óaKTepHajibHbix ócjikob, npeflOTBpamaa 
hx npexc^eBpeMeHHoe CBopanHBaHHe; cpe^H hhx «(J)aK- 
Top 3anycxa» (trigger factor) (oxapaKTepH30BaHHbiH 
KaK manepoH, npHHHMaioiijHH ynacrae b SKcnopTe óeji- 
kob), GroEL (cm. pa3fl. 10.5 «IIIanepoHbi HeoóxoflHMbi 
flJIfl (J)OpMHpOBaHHa CTpyKTypbl TOJIbKO HTO CHHTe3HpO- 
BaHHblX HJIH ACHaTypHpOBaHHblX 6eJIKOB» H pa3fl. 10.18 
«BHyTpeHHaa h BHeniHaa MHToxoHflpHaJibHbie mcmó- 
paHbi oÓJiaflaioT pa3HbiMH TpaHCJiOKOHaMH»), a Taioxe 
SecB (HfleHTH(J)HIlHpOBaHHbIH KaK npOflyKT OAHOTO H3 
MyTaHTOB sec). H3 nepenHCJieHHbix (jmTopoB SecB Ha- 
HMeHee npeflcraBJíeH, OflHaKO oh nrpaeT rjiaBHyio pojib 
b o6ecneneHHH oKcnopTa ócjikob. Ero pojib 3aKJHonaeTca 
b BbinojiHeHHH a eyx (JjyHKíiHH. Bo-nepBbix, SecB j\,t hc- 
TByeT KaK manepoH, CBa3biBaa pacrymHH nojiHnenTHfl h 
T 0pM03a ero (jjojiflHHr. Oh He MOxceT ^eHaTypHpoBaTb 
CTpyioypy y^ce CBepHyBineroca óejiKa, nooTOMy He cno- 
coôeH BbicTynaTb b KanecTBe fleHaTypnpyiomero cjjaKTO- 
pa. B stoh cbh3h ero 3a#aHa coctoht b HHrHÓHpOBaHHH 
HenpaBHjibHoro CBopanHBaHHa CHHTe3HpyeMoro óejiKa. 
Bo-BTOpbix, SecB xapaKTepH3yeTca cpoACTBOM k óejncy 
SecA, hto no3BOJiaeT eMy HanpaBjíaTb npeflinecTBeHHHK 
ôejiKa k BHyTpeHHeH MeMÓpaHe óaKTepnajibHOH kjictkh. 
Ilpe/iiCTaBjíeHHbiH Ha pmc. io. 47 nyTb SecB-SecYEG hc- 


TpaHcnopT 6aKTepMa/ibHbix 6e/iK0B ocymecTB/ifleTCH 
c noMQtMbio TpaHCJioKa3bi Sec 


CnrHa/ibHa5i 
nenTMAa3a 
OTmen/iíieT 
N-KOHeu MO/ieKy/ibi 


l4MTOn/lA3MA 


SecB - manepoH, 

CBfl3blBaK)l4MÍÍ 

paciyiUMŕí nenTMA 



SecYEG - 

TpaHCMeMÓpaHHbiíí 

KOMľl/ieKC 



SecA - «ABnraie/ib», 
CBfl 3 aHHblM 
C MeMÓpaHOM 


PMC. 10.45 CMCTeMa Sec ripeflcraB/ifleT coóoíí SecYEG TpaHc/iOKOH, 
BdpoeHHbiŕí b MeMÓpaHy: KOMľiOHeHTSecA npoTa/iKMBaeT TpaHcnop- 
TMpyeMbie óe/iKM nepe3 KaHa/i, SecB — manepoH, KOTopbiíí nepeHo- 
cmt pacTymyjo no/iMneriTMAHyio Ljenb k SecA; CMľHaAbHaa nenTMAa3a 
OTiAeruiaeT N-KOHLjeByio CMmajibHyio noaieAOBaTe/ibHOCTb ot nepe- 
HOCMMoro nepe3 MeMÓpaHy óe/wa 


nojib3yeTca Rjm TpaHCJiOKaijHH ócjikob, ceKpeTHpyeMbix 
b nepHnjia3My. 

SecA — óojibinoH npHMeMÓpaHHbiíi óejiOK, B3aHMO- 
ACHCTByiOn^HH C BHyTpeHHeH MeMÓpaHOH HeCKOJIbKHMH 
cnocoôaMH. KaK h óojibiiiHHCTBO npHMeMÓpaHHbix 6eji- 
kob, oh cBa3aH c MeMÓpaHOH ójiaro^apa cBoen acJ)(J)HH- 



PMC. 10.46 CncTeMa SecB/SecA nepeHOCMT óeAKM k TpaHCAOKOHy, 
npoHM3biBaiomeMy MeMÓpaHy. 4,55 PHK ocymecTBAaeT nepeHoc óea- 
kob, KOTopbie 3aieM ocraiOTCfl b MeMÓpaHe 
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P MC. 10.47 SecB nepeHocm pacrymMÍí nenTMA k SecA, KOTopbiíí 
BdpaMBaeT óe/iOK b KaHa/i. peajiM3aAMM 3Toro npouecca Heoó- 
xoflMMa 3HeprMB rnApo/iM3a ATO m npoTOH-ABMwyiiiafl cmia. SecA 
accouMMpyeT c KaHa/iOM m AnccouMpyeT c Hero, oóecneHMBaa ABMwy- 
myio cmiy npoia/iKMBaHMB óe/wa cKB03b KaHa/i 


AHccoiiHaiiHH SecA ot TpaHcnopTHpyeMoro óejnca He- 
OÓXOAHM THAPOJIH 3 ATO. 3aTeM 3T0T UHKJI nOBTOpaeTCfl: 
SecA CHOBa accoijHHpyeT c óejiKOM, CBA 3 biBaeT HOByio 
MOJieKyjiy ATO, TpaHCJioijHpyeT onepeAHOH cerMeHT 
óejiKa h AnccoijHHpyeT. B xoAe TpaHCJioicaijHH SecA mo- 
xceT nepexoAHTb H3 npnMeMÓpaHHOH bo BHyTpnMeMÓ- 
paHHyio (J)opMy (bo BpeMa KaxcAoro ijnioia 30 Kfla aomch 
SecA norpyxcaeTca b MeMÓpaHy h H 3 BjieKaeTca H 3 Hee). 

3jieKTpoxHMHHecKHH noTeHijHaji Ha MeMÓpaHe mo- 
xceT coAeňcTBOBaTb TpaHCJioicaijHH ócjikob. Kor^a SecA 
AHCCOijHHpyeT ot óejixa, tot moxcct «npoTarHBaTbca» 
CKB03B MeMÓpaHy npoTOH-ABHXcynj,eH chjioh. CaM no 
ceóe 3JieKTpoxHMHHecKHH noTeHiiHan He MOxceT hhhijh- 
HpOBaTb nepeHoc óejnca qepe3 MeMÓpaHy, ho oh moxcct 
cnocoócTBOBaTb npoijeccy, 3anynj,eHHOMy b pe3yjibTaie 
ilHKJiHMecKoň paóoTbi ATOa3bi SecA. TaKHM oópa30M, 
nočné (hjih MexcAy) ijHKJiaMH achctbhh SecA-ATO npo- 
TOHABHXcyniaa CHJia MoaceT npoAOJixcaTb TpaHCJioicaijHio 
npeAiuecTBeHHHKa óejnca. 

PHÓOHyKJieonpoTeHHOBbiH KOMnjieKC 4,5S PHK c 
óejiKaMH Ffh h FtsY y E. coli rbjirctcr aHanoroM syicapn- 
OTHMecKOH SRP (cm. pa3A. 10.9 «SRP B3anMOAeHCTByeT 
c SRP-peiienTopoM»). Bo3mo>kho, stot KOMnjieKC Hrpa- 
eT pojlb B nOAA^pXCaHHH HeOÓXOAHMOH KOH(j)OpMaiJHH 
CHHTe3HpyeMoro óejiKa a o Tex nop, noica oh He npo- 
B3aHMOAeňcTByeT c ApyrHMH KOMnoHeHTaMH ceicpe- 
TopHoro annapaTa. YnacTHe Ffh h FtsY noKa3aHO jxm 
ceKpeiiHH HeKOTopbix (ho He Bcex) ócjikob y E. coli. Kaic 
moxcho BHAeTb Ha pne. 10.46, cyócTpaTOM «6aKTepHajib- 
HOH SRP» flBJMIOTCfl TpaHCMeMÓpaHHbie ÓeJIKH. Ochoboh 
AJia H3ÓHpaTeJIbHOrO CBfl3bIBaHHfl JIHnib HeKOTOpblX 3K- 
cnopTHpyeMbix ócjikob aBJíaeTca pacno3HaBaHHe SRP 
E. coli AKopHOH nocjieAOBaTejibHOCTH (no onpeAejieHnio, 
flKopHaa nocjieAOBaTejibHOCTb npncyTCTByeT TOJibKo b 
MeMópaHHbix óejiKax). XjioponjiacTbi oóJiaAaiOT óeji- 
KaMH, aHajiorHHHbiMH Ffh h FtsY, KOTopbie, OAHaico, He 
CBa3aHbi c PHK-KOMnoHeHTOM. 


hocth k KHCJibiM jiHnHAaM. KpoMe Toro, oh oóJiaAaeT 
cpoactbom k SecY-3JieMeHTy TpaHCJiOKOHa, BxoAflujero 
b cocTaB MHoroKOMnoHeHTHoro KOMnjieKca, oóecne- 
HHBaiontero npoijecc TpaHCJioicaijHH. OAHaico b npn- 
cyTCTBHH AonojiHHTeJibHbix óejiKOB (SecD h SecF) SecA 
MOXCeT BpeMeHHO AHCCOU,HHpOBaTb OT MeMÓpaHbl. B03- 
moxcho, SecA flBJíaeTCfl CBoeoópa3HbiM «ABHraTe;ieM», c 
noMontbio KOToporo cyócTpaTHbíň óenoK npoTaJiKHBa- 
eTca nepe3 SecYEG TpaHCJiOKOH. 

SecA B3aHMOAeňcTByeT h c SecB, h c óejncoM-npeA- 
mecTBeHHHKOM (ajih KOToporo SecB aBjmeTca rnane- 
POhom). CKopee Bcero, jjjir 3Toro B3aHMOAeHCTBHa 
HeoóxoAHMO, HTOóbi óejioic HMeji npaBHJibHyio npo- 
CTpaHCTBeHHyio cTpyKTypy h jiHAepHbíň nenTHA. SecA 
oóJiaAaeT ATOa3HOň aKTHBHOCTbio, 3aBHcanteH ot cba- 
3biBaHra ero c jinnHAaMH, SecY h npeAmecTBeHHHKOM 
óejixa. Bo BpeMfl TpaHCJioicaijHH ATOa3a cjjyHKíjHOHHpy- 
eT b ijHKJiHHecKOM pexcHMe. riocjie Toro Ka k SecA cba- 
3a;ica c npeAmecTBeHHHKOM óejnca, oh cBA3biBaeT ATO h 
npoTajiKHBaeT ~20 aMHHOKHCJioT cKB03b MeMÓpaHy. /hia 


10.22 


Sec-He 3 aBMCMMan cucreMa 
TpaHcnopia 6e/iKOB E . coli 


K^iOHeBbie noHBTMB: 


• CMCTeMbi ahb TpaHc/iOKai4MM óe^KOB nepe3 K/ieTOHHyio 
MeMÓpaHy E. coli cxoAHbi c cMcreMaMM, xapaKTepHbiMM aíib 
opraHe^^. 

• OAHa M3 cMdeM no3BO/iBeT onpeAe/ieHHbiM óe/ixaM 
BdpaMBaTbCfl b MeMÓpaHy óe3 ynacTMB annapaia 
TpaHC/10Kai4MM 

• YidC roMO/ionmeH MMTOxoHApna/ibHoíí OAcrem nepeHoca 
óe^KOB bo BHyipeHHioK) MeMÓpaHy. 

• Tat-cMCTeMa TpaHcnopTiipyeT óe/iKM c abomhhm aprMHMHOBbiM 
motmbom b nepMn^a3MaTMHecKoe npocipaHCTBO. 


YAHBHTeJibHaa ajibTepHaraBHaa cncTeMa TpaHCJiOKaiinn 
óejiKOB óbuia OTKpbiTa y E. coli npn H3yneHHH noBepx- 
HOCTHoro óejixa $ara Ml3. Kax noKa3aHo Ha pmc. io.48, 
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Be/iOK (f>ara M13 BCTpaifBaeTca b MeMÔpany 


ľlepBMMHblíí KOHTaKT npQMCXOAMT 
3a cnei 3JieKTpociaTMH8€Knx cm 



BapaMBaera mApoctJOÔHafl JiMAepHaa 
noc/ieAOBaie/ibHOCTb 



rMApocJjoÓHbie 

B3aMMO- 

AeŕíCTBMB 


ľlpOTOH- 

ABUJKymaB 

cn/ia 


PUC. 10.48 noBepxHocTHbiŕí 6e/ioK cfiara M13 cHana/ia o6pa3yeT 
KOHTaKTbl C MeMÓpaHOÍÍ 3a CHeT 3JieKTpOCTaTMHeCKMX CM Jl, a 3aTeM 
BapaMBaeT b Hee cbom rMApo(j)o6Hbie noaieAOBaTe/ibHOCTM. TpaHC- 
JlOKdAMB 3a CHeT rMflpO(j)o6HblX B3aMMOAeMCTBMÍÍ M npOTOH-ABM>Ky- 
meŕí cman npoAOA>KaeTCB ao Tex nop, nona flKopHafl nooieAOBaTe/ib- 
HOdb He BoŕÍAeT b MeMÓpaHy 


paHbi h xhcjimmh perHOHaMH óejixa. OnHcaHHbiH Mexa- 
HH3M Be^eT K CaMOCTOflTeJIbHOMy npOHHKHOBeHHK) 6eJI- 
Ka cKB03b MeMÓpaHy, nocjie nero nenTHAa3a OTmerumeT 
N-KOHiieByio jibmepHyio nocjieAOBaTejibHOCTb. HajiHHHe 
TaKoro MexaHH3Ma fljia Apyrnx óaxTepHajibHbix óejixoB 
He yCTaHOBJíeHO; B03M0XCH0, OH IIpHMeHHM TOJIbXO k 
noBepxHOCTHOMy óejixy 6axTepHO(j)ara, OAHaxo Hexo- 
Topbie óejiKH xjioponjiacTa iioxoxchm ciiocoóom MoryT 
BCTpaHBaTbCíi b MeMÓpaHy THJiaxoHAa. 

MyTai^HH b reHe yidC ÓJiOKHpyioT BCTpaHBaHHe óeji- 
kob bo BHyTpeHHioio MeMÓpaHy óaKTepHH. YidC HBjmeT- 
ca roMOJioroM óejixa Oxalp, HeoóxoAHMoro ,zpm BCTpa- 
HBaHHa óejiKOB H3 MaTpHKca bo BHyTpeHHioio MeMÓpaHy 
MHTOXOHAPHH. Oh MOXCeT (J)yHKU,HOHHpOBaTb KaK He- 
3aBHCHMO ot SecYEG, Tax h cobmcctho c hhm. HHTer- 
paiira HexoTopbix YidC-3aBHCHMbix óejiKOB TpeóyeT 
ynacTHa SecYEG. 3to 03HanaeT, hto YidC (cobmcctho c 
TpaHCJiOKOHOM) HanpaBjíaeT npoijecc b cTopoHy BCTpa- 
HBaHHa óejixa b MeMÓpaHy, a He ero cexpeijHH. O^Ha- 
ko HexoTopbie óejiKH, npoijecc HHTerpaijHH KOTopbix b 
MeMÓpaHy Taxxce 3aBHCHT ot YidC, He TpeóyiOT ynacTHa 
SecYEG: bo3moxcho, hto b stom cjiynae bmccto Bbinoji- 
HeHHfl (JiyHKUHH TpaHCJioxoHa TpeóyeTca BbinojmeHHe 
xaxnx-TO Apyrnx (enj,e He ycTaHOBJíeHHbix) cjjyHXijHH. 

Tat (twin arginine targeting)-CHCTeMa (Ha3BaHHaa Tax 
3a cbok) cnocoÓHOCTb TpaHcnopTHpOBaTb óejixH, Hecymne 
ABa aprHHHHa noppnji) OTBeTCTBeHHa 3a TpaHCJioxaijHK) 
óejixoB, TecHO CBjmHHbix c xocjjaxropaMH (nocxojibxy 
Taxne óejixH hmoot orpaHHHeHHyio cnocoÓHOCTb x ao- 
HaTypaiiHH bo BpeMa TpaHcnopTa qepe3 MeMÓpaHy). 3 tot 
nOAXOA npOTHBOpeHHT MexaHH3My ÓOJIblIIHHCTBa CHCTeM 
TpaHCJioxai^HH, b xoTopbix óejixH neperfoorrcH nepe3 
MeMÓpaHy b pa3BepHyTOM coctoahhh h TOJibxo nocjie 
npoxoxcAeHra MeMÓpaHbi CBopaHHBaxľroi b 3pejiyx) xoh- 
(J)OpMailHK) (CXOXCHM 0Ópa30M (jjyHXIJHOHHpyeT CHCTeMa 
HcflOó, ocymecTBjíaKimaH TpaHcnopT óejixoB b npocBeT 
THJiaxoHAa xjioponjiacra). Oóe onncaHHbix Bbirne CHcre- 
Mbi TpaHcnoprapyK)T óejixn b nepHiuia3My. 


nepeHOc 3Toro óejixa nepe3 MeMÓpaHy BOBce He Tpeóy¬ 
eT HajiHMra annapaTa TpaHCJioxaijHH! nocrrpaHCJMijH- 
ohho oh MOxceT npoHHxaTb b 6e3ÓejixoBbie JinnocoMbi. 
HanajibHoe B3aHMOAeHCTBHe óejixa c MeMÓpaHOH onpe- 

RtJlKt TCfl CneilHaJIbHbIMH (COCTOfllAHMH H3 OCHOBHblX 
äMHHOXHCJIOT) IIOCJieAOBaTeJIbHOCTflMH B N- H C-XOH- 
ueBbix peraoHax óejixa. 3 th peraoHbi MoryT B3aHMO- 
AeňcTBOBaTb c OTpnijaTejibHO 3apa>xeHHbiMH rojiOBxaMH 
(J)oc4)OJiHnHAOB. 3aTeM óejiox npoHnxaeT b MeMÓpaHy, 
HcnoAb3ya rHApocjioÓHbie rpynnbi b N-xoHijeBOH JiHAep- 
HOH nOCJieAOBaTeJIbHOCTH H aMHHOXHCJIOTbl BHyTpeH- 
Heň axopHOH nocjieAOBaTejibHOCTH. THApocJioÓHOCTb 
HBJIHeTCH OCHOBHOH ABHXcynj,eH CHJIOH TpaHCJIOXai^HH, 
OAHaXO AOIIOJIHHTeJIbHblH BXJiaA MOXCeT BHOCHTb H npo- 
TOH-ABHXcynj,aíi CHJia, co3AaBaeMaa MexcAy nojioxorrejib- 
ho 3apaxceHHOH nepHnjia3MaTHHecxoH cTopoHOH mcmó- 


10.23 


Pe3i0Me 


BcTpaHBaK)nj,HHca hjih TpaHcnopTHpyeMbiH cxB03b 
MeMÓpaHy óejiox HMeeT cHrHajibHyx) nocjieAOBaTejib- 
HOCTb, pacno3HaBaeMyx) TpaHCMeMÓpaHHbiMH hjih 
npHMeMÓpaHHbiMH peiienTopaMH. Bejiox TpaHcnopTH- 
pyeTca cxB03b THApocJioÓHbiH xaHaji, (JiopMHpyeMbiH 
TpaHCMeMÓpaHHbiM óejixoM (óejixaMH). Ôomth bo Bcex 
cjiynaax óejiox npoxoAHT cxB03b xaHaji b pa3BepHyTOM 
coctohhhh, BCJieACTBHe Meno cpa3y nocjie TpaHCJioxa- 
iihh eMy HeoóxoAHMO CBH3aTbca c manepoHaMH rjik 
npHHHTHa npaBHJIbHOH XOH(J)OpMailHH. BaXCHbIM HC- 
xjiiOHeHHeM aBJíaioTca nepoxcncoMbi, HMiiopT óejixoB b 
xoTopbie HAeT óe3 ACHaTypaijHH npn itomoiah iíHTon- 
jia3MaTHMecxoro óejixa, nepeHOcaniero 3pejibie óejixn 
cxB03b xaHaji b MeMÓpaHe. 
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CnHTe3 ócjikob b 4HTonjia3Me HanHHaeToi Ha cboóoa- 
hhx pnóocoMax. BejiKH, ceicpeTHpyeMbie H3 kjictkh hjih 
BCT paHBaeMbie b MeMÓpaHy peTHKyjiosHAOTejiHajibHOH 
CHCTeMbi, HMeioT N-KOHĽjeByio cHmajibHyio nocjieAOBa- 
TejibHOCTb, oóecnenHBaiomyio npncoeAHHeHHe pnóocoMbi 
k MeMÓpaHe 3HAonjia3MaTHnecKoro peTHKyjiyMa. nepeHoc 
óejixa 4epe3 MeMÓpaHy ocymecTBjraeToi KOTpaHCJiaijHOH- 
ho. ripouecc HaHHHaeTca co CBa3biBaHra CHmajibHOH noc- 
ne/íOBaTejibHOCTH CHmaji-ysHaiomeH nacTHijeH SRP (pn- 
óoHyioieonpoTeHHOBaa nacTHua), KOTopaa ocTaHaBJíHBaeT 
TpaHCJiauHio. flajiee SRP CBfl3biBaeToi c SRP-peijenTopoM 
Ha MeMÓpaHe 3ÍIP h nepeHOCHT CHraajibHyio nocjieflOBa- 
TeJibHOCTb k MeMÓpaHHOMy KaHajiy Secól/TRAM. Chhtc 3 
B030ÓH0BjiaeTca, h óejiOK npoTajiKHBaeTca ckbo3b MeM¬ 
ÓpaHy no Mepe CHHTe3a. MeMÓpaHHbiH KaHaji (óojibineH 
nacTbio ccj)opMHpoBaHHbiH óejiKOM Secól) oóecnenHBaeT 
rHflpocJ)HjibHyK) cpe^y jyw TpaHCJioxaijHH. 

CeKpeTOpHblH ÓeJIOK IjeJIHKOM npOXOAHT CKB03b 
MeMÓpaHy b npocBeT 3nP. Bcjikh, HHTerpHpOBaHHbie b 
MeMÓpaHbi, comacHO hx opneHTaijHH b MeMÓpaHe ac- 
jm t Ha flBe ocHOBHbix rpynnbi. Y MeMÓpaHHbix óejiKOB 
I rpynnbi N-KOHi^eBaa cHrHa/ibHaa nocjieAOBaTejibHOCTb 
OTnj,enjiaeTca, a nepeHoc nepe3 MeMÓpaHy ocraHaBJíH- 
BaeT cneuna^bHaa aKopHaa nocJieAOBaTejibHOCTb. llpn- 
neM óejiKH OKa3biBaiOTca opHeHTHpOBaHbi b MeMÓpaHe 
TaKHM oópa30M, mto hx N-kohuh oópameHbi b 3ÍIP, a 
C-KOHUbi — b ijHTonjia3My. BejiKH II rpynnbi He hmoot 
OT nj,enjiaeMoro N-KOHijeBoro cnniajia. Bmccto 3Toro 

OHH OÓJiaAaiOT KbMÓHHHpOBaHHOH CHľHaJIbHO-flKOpHOH 
nocjie/íOBaTejibHOCTbK), KOTopaa bxoaht b MeMÓpaHy 
h ocTaeTca norpyxceHHOH b Hee. C-KOHu,bi Taxnx óeji- 
kob oópanj,eHbi b npocBeT 3ľIP, a N-kohijm ocTaiOTca 
b ijHTonjia3Me. OpneHTaijHfl CHľHajibHO-aKOpHOH noc- 
jie^OBaTejibHOCTH onpeAejmeToi npaBHJiOM «nojioxcH- 
Te^bHoe BHyTpH», KOTopoe rjiacHT, mto kohcu aKopHOH 
nOCJieflOBaTeJIbHOCTH C HaHÓOJIblIIHM nOJIOXCHTeJIbHblM 
3apa/íOM óyqeT pacnojioxceH b ijHTonjia3Me. Bcjikh, HMe- 
K)nj,He e/jHHCTBeHHbiH TpaHCMeMÓpaHHbiH perHOH, mo- 
ryT nepeMemaTbca JiaTepajibHO H3 xaHajia b jinnHAHbiH 
ÓHCJIOH. OflHaKO ÓeJIKH MOryT HMeTb H MHOXCeCTBeH- 
Hbie TpaHCMeMÓpaHHbie perHOHbi, o6pa3yK)nj,He neTJín, 
BbicTynaiomHe c oóenx ctopoh MeMÓpaHbi. MexaHH3M 
BCTpaHBaHHH B MeMÓpaHy MHOXCeCTBeHHblX CerMeHTOB 
noKa Hen3BecTeH. 

B OTcyTCTBHe CHmajia rjm CHHTe3a b 3IIP chhtc3h- 
poBaHHbiH Ha pnóocoMe óejiOK BbiCBOÓoxcAaeTca b u;h- 
Tonjia3My. B mhtoxohaphh h xjiopomiacTbi ócjikh hm- 
noprapyioTca yxce nocTTpaHCjnnjHOHHO. Taxne ócjikh 
HMeioT N-KOHueByio jiHflepHyio nocjieAOBaTejibHOCTb, 
HanpaBJi5nonj,yio hx k BHeniHeH MeMÓpaHe opraHejuibi, 
nocjie nero ohh TpaHcnopTHpyioTca nepe3 BHeniHioK) 
h BHyTpeHHioio MeMÓpaHbi b MaTpHKc. TpaHCJiOKauHa 
TpeóyeT ynacTHa AT® c oófl3aTejibHbiM npoxoxcAeHHeM 
jnoóoro óejixa nepe3 BHyTpeHHioio MeMÓpaHy b MaTpHKc 
opraHejuibi, r^e N-KOHijeBaa JiHAepHaa nocjieAOBaTejib- 
HOCTb OTmenjmeToi npoTea30H. MeMÓpaHCBa3aHHbie 
óejiKH opraHejui hjih ócjikh, npeAHa3HaneHHbie Rím 
MexcMeMÓpaHHoro npocTpaHCTBa, hmciot AonojiHHTejib- 


HbiH CHmaji (KOTopbiH cTaHOBHTCfl N-KOHueBbiM nocjie 
OTmenjieHHa npoTea30H nepBOH qacra jiHAepHOH noc- 
jieAOBaTejibHOCTH). 3 tot cnrHaji oóecneqHBaeT sxcnopT 
H3 MaTpHKCa K KOHCHHOMy MeCTOnOJIOXCCHHIO (jihóo, 
no Apyroň THnoTe3e, ocTaHaBJíHBaeT nepeHoc óejixa a o 
T oro MOMeHTa, Kax oh nojiHOCTbio npoHAeT b MaTpHKc). 
KoHTpojib cBopanHBaHHa óejixa, ocynj,ecTBjiaeMbiH b 
MHTO xoHApnajibHOM MaTpHKce inanepoHaMH Hsp70 h 
HspóO, flBjmeTca BaxcHOH nepTOH npouecca. 

Mhtoxohaphh h xjioponjiacTbi hmciot OTAejibHbie 
peuenTopHbie KOMnjieKCbi, (JjopMnpyioiij.He KaHajibi nepe3 
BHeniHioio h BHyTpeHHioio MeMÓpaHbi. Bce HMnoprapy- 
eMbie óejiKH HanpaMyio nepexoAflT ot TOM-KOMnjieKca 
bo BHeniHeH MeMÓpaHe k TIM-KOMnjieKcy bo BHyTpeHHen 
MeMÓpaHe. Bcjikh, ocTaiomHeca b MexcMeMÓpaHHOM npo- 
CTpaHCTBe hjih bo BHeniHeH MeMÓpaHe, nepeHanpaBjía- 
iotcb Ty^a ot TIM-KOMnjieKca yxce nocjie Toro, xax npo- 

HHKHyT B MaTpHKC. B 3aBHCHMOCTH OT TOľO, HMCIOT JIH 
HMnopTnpyeMbie ócjikh N-KOHi^eByio hjih BHyTpeHHioio 
CHrHajibHyio noejieAOBaTejibHOCTb, TOM-KOMnjieKC hc- 
nojib3yeT pa3JiHHHbie peuenTopbi, OAHaxo oóa THna óeji- 
kob oh HanpaBJíaeT b xaHaji Tom40. Ha BHyTpeHHeH MeM¬ 
ÓpaHe pacnojioxceHO ABa rana TIM-peuenTopoB: oahh 
Hcnojib3yeTca Rm ócjikob, KOHenHbiM nyHKTOM Ha3Hane- 
HHH KOTOpblX HBJíaeTCa MaTpHKC; Apyroň — RJW ÓeJIKOB, 
B03BpamaiomHxca b MexcMeMÓpaHHoe npocTpaHCTBO hjih 
Ha BHeniHioio MeMÓpaHy opraHejuibi. 

HecMOTpa Ha to mto óaicrepHH oÓJiaAaiOT KOMnoHeH- 
TaMH KOTpaHCJiímHOHHoro TpaHCMeMÓpaHHoro nepeHoea 
óejiKOB (aHajiorHHHbiMH TaKOBbiM y syxapHOT), TpaHCJio- 
Kai^HH y ÓaKTepHH npOHCXOAHT H nOCTTpaHCJIfllJHOHHO. 
BaKTepHaJibHbiH KOMnjiexc SecE/Y aBJíaeTca TpaHCJio- 
Ka30H, a óejiOK SecA, B3aHMOA0HCTBya c KaHajiOM, oóec- 
nenHBaeT BCTpaHBaHHe h npoABHXceHne óejixa cKB03b 
MeMÓpaHy. Bejiox SecB aBjíaeTca manepoHOM, nepeHO- 
caiAHM óejiOK k TpaHCMeMópaHHOMy xaHajiy. HeKOTopbie 
TpaHCMeMÓpaHHbie ócjikh bxoa^t b xaHaji noepeACTBOM 
B3aHMOACHCTBHa co CTpyKTypOH, HanoMHHaK)nj,eH syxa- 
pHOTHHecicyio SRP h cocToanj,eH H3 4,5S PHK h ócjikob 
Ffh h FstY. BeJiox YidC aBjíaeTca roMOJioroM mhtoxoha- 
pnajibHoro óejixa, HeoóxoAHMoro nm BcrpaHBaHHa He- 
KOTOpblX TpaHCMeMÓpaHHblX ÓeJIKOB B MeMÓpaHy. 
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TpaHCKpwmMfl 


KPATKOE COflEP>KAHME ITlABbl j 


UBI BBefleHne 

BB TpaHCKpMni4MB nponcxoflMT Ha kopotkom ynacTKe 
pacn^eieHHOM flHK 

• PHK-no/iMMepa3a pacn/ieTaeT Aee Lienu flHK b 
ABM>K ymeMCfl «ny3bipbKe» / Mcno/ib3yfl OAHy M3 
Ľieneíí flHK b KanecTBe Maipmibi aji* cnHTe3a 
KOMn/ieMeHTapHoíí nocneAOBaTe/ibHocTM PHK. 

• fl/iMHa pacn^eieHHoro perMOHa (ny3bipbKa) flHK 
cocTaB/iBeT ot 12 ao 14 nH, a A-BMHa PHK-flHK rn6pnAa b 
H eM o kojí o 8-9 nH. 

BSl PeaKLlMB TpaHCKpMľlLlMM npOMCXOflMT B TpM CTaflMM 

• PHK-no/iMMepa 3 a MHmiMMpyeT TpaHCKpnnLiMK) noc/ie 
cBB 3 biBaHMB c nocneAOBaTe/ibHocrbK) npoMOTopa Ha flHK. 

• Bo BpeMfl 3/iOHraLiMM TpaHCKpMnĽiMOHHbiŕí ny3bipeK 
nepeMemaeicB no flHK, cMHTe3Mpya PHK uenb 

OT 5'-KOHLia K 3'-KOHLiy. 

• ľlpn 3aBepmeHnn TpaHCKpMmiMM Ha caíiTe TepMMHaLiMM, 
PHK AnccoLiMMpyeT, a flHK BOcciaHaB/iMBaei cbok) 
AByxuenoHeHHyto cipyKTypy. 

IIH PHK-noAMMepa3a cj)ara T7 BBjíaeTCfl yAOÓHOM 
MOAeAbHOM CMCTeMOM 

• PHK-no/iMMepa 3 bi cfiaroB T3 n T7 npeACTaB/ieHbi Bcero 
oahoíí no^MnenTMAHoŕí uenbto c «MHHMMa/ibHOM» 
3 KTMBHOCTbK), n 03 B 0 JlflK)LAeM MM y 3 HaBaTb J 1 MUJb 
HeCKO/lbKO CfiarOBblX npOMOTOpOB. 

• PeHTreHocTpyKTypHbm aHa/iM 3 KOMn/ieKca 
PHK-no/iMMepa 3 bi cfjara T7 c flHK no 3 BO/iaeT 
onpeAe^MTb flHK-cBB 3 biBaK)iAMM perMOH m aKTMBHbi m 
ueHTp c()epMeHTa. 

EB Ha ocHOBe peHTreHOCTpyKTypHoro aHa/iM3a PHK- 
nOAMMepa3bl MO>KHO ľlOCTpOMTb MOAGAb ABM>KeHMB 
(J)epMeHTa 

• flHK ABMweicfl no cneuMa/ibHOM 6opo3AKe b PHK- 
no^MMepa3e APOKweíí, Ae/iafl pe3KMíí noBopoi b 

3KTMBHOM LieHTpe. 

• Be/iKOBbiíí moctmk MeHBeT KOHcfjopMaLiMK) (JiepMeHTa 
AJifl Toro, mo6bi KOHTpo/iMpoBaTb nocryn/ieHMe 
HyK/ieOTMAOB B aKTMBHblíí LieHTp. 

BB BaKTepMa^bHbie PHK-nojiMMepa3bi coctobt M3 
HeCKOAbKMX Cy6"beAMHMLl 

• Ochobhoíí cfjepMeHT 6aKTepMa^bH0íí PHK-no/iMMepa3bi 
npeAdaB/iBeT cočoíí MHorocyč'beAMHMHHbiM KOMn/ieKc 
c MOJieKyjiflpHoíí Maccoíí ~500Kfla m o6meíí cipyKTypoM 
a 2 PP'. 

• flHK cBfl3biBaeTCfl c cfiepMeHTOM b KaHa/ie, 
o6pa30BaHHOM p- m p'-cy6i>eAMHMLiaMM. 
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PHK-no/iMMepa3a coctomt M 3 MMHMMa/ibHoro 
cpepMeHTa m cMrna-cpaKTopa 

• BaKTepMa/ibHaa PHK-no/iMMepa3a MO>KeT6biTb 
pa3Ae^eHa Ha MMHMMa/ibHbiíí cfiepMeHT a 2 pp', 
KaTa/lM3MpyK)IAMM COČCTBeHHO peaKLIMK) TpaHCKpMnLIMM, 
m cMrMa-cy6i>eAMHMLiy / Heo6xoAMMyto mnbKO AJifl 
MHMLiMaLiMM npouecca. 

• CMrMa-c()aKTop M3MeHBeT xapaKTep B3aMMOAeMCTBMB PHK- 
no/iMMepa3bi c flHKíaKMM o6pa30M, hto acJxtiMHHOCTb 
CBB3biBaHMB (JiepMeHTa co cnyHaíÍHbiM ynacTKOM flHK 
noHMJKaeTCB, a c npoMOTopoM — B03paciaeT. 

• KoHdaHTa CBfl3biBaHMfl PHK-no^MMepa3bi c pa3HbiMM 
npoMOTopaMM BapbMpyeT b Anana30He mecTM nop^AKOB, 
onpeAe/iflfl nacroTy, c KOTopoŕí TpaHCKpMmíMB 
MHMLIMMpyeTCfl Ha Ka>KAOM M3 3TMX npOMOTOpOB. 

ľlocjie m h 1/1141/1314 mm TpaHCKpMľlLlMM xapaKTep 

B33MMOAGMCTBMB MMHMMa/lbHOľO CpepMeHTa 
C CMTMa-CpaKTOpOM MeHBeTCB 

• ľlocne accoAMauMM PHK-no/iMMepa3bi c npoMOTopoM 
LienM flHK pacn/ieTaiOTCfl, a (JiepMeHT cMHTe3MpyeT 
MO/ieKy/iy PHK ajimhoéí ao acbatm HyK/ieoTMAOB. 

• YAaHHOMy npoAO/DKeHMK) cMHTe3a PHK MO>KeT 
npeAiuecTBOBaTb cepua ačopTMBHbix v\Hv\u,mu,m . 

• KaK TO/ibKO pacTymaB uenb PHK AOCTMraeT b 
A/lMHy BOCbMM-AeBBTM OCHOBaHMÍÍ, CMTMa-(J)aKTOp 
AMccoLiMMpyeT ot PHK-nonMMepa3bi. 

OcTaHOBMBwaflCfl PHK-noAMMepa3a cnocoÓHa 
npoAOA>KMTb TpaHCKpMľiLiMio nocjie «nepe3arpy3KM» 

• PHK-no^MMepa3a, no KaKOM-TO npMHMHe npepBaBiuaB 
CBOK) paČOTy, MO)KeT B0306H0BMTb TpaHCKpMnLIMK) 
nyTeM pacmen^eHMB TpaHCKpnnTa c o6pa30BaHMeM 
HOBOľO 3'-KOHLia. 

Kax PHK-no/iMMepa3a HaxoflMT nocAeflOBaTeAbHOCTb 
npoMOTopa? 

• CKopocTb, c KOTopoíí PHK-no^MMepa3a HaxoAMT 
npOMOTOp, C/IMĽJKOM BblCOKa, HTOČbl 6blTb pe3y^bTaTOM 
ČecnopBAOHHOÍÍ AM(f)(t)y3MM. 

• Bo3mo>kho, PHK-no^MMepa3a cBB3biBaeTCB co 
c/iynaMHbiMM ynacTKaMM flHK m čbicTpo nepeMemaeTCB 
no Heíí, noKa He o6Hapy>KMT npoMOTop. 

CMľMa-CpaKTOp KOHTpOAMpyeT CBB3blBaHMe PHK- 
no/iMMepa3bi c flHK 

• B3aMMOAeíícTBMe xojiocfiepMeHTa c cMrMa-cfjaKTopoM 
M3MeHBeT xo^ocfiepMeHT t3kmm o6pa30M, hto f\enaeT 
B03M0)KHblM ABM)KeHMe MMHMMa/lbHOTO KOMn^eKCa 
BAO/ib MO^eKy^bi flHK. 
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Y3HaBaHne npoMOTopa 3aBMCMT ot KOHceHcycHbix 
noc/ieflOBaTe/ibHOCTeŕí 

• ľlpoMOTop onpefle^fleicfl no h3amhmk) kopotkmx 
KOH ceHcycHbix noc^eflOBaie^bHocieM b cneuM(t)MHHbix 
ynacTKaxflHK. 

• KoHceHcycHbie nocAeAOBaTeAbHocTM npoMoiopoB 
COCTOflT H3 nypMHa (b CTapTOBOM TOHKe TpaHCKpMnUMM), 
reKcaMepa TATAAT (uemp KOToporo pacnoAoweH b 
no/io>KeHMM -10), m eme oflHoro reKcaMepa (uemp 
KOToporo pacnoAOweH b noAOweHMM -35). 

• nOC^eflOBaie^bHOCTM KOHKpeTHblX npOMOTOpOB OČblHHO 
OTAMH3K)TCfl OT CpeflHeCTaTMCTMHeCKMX KOHCeHCyCHblX 
nocneAOBaTe/ibHocTeM no oahom m am 6o/iee 
HyK/ieOTMflHblM n03MUMAM. 

B pe 3 y/ibTaTe MyTaLjMM 3(})cJ)eKTMBHOCTb paóoibi 
npoMOTopa MO>KeT6biTb noBbiiueHa mam noHM>KeHa 

• 0cjia6/iflK)LAMe MyrauMM, yMeHbwafl cxoactbo 
npOMOTOpa C KOHCeHCyCHbIMM nOCAeAOBaieAbHOCTBMM, 
CHM>KaK)T ero 3(J)(J)eKTMBHOCTb. yCMAMBaiOLAMe MyTaUMM 
OK33blBaK)T npOTMBOnOAOKHblíí 3CjDC}DeKT. 

• MyraAMM b nocAeAOBaTeAbHocTM -35, KaK npaBMAO, 
BAMfltOT Ha MHMLIMMpytOlAee CBB3blBaHMe c PHK- 
noAMMepa3oŕí. 

• MyrauMM b nocAeAOBaTeAbHocTM -10, KaK npaBuno, 

BAMBtOT Ha npouecc pacn/ieiaHMA ueneií flHK, b xoAe 
KOToporo 3aKpbiTbiM KOMn^eKc npeBpamaeTCB b OTKpbiTbiŕí. 

PHK-noAMMepa3a CBA3biBaeT MOAeKyAy flHK c oahom 

CTOpOHbl 

• KoHceHcycHbie nocneAOBaiejibHocTM -35 m -10 bbabíotcb 
TOHK3MM KOHTaKTa PHK-nOAMMepa3bl M npoMOTopa. 

• Tohkm KOHTaKTa pacnoAoweHbi Ha MO/ieKy/ie flHK c 
OAHOM CTOpOHbl. 

CBepxcnMpa/iM3aLiMfl flHK bamact Ha npoLjecc 

TpaHCKpMľlLlMM 

• OTpMLiaTeAbHafl cBepxcnMpaAM3auMA noBbiiuaeT 
3(J)(J)eKTMBHOCTb paČOTbl HeKOTOpblX npOMOTOpOB, 
cnocočcTByB pacn/ieTaHMK) ueneíí flHK. 

• B xoAe TpaHCKpMnAMM nepeA cfiepMeHTOM B03HMKaeT 

nojiowMTejibHafl cBepxcnMpaAM3auMA flHK, a no3aAM 

(fjepNieHTa — OTpMLiaTeAbHafl CBepxcnMpaAM3auMA. 

06a BapnaHTa cBepxcnMpaAM3auMM aoawhu 6biTb 
p6A3KCMpOB3Hbl C nOMOLAbtO TMp33 M T0n0M30Mepa3. 

l/lHMLiMai4Mfl Ha a3hhom npoMOTope 33 bmcmt ot TMna 
cMrMa-c})aKTopa 

• E.coli MMeeT HeCKOAbKO CMrM3-(J)aKTOpOB, Ka>KAblM M3 
KOTopwx očecneHMBaeT cBA3biBaHMe PHK-noAMMepa3bi 
c OTAeAbHoíí rpynnoíí npOMOTOpOB (co cxo>kmmm -35 m 
-10 nocneAOBaTe/ibHocTflMM). 

• G 70 flBJlfleTCfl OCHOBHbIM (fiaKTOpOM, MHMLJMMpyiOLAMM 
TpaHCKpMnAMto, Apyrne cMrMa-cfiaKTopbi aKTMBMpytOTCfl 
TOAbKO npM onpeAe/ieHHbixycnoBMflx. 

CMľMa-CJ)aKTOpbl B3aMMOAeMCTByiOT 
HenocpeACTBeHHO c flHK 

• M3MeHeHMe kohcJ)opm3I4mm g 70 , accouMMpoBaHHoro c 
MMHMM3AbHblM (J)epMeHTOM, npMBOAMT K BblCBOČOKAeHMK) 
flHK-cBA3biBaK)iAMX perMOHOB cfiaKTopa. 

• g 70 CBfl3biBaeT KaK -35, TaK m -10 nocAeAOBaTeAbHocTM. 
CMľMa-c|)aKTopbi opraHM30BaHbi b KacKaAbi 

• KacKaA CMrMa-(J)aKTopoB (J)opMMpyeTCA b tom cAysae, 
eCAM OAMH CMrM3-(J)aKTOp HeOČXOAMM AAA TpaHCKpMnUMM 
reHa, KOAMpytomero cAeAytoiAMíí cMTMa-cfiaKTop. 

• PaHHMe reHbi cjDara SP01 TpaHCKpMČMpytOTCA PHK- 
nOAMMepa30ÍÍ KAeTKM-X03flMHa. 
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• Oamh M3 paHHMx reHOB KOAMpyeT cMTMa-cfiaKTop, 
3acTaB/iflK)LAMM PHK-noAMMepa3y TpaHCKpMČMpoBaTb 
cpeAHMe reHbi cjDara. 

• flBa cpeAHMx reHa KOAMpytOT cy6i>eAMHMAbi cMma- 
(JjaKTopa, oóecneHMBatomero TpaHCKpMnuMK) PHK- 
noAMMepa3oŕí no3AHMx reHOB. 

Cnopy/iflLiMfl y óaKTepMÍí KOHTpoAMpyeTCA CMma- 

(jDaKTOpaMM 

• B xoAe cnopyABUMM 6aKTepMaAbHafl KAeTKa 
AeAMTCB Ha MaTepMHCKyto nacTb m BHyTpeHHtoto 
cnopy, BbicBOÓOKAatomytocB b pe3yjibT3Te AM3Mca 
MaTepMHCKOÍÍ KAeTKM. 

• ľlpM cnopyABAMM 6yAymaB cnopa m MaTepMHCKaa KAeTKa 
npOXOAAT Hepe3 HeCKOAbKO CT3AMÍÍ p33BMTMfl, Ka>KAblM 
pa3 cMHTe3Mpya HOBbiM cMrMa-(()aKTop (3aMeiAatoiAMM 
npeAbiAyiAMÍí cMTMa-cfiaKTop). 

• CKOOPAMHMpOBaHHOe B33MMOAGMCTBMe MOKAy CnopOÍÍ 
m MaTepMHCKOÍÍ KAeTKoíí onpeAeAaeT BpeMB 3aMeHbi 
CMrM3-(J)aKTOpOB. 

BaKTepMaAbHaA PHK-noAMMepa3a 3aBepwaeT 

TpaHCKpMniiMio b onpeAeAeHHbix caííTax 

• yCJlOBMeM 0K0HH3HMB TpaHCKpMnUMM BBABeTCB 
y3HaBaHMe TepMMHaTopHoíí nocAeAOBaTeAbHOCTM, 
onpeAeABtoiueíí cjDopMMpoBaHMe LunMjieHHOM cTpyKTypbi 
b PHK-npoAyKTe. 

flBa TMna TepMMHaTopoB E.coli 

• He3aBMCMMbie TepMMHaTopbi coctobt M3 G-C-6oraTOÍí 
LunMAbKM PHK m noc/ieAyiOLAero 3a Heíí U-6oraToro 

perMOHa, Ha KOTOpOM npOMCXOAMT TepMMHaUMfl. 

KaK paóoTaeT p-cJ)aKTop? 

• p-c()aKTop npeACTaBABeT co6oíí TepMMHMpytoiAMÍí 6eAOK, 
KOTopbiŕí cBB3biBaeT HacueHTHyio uenb PHK b caíÍTe 
rut, ABM>KeTCB BAOAb Hee m oTcoeAMHAeT ot PHK-flHK 
TMČpMAa npM AOCTM>KeHMM PHK-noAMMepa3bi. 

AHTMTepMMHaAMA — CneLlMa/lbHblM peryABTOpHbIM 

MeX3HM3M 
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• TepMMHauMfl Mo>KeT6biTb npeAOTBpameHa 
B03AeíícTBMeM aHTMTepMMHMpytomero 6eAKa Ha PHK- 
noAMMepa3y, hto Bbi3biBaeT npoHMTbmaHMe (JjepMeHTOM 
cneAM(()MHecKoro TepMMHaTopa mam TepMMHaTopoB. 

• Oar AAMČAa MMeeT ABa aHTMTepMMHMpytoiAMx 6eAKa, 
pN m pQ, AeíícTBytoiAMx Ha pa3Hbie TpaHCKpMmiMOHHbie 
eAMHMUbl. 

AHTMTepMMHaiiMA onocpeAOBaHa caíÍTaMM, 

OTAMHHbIMM OT TepMMH3T0p0B 

• CaíÍT, KOTOpblíí CBA3blBaeT aHTMTepMMHMpyiOLAMM 6eAOK, 
pacnoAO>KeH b TpaHCKpMnuMOHHoíí eAMHMue Bbiiue 
caííTa TepMMHauMM. 

• MecTonoAO>KeHMe caíÍTa aHTMTepMMHauMM b pa3Hbix 
CAynaax BapbMpyeT — oh Mo>KeT pacnoAaraTbca b 
KOAM pytomeM perMOHe mam Aa>Ke b npoMOTope. 

OaKTOpbl TepMMHaUMM M aHTMTepMMHaAMM 

B3aMMOAeMCTByioT c PHK-n0AMMepa30M 

• flAA B3aMMOAeíícTBMA pN c()ara AAMČAa 

c PHK-noAMMepa30íí HeočxoAMMO HecKOAbKO 
6aKTepMaAbHbix 6eAKOB. 

• 3tM 6eAKM T3K)Ke BOBAeneHbl B aHTMTepMMHaUMK) B 
onepoHe rrn 6aKTepMM-xo3AMHa. 

• B3aMMOAeíícTBMe aHTMTepMMHMpytomero cfiaKTopa pQ 
X-fyara c flHK b očabctm npoMOTopa MO>KeT npMHMMaTb 
p33AMHHbie (jDOpMbl. 

Pe3K)Me 
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OftHa H3 ueneň AH K TpaHCKpuÓMpyeTOi b PH K 


KoAMpyioma* uenb 

\/7K/7^// 

MaipMMHafl uenb 


5' TACGCGGTACGGTCAATGCATCTACCT 
3' ATGCGCCATGCCAGTTACGTAGATGGA 


TPAHCKPMnLIMH 


ľloc^eflOBaTe^bHOCTb PH K udeHiriLWHa _ 
noc^eflOBaie^bHOCTM KOflMpyiomeií 
4 enn AH K m KOMn/ieMeHmapHa y 

noc^eflOBaTexibHocTM MaipuMHoŕí 4enn 


PHK-TpaHCKpnnT 
\ / 

\J 


— 

v V v/ 


5'UACGCGGUACGGUCAAUGCAUCUACCU 


PMC. 11.1 OyHKuufl PHK-noAMMepa3bi 3 amiK)HaeTCfl b KonMpoBaHMM PHK c oahoíí M3 ueneíí í\b\jx- 
uenoHeHHoíí flHK 


11.1 


BBeAeHMe 


TpaHCKpHnilHH — 3TO CHHTC3 D,enH PHK, COOTBeTCTByiOIU.eH 
oahoh H3 HHTeň MOJieKyjibi /JJHK-/iyrmeKca. Kor^a Mbi roBopHM 
<<cooTBeTCTByioiij,eH>>, mh uMtm b BH/jy, mto CHHTe3HpoBaHHan 
PHK 6ypev hmctb nocne/jOBaTenbHOCTb, udeumumyK) opnoú 
H3 uenen JJJiK, Ha3breaeMOH Ko^pyiomeň ijem»io, h óy/jeT 
KOMruieMeHTapHa Apyroň uenn JJflK, Ha3biBaeMOH MaTpHH- 
hoh ijenbio. pmc. n.i noKa3biBaeT cooTBeTCTBHe MOK/jy 
AByxu,enoMeMHOH AHK h OAHOu,enoMeMHbiM TpaHCKpHnTOM. 

Chhtc 3 PHK KaTajiH3HpyeT cjiepMeHT PHK-nojiHMe- 
pa3a. TpaHCKpHmiHH 3anycKaeTCH, Kor/ja PHK-noJiHMepa3a 
CBH3biBaeToi co cneu,HajibHbiM perHOHOM, pacnojioxceHHbiM 
BHanajie reHa, — npOMOTopOM. npoMOTop pacnojioxceH pn- 
AOM C nepBOH napoň OCHOBaHHH, TpaHCKpHÓHpyK^HXCH B 
nocjieAOBaTeAbHOCTb PHK, — crapTOBOň tohkoh. C SToro 
Mecra PHK-nojiHMepa3a abhxcctch brojil MaTpHijbi, chhtc3h- 
pyn PHK, po Tex nop, nona He Aocmmer TepMHHaTopHoň 
(0 nocjieAOBaTejibHocra. noaieAOBaTcnbHOCTb flHK, 3aKnio- 
MeHHan MOK^y npOMOTOpOM H TepMHHaTOpOM, Ha3bIBaiOT 
TpaHCKpHnup»OHHOH CAHHHIjeH (TpaHCKpHIlTOHOM). KaK 

noKa3aHO Ha pmc. 11.2 , ochobhoh nepron TpaHCKpHnijHOH- 
hoh eAHHHu,bi hbjihctch to, HTO ona Kodupyem oôpctäoeanue 
odmúMOJieKyjiu PHK OflHaKo b cocraB TpaHCKpHmjHOHHOH 
eflHHHiibi Moxcer BxoAHTb 6ojiee oahoto reHa. 

PeraoHbi J\ HK, npeAiiiecTByioiijHe crapTOBOH tomkc, Ha- 
3bmaioT nocjieAOBaTejibHOCTHMH, pacnojioxceHHbiMH sume 
(npoTHB xo/ja TpaHCKpHnu,HH), a nocjieAOBaTejibHOCTH, jie- 
ym\ut nocne crapTOBOH tohkh (BHyrpH TpaHCKpHnijHOH- 
hoh eAHHHiibi), — nocjieAOBaTejibHOCTHMH, pacnojioxceH- 
HblMH HHXCe (no XOAy) CTapTa TpaHCKpHniJHH. npHHHTO 
3anncbiBaTb nocjieflOBaTenbHOCTH TaKHM o6pa30M, htoóh 
T paHCKpHniiHH nuia oieBa (ot noaie,aoBaTenbHOCTeH, pac- 
nojio)KeHHbix Bbirne) HanpaBO (k nocneAOBaTe^bHOCTHM, pac- 
nojio^ceHHbiM HHxce crapTOBOH tohkh). 3to cooTBeTCTByeT 
H3o6pa)KeHHK) mPHK b HanpaBJíeHHH ot 5'- k 3'-KOHijy. 

nocneAOBaTejibHocTb /(HK nacTO 3anHCbiBaiOT, noxa- 
3bmaa tojibko Ko/jHpyiomyK) Ljenb (H/jeHTHHHyio nooie- 
AOBaTeJIbHOCTH PHK). UOJlOJKtHm OCHOBaHHH HyMepyiOT 
b o6ohx HanpaBjíeHHHx ot cTapTOBOH tohkh, KOTopyio 


TpaHCKpHnAHOHHyio eflHHMiy orpaHHMMBaiOT 
noc/ieAOBaTe/ibHocTM npoMOTopa m TepMMHaiopa 



ľlpOKCMMa/lbHaB 

MaCTb 


ľlpoTMBxofla ľloxofly 
TpaHCKpMni4MM TpaHCKpMnUMM 


IlMCTa/lbHaB 

MaCTb 


PMC. 11.2 TpaHCKpMnuuoHHaB eflMHuua — nocneflOBaTejibHocTb 
flHK, TpaHCKpn6npyeMaB b oflHy MOJieKy^y PHK, HaHMHatomaBCfl 
npOMOTopOM M 3aKaHHMBaK)maflCfl TepMHHaTOpOM 


o6o3HanaK)T KaK+1; yBejiHneHHe nopaAKOBbix HOMepoB oc- 
HOBaHHH npOHCXOAHT nO XOAy TpaHCKpHnilHH. n03HIJHK) 
OCHOBaHHH nepeA CTapTOBOH tohkoh o6o3HanaiOT KaK -1 
H p2J\tt HyMepyiOT OTpHU,aTeJIbHbIMH HHCJiaMH (OCHOBaHHH 
noA HOMepoM 0 He cymecTByeT). 

npoAyKT coócTBeHHO TpaHCKpHnu,HH Ha3biBaiOT nep- 

BHHHHM TpaHCKpHnTOM. Oh npeACTaBJIHCT COÓOH U,enb 
PHK, cocTOHinyio H3 HyKJieoTHAOB, cooTBeTCTByiomHx pe- 
THOHy MtTKPY npOMOTopOM H TepMHHaTOpOM, H HMeeT 
onpeAejieHHbie 5'- h 3'-KOHu,bi. O^HaKo nepBHHHbiíí TpaHc- 
KpnnT noHTH Bcema HecTaónreH. HanpHMep, y npoKapHOT 
oh jihóo AOBOJibHO óbicTpo Aerpa^MpyeT (b cnynae mPHK), 
jihóo pacmemmeTCH c o6pa30BaHHeM 3pe;ibix npoflyKTOB 
(AJih tPHK h pPHK). Y oyKapHOT nepBHHHbiíí TpaHCKpHnT 
MOAH(J)HiiHpyeTCH Ha KOHijax (mPHK) h/rjih OTmemiHeTCH, 
AaBan 3penbie npo/iyKTbi (Bce PHK). 

TpaHCKpHmjHH — nepBan crapm MexaHH3Ma oKcnpec- 
CHH reHOB H OAHH H3 KJIIOHeBblX ypOBHeíí, Ha KOTOpOM 
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ocy^ecTBjmeTca Kompojib Bcero npouecca. Mhoxccctbo 
peryjíHTopHbix óeJiKOB onpeflejmiOT, óyzjeT flaHHbiH reH 
TpaHCKpHÓHpOBaTbCB HJIH HeT. ílepBblH (a HHOITja H eAHHC- 
TBeHHblH) 3Tan 3TOľO KOHTpOJIH COCTOHT B «npHHHTHH 
penieHHa» o TpaHCKpHmjHH flaHHoro reHa. DiaBHbie pery- 
JltfTOpHbie CoÓblTHfl npOHCXOAHT Ha CTa/ÍHH HHHLJHaUHH 
TpaHCKpHnuHH, oflHaKo nocjieflyiomHe cr^im KaK co6c- 
TBeHHO TpaHCKpHnUHH, TaK H flpyTHX ypOBHeH 3KCnpeCCHH 
reHa Toxce MoryT peryjiHpoBaTbca. 

OcHOBbmaacb Ha cKa3aHHOM, cc})opMyjiHpyeM flBa oc- 
hobhbix Bonpoca, KacaioiBiHxca oKcnpeccHH reHOB: 

• Kax PHK-nojiHMepa3a HaxoflHT npoMOTopbi Ha flHK? 
3tot Bonpoc aB^aeTca nacTHbiM c/iynaeM éojiee oómeH 
(})OpMyJIHpOBKH: KaK ÔeJIKH HaXOfltfT Ha flHK CaHTbl flJIfl 
cneuH({)HHHoro cBH3biBaHHa, oTJiHnaa hx ot Bcex oc- 
Ta^bHbix nocjieAOBaTe^bHOCTeH? 

• Kax peryjraTopHbie óejiKH B3aHMOfleHCTByioT c PHK-no- 
jiHMepa30H (h flpyr c flpyroM), aKTHBHpya ujih noflaBjraa 
OTAejibHbie 3Tanbi npoijeccoB HHHijHaiiHH, ojioHraijHH 
H TepMHHaiJHH TpaHCKpHmjHH? 

B 3TOH TJlZBt Mbl paCCMOTpHM MexaHH3MbI B3aHMOfleHC- 
TBHa 6aKTepHajibHOH PHK-nojiHMepa3bi c flHK, HanHHaa c 
MOMeHTa ee nepBHHHoro KOHTaicra c reHOM, nepe3 npoijecc 
TpaHCKpHnuHH, a o BbicBo6ox<AeHH5i (J)epMeHTa nocne 3aBep- 
rneHHa cHHTe3a TpaHCKpHnTa. fla^ee, b tji 12 («OnepoH»), 
onHcaHbi pa3^HHHbie cnocoóbi, c noMoiflbio KOTopbix pe- 
ryjmTopHbie 6ejiKH npenaTCTByioT y3HaBaHHio PHK-nojm- 
Mepa3ofí oTACíibHbix reHOB. B tji. 13 («Peiy;mTopHaa PHK») 
oócyxcAaiOTCH Apyrae cnocoóbi peryjmijHH 3KcnpeccHH re- 
hob, BKJimaa Ma^bie PHK, a TaiOKe paccMaTpHBaeTca, KaKHM 
o6pa30M 3th MexaHH3Mbi peryjmijHH BKjnoneHbi b oóiuyio 
peryjiaTopHyK) cem B m. 14 («CrpaTeraH (J)aroB») Mbi nepeH- 
AeM k Bonpocy o tom, Kax OTAejibHbie peiyjmTopHbie B3aHMO- 
AeňcTBHa MoryT 6biTb oó'beflHHeHbi b 6ojiee cjioxcHyio ceTb. 
B tji. 24 («ľlpoMOTopbi h 3HxaHcepbi») h tji. 25 («AKTHBau,Ha 
TpaHCKpHnuHH») mh paccMOTpHM aHa^orHHHbie npoijeccbi, 
npoHcxoflaiflHe b syKapKoranecKOH K/ieTKe. 

M03KET, YBPATb CKOBKH B HA3BAHHAX rJIAB???????? 


11.2 


TpaHCKpMnUMi) npOMCXOAMT 
Ha KopoTKOM ywacTKe 
pacn/ieieHHoŕí AH K 


KntoneBbie noHHTMH: 


• PHK-no/iMMepa3a pacnjieiaeT flBe Lienu flHK b ABMwymeMCfl 
«ny3bipbKe» / ncnojib3yfl oflHy M3 ueneŕí flHK b KanecTBe 
Maipmibi fl/iB cMme3a KOMn/ieMemapHOM nocneAOBaTe/ibHocTM 
PHK. 


• flnMHa pacn/ieTeHHoro perMOHa (ny3bipbKa) flHK cocTaBJíaeT ot 
12 flo 14 nH, fl^MHa PHK-flHK rn6pnfla b HeM — okojio 8-9 nH. 


B ocHOBe npoiiecca TpaHCKpHnijHH jiexcHT oóbiHHoe 
cnapHBaHHe KOMnjieMeHTapHbix ocHOBaHHH. pmc. 11.3 

HJUIIOCTpHpyeT OÓIflHH npHHflHn TpaHCKpHnflHH. Chh- 
Te3 PHK npOHCXOAHT BHyTpH TpaHCKpHnflHOHHOrO 
ny3bipbKa, no xofly ABHxceHHa KOToporo AByxijenoHeH- 


CnHie3 PHK npOHCXOAMT B TpaHCKpMniUiOHHOM BHJIKe 



PMC. 11.3 Lienu flHK pacxoflíiTCíi, 4>opMnpyfl TpaHCKpMmiMOHHbm 
ny3bipeK. PHK CMHTe3MpyeTCfl nyieM flOCTpaMBaHMfl HyKneoTMflHOM 
penu, KOMniieMeHTapHoŕí oahom M3 peneň flHK 


Ha h MOJieKyjia JJHK pacnjieTaeTca Ha oTflejibHbie uenH 
h oflHa H3 u,eneň npw stom cjiyacHT fljia MaTpHHHoro 
CHHTe33 PHK. 

MojieKy^a PHK cHHTe3Hpyerca b HanpaBJíeHHH ot 
5'-KOHiia k 3'-KOHiiy. 3'-OH rpynna noaieflHero npHcoeflH- 
HeHHoro HyioieoTHfla HaaiiMO/teňcTBycT c hobmm Hyioieo- 
3Hfl-5'-TpH(})OC(})aTOM. HOCTynHBUIHH HyiOieOTHfl TepHCT 
flBe cboh TepMHHajibHbie cj)oc(})aTHbie rpynnbi (y h p), a ero 
a-rpynna Hcnojib3yerca ajm (J)opMHpoB3HHa (J)oc<|)OflH9- 
(J)HpHoň cbh3h npH nocTpoeHHH uenH. Oômaa cKopocTb 
peaioiHH npH 37 °C cocTaB/weT ~40 nH/c (aäh ôaicrepHa^b- 
hoh PHK-ii(uiiiMep;i 3 bi), hto npHMepHo cooTBeTCTByeT cko- 
pOCTH TpaHCjmilHH (15 aMHHOKHOIOT/c), OflHaKO cymecr- 
BeHHO HlDKe CKOpOCTH peruíHKaiiHH flHK (800 nH/c). 

TpaHCKpHnpHOHHblH ny3bipeK (fopMHpyeTCH B TOT MO- 
MeHT, Korfla PHK-nojinMepa 3 a CBH3biBaerca c npoMOTopoM. 
KaK noKa3aHO Ha pmc. n. 4 , c flBHxeHHeM PHK-nojiHMepa- 
3 bi BflOJib flHK nepeMemaerca h pacrnicreHHbíň ynacroK, 
a nenb PHK npn stom yzyiHHaeTCH. npoiiecc cnapnBaHra 

OCHOB3HHH H IIOCiyH.TCHIM B ny3bipeK HOBblX IiyiOICOTHyOH 
KaTXTlKilipVCTCK H KOHTpOJIHpyeTCH CjiepMCIITOM. 

Crpyicrypa ny3bipbKa BHyrpH PHK-n(MHMepa 3 bi /lerxTb- 
ho H3o6paiKeHa Ha pmc. i i.b. flBnraacb Bflojib Maipnubi, PHK- 
nojiHMepa3a pacniieraer flyrweKC flHK nepefl ny3bipbKOM (b 
tohk'c pacn.TcraiiiiH) h BoccTanaBaiiBaer flByxiienonenHyio 
cipyicrypy flHK no 3 aflH ny3bipbKa (b tohkc BOceoeflHHeHHa). 
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TpaHCKpMflIJMOHHbfM nySbtpeK ABMMCeTCfl BAO/lbflHK 
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P'AL 11.4 CnHTe 3 PHK npoucxoflm b TpaHCKpnni 4 MOHHOM ny 3 bipb- 
Ke, KOTopbíň npeflCTaB^fleT co 6 oíí oč/iacTb jioKa/ibHoro pacn/ieiaHMfl 
i^eneň flHK. CnHTe3 ocymecTB/iBeicB nyieM cnapMBaHMB ocHOBaHMÍí 
coflHoŕi M 3 ueneŕí flHK no npMHUMny KOMn/ieMemapiHocTM. ľlo Mepe 
ABMJKeHMB TpaHCKpMnuMOHHoro ny 3 bipbKa flHK BOCCTaHaB/iMBaei 
no 3 aflM Hero cbok) AynJieKCHyto cipyKTypy, BbicBo 6 o>KAafl npw stom 
CMHTe3wpoBaHHyK) uenb PHK 


TpaHCKpHnuHOHHbiH ny3bipeK BKjnonaeT b ceóa ~ 12-14 nH, 
OAHaKo %mm PHK-/JHK raópnAa BHyrpH Hero MeHbine. 

OcHOBHbie H3MeHeHHH b TonojiorHH flHK pacnpo- 
CTpaHaioTca Ha oahh bhtok crnipa^H, oflHaKo HenoHarao, 
Kam hmchho nacTb oToro perHOHa b fleHCTBHTejibHocra 


TpaHCKpwnuMOHHbiM nysbipen cfjopMHpyeTca 
BHyrpH PHK-no/iHMepa3bi 


flBM>KeHMe cjjepMeHTa 


ToMKa BoccTaHOB/ieHMfl KoflMpyioiAafl ijenb flHK 



ToMKa pacnneTaHMB 
I 




MaipHMHafl Ljenb flHK 
PHK Kaia^mHMecKMÍí Liemp 

PHK-CBfl3biBaK)iAMň i4emp 


PMC. 11.5 TpaHCKpnni 4 MOHHbm ny3bipeK (J)opMnpyeTCB BHyTpM 6ax- 
TepMa^bHOÍí PHK-no/iHMepa3bi, KOTopbiŕí, ABMraacb Bflo/ib flHK, pac- 
n/ieiaeT flHK-Ayn/ieKc nepeA co6om, n BOcciaHaB/iMBaei AByxLjeno- 
neHHyio dpyKTypy flHK no3aAM 


o6pa3yeT raópHfl c PHK b KaxcflbiH KOHKperabiH momcht 
PHK-flHK AynJieKc aBJíaeTca HeóojibiiiHM no npoTOKeH- 
HOCTH H KOpOTKOaCHByillHM. ľlO Mepe flBHXCCHHfl (J)epMeH- 
Ta AByxiienoneHHaa cTpyKTypa flHK BoecTaHaBJíHBaeTca h 
PHK BbiTecHaeTca b BHfle cboóoahoh nojiHHyKJieoraflHOH 
iienH. B Ka^cAbiH KOHKperabiH momcht okojio 25 nocjiefl- 
hhx pHÓOHyKJieoTHAOB pacTymetí uenH HaxoflflTCfl b kom- 
njieKce c flHK h cjiepMeHTOM. 


11.3 


PeaKLUifl TpaHCKpunuMM 
npOMCXOAMT B TpM CTaflMM 


K/iiOHeBbie noHATHfl: 


• PHK-no/iMMepa3a HHHAMMpyeT TpaHCKpnni 4 MK) noc/ie 
cBB3biBaHMB c nocneAOBaiejibHocTbK) npoMOTopa Ha flHK. 

• Bo BpeMB 3JioHraunn TpaHCKpnni4MOHHbiM ny3bipeK nepeMemaeicfl 
no flHK, CMHTe3npyB PHK uenb ot 5'-KOHLia k 3'-KOHLjy. 

• n pH sasepmeHHH TpaHCKpMnuMM Ha caíÍTe TepMMHauMM PHK 
AMccouMMpyeb a flHK BocciaHaB/iMBaeT cbok) AByxuenoneHHyK) 
cTpyKTypy. 


Kax noKa3aHO Ha pmc. h. 6, peaxijHfl TpaHCKpHmjHH npo- 

HCXOflHT B HeCKOJIbKO CTa^HH, BO BpeMfl KOTOpblX (})OpMH- 
pyeTca ny3bipeK, HaHHHaeTca chhtc 3 PHK, ny3bipeK abh- 
xceTca BAOJib MaTpHijbi flHK, h, b kohchhom HTore, npouecc 
TepMHHHpyeTca: 

• Pacno3Haeanue Mampui^u HaHHHaeTcu co cBH 3 biBa- 
HHa PHK-nojiHMepa 3 bi c AByxijenoHeHHOH MOJiexyjiOH 
fl HK b oóJiacTH npoMOTopa c o 6 pa 30 BaHHeM Tax Ha- 
3bmaeMoro «3aKpbiToro KOMnjieKca». 3aTeM u,enH flHK 
pacmieTaiOTca h cjiopMHpyioT «OTKpbiTbiň KOMrmeKc», 
co 3 AaiomHH yc^OBHa ,iym cnapHBaHHa MaTpHiibi c pn- 
6 oHyioieoTHAaMH. TpaHCKpHmiHOHHbiH ny3bipeK o 6 pa- 
3yeTca b pe3yjibTaTe jioKa^bHoro pacruieTaHHa ueneH 
Jl HK, HanHHaioiiJieroca ot ynacTKa CBH3biBaHHa J\HK c 
PHK-nojiHMepa 3 on. 

• HHHu,Hau,HH BK/nonaeT b ce6a chhtc 3 nepBbix Hyx- 
jieoTHAHbix 3BeHbeB iienH PHK. OepMem ocTaeTcu b 
oóJiacTH npoMOTopa ao Tex nop, noKa /ymHa chhtc- 
3HpyeMOH iienn He aoctothct ~9 HyioieoTHAOB. Oa3a 
HHHiiHauHH MoxceT 3aTHHyTbCB b pe3yjibTaTe eepHH 
HeyaaHHbix nonbiTOK, b xo^e KOTopbix (jiepMeHT chh- 
Te3HpyeT KOpOTKHe TpaHCKpHnTbl, BblCBOÓOXCAaeT HX 
H HaHHHaeT CHHTe3 PHK 3aHOBO. Oa3a HHHllHailHH 
3aKaHHHBaeTca, Kor/ja (J)epMeHTy yAaeTca npoAOJixcHTb 
CHHTe3 uenn h CABHHyTbca c npoMOTopHoro ynacTKa. 
npOMOTOp, TaKHM o6pa30M, moxcho onpeAejíHTb xax 
nocjiedoeamejibHocmb flHK, HeoôxodimyTO dm oôpa- 
3oeanm KOMnneKca PHK-nojiUMepa3U u Mampui^u, 
a marotce oôecnenueaioiuyK) cmaduTo unui^uai^uu. 
Hey^anHaa (aóopraBHaa) HHHijHauHfl, bo3moxcho, 
npeACTaBJíaeT coóoh chhtc3 uenn PHK, 3 anojiHaio- 
IBieH COÓOH aKTHBHblH u,eHTp (J)epMeHTa. Ecjih PHK 
BbicBoóoxcAaeTca, HHHijHaijHfl npepbiBaeTca h aojixc- 

Ha óbiTb HanaTa 3aHOBO. MHHiiHaiiHa 3aKaHHHBaeTca, 
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PMC. 11.6 TpaHCKpMnuMfl nponcxoflHT b neľbipe craAMM: PHK-no- 
jiMMepa 3 a CBfl 3 biBaeTCfl c npoMcrropoM, pacn/ieiaeT flHK, bo BpeMfl 
MHMLIMaUMM (fjepMeHT OCTaeTCfl HenOflBtDKHblM, BO BpeMfl 3 / 10 Hrai 4 MM 
ABMWeTCfl BAO/ 1 b NiaTpMLlbl flHK M AMCCOUMMpyeT OT Hee BO BpeMB 
TepMMHaLlMM 


Kor^a (jiepMemy yaaeTca npoABHHyTbca B/joiib MaTpH- 
ijbi, nepeMecTHB b cboh aKTHBHbíň iiemp cjieflyiouiHH 
ynacTOK J\EK. 

• B xoAe ajiOHrai^HH (J)epMeHT abhxcctch BAOJib flHK, 
oóecneMHBaa pocr ijenH PHK ílo Mepe CBoero abh- 
xceHHa, (J)epMeHT pacmieTaeT AyrmeKc fl HK, nocTOHH- 
ho (jiopMHpya ynacTOK OAHOiienoneHHOH MaTpHijbL 
HyKJieoTHAbi KOBajieHTHO npHcoeAHHaioTCfl k 3'-koh- 
iiy pacrymefí uenn PHK, o6pa3ya b Mecre pacmie- 
TaHHa reTepoAynAeKc PHK h flHK. no3aAH ynacTKa 
pacnAeTaHHa MaTpHHHaa uenb fl HK BHOBb peaccoijH- 
npyeT co BTopoň uenbio, BoccraHaBjíHBaa ABOHHyio 
cnnpaAb, a PHK BbicBoóoxcAaeTca b bhac OAHOijeno- 
neMHOH MOJieicyjibi. djiomai^m npedcmaejmem coôou 
deuMenue mpancKpuni^uoHHOZO ny3upbKa, e xode 
Komopozo i^enu RHK pacmemaiomcR maKUM oôpa- 


30m, mnoôu odna U3 i^eneu Možná cnyMumb Mampu- 
i^eu dm cunme3a PHK 

• TepMHHaijHfl npeACTaBJíaeT coóoh pacno3HaBaHHe 
cneiiHaAbHOH nocjieAOBaTejibHOcra fl HK, npeicpama- 
iomeH a^a bHeHinHH pocT ueriH PHK. fl/m TepMHHaijHH 
TpaHCKpHmiHH HeOÓXOAHMO, MTOÓbl npeKpaTHJiocb 
(J)OpMHpOBaHHe (J)OC(J)OAH3(J)HpHbIX CBH3CH, 2 TpaHC- 
KpHniJHOHHblH KOMnAeKC flHCCOIJHHpOBaA OT fl HK. 
KorAa b uenb PHK BKAKraeTca nooieAHee ocHOBaHHe, 
TpaHCKpHnuHOHHbíň ny3bipeK Hcne3aeT, a rerepoAyn- 
jiexc PHK-flHK pacna,aaeTca. OepMem h hobochhtc3h- 
poBaHHaa PHK AHCcoijHHpyioT, a flHK BoccraHaBjíHBaeT 
cbok) AByxiienoMeMHyio CTpyKTypy. noaiedoeamejib- 
mcmb flHK, Heoôxodimyw dm oôecnenenm srnou 
cmaduu, Hcttuecnom mepMummopQM. 

CorjiacHO oómenpHHATOH moacjih, sjiOHraiina npeA- 
CTaBAaeT coóoh mohotohhhh npoijecc, b xoAe KOTopo- 
ro (J)epMeHT nepeABHraeTca no flHK Ha oaho ocHOBaHHe 
nocjie BCTpaHBaHHa b Lienb PHK Kax<Aoro cjieflyiomero 
HyKJieorafla. HHorAa b stom MexaHH3Me MOiyr bo3hh- 
KaTb OTK/iOHeHHH, b nacTHocTH b bhac nay3 B paÓOTe 
PHK-noAHMepa3bi. Oahhm h 3 npHMepoB TaKoro nBJítum 
MoxceT cAyxcHTb ocTaHOBKa «nepeAHeH Hacra» (})epMeHTa, 
b to BpeMfl Kax «3aAHHB nacTb» npoAOAxcaeT ABHraTbCfl, 
yMeHbinaa tcm caMbiM 30Hy noKpbn™ flHK. 3 to aBJíeHne 
nOCAyXCHAO HCTOHHHKOM nOHBAeHHH «nHACHHMHOH» M0- 

AeAH TpaHCKpHniiHH, corAacHO kotopoh (J)epMeHT npe- 

pblBHCTO C npOTHBOnOAOXCHblX CBOHX KOHllOB OKHMaeT 

h BbicBoóoxcAaeT iienoMKy flHK (xax abhxcctch ryceHHiia 
naACHHiibi). OAHaxo bo3moxcho, mto noAOÓHbiH Mexa- 
hh3m onHCbmaeT cKopee oniHÓOMHbie cHTyaunn, mcm 
HopMajibHO npoTexaioiiJiyK) TpaHCKpHniiHio. 


11.4 


PHK-noiiMMepa3a (|)ara T7 

DBiineTCII yflOÓHOM 
MOfle/lbHOM CMCTeMOM 


K^toneBbie noHBTMíi: 


• PHK-no^MMepa 3 bi cfjaroB T3 m T7 npeAdaB^eHbi Bcero oahoíí 
no^MnenTMAHOŕí uenbK) c «MMHMMajibHoŕí» aKTMBHOCTbK), 
no 3 BO/iBK)iAeM mm y 3 HaBaTb^Miub HecKO/ibKO c()aroBbix 
npOMOTOpOB. 

• PeHTreHocTpyKTypHbm aHa/iM 3 KOMn^eKca PHK-no^MMepa 3 bi 
cfjara T7 c flHK no 3 BO^Bei onpeAe^MTb flHK-CBB 3 biBaK)iAMM 
perMOH m aKTMBHbiŕí uemp cfjepMeHTa 


CymecTBOBaHHe y HeKOTopbix (fiaroB HeóoAbinnx PHK-no- 
AHMepa3, npeACTaBAeHHbix AHinb oahoh nojiHnenTHAHon 
uenbio, noKa3biBaeT, KaKHM moxcct 6biTb «MHHHMaAbHbiň» 
TpaHCKpHniiHOHHbiH annapaT. 3th cjiepMeHTbi y3HaioT 
Bcero HecKOAbKo npoMOTopoB b (J)aroBOH Jl HK (h He mo- 
iyr y3HaBaTb ocTaAbHbie). TaKHe PHK-noAHMepa3bi hb m- 
IOT COÓOH npOCTyK) MOACAb, Ha npHMepe KOTOpOH moxcho 
oxapaKTepH30BaTb npouecc CBH3biBaHHa (J)epMeHTa c R HK 
Ha CTaAHH HHHllHailHH TpaHCKpHnilHH. 
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PHK-nojiMMepaaa (f) ara T7 coctoht 
H 3 OAHOM Cy6l>eAMHM4bl 



Cne 4 M(t)MHHbie p-c/ion 

(JjepMeHTa CBfl3biBaioT 
6o/ibUjyio 6opo3flKy 
AHK 


flsiDKeHMe (tíepMema 


PMC. 11.7 PHK-noAMMepa3a (J)ara T7 c noMombio cneumJwMecKoií 
neT/in CB5i3biBaeTai c npoMOTopoM b no/ioweHMflx ot -7 ao -11 Bbiiue 
npoMOTopa, npM stom ocHOBahma nofl HOMepaMM ot -1 ao -4 bxoaat 
b aKTMBHbiM Aemp (JjepMem-a 


PHK-nojiHMepa 3 bi, KOflnpyeMbie poflCTBeHHbiMH cj)a- 
raMH T3 h T7, npeflcraBJíaioT coóoh ócjikh, cocroaiflHe 
H3 eAHHCTBeHHOH nOJIHnenTHflHOH IjenH C MOJieKyjiap- 
HOH MaCCOH <100 Kfla. npH 37 °C OHH CHHTe 3 HpyiOT 
PHK CO CKOpOCTbK) ~ 200 HyKJieOTHAOB/C, HTO 3 HaMH- 
TejibHO npeBbimaeT CKopocTb pa 6 o™ óaKTepnajibHOH 
PHK-nojiHMepa 3 bi. 

PHK-nojiHMepa 3 a c{)ara T7 roMOJiorHHHa flHK-nojín- 
Mepa3e h HMeeT noxoxcyio CTpyKTypy. flHK b CTpyKType 
(J)epMeHTa pacnojiaraeTca b «jiaflOHH», oKpyxceHHOH « 6 o;ib- 
iiihm naAbiieM» h ocrajibHbiMH «naAbijaMH» (cm. pne. 18.7). 
PcHTreHocrpyKTypHbiH aHajiH 3 PHK-no;iHMepa 3 bi cjiara 
T7 AaeT HaM neTKoe npeflcraBjíeHHe o tom, KaK BbirjwflHT 
aKTHBHbiH uemp cjiepMeHTa, ynacTByiomHH b npouecce 

TpaHCKpnmiHH. 

Kax noKa 3 aHO Ha pmc. 1 1 ., PHK-no;iHMepa 3 a cjiara T7 

B3aHMOACHCTByeT C ÓOJIbUIOH Ó0p03flK0H flHK, CBH3bIBaa oc- 
HOBaHHa, pacnojioxceHHbie Bbirne crapTOBOH tohkh TpaHC- 
KpHniiHH. Bo B 3 aHMOAeHCTBHH (JiepMeHTa h flHK ynacTByeT 
nerrum cneitufirnnocmu , npeflcraBJíaiomaa coôoh (3-caoh. 
9ľa nepTa aBJíaeTca yHHKajibHOH ,zyw flaHHoro KJiacca PHK- 
noAHMepa 3 (h He oÔHapyxceHa y roMOJioraHHbix flHK-nojín- 
Mepa3). 06m,HM cbohctbom Bcex PHK-no;iHMepa 3 aBJíaeTca 
cnocoÓHOCTb pacno 3 HaBaTb Ha flHK onpeflejieHHbie ocho- 
BaHHa, pacnojioxceHHbie nepefl TpaHCKpHÓnpyeMOH nooie- 
AOBaTeJIbHOCTbK). 

Bo BpeMH HHHIlHailHH TpaHCKpHniJHH H flOÔaBJíe- 
HHfl nepBblX HeCKOJIbKHX HyKJieOTHAOB KOH({)OpMailHH 

(])epMeHTa He H3MeHaeTca h MaTpHHHaa ijenb flHK npo- 
AOJDKaeT ocTaBaTbca b ero aKTHBHOM ijeHTpe b «c)KaTOM» 
BHAe. AKTHBHbíň ijeHTp MOxceT yaepxcHBaTb TpaHCKpnnT, 
cocToamHH H3 6-9 HyKJieoTHAOB. ľlepexoA ot HHHiinaijHH 
TpaHCKpnmiHH k sjiOHraijHH onpeflejiaeTca momchtom, b 
KOT opbiH (JiepMeHT HaMHHaeT CBoe flBHXceHHe BflOJib flHK. 
3to npoHexoAHT, Kor^a pacryíflHH TpaHCKpnnT Bbixo- 
Aht 3a npeflejibi aKTHBHoro ijeHTpa h B3aHMOfleHCTByeT c 


neTjieH cneijH({)HHHOCTH. PHK bmxoaht Ha noBepxHOCTb 
(JiepMeHTa noejie Toro, Kax óyflyT CHHTe 3 HpoBaHbi 12-14 
HyK/ieoTHAOB. noxoxcne MepTbi xapaKTepHbi h ajm 6 aKTe- 
pnajibHbix PHK-nojiHMepa 3 . 


11.5 


Ha ocHOBe pemreHocTpyKTypHoro 
aHajiM3a PHK-nojiMMepa3bi 
MOJKHO noapOMTb MOfle/lb 
ABMJKeHMfl (jiepMeHTa 


K/iiOMeBbie íiohbtmb: 


• flHK ABM>KeTCB no cneunajibHoií 6opo3AKe b PHK-no/iMMepa3e 
Apo>K}Keíí r Ae/iaB pe3KMií noBopoT b aKTHBHOM ueHTpe. 

• BeAKOBbíň moctmk MeHBeT KOH(|)opMaumo (J)epMeHTa a/ib Toro, 

HTOÓbl KOHTpO/IMpOBaTb nOCTyn^eHMe HyKJieOTMAOB B aKTMBHblií 

uemp. 


Cennac, ójiaro^apa HajiHMHio CTpyioyp nceBAOKpHcraji- 
jiob óaKTepnaAbHOH PHK-no;iHMepa3bi h PHK-nojiHMepa- 
3bi Apoxcaceíi, mh pacnojiaraeM óojibineH HHtJiopMaiiHeH o 
CTpoeHHH h (JiyHKíiHax 3thx ({lepMeHTOB. Pa3Mepbi PHK-no- 
jiHMepa3bi óaicrepHH cocTaBJíaioT ~90 x 95 x 160 Á; syKa- 
pnoTHMecKaa PHK-no;iHMepa3a óojibine, ho He Taxaa BbiTa- 
Hyraa. PeHTreHOcrpyKTypHbiH aHaaH3 BbiaBHji oôiijhh THn 
CTpoeHHa 3THX (JiepMeHTOB, XapaKTepH3yK)IIJHHCfl HaJIHMH- 
eM Ha noBepxHOCTH (JiepMema KaHaaa (hah 6opo3AKH) rmi 
npoxoxcAeHra flHK. npHMep TaKoro KaHaaa b ôaKTepnaAb- 
hoh PHK-nojiHMepa3e npHBeAeH Ha p m c. n.8. fl/iHHa KaHa- 



PMC. 11.8 p- (ro/iyóoií) m P'-cyóbeAMHMUbi (po30Bbiíí) PHK-noAMMe- 
pa3bi (J)opMMpyK)T KaHa/i ftna Maipm^bi flHK. CnHTe3 PHKipaHCKpnnTa 
(opaH>KeBbm) To/ibKo mo HaMa/icB; MaipMMHaa uenb flHK (KpacHbiíí) 
m KOAMpyiomaB uenb (>KejiTbm) pacnAeieHbi b TpaHCKpnni4H0HH0M 
BM/iKe. Jlio6e3Ho npeAOCTaB/ieHo Seth Darst Rockefeller University 
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PMC. 11.9 CxeMaTMHHoe M3o6pa>KeHMe CTpyKTypbi KpncTa/uia PHK- 
nojiMMepa3bi n pacnojioweHMa ee 10 cy6i>eAMHmy flBeTOBbie 0603- 
HaneHMfl cy6i>eAMHim cooTBeTCTByioT o6o3HaHeHMflM Ha c/ieAyiomMx 
pMcyHKax 



PMC. 11.10 Bma CBepxy CTpyKTypbi PHK-no/iMMepa3bi II apowweíí 
AeMOHCTpnpyeT, KaK flHK 3axBaTbiBaeTca tmck3mm n yflepwMBaeTCfl b 
aKTMBHOM uempe, coAepwameM mohn Mg 2+ . Jlio6e3Ho npeAocraB/ieHo 
Roger Kornberg, Stanford University School of Medicíne 


jia no 3 BOJiHeT yflepacHBaTb b hcm 16 nH (b ôaKrepnaabHOM 
(})epMeHTe) wm ~ 25 nH (b syKapnoranecKOM), oflHaKo STa 
noaieflOBaTejibHOCTb cocraBJíaeT Jimiib nacrb Bcen CBjmH- 
hoh bo BpeMJi TpaHCKpnniiHH flHK. noBepxHOCTb (})epMeH- 
Ta 3apaxceHa óojibinen nacTbio oTpmjaTejibHo, a 6opo3flKy 
BbicTHjiaiOT noji05KHTejibHO 3apaxceHHbie aMHHOKHCJiora, 

B3aHMOfleHCTByiomHe c OTpnuaTejibHO 3apaxceHHbiMH (})oc- 
(J)aTHbiMH rpynnaMH flHK 

PHK-nQjiHMepa3a ApoxoKeft — KpynHaa ôcnKOBaa crpyK- 
Typa, cocroaiflaa H3 12 cy&beflHHHiy (cm. pa3fl. 24.2 «3yKa- 
pnoTHMecKHe PHK-nojiHMepa3bi coctoht H3 óojibinoro ko- 
jiHnecTBa cy6'beflHHHq»). 10 cyó'beAHHHu, apoxokcboh PHK- 
nojiHMepa3bi II pacnojioxceHbi b crpyicrype nceBflOKpHCTajwa, 
KaK noKa3aHO Ha pmc. 11 . 9 . KaTajíHTHnecKHH cam 4>opMnpy- 
eTca yrjiyôjieHneM Me>Kfly /jByMa ôojibinnMH cyô'beflHHHijaMH 
(N° 1 h N® 2), KOTopbiMH flHK 3axBaTbiBaeTca cjiobho b thc- 
kh, KaK TOJibKO nonaflaer b PHK-no;iHMepa3y. Cyô'beflHHHu.b] 
4 h 7 He o6o3HaneHbi Ha stoh crpyicrype; ohh (})opMHpyK)T 
CyÔKOMHJieKC, flHCCOIJHHpyiOIflHH OT nOJIHOľO (})epMeHTa. no 
BceM K/noneBbiM napaMcrpaM AaHHaa crpyicrypa cxoxca co 
crpyicrypOH PHK-nojiHMepa3bi óaKrepnň. Bojiee AeTajibHo 
STO CXOflCTBO M05KH0 BHflCTb H3 CTpyKTypbl nCeBflOKpHCTaJI- 

jia, H3o6paxceHHOH Ha pmc. 11 . 10 . Ha pmc. 11.11 noKa3aHo, 
hto PHK-no^HMepa3a npaicmHecKH oKpyxcaeT flHK B aicmB- 
hom ijempe (})epMeHTa oóHapyxceHbi hohh Mg 2+ , HeoôxoflH- 
Mbie /yw 4)yHianHOHHpoBaHra (^epMerna. flHK yflepacHBaeTca 
b aKTHBHOM ijempe cyó'beflHHHiiaMH 1,2 h 6. KaK H3o6paxce- 
ho Ha pmc. 11 . 12 , ,zyw Toro mtoóh bohth b aicmBHbiH ijemp 
(})epMeHTa, flHK AOJDKHa oôorayTb npnjieraiomyK) 3aoiOHKy 
éejiKa. fl/iHHa rerepoflymieKca orpaHHHHBaeTca ApyniM sjie- 
MemoM cipyKrypbi, nojiynHBuiHM Ha3BaHHe «py/w». Bepo- 
arao, HyioieoTH^bi bxoaht b aKTHBHbiH ijemp CHH3y, nepe3 
nopy b crpyicrype óejiKa. 

fleTajibHoe paccMOTpeHne CTpyKTypbl aKTHBHoro 
iiempa Ha pmc. 11.13 noKa3breaeT, mto TpaHCKpnnijH- 
ohhhh ny3bipeK BKJnonaeT b ce6a ynacroK flHK-PHK 
rnópnfla ajihhoh 9 nH. B Mecre H3rn6a MOJieKyjibi flHK 
ÄByxiienoneMHaa cnnpaab pacrnieTaeTca. no Mepe fl bh- 
xceHna (})epMeHTa BflOJib flHK, ocHOBaHna MaTpnnHOH 



PMC. 11.11 Bma cóoxy CTpyKTypbl PHK-no/iMMepa3bi II Apowweíí 
AeMOHCTpMpyeb hto flHK 0 Kpy>KeHa óe/iKOM npn6jiM3HTejibH0 Ha 
270°. Jlio6e3Ho npeflocTaB^eHo Roger Kornberg, Stanford University 
School of Medicine 


itenn b tomkc H3rn6a MOJieKyjibi opneHrapyioTca TaKHM 
0Ôpa30M, MTOÔbl B3aHMOfleHCTBOBaTb C HyiOieOTHflaMH B 
MecTe hx nocTynjieHHa b aKTHBHbiH qeHTp. 5'-KOHey PHK 
OTflejiaeTca ot flHK nocjie Toro, KaK HaTajiKHBaeTca Ha 
pyjib (})epMeHTa (cm. pne. 11.12). 

HecMOTpa Ha to hto flo Hana^a TpaHCKpnnitHH aboh- 
Haa cnnpaab flHK npeflCTaBjíaeT coéon xcecncyio CTpyK- 
Typy, OTflejibHbie uenn b TpaHCKpnnijHOHHOM ny3bipbKe 
(nocjie njiaBjíeHna MOJieKyjibi) flOBOJibHO njiacTHMHbi. 3to 
flaeT flHK B03M0XCH0CTb (^OpMHpOBaTb H3rn6 B aKTHBHOM 
qeHTpe PHK-nojiHMepa3bi. KaK xce MOJieKyjia flHK nona- 
flaeT b nojiHMepa3y MHHya 3ac;iOHKy? flaa Toro htoôm sto 
CTaao B03M05KHHM, (J)epMeHT aojdkch npeTepneTb cyiyec- 
TBeHHbie KOH(})OpMailHOHHbie H3MeHeHHfl. K 3aCJIOHKe 
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Mo/ieKy/ia AH K Ae/iaeT noBopoT b aKTMBHOM i^empe 



AHK 
j jaxBaTbi- 
M BaeTCB 
TMCKaMM 


HyK/ieoTMflbi 


ysacTKu flHK, pacncmo>KeHHbie 
Bbiiue npoMOTopa 


Bbixofl PH K 


ABiDKemie 

c()epMeHTa 


P HL -1.12 n pn Bxofle b aKTMBHbiM ueHTp (J)epMeHTa flHK AO/DKHa 

OÓOľHyTb 3aCJ10HKy. HyKJieOTMflbl, BGpOflTHO, BXOABT B aKTMBHblíí 
ijewp nepe3 nopy b cipyKType 6ejwa 


TpaHCKpHnUHOHHblH ny3blpb yAep)KMBaeTCB aKTMBHbIM AeHTpOM 



OepMeHT yflep: 

-10 nH Bbiiue CTapn 


rUS 

PHK-flHK 


_I ^ 

3 

A^mhoíí 9 nH 

TpaHCKpHlíuHOHHblŕi 
nyabipb 

n pOTÍOKeH H OCTtÄJ 
~25 HH 






TOHKM TpaHCKpMnUMM 


OCHOBaHMB 

noBopaHMBaiOTCfl 

Ha AHK-cnnpa/in 


ÓepMeHTyAep nHL-cľ~10 n h 
;ecra Or - rosnii 


PI4í 11. 3 ľlpH A6Ta/lbH0M paCCMOTpeHMM BMAHO,HTOflHK npM npo- 
xo>kaghmm aKTMBHoro uempa npnxoAMTCfl Ae/iaTb pe3Knií noBopoT 


npHjieraeT TaK Ha3breaeMbiH 3axcHM. Korfla PHK-nojiHMe- 
pa3a HaxoAHTCH b cboóoahom COCTOflHHH, 3a>KHM pa3BO- 
paHHBaeTCH, TaK, htoóm no3BOJiHTb MOJieKyjie flHK npoft- 
th BHyTpb (})epMeHTa. nocjie pacrnieTaHra hhtch flHK h 
( j)opMHpoBaHHH TpaHCKpnniiHOHHoro ny3bipbKa 3axcHM 
3aHHMaeT no OTHomeHHio k 3ac;iOHKe ncxoflHoe nojio- 
mmt. Jlioóafl no;iHMepa3a b xofle CBoen pa6o™ aojdk- 
Ha, C OflHOH CTOpOHbl, 06pa30BbIBaTb TeCHbie KOHTaKTbl 
OAHOBpeMeHHO C CyÓCTpaTHOH HyKJieHHOBOH KHCJIOTOH 
h npoAyKTOM peaKi^HH, a c flpyroft — flOJDKHa oóJiaflaTb 
CnOCOÓHOCTbK) pa3pymaTb H BHOBb BOCCTaHaBJIHBaTb 
3TH KOHTaKTbl Ha KaXCflOM IJHKJie flOÓaBJíeHHfl HOBOľO 
HymieoTH/ja. PaccMOTpnM CHTyaijHio, H3o6paxceHHyio Ha 
pnc. n.14. nojiHMepa3a (JiopMnpyeT cepnio cneiiH(})HM- 
HblX KOHTaKTOB C OCHOBaHHflMH B OnpeflCJieHHblX n03H- 
\\mx. K npHMepy, KOHTaKT nofl HOMepoM «1» o6pa3yeTca 
c HyKJieoTH/jOM, pacnojioxceHHbiM Ha KOHije pacTymeň 
Aenn, KOHTaKT «2» — c HyKJieoTHflOM MaTpnijbi, KOMnjie- 
MCHTapHbiM cjieflyiomeMy BKjnonaeMOMy b ijenb PHK HyK- 
jicoTHAy. 3aMeTHM, oflHaKo, mto HyKJieoraflbi b sthx no- 
jio)KeHHHx MeHHioTCfl npH AOÓaBjíeHHH k pacTym,eH i^enn 
PHK KaxcAoro cjieflyiomero HyKJieoTHfla! BepxHaa h hhxc- 
hhh cxeMbi, H3o6paxceHHbie Ha pncyHKe, fleMOHCTpnpyioT 
MexaHH3M AoóaBjíeHHH HyioieoTHAa k cTpoameHCfl iienn. 
Pa3HHlja MtTKJXy HHMH JIHUIb B TOM, HTO Ha HHXCHCH CXe- 
Me pacTyman ijenb yfljiHHHjiacb Ha oahh HyioieoTHfl. ľeo- 
MeTpnn o6ohx KOMnjieKcoB coBnaAaeT, OflHaKo b cxeMe, 
pacnojioxceHHOH b hhxchch Mac™ pncyHKa, KOHTaKTbl «1» 
H «2» C(})OpMHpOBaHbI OCHOBaHHflMH MaTpHMHOH IjenH, 
pacnojioxceHHbiMH Ha oflHy no3HijHio flajibine. KaK noKa- 
3aH0 Ha ueHTpaiibHOH cxeMe, nocjie Toro, KaK ocHOBaHHe 
AOÓaBJíeHO, HO flO TOrO, KaK (JiepMeHT CflBHHeTCfl BAOJIb 
MaTpnMHOH iienn, KOHTaKTbl, o6pa3yeMbie nojiHMepa30H, 
AOJDKHbi 6biTb pa3pymeHbi h BoccTaHOBjíeHbi yxce c hobh- 
MH OCHOBaHHflMH, 3aHHMaK)IAHMH CBOH n03HI!HH nOCJie 
ABHaceHra (})epMeHTa. 


F1ojiHMepa3a AO/i>KHa o6/iaAaib cnocoÔHoctbio 


o6pa30BbiBaTb cbb3h h pa3pyuiaTb mx 



P MC. 11.14 Aioóaa noAMMepa3a o6/iaAaeT cnocoÓHocTbio pa3py- 

ĽJaTb M BHOBb BOCCTaHaBJIHBaTb KOHTaKTbl C HyK/ieOTMABMH B On- 
peAeAeHHbix noAO>KeHMax cor^acHo CBoeíí cTpyKType. HyKAeoTMAbi 
B 3TMX KOHTaKTaX MeHBIOTCÍI no Mepe ABMJKeHMB (J)epMeHTa BAOAb 
MaTpML|bl 
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PMC. 11.15 \\mn 3/iOHrauMM PHK-no/iMMepa3bi HaHMHaeTCfl ot moc- 
tmk3, npM/ieraiomero k Mecry Bxofla HyK/ieoTMflOB. ľloc/ie floóaB/ie- 
hma HOBoro HyKAeoTMfla (J)epMeHT cflBMraera Ha oaho ocHOBaHMe, 
a MOCTMK M3MeHfleT CBOK) KOH(|)OpMaUMK), CľMÓaflCb fl/lfl TOľO, HTOÓbl 
COXpaHMTb KOHTaKT C TOJlbKO HTO ľipMCOeflMHeHHblM HyKJieOTMflOM. 
ľlOC/ie BblCBOÔOWfleHMfl MOCTMK npMOÓpeTaeT MCXOflHyiO KOH(J)OpMa- 
14 M K) M nOBTOpfleT 14 M K/1 


CrpyKTypa PHK-no;iHMepa3bi no3BOJiaeT HaM npefl- 
nojio^cHTb, KaKHM o6pa30M (J)epMeHT coxpaHHeT KomaKT 
c cyôcTpaTOM bo BpeMa pa3pymeHra h BoccraHOBJíeHHa 
CBH3eH. Cyii4ecTByeT TaK Ha3braaeMbiH mocthk — sjicmcht 
CT pyKTypbi óe/iica, npnjieraiomHH k aKTHBHOMy qeHTpy 
(cm. pne. 11.12). HajiHMne MOCTHKa xapaicrepHO xax 
óaKTepnajibHbix (J)epMeHTOB, Tax h n m PHK-no;iHMepa3 
/jpoxoKeH, oflHaKO CTpyKTypbi nceBflOKpHcrajuiOB Toro h 
A pyroro noKa3breaiOT, hto ohh hmoot pa3Hbie (})opMbi. 
B oahom cjiynae mocthk H3orHyT, b ^pyroM — npaMOH. 
Ha ph c. 11.15 noKa3aHO, ok H3MeHeHHa KOH(})opMai 4 HH 

MOCTHKa BJIHflIOT Ha TpaHCJIOKaiJHIO (JjepMCHTa BflOJIb 

HyKJieoTHflHoň qenn. 

B Hanajie ijHKJia TpaHCJioKaijHH mocthk HMeeT npa- 
Myio KOH({)opMai4Hio h npHMbiKaeT k MecTy Bxo^a Hyx- 


jieoTHflOB. Mocthk KOHTaxTHpyeT c BHOBb nocrynHBiiiH- 
mh HyioieoTHflaMH, nocjie nero ôe/iox CABHraeTCH B/jojib 
cyócTpaTa Ha oäho ocHOBaHHe. Mocthk h3mchhct cboio 
KOH(J)opMai4Hio, crHóancb j\m Toro, htoóh coxpaHHTb 
KOHTaKT C TOJlbKO HTO npHCOeflHHCHHblM HyKJieOTH/JOM. 
B 3TOH KOH(J)OpMai4HH MOCTHK 3aCJIOHflCT COÓOH MCCTO 
Bxofla HyioieoTHflOB. 3aKaHHHBan ijhkji, «mocthk» npn- 
oópeTaeT ncxo/jHyio, npaMyio, KOH(})opMai4HK), OTxpbi- 
BaB flOCTyn hobhm HymieoraflaM. Mocthk fleňcTByeT 
xax xpanoBHK, ocBOÓoxc/jaiomHH u,tim flHK h PHK fljm 
TpaHCJIOKailHH H npHflepXCHBaiOII4HH npH STOM KOHOJ 

pacTymeň uenn. 


11.6 


EaKTepMa/ibHbie 
PHK-no/iMMepa3bi coctobt 
M3 HeCKO/lbKMX Cy6l>eAMHMU 


KmoHeBbie noHATMa: 


• Ochobhoíí (|)epMeHT 6aKTepnanbHOM PHK-noflMMepa3bi 
npeflCTaB/ifleT co6oň MHorocyóteflMHMHHbiM KOMoneKC c 
MO^eKy/iflpHOM Maccoíí ~500Kfla n oóiueíí CTpyKTypoíí a 2 P(3'. 

• flHK CBsi3biBaeTCfl c 4)epMeHTOM b KaHa/ie, o6pa30BaHHOM p- m 
P'- cyóteflM h tma m m . 


B HacToamee BpeMa /rynme Bcero oxapaicrepH30BaHbi PHK- 
nojiHMepa3bi rpaMOTpHu,aToibHbix ôaKTepnH, b nacTHOCTH 
4>epMeHT E. coli. Y ayôaKmepuu cmme3 mPHK, pPHK u 
mPHK ocymecmejmem odua u ma Me PHK-nojitmepa3a. 
06mee hhc/io MOJieKyji PHK-no^HMepa3, npHcyTCTByiomee 
b joieTKax E. coli, b cpeflHeM cocTaBjíaer oko^o 7000. 3Ha- 
HHTejibHaa wacTb H3 hhx moäct ôbiTb BOBJíeneHa b TpaHC- 
KpHIIHHIO; B 3aBHCHMOCTH OT yCJIOBHH pOCTa B CHHTe3e PHK 
MO>KCT ÓbITb 3aHHTO OAHOBpCMtHHO OT 2000 flO 5000 MOJIČ- 
Kyji (J^epMeHTa. 

IlojiHbiH <j>epMeHT, iuih xojio(J)epMeHT, E. coli HMe¬ 
eT Ma/ieKy/iapHyio Maccy ~ 465 Kfla. Ero cyôteflHHHHHaa 
crpyKTypa npeflCTaBfleHa Ha pmc. 11 .I 6 . 

p- h p'-cy6T>eflHHHi;bi cj)opMHpyK)T KaTXTirnmec- 
khh neinp (JjepMeHTa. Hx nocjieAOBaTejibiiocra cxoxch 
C nOCJieflOBaTejIbHOCTflMH CaMblX ÔOJIbllIHX CyÔ'beflHHHIÍ 

syKapnoTHHecKHx PHK-nojiHMepa3 (cm. pa 3 fl. 24.2 «3yKa- 
pnoTHHecKHe PHK-nojiHMepa3bi coctoht H3 óojibinoro 
KOJiHHecTBa cy6'beflHHH4 »), hto no3BOJiaeT npeflno^oxcHTb 
cymecTBOBaHHe HeKOTopbix o6u;hx nepT b paôoTe Bcex 
PHK-no^HMepa3. p-cyô'beflHHHLja nepeKpecTHO b33hmo- 
fleňcTByeT c MaTpnueň flHK, PHK-npoflyKTOM h cyócTpaT- 
HbiMH pHÔOHyícneoTHflaMH; MyTau,HH b reHe rpoB b^hhiot 
Ha Bce STanbi TpaHCKpnrmHH. Myraunn b rpoC fleMOHcrpn- 
pyiOT, hto p'-cyóbe/iHHHua Taioxe BOBJíeneHa b npopecc Ha 
Bcex ero craAHHx. 

a-cyóTeflHHHu,bi, Hapafly c p h p', bxoaht b cocTaB mh- 
HHM3JIbHOrO 4>epMeHTa. y E. coli, HH(f)HIJHpOBaHHOH <J)a- 
tom T4, a-cyóteAHHHpa MOflHcf>HpHpyeTca b pe3y^bTaie 
A7J, ( I ) -pn6()3H;iHpoBaHHH aprHHHHa. Taxa a Mo/íncj)HKaniiM 

BefleT K CHlDKeiIHIO acjx()HHHOCTH CBH3bIBailHH C npOMOTO- 
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PHK-no/iMMepa3a coctoht M3 cyó-beAMHm* neTbipex tmíiob 


feH BejiOK 


OyHRiJimi 


rpoA flBe a-cyó-beflMHnutl "V ^ cóopxa {fiepMema; 
(40 K^a Kawflaa) 


rpoB p-cyó-beflMHMLia 
(155 Kfla) 


rpoC |3 , -cy6'beflM h n 14 a 
(160 Kfla) 


rpoD a-cy6"beflMHMLia 
(32-90 Kfla) 


XojiocjDepMeHT E. coíi 
(465 Kfla) & 


a 


y3HaBamie npoMOTopa; 
B3anMOfleŕícTBMe c peryjia- 

TOpHblMM (JjaKTOpaMM 


KaiajuiTimecKmi 



L^emp 


CrieUM(t)MHHOCTb CBfl3bl- 
BaHMfl C npOMOTOpOM 



P M C. 11.16 3y6aKTepna/ibHbie PHK-no/iMMepa3bi coctoat m cy6b- 
eflMHMu neTbipex tmiiob; ap- n p'-cy6i>eAMHMUbi MMeiOT othocm- 
Te/ibHo nocTO^HHbiií pa3Mep y pa3Hbix bmaob 6aKTepnií, G-cyóbeflM- 
HMja ropa3flo 6o/iee Bapna6e/ibHa 


poM. 3to no3BOJiHeT npeAnojioxcHTb, hto a-cy6'beAHHHL(bi 
HrpaioT onpeAejieHHyio poiib b y3HaBaHHH npoMOTopa. 
KpoMe Toro, a-cy6T>eAHHHija ynacTByeT bo B32HMOAeHC- 
tbhh PHK-no^HMepa3bi h HeKOTopbix (JmTopoB peryjia- 
\\m TpaHCKpunuHH. 

o-cy&beAHHHija HeoóxoflHMa HCK/nonHTejibHO rjw 
paCn03HaBaHHH npoMOTopa, O (J)yHKIJHOHHpOBaHHH 3TOH 
cyôbeAHHHUbi Mbi pacnonaraeM ropa3AO óojibineH HH(})op- 
MauHeň, neM o jhoóoh /jpyron cyô'beflHHHije (cm. pa3£. 11.7 
«PHK-nojiHMepa3a coctoht H3 MHHHMäJibHoro (^epMema h 
CHľMa-(J)aKTopa»). 

H3 CTpyKTypbi nceBAOKpHCTajuia 6aKTepHa;ibHoro (pep- 
MOHTa (cm. pne. 11.8) bhaho, mto KaHa^ /yia flHK pacnoiio- 
mn Mexc/iy |3- h p'-cy6T>eAHHHijaMH (a-cy6T>eAHHHijbi Ha 
3TOM pneyHKe He BHAHbl). B aKTHBHOM ijeHTpe, ryje nponc- 
xoaht CHHTe3 uenn PHK, JIHK HaxoAHTca b pacnjieTeHHOM 
coctohhhh. C noMombio pa/# SKcnepHMeHTOB 6buiH onpe- 
flejieHbi yqacTKH, b KOTopbix cyó'beAHHHU.bi PHK-noiiHMe- 
pa3bi KOHTaKTHpyioT c flHK. Ohh noKa3aHbi Ha P M c. 11 . 17 . 
P- w p'-cyó'beAHHHijbi B3aHM0AeňcTByi0T c flHK b HecKOJib- 
khx TOMKax, pacnojioxceHHbix Hnxce aKTHBHoro ijempa. 
HeCKOJIbKO KOHTaKTOB C KOflHpyiOmeH uenbio OHH ({)OpMH- 
pyiOT b panoHe TpaHCKpnnuHOHHOH bhjikh, CTa6nnH3Hpya 
t2khm o6pa30M pa3flejieHHbie u,enH J\ HK. PHK KOHTaKrnpy- 
eT c (J)epMeHTOM b ochobhom b oôjiac™ TpaHCKpnnijHOH- 
Horo ny3bipbKa. 

Pn(J)aMnHL(HH (hjich ceMencTBa aHTHÓHOTHKOB rpyn- 
nbi pn^aMHUHHOB) ôjiOKHpyeT paóoTy óaKTepnajibHOH 
PHK-nojiHMepa3bi. Oh aBjíaeTca rjiaBHbiM jieicapcTBeH- 
HbiM npenapaTOM, Hcnojib3yeMbiM npn jieneHHH Tyóep- 


Kyjie3a. CrpyKTypa nceBAORpncrajuia PHK-no;iHMepa3bi 
b KOMnjieKce c pH(j)aMnHijHHOM oó'bBCHaeT MexaHH3M 
AeHCTBHfl aHTHÓHOTHKa: pH({)aMnHL(HH pa3MemaeTca b 
K apMaHe, o6pa3yeMOM (3-cy6T>eAHHHijeH. HecMOTpa Ha 
TO HTO MeCTO CBB3bIBaHHB paCnOJIOXCCHO Ha paCCTOflHHH 
CBbirne 12 Á ot aKTHBHoro ijempa, pnc{)aMnHijHH ójiokh- 
pyeT sjiOHrauHio PHK. He no3BOJiaa ijenn PHK yiyiHHHTb- 
ca 6ojiee neM Ha 2-3 HyKJieoTH/ja, aHTHÓHOTHK hhfhóh- 
pyeT TpaHCKpnnuHio. 

PHK-noJiHMepa3a, KOTopon nepBOHaMa^bHO npHnHCbi- 
Ba^acb cnocoÓHOCTb TOJibKO HapamHBaTb uenb PHK Ha MaT- 
pnqe Jl HK, cemac paccMaTpHBaeTca xax KOMnoHem 6o;iee 
oioxcHoro annapaTa, BOB/ieMeHHoro b npouecc TpaHCKpnn- 
u,hh. CnocoÔHoanb Kamajimupoeamb cunme3 PHKnejwem- 
ch «MUHUMdJibHoú» (pyuKi^ueú PHK-nojiUMepa3bi. OepMeHT 
KOHTpojinpyeT cnapHBaHHe cyócTparabix pnôoHyioieoTH- 
AOB c R HK h KaTäJiH3HpyeT o6pa30BaHHe 4>oc(})OAH3(t)Hp- 
hmx CBB3eň MexcAy hhmh. 

Bce cy6T>eAHHHL(bi MHHHMajibHoro (pepMeHTa, y^ac- 
TByiomne b ojiOHraunn, HeoóxoAHMbi Taxxce h jym npo- 
ueccoB HHHqnauHH h TepMHHauHH. TpaHCKpnnuHOHHbie 
KOMnjieKCbi, OAHaxo, pa3JiHMaiOTCB no Haóopy AonoiiHH- 
TeiibHbix nojiHnenTHAOB, ynacTne KOTopbix hcoóxoahmo 
/yia HHHqHaqHH h TepMHHaqHH TpaHCKpnnijHH onpeAe- 
jieHHbix reHOB. OneBHAHa aHa^orra c pa3Ae;ieHHeM Tpy^a 
Mexc/iy pnôocoMOH h (J)aKTopaMH óejiKOBoro CHHTe3a npn 
TpaHCJIBUHH. 

PHK-nojiHMepa3a E.coli cnocoÓHa TpaHCKpHónpoBaTb 
Bioóyio H3 6o^ee neM 1000 TpaHCKpnnijHOHHbix cahhhu 
3TOH ÓaKTepHH. B CBB3H C STOM CTaHOBHTCB HeOÔXOAHMbIM 
cynj,ecTBOBaHHe óojibinoro nnc^a peryjmTopoB, cnocoÓHbix 
BJIHBTb Ha TpaHCKpnnUHOHHyiO aKTHBHOCTb (})epMeHTa. 
CjioxcHOCTb CTpyKTypbi (})epMeHTa OTpaxcaeT, cxopee, ero 
cnocoÔHocTb B3anMOAeHCTBOBaTb c pa3JiHHHbiMH peryjm- 
TopHbiMH c{)aKTopaMH, HtM KaKHe-TO ocoóeHHocTH ero Ka- 
TaJIHTHMeCKOH aKTHBHOCTH. 


p- H p / -cy6‘beAMHM4bi KOHTaKTHpyioT C AHK H PHK 


p-cyó-beflMHmjia 


ľlpOTMB xofla 
TpaHCKpunmiM 


ww 



ľl o xofly 
TpaHCKpunmiM 

/\,X/X/\ fl HK 


7 / 


PHK 


P'-cyó-beflMHHua 


PH C. 11.17 M MaipMHHaB, m KOflMpyiomaB uenM flHK KOHTaKTHpyioT 
C P- M P^CyÓTjefl M H M 14 a M M ITiaBHblM OÓpa30M B o 6 /iacTM TpaHCKpMn- 
UMOHHoro ny 3 bipB m HM>Ke no xofly TpaHCKpnni 4 MM. PHK TaK>Ke koh- 
Ta ktm pyeT c (JjepMemoM b ochobhom b 06/1 a ctm TpaHCKpnnunoHHoro 
ny 3 bipB. Ha ynacTKax HM>Ke ny 3 bipa (no xofly TpaHCKpnni 4 Mn) PHK 
KOHTaKTOB He o6pa3yeT, 3a MCKAioneHMeM ocoóbix CAynaeB, b koto- 
pbix (JjepMeHT ABM>KeTCB b oópaTHOM HanpaB/ieHMM 
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11.7 


PHK-nojiMMepa3a 

COCTOMT H3 MMHMM3JlbHOrO 
(JjepMeHTa u cnrMa-(|)aKTopa 


K/uoHeBbie noHATMfl: 


• EaKTepMajibHaa PHK-no/iMMepa 3 a MO>KeT óbiTb pa 3 Ae/ieHa Ha 
MMHMMa/lbHbIM (J)epMeHT OC 2 PP^ KaTaJlM 3 MpyK)mMÍÍ COÓCTBeHHO 
peaKUMio TpaHCKpMnuMM, n CMma-cyó-beAMHMuy, HeoóxoflMMyio 
TO/ibKO Aaa MHMUMauMM npouecca. 

• CMrMa-(|)aKTop M 3 MeHfleT xapaKTep B 3 anMOfleíícTBM 5 i PHK- 
no^MMepa 3 bi c flHK TaKMM oópa 30 M, mto a 4 ) 4 )MHH 0 CTb 
CB 5 i 3 biBaHMfi (J)epMeHTa co cjiynaííHbiM ynacTKOM flHK 
noHMwaeTCfl, a c npoMOTopoM — B 03 pacraeT. 

• KoHdaHTa cBfl 3 biBaHna PHK-no/iMMepa 3 bi c pa 3 HbiMM 
npoMOTopaMM BapbMpyeT b flnana 30 He LuecTH nopaAKOB, 
onpeAejiaa nacTOTy, c KOTopoíí TpaHCKpnnLiMfl MHMLiMMpyera Ha 
KaWflOM M 3 3 TMX npOMOTOpOB. 

XojiO(})epMeHT (a 2 pp'a) moxcho pa3flejiHTb m flBa KOMno- 
Hema: MHHHMajibHBíň cj>epMeHT (core enzýme) (a 2 |3|3') 
h CHrMa-(J)aKTop (a-nojinnenTHfl). Tomko nojinuu xojio- 
(pepMenm MOMem unui^uupoeamb mpanacpunituK). Cuz- 
Ma-0aKmop oôecnemieaem o6po3oeanue cmaówibnoú 
C 6 H 3 U MeMdy ôaKmepuojibHoú PHK-nojiUMepa 3 oú u RHK 
e oôjiacmu npOMomopa. noaie Toro Kax pjmm uenn PHK 
floerarHeT 8-9 ocHOBaHHH, CHrMa-c^aicrop BbiCBOÔoacflaeT- 
ca, h sjiOHrauna ocymecTBjíaeTca TOJibKo MHHHMaabHbiM 
c{)epMeHTOM. MuHimajibHbiú (pepMewn cnocoôen cunme3u- 
poeamb i^enhPHK uaJJHK-Mampui^e, no ne MOMem UHU 14 U- 
upoeomb mpmcKpunUfUK) e nyMHOM ynacruKe. 

MnHHMajibHbiH (t)epMeHT caM no ce6e oóJiaflaeT cpoflc- 
tbom k JX HK, b ocHOBe Koroporo jiokht saeKTpocraTHMecKoe 
B3aHMOflencTBHe mok^v nojioaafreabHO 3apaaceHHbiM óejiKOM 
h OTpnnaTeabHO 3apaaceHHOH HymienHOBOH khqiotoh. Jlioóyio 
(cayHanHyio) noaieflOBaTeabHOCTb CBa3biBaioiijyioca c 

6a30Bon PHK-nojiHMepa3on, Ha3biBaioT cboôoahbim yqacr- 
kom CBH3bmaHHfl. R HK npn TaKOM B3aHMOflencTBHH He npe- 
TepneBaeT HHKaKnx H3MeHeHHH, coxpaHaa flByxn,enoMeMHyio 
cipyicrypy. ľlpn stom TaKon komelíickc flocraTOMHO craónneH, 
nepnofl ero nojiypacnafla Ha flJiK h MHHHMajibHbin c{)epMeHT 
cocraBaaeT ~60 mhh. OdmKOMUHima/ibHUú (fiepMmm ne om- 
jiuHaem npmomopbi om dpyzux noawdoeamejibHocmeuJlfiK 
Kax noKa3aHO Ha , CHma-cjmTop npHHflnnH- 

ajibHO H3MeHaeT xapaKTep B3aHMOfleHCTBna PHK-nojiHMepa- 
3bi c J\ HK Cpodcmeo xojio0epMeuma k ceoóodubm ynacm- 
kom c6R3ueaHUH , a 3Hmum, u cnocoónocmb censueambCR c 
jiwôbiMU noaiedoeamejibnocmmu /PHK pe3KO cnuotccmmcR. 
KoHCTaHTa CBa3bmaHHa /yia stoh peaKijHH ójiaroflapa cnnvia- 
(})aKTopy CHHXcaeTca b 10 4 pa3, a nepno/i; noaypacnafla Tanoro 
KOMmieKca He npeBbimaeT 1 c. TaKHM o6pa30M, cnnvia-cjm- 
Top cyiflecTBeHHO CHnacaeT cnocoÓHOCTb c^epMema CBa3bi- 
BaTbca co QiynaHHbiMH ynacTKaMH fl,HK 

CaeflyeT oTMeTHTb, mto cuma-0aKmop npudaem 0ep- 
Menmy cnocoóHocmb y3naeamb oupedenennue ynacmxu 
C6R3U6CVHUR. XOJIO(£)epMeHT OMCHb npOMHO CBa3bIBaeTCa c 
npoMOTopaMH, KOHCTaHTa CBa3biBaHHa /yia stoh peaKflHH 
no cpaBHeHHio c 6a30BbiM c{)epMeHTOM B03pacraeT (b cpefl- 
hcm) b 1000 pa3, a nepnofl noaypacnafla Taxoro KOMnaeKca 
cocTaBJíaeT HecKoabKo nacoB. 


CnrMa-(t>aKTop KompojiMpyeT cne4H(f)MHH0CTb 
PHK-no/iMMepa3bi 


MuHMMajibHbíň cjDepMeHT CBíi3biBaeTCíi c jik)6oíí 
nocjieflOBaiejibHQCTbK) flHK 



\>\/\>\/\ 


CnrMa-ct)aKTop flecTa6njui3iipyeT B3anMOAeŕícTBMe 


^ i 


CurMa- 

cjDaKTop 



1 


X0J10(t)epMeHT CBB3blBaeTCB C npOMOTOpOM 





P H C. l Li3 MHHHMaabHbiíí (J)epMeHT Hen36Mpaie/ibH0 CB^3biBaeT- 
cn c jiioóbiMM nocaeAOBaieabHocTíiMM flHK. CMrMa-(|)aKTop CHM>KaeT 
cpoflCTBO MMHMMa/ibHoro (J)epMeHTa k caynaííHbiM ynacTKaM CBA3bi- 
bbhm m cooómaeT eMy cneuM(|)M4H0CTb k npoMOTopHbiM noc^eflo- 
BaTe/lbHOCTflM 

CneflH(J)HMHOCTb xoao(})epMeHTa no OTHomeHHio k 
npoMOTopaM (no cpaBHeHHio c flpyrnMH nocjieflOBaTeab- 
HOCTaMH) Bbirne b ~10 7 pa3. flaHHaa BeaHMHHa aBjíaeTca yc- 
peflHeHHOH, nocKoabKy cyiflecTByioT Bapnaunn b CKopocra 
CBa3biBaHna xoaoc{)epMeHTa c pa3JiHMHbiMH npoMOTopaMH. 
CpoflCTBO xoaoc{)epMeHTa k npoMOTopy HMeeT npHHfln- 
nnaabHoe 3HaMeHne flaa s(})(})eKTHBHOCTH HHHflHaij.HH c 
flaHHoro KOHKpeTHoro npoMOTopa. KoHCTaHTa CBa3biBaHH5i 
BapbnpyeT ot ~10 12 flo ~10 6 . flpyrne c{)aKTopbi Taxace OKa3bi- 
BaiOT BanaHne Ha nacTOTy HHHnnauHH, KOTopaa b HTore Ba- 
pbnpyeT ot ~ 1 b ceKyHfly (/yia reHOB pPHK) flo ~ 1 b noanaca 
(fl/ia npoMOTopa lacľ). 


11.8 


riOCiie MHMUMaUMM TpaHCKpMnUMM 
xapaKTep B3anM0AeMCTBMfi 
MMHMMaiibHoro (|>epMeHTa 
c cnrMa-(|)aKTopoM MeHneTcn 


KmoHeBbie noHflTMa: 


• ľlocae accoLiMaLiHM PHK-no^nMepa 3 bi c npoMOTopoM Lienu flHK 
pacn^eTaiora, a cfrepMeHT CMHTe 3 npyeT Moaexy^y PHK a/imhom 
AO agbíitm HyK/ieoTMAOB. 

• YAaHHOMy npoAO/DKeHMK) CMHTe3a PHK MO>KeT npeALuecTBOBaTb 

CepMfl a6opTMBHblX MHMLIHaLlMÍÍ. 

• Kax ToabKO paciymaíi Lienb PHK AOCTMraeT b A^MHy BOCbMM-AeBíiTM 
OCHOB 3 HMM, cnrMa-(|)aKTop AMCcoLiMMpyeT ot PHK-noaMMepa 3 bi. 
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Cerme Mbi moxccm paccMaTpnBaTb Bce cra#™ TpaHCKpnn- 
UHH B KOHTeKCTe B3aHMOAeHCTBHfl MOK^y pa3JIHMHbIMH 
(j)opMaMH PHK-nojiHMepa3bi c MaTpnuen flHK. PeaKura 
HHHunauHH moxcct 6biTb onHcaHa npn noMomn napaMeT- 
poB, nepeMHCJieHHbix Ha p hl. i i. i9: 

• B3aHMO/i;eHCTBHe xojioc{)epMeHTa c npoMOTopoM 
HanHHaeTCH c (Jx)pMHpoBaHHfl ABOHHoro 3aKpbiToro 
KOMn^eKca. TepMHH «3aKpbiTbiň» 03HanaeT, hto flHK 
b stom KOMnjieKce coxpaHaeT cboio AByxiienonen- 
Hyio CTpyKTypy. OopMHpoBaHHe ABOHHoro 3aKpbiTO- 
ro KOMnjieKca oópaTHMO, nosTOMy pjw ero onncaHna 
HCriOJIb3yiOT OÓbIMHO KOHCTaHTy paBHOBec™ (K b ). 
flxa pa3Hbix 3aKpbiTbix KOMnjieKcoB cymecTByiOT 3Ha- 
MHTejibHbie BapnauHH b 3HaneHHflx KOHcraHTbi paB- 
HOBeCHH. 

• 3aKpbiTbiH KOMiuieKc nepexoflHT b oľKpbiTbiH b pe3yjib- 
TaTe ruiaBjíeHra Heóojibinoro ynacTKa flHK b npeflejiax 
nocjieAOBaTejibHOCTH, CBímHHOH c (t)epMeHTOM. Pha 
noaieflOBaTejibHbix coóhthh, b pe3yjibTaTe KOTopbix 
(J)OpMHpyeTCH OTKpbITblH KOMIIJieKC, Ha3bIBaiOT npo- 
TOblM CBH3bIBaHIieM. Jljlfl. npOMOTOpOB, IIpOMHOCTb 
CBH3bIBaHHH C KOTOpbIMH BblCOKa, nepeXOfl K OTKpblTO- 
My KOMíuieKcy HeoôparaM; Taxaíi peaiajm onHCbreaeTCfl 
KOHCTaHTOH CKOpOCTH (k 2 ). llepeXOA npOHCXOflHT 6bic- 
Tpo, npn stom CHma-c^aKTop ynacTByeT b pacrmeTaHHH 
Ljenen HK (cm. pa3A. 11.16 «3aMeHa cnrMa-^aicropa 
KOHTpOJIHpyeT HHH4HaUHI0»). 

• OieflyiomHM rnaroM hbjihctch BK/noneHne nepBbix 
£ByX HyKJieOTHAOB H ({)OpMHpOBaHHe (J)0C({)0/],H3(J)Hp- 
HOH CBA3H MOK^y HHMH. 3TO npHBOflHT K 0Ópa30Ba- 
HHIO TpOHHOrO KOMIUICKCa MOKfíy (J)epMeHTOM, 

AHK h CHHTe3HpyeMOH PHK. 06pa30BaHHe tpohho- 
ro KOMruieicca onncbiBaeTCfl c noMOiijbio KOHcraHTbi 
CKOpOCTH ki, KOTOpan MeHbUie, MeM KOHCTaHTa k 2 . 
ľloKa /yiHHa ijenn PHK He npeBbiCHT 9 ocHOBaHHH, 
npucoeflHHeHHe HyK/ieoTH/joB He TpeôyeT ABnxceHHa 

cj)epMeHTa. noejie AOÔaBjíeHra xaxcAoro ocHOBaHna 
cymecTByeT BepoaTHOCTb Toro, mto c{)epMeHT bmcbo 
6oaht CHHTe3npyeMOH uenb. 3to aBjíeHne hocht Ha- 
3BaHne aôopTHBHOH HHHu.Hau.HH. B stom cjiynae 
(J)epMeHT aojdkch HanaTb chhtc3 3aHOBO, c nepBoro 
ocHOBaHra. Kax npaBHjio, b pe3yjibTaTe pa/ja a6op- 
THBHbix HHHunauHH o6pa3yeTca cepna oneHb KopoT- 
KHX OJIHrOHyKJieOTHflOB. 

• nocjie 3aBepmeHHH HHHunauHH cnrMa-^aicrop bmcbo- 
ôoxcAaeTca, h a aabHeHinaa sjiOHraijHa ocymecTBjíaeTca 
TpOHHbIM KOMnJieKCOM, B COCTaB KOTOpOľO BXOAHT KOp- 
cj)epMeHT, RHK h CHHTe3npyeMaa PHK. KpHranecKHM 
napaMeTpoM b stom npoqecce aB/iaeTca AOcraTOHHOCTb 
CKopocTH yxoda nojiimepmu c npOMomopa dm mozo, 
Htnoôbi cjiedywmuú (fiepMenm moz y3namb ezo. 3tot 
napaMeTp Ha3breaioT CKopocTbio ocBoôoxcAeHHa npo- 
MOTopa; ero MHHHMajibHoe 3HaneHne, cocraBJíaiomee 

npHMepHO 1-2 ceKyHAbi, onpeACJiaeT MaKCHMajibHyio 
nacTOTy HHHunaij.HH, cocraB^ínomyio oko^o 1 coóbiTra 
b ceKyHAy. OepMem HanHHaeT ^BHxceHHe B^ojib flHK- 
MaTpnubi npn flocTHXceHHH uenbio PHK /yiHHbi b 10 oc- 

HOBaHHH. 



PMC. 11.19 flo Hana/ia 3/ioHraunn PHK-no^MMepa3a npoxoflMmepe3 
HeCKO/lbKO CTaflHÍÍ npouecca MHMUMaUMM. 3aKpblTblM ABOÍÍHOÍÍ KOMn- 
jieKC npeBpamaeTCB b OTKpbiTbiíí, a 3aieM — b tpoííhoíí KOMn/ieKc 


npH CBA3biBaHHH PHK-nojiHMepa3bi c cyôcTpaTOM 
/yiHHHaa ocb c^epMema eme óojibine pacTflrHBaeTCfl B^ojib 
flHK, o^HaKO bo Bpem TpaHCKpnnuHH nponcxoAHT paa 
HHTepeCHblX KOH(})OpMaiJHOHHbIX H3MeHCHHH. 3TH H3Me- 
HeHra c{)opMbi h pa3MepoB onncbmaiOT Tpn Bapnama Tpoň- 
Horo KOMmieKca, H3o6paxceHHbie Ha p m c. 11.2 0: 

• npn nepBHMHOM CBH3biBaHHH xojioc{)epMeHTa c RHK 
PHK-nojiHMepa3a SKpaHHpyeT ot 75 pp 80 nH, «pacTH- 
rHBaíiCb» ot -55 pp +20 no3HijHH (no HanpaB^eHHio 
CBoeft /yiHHHOH och PHK-nojiHMepa3a (160 Á) moxcct 
noKpbiBaTb TOJibKO ~50 nH HK, hto 03HanaeT, mto cbh- 
3biBaHHe c{)epMeHTa c óojibuiHM ynacTKOM RHK hbjihct- 
ch cjieACTBneM HeKoero H3rn6aHra MOJieKyjibi Hyioien- 
HOBOH KHCJIOTbl). 

• OopMa PHK-nojiHMepa3bi mchíitcb npn nepexofle ot 
cra^HH HHHUHaiiHH k craflHH s^oHrauHH. 3 tot npo- 
qecc conpoBoxmaeTca noTepeň KomaKTOB b ynacTKe 
Mexc^y no3HUHXMH -55 h -35, c c^epMemoM ocTaiOTCx 
CBX3aHbi TOJibKo ~60 nH JX HK. 3to corjiacyeTcx c rwee h 
o tom, hto nacTb npoMOTopa, pacnojioxceHHaa Bbirne no 
xo^y TpaHCKpnnuHH, BOBjíeneHa b nepBHMHoe pacno3- 
HaBaHne PHK-nojiHMepa3on, ho He ynacTByeT b óojiee 
no3flHHx CTaAHHx HHHunauHH (cm. pa3A- 11.13 *B pe- 
3yjibTaTe Myraunn 3({)({)eKTHBHOCTb paôoTbi npoMOTopa 
MOxceT ôbiTb noBbimeHa hjih noHnxceHa »). 
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PHK-no/iMMepaaa M 3 MeH 5 ieT cboh pa 3 Mepb 
b npouecce mhm4H34Mm 


11.9 


UHMUHUpyiOlUMM KOMľl/ieKC coAepwm B CBOeM COCTaBe 
cnrMa-ct)aKTop m 3KpamipyeT ot 75 ao 80 nH 



-50 -40 -30 -20 -10 1 +10 +20 +30 

ľlepBMHHbiíí KOMiineKC ajioHramm (fjopMiipyeTCfl, 

KorAa A^iuHa uenu PH K Aocmraei ~ 10 ocHOBamiŕí, b 3 tot 
MOM em curMa-cjDaKTop y>Ke MO)KeT AnccoumipoBaTb, (JjepMem 
TepBeT p«A KOHTaKTOB Me>KAy nOJlOKeHMBMM -35 M -55 



-50 -40 -30 -20 -10 1 +10 +20 +30 

Ochobhom KOMnjieKC ajioHraumí cjDopMiipyera 
npii AJiMHe uenu PHK 15-20 ocHOBamiň m 3KpamipyeT 
30-40 HyK/ieoTMAOB AH K 



-50 -40 -30 -20 -10 1 +10 +20 +30 


PľiC. 11.20 ľlepBOHaHajibHo PHK-no/iMMepa3a B3anMOfleíícTByeT c 
perMOHOM, pacnoAO>KeHHbiM Me>KAy -55 n +20 no3HAHflMM. ľloc/ie 
AMCcouMauMM cnrMa-(|)aKTopa ynacTOK flHK, 3KpaHnpyeMbiíí (f)ep- 
MeHTOM, yMeHbLuaeTCB ao 30 nH; b ochobhom KOMn/ieKce 3/ioHraLiMM 
(J)epMeHT npno6peTaeT eme 6o/iee KOMnaKTHyio cipyKTypy 

• KorAa jxhhh 2 iienn PHK yBejiHHHBaeTOi ao 15-20 ocho- 
BaHHH, (J)epMeHT npeTepneBaeT onepeAHbie H3MeHeHrw, b 
pe3yjibTaTe KOTopbix (j)opMHpyeTCfl komiuickc, ocynjecT- 
BAHIOIAHH SJIOHraiJHK) (OCHOBHOH KOMľUieKC 37IOHraiJHH); 

b stoh KOH(J)opMauHH (J)epMeHT noKpbiBaeT OT 30 AO 40 

OCHOBaHHH (B 3 aBHCHMOCTH OT CTaAHH IJHKJia SJIOHľaiJHH). 

BcKope noaie oTKpbiTra MexaHH3M BbiCBo6ox<ACHH5i 
CHTMa-({)aKTopa H3 KOMruieKca c no;iHMepa30H CTaii Bocnpn- 
HHMaTbCH Kax AorMa TpaHCKpnnuHH. OAHaxo no3xce Bbwc- 
HHJIOCb, MTO STO He COBCCM BepHO. AHaAH3 SJIOHľHpyiOmHX 
KOMruieKCOB PHK-nojiHMepa3bi noica3aA, mto b 70% aiynaeB 
CHTMa-({)aKTop coxparaeT accounaiiHio c 6a30BbiM c{)ep- 
MeHTOM. BMecTe c tcm TpeTb sjiOHrapyiomHx PHK-nojiHMe- 
pa3 He coAepxcHT cnrMa-(})aKTop, b cba3h c neM yTBepxcAe- 
HHe O TOM, HTO CHľMa-C^aKTOp He flBJIfleTCfl HeOÔXOAHMbIM 
ynacTHHKOM npouecca sjiOHraijHH, 6e3ycAOBHO BepHO. B 
Tex cjiynaíix, KorAa CHTMa-^aicrop ocTaeTca accoijHHpoBaH- 
hhm c c{)epMeHTOM, MemieTCH npnpoAa stoh accoiiHaijHH 
(cm. pa3A. 11.11 «CnrMa-(})aKTop kohtpoji npyeT CBfl3biBaHne 
PHK-noJiHMepa3bi c AHK»). 


OCTaHOBMBUJaflCfl 
PHK-noiiMMepa3a cnocoÓHa 
npOAOiUKMTb TpaHCKpMnAMK) 
nočné «nepe3arpy3KM» 


KAiOHeBbie noHBTMB: 


• PHK-no/iMMepa3a, no KaKoŕi-TO npMHMHe npepBaBwaa 
cbok) paóoiy, MO>KeT B030ÓH0BMTb TpaHCKpnnLiMK) nyieM 
pacmenAeHMB TpaHCKpnnia c o6pa30BaHneM HOBoro 3'-KOHLia. 

PHK-nojiHMepa 3 a AOJDKHa yMeTb cnpaBJíflTbca c CHTy- 
aqraMH, KorAa TpaHCKpnniiHfl no KaKOH-TO npHHHHe 
OKa 3 bmaeTCH 3 a 6 jioKnpoBaHa. 3 to moxcct npoH 30 HTH, k 
npHMepy, b cjiynae noBpexcAeHra /JHK. Xopouien moao- 
jibK) TaxoH CHTyai^HH flBjíaeTCfl apecT sjiOHraijHH in vitro, 

B03HHKaK)IAHH B pe3yJIbTaTe OTCyTCTBHH B CMeCH OAHO- 
ro H3 HeOÓXOAHMblX TpH(j)OC({)aTOB. IlOCJie AOÓaBJíeHM 

HeAOCTaiomero HymieoTHAa, pflR npoAOJixceHra npouecca 
c{)epMeHT OTmenjiHeT 3'-KOHijeBOH HymieoTHA, (J)opMHpy5i 
HOBbíň 3 '-KOHeu uenn PHK. KpoMe PHK-no;iHMepa 3 bi b 
stot npoiiecc BOBJíeneHbi AonojiHHTejibHbie c{)aKTopbi. 
B cjiynae c PHK-no;iHMepa 30 H E. coli B 03 o 6 HOBJieHHe 
paôoTbi c{)epMeHTa oôecnenHBaiOT óeiiKH GreA h GreB. 
B syKapnoTHHecKHX KJieTKax Rím OTiiienneHra PHK-no- 
JIHMepa 30 H II HeCKOJIbKHX pHÓOHyKJieOTHAOB C 3 '-KOHlja 
CHHTe 3 HpyioeMOH uenn hcoôxoahmo ynacTne AonojiHH- 
TejibHoro c{)aKTopa (TF n S). Ha caMOM AOJie bo Bcex c^y- 
naax yAaAeHHe HyKJieoTHAOB ocyiiiecTBjíHeT caM KaTa- 
jíHTHnecKHH ueHTp (})epMeHTa, a poiib c{)aKTopoB GreB 
h TF n S coctoht b tom, HToôbi npeBpaTHTb KaTaJIHTHHeC- 
khh iiemp nojiHMepa 3 bi b pH 6 oHyiuiea 3 HbiH ueHTp. Xoth 
aMHHOKHCJIOTHbie nOCJieAOBaTCJIbHOCTH 3 THX ÓeJIKOB He 
noxoxcH, CTpyKTypbi nceBAOKpHCTajmoB hx KOMnueKCOB 
C COOTBeTCTByiOmHMH PHK-nOJIHMepa 3 aMH n 03 B 0 JIHK)T 

npeAnojioxcHTb, hto AOHCTByiOT ohh no OAHOMy Mexa- 

HH3My. H TOT, H APyrOH ÓeJIOK BCTpaHBaiOT HeÓOJIbUIOH 

AOMeH (b oahom cjiynae sto iiHHKOBaa Jiema, b ApyroM — 
cynepcnHpajib) rAyóoxo b CTpyKTypy no;iHMepa 3 bi, rAe oh 
OK a 3 biBaeTCH nacTbio KaTajíHTHnecKoro ueHTpa (})epMeH- 
Ta. B pe 3 yjibTaTe Taxoro BCTpaHBaHra ABe OTpnijaTejibHO 
3 apnxceHHbie aMHHOKHCJioTbi 0 Ka 3 biBai 0 TCH pacnojioxceH- 
HblMH BÓJIH 3 H nepBOľO KaTaJIHTHHeCKOTO HOHa MarHHfl B 
aKTHBHOM iiempe c{)epMeHTa; sto oôecnenHBaeT bkjhohc- 
Hne b npouecc BToporo HOHa Mamra, hto h npeBpanjaeT 
KaTajíHTHnecKHH iiemp c{)epMeHTa b pH6oHyioiea3HbiH 
ueHTp. 

npHHHHOH, no KOTOpOH npnpOAe nOHaAOÔHAOCb co- 
3 AaBaTb onncaHHbiH Bbirne MexaHH 3 M, moxcct 6 biTb nepno- 
AHHeCKHH BbIXOA 3 '-KOHlia CHHTe 3 HpyeMOTO TpaHCKpHrm 
3 a npeAeAbi aKTHBHoro ueHTpa ( 3 a cneT ouihóok no 3 Hi;H- 
OHHpoBaHra (})epMeHTa Ha MaTpniie). OTmenneHne 3'- 
KOHueBbix HyKJieoTHAOB h oôpaTHoe ABHXceHne (JiepMeHTa 
B 03 BpaiiiaiOT KOHeu pacTymeň uenn b aKTHBHbiH qeHTp, 
BOCCTaHaBJíHBan ycjiOB™, HeoôxoAHMbie pjín Aa^bHeHine- 
ro AOÔaBjíeHra HyKJieoTHAOB. 

TaKHM oôpa 30 M, moxcho nepenHCAHTb cjieAyioiAHe 
aKTHBHOCTH PHK-nojiHMepa 3 bi: pacmeTeHne h BoccTa- 
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HOBJíeHHe flByxijenoHeHHOH cTpyKTypbi flHK, yflepxcaHHe 
b npaBHJibHOH opneHTauHH pacracreHHbix uenen flHK h 
PHK- npoAyKTa, xaTa™3 AOôaBJíeHna Hyx^eoraflOB k pac- 
Tynj,eH pnóoHyxjieHHOBOH ijem, OTmemieHHe 3'-xoHijeBbix 
HymieoTHAOB b oiynae oiiihóxh TpaHCxpHnijHH h B 0306- 
HOBJíeHHe CHHTe3a PHK (npn yna cthh flonoJiHHTejibHbix 
4)aKTopoB). 


11.10 


KaK PHK-no/iMMepa3a HaxoflMT 
nociieAOBaieiibHOCTb npoMOTopa? 


K/noneBbie noH5iTMfi: 


• CKopocTb. c KOTopoŇ PHK-no/iMMepa 3 a Haxoflm npoMOTop, 
C/l M LUKOM BblCOKa, HTOÓbl 6 blTb pe 3 y/lbTaTOM ÓecnopBflOHHOM 
AM(t)(t)y3MM. 

• Bo 3 mo>kho, PHK-no/iMMepa 3 a CBfl 3 biBaeTca co c/iynaMHbiMM 
y^acTKaMM flHK m óbicrpo nepeMemaera no Heíí, noKa He 
oÓHapy/KMT npoMOTop. 


Kax MOJiexyjibi PHK-nojiHMepa3bi pacnpeflejieHbi b KJieTKe? 
Ha p m c. 11.21 npeflcraBjíeHa (He óeccnopHaa) ranoTe3a, 
xapaicrepH3yK)iijafl pacnpeflejieHne (J)yHxijHOHajibHO ax- 
THBHbix MOJiexyji c{)epMeHTa b KJieTKe: 

• PteôbiTOK Kop-c{)epMeHTa cymecTByeT b BHfle 3aKpbiTbix 
HeaKTHBHbix KOMiuieKCOB, KOTopbie PHK-nojiHMepa3a 
(J)opMHpyeT co cjiynaHHbiMH nocjieflOBaTejibHOCTfl- 
mh flHK. 3 th KOMn/ieKCbi o6pa3yx)Tca oneHb óbiCTpo, 
a AHCCouHnpyiOT Me/yieHHO. B cboóoahoh c{)opMe cy- 
mecTByeT jiHuib oneHb Heóojibinaa nacrb Kop-c{)epMeH- 
Ta (ec;iH cymecTByeT Booôme). 

• CnrMa-(})aKTopa xBaTaeT npHMepHO Ha TpeTb cymecr- 
Byiomnx b imeTKe 6a30Bbix PHK-nojiHMepa3 , b pe3yjib- 
TaTe nero o6pa3yeTca xojioc{)epMeHT, pacnpeflejieHHbiH 
MOKfly cjiynaHHbiMH peraoHaMH flHK (b HeaKTHBHOM 
COCTOflHHH) h flBOHHbIMH KOMMCKCaMH B peľHOHaX 
npOMOTOpOB (ÓOJIbUieH MaCTbK) 3aKpbITbIMH). 

• ľlpHMepHO nojiOBHHa HMeiomHxca b x^eTxe PHK-nojín- 
Mepa3 cym,ecTByeT b BHfle MHHHManbHoro (})epMeHTa, b 
AaHHbíň MOMeHT ocymecTBwnomero TpaHCxpHmjHio. 

• Bo 3 mo>kho, xaxaa-TO nacrb xojioc{)epMeHTa He 3afleHC- 
TBOBaHa. He pacnojiaraa tohhmmh flaHHbiMH, mh, oflHa- 
ko, npeflnojiaraeM, hto 3Ta nacTb oneHb He3HanHTejibHa. 
nojiHMepa3a flOJDXHa yMeTb pacno3HaBaTb npoMOTo- 

pbi cpeflH flpyrax nocjieflOBaTejibHOCTeH reHOMa. npefl- 
no^oxcHTejibHO npoMOTop BXjnonaeT b ce6a nopaflxa 60 
HyioieoTHAOB. Kax oÔHapyxcHTb 3Ty nocjieflOBaTejibHOCTb 
cpeflH 4 x 10 6 nap ocHOBaHHH, cocTaBjunoiflHx nojmbiH 
reHOM E. colfí GieflyK)iflHe Tpn pncyHxa HjunocTpHpyiOT 
HeCKOJIbKO B03M0)XHbIX OÓ'bHCHeHHH. 

Ha P m c. 11.22 npHBeaeHa npocTeHinaa MOflejib CBA3bi- 
BaHHfi PHK-nojiHMepa3bi c npoMOTopoM. 3Ta MOflejib npefl- 
nojiaraeT cjiynaHHoe flBHXceHne c^epMema no flHK. Xo- 
^0(J)epMeHT oneHb óbicTpo accoijHHpyeT co cjiynaHHbiMH 
caňTaMH CBH3biBaHHa h Tax xce ôbicrpo flHccoijHHpyeT ot 
hhx. TaxHM o6pa30M, npoflBHraacb BflOJib MOJiexyjibi flHK, 
xojio(j)epMeHT o6pa3yeT h pa3pymaeT pafl 3axpbiTbix xom- 


OcHOBHoe KO/iMMecTBo PHK-no/iMMepa 3 bi b loieTKe 
HaXOAMTCfl B CBB 3 dHHOM C AH K COCTOBHMH 



i 


1 


500-1000 MO/ieKy/i c|DepMeHTa 
cymecTByeT b BUfle KOMruieKCOB 

co c/iynaŕlHbiMM ynacTKaMM 

CBB3blB3HMB Ha flHK 


500-1000 MO/ieKy/i xo/ioc|)epMeHTa 
cymecTByeT b BMfle KOMruieKCOB 
co c/iynaŕlHbiMM ynacTKaMM 

CBB3blB3HHB Ha flHK 




500-1000 MO/ieKy/i xo/ioct)epMeHTa 
cymecTByei b bM fle KOMn/ieKCOB 
C npOMOTOpHblMM 
noc/ieflOBaTe/ibHOCTBMM 



-2500 MO/ieKy/i Kop-c()epMeHTa 
3afleŕícTBOBaHo 
B TpaHCKpnni4HM 


P M C. 11.21 EojibLuaa nacTb Kop-(|)epMeHTa m xo/io(|)epMeHTa cymec- 
TByioT b KOMn/ieKce c flHK. B cboóoahoíí (|)opMe HaxoflmcB /ímub 
HeóojibLuaa nacTb PHK-no/iMMepa 3 bi 


AM(|)(|)y3Mfl cj/epMeHTa k npoMOTopaM 
npOMCXOAHT C/1HUIKOM MeA^eHHO 






A 


ý < 10 8 M _ 1 c _1 


KMä 



>\>\ 


ž- n AL. 11 , 2 J KoHdaHTa ckopoctm cB/i 3 biBaHMíi PHK-no/iMMepa 3 bi c 
npOMOTOpOM BbILUe TaKOBOÍÍ A/ 1 B C/iyHaíiHOÍÍ AM(|)(t)y 3 MM 


rmexcoB jip rtx nop, noxa b npouecce noncxa (cjiynaHHo) 
He HaTOJixHeTca Ha npoMOTop. Tor^a, pacno3HaB cneiiH(J)H- 
necxyio nocjieAOBaTejibHOCTb, oh moxcct nponHO CBH3aTbca 
c flHK h o6pa30BaTb OTxpbiTbin xoMn/iexc. 

flíw Toro MToôbi nepenTH ot o^Horo cama CBH3biBaHHa 
Ha flHK x ApyroMy, PHK-nojiHMepa3a AOJDXHa ahccouhhpo- 
BaTb ot nepBoro cama, Haň™ BTopoň h CBH 3 aTbca c hhm. 
nepexofl ot OAHoro canTa x flpyroMy orpaHHMHBaeTca cxo- 
pocTbio aH({)({) y3HH c{)epMeHTa bo BHyrpHXJieTOMHOH cpe^e. 
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3tot noKa 3 aTe/ib ycraHaB/iHBaeT BepxHHH upt^ai KOHcraH- 
Tbl CKOpOCTH aCCOU,HaU,HH (jiepMCHTa C 60-HyKJieOTH£HOH 
noc^eflOBaTCíibHOCTbio npoMOTopa, KOTopbíň cocraBjmeT 
<10 8 M -1 c -1 . OflHaKo m npaKTHKe 3Ta KOHCTama /yi b He- 
KOTOpblX npOMOTOpOB ÍYI VÍtW COCTaBJIfleT ~10 8 M _1 C -1 MJ1H 
Aaxce npeBbimaeT nopor, onpeAejmeMbiH cKopocrbio Rudpdpy- 
3hh. Ec;ih 6 bi Tame 3mHmm AencTBOBajiH in vivo , BpeMH, 
TpeóyeMoe /vm uniuia oiyHaňHoro CBfl3biBaHHa c HecneijH- 
(J)HMecKOH nocjieflOBaTcabHOCTbio h AHceoiiHaijHH ot Hee, 
6 bUIO 6bl CJIHUIKOM BeJIHKO /Via TOľO, HTOÔbl CMHTaTb TaKOH 
cnocoô nOHCKa npOMOTOpOB B03M0XCHbIM. 


C/iyMaiÍHdfl AM(|)(t)y 3 Mfl k moôo íí 
noc/ieAOBarejibHOCTH AH K nponcxoAHT 6bicrpo 



CMeHa cjiyManHoň nocjieflOBaTejibHocTM 
Ha ľipOMOTOpHyK) MO>KeT npOMCXOflMTb óbidpo 


iaEBCáíBRgCi 

A^ AA 


PH C. 1 1.2 ;■ Xojio(()epMeHT oneHb óbiorpo cBfl3biBaeTca co cjiynaMHbi- 
mm noc/ieAOBaie/ibHocTBMM flHK, noKa b pe3y/ibTaTe npaMoíí 3aMeHbi 
oahom noc^eflOBaie^bHocTM Ha Apyryío He HaTO/iKHeTCfl Ha npoMOTop 


CKO/ibmeHHfl no AH K, CKopee Bcero, He nponcxoAHT 



PMC. l L 2 4 PHK-nonnMepa3a He cK0/ib3MT BAo/ibflHK 


3to 03HaHaeT, mto PHK-nojiHMepa3a ncnojib3yeT 
Apyrne cpe^CTBa Rím noHCKa ynacTKOB CBB3biBaHra. Kar 
noKa3aHO Ha p n c. 11 . 23 , cicopocTb peaKijHH yBejiHHH- 
BaeTca 3 a cneT Toro, hto MHineHbio aha nepBHHHoro 
CBB3biBaHHB PHK-nojiHMepa3bi MOxceT cny>KHTb jnoóaa 
nocjieAOBaTejibHOCTb reHOMa, a He TOJibKO nocjieAOBa- 
TejibHOCTb npoMOTopa. C yBejiHneHHeM pa3MepoB mh- 
UieHH AJ W CBB3bIBaHHB yBeJIHHHBaeTCH H BeJIHHHHa KOH- 
CTaHTbi, KOTopaa b stom cjiynae óojibine He flBJíaeTCfl 

JIHMHTHpyiOIAHM (})aKTOpOM. 

Ecjih 3 Ta rHnoTe 3 a BepHa, CBOÓOAHaa PHK-nojiHMepa 3 a 
CBH 3 biBaeTCfl c RHK h ocTaeTca b KOHTaicre c Heň HaAOJiro. 
KaKHM 7K e o6pa30M (JiepMeHT nepeMemaeTca ot cjiynaHHO- 
ro ynacTKa CBH 3 biBaHHfl k npoMOTopy? Bepoflraee Bcero, 
npoHexoAHT npBMaa 3 aMeHa oahoh CBH 3 biBaiomeH noc- 
jieAOBaTejibHOCTH Ha Apyryío. CBfl3biBaacb c oahoh noc- 
jieAOBaTejibHOCTbio ^HK, (jiepivieHT óbiCTpo MeHíieT ee Ha 
Apyryío h npoAOJixcaeT oÓMeHHBaTb nocjieAOBaTejibHOCTH 
AO Tex nop, nona He AOÓepeTca a o npoMOTopa. nocjie 3to- 
ro c{)epMeHT o6pa3yeT CTaónjibHbiH OTKpbiTbiH KOMnueKc, 
npHBOA^IIAHH K HHHIlHailHH. IlpOIjeCC nOHCKa, TaKHM 06 - 
pa30M, 3HaHHTe;ibHO ycKopneTCB, nocKOJibKy CBA3biBaHHe 
H AHCCOUHaiJHfl npOHCXOABT npaKTHHeCKH OAHOBpeMeH- 

ho, h BpeMfl Ha nepeioiiOHeHHe MOKAy KOMnjieKcaMH He 
TpaTHTCB. TaKoe npaMoe nepeMemeHHe nojiynHjio Ha3Ba- 
HHe «npBMOH nporyjiKH», b xoAe KOTopon (jiepMeHT nepe- 
ABHraeTCB ot ynacTKOB cjiaóoro CBfl3breaHHfl k ynacTKaM 
npOHHOrO CBB3bIBaHHB. 

ConiacHO eme oahoh rnnoTe3e, (J)epMeHT CKOJib3HT 
BAOJib RHK nocpeACTBOM OAHOHanpaBJíeHHoro abhxcchhh, 
H3o6paxceHHoro Ha pmc. 11 . 24 , ocTaHaBJíHBaacb TOJibKo b 
tom c^ynae, ecjiH BCTpeTHTCB c npoMOTopoM. OAHaxo cbh- 
AeTejibCTB Toro, hto PHK-no;iHMepa3a (hjih Apyrne flHK- 
CBB3bIBaiOmHe ÓeJIKH) MOiyT (J)yHKIlHOHHpOBaTb nO 3T0My 
MexaHH3My, He oÔHapy>KeHO. 


11.11 


CMrMa-(|)aKTop 
KOHTpOJIMpyeT CBJ13blBaHMe 
PHK-noiiMMepa3bi c AHK 


KnioHeBbie noHfiTMfi: 


• B3anM0AeíícTBMe xojio^epMeHia c cnrMa-())aKTopoM M3MeHfleT 
xojio(})epMeHT t3kmm o6pa30M, hto flejiaeT bosmowhwm 
ABM jKeHne MMHMMajibHoro KOMnaeKca BAOJib MOiieKyjibi flHK. 


Kan *e pemaeTCfl npoÓAeMa paanHHHH napaMeipoB B3an- 
MOfleňcTBHfl cjiepMeHTa c MaTpnueň b npopecce HHHu.ua- 
Phh h b npopecce SAOHrapHH? /In h nHimnannn rpcôyeTCH 

npOHHOe BSaHMO/ICHCTBIIC IIOJIHMCpaShl C KOHKpeTHbIM 
ynacTKOM (npoMOTopoM), Tor^a KaK npu SAOHrauHH He- 
OÔXOflHMO npOHHOe CBfl3bIB3HHe CO BCCMH perHOHaMH 
/1HK, BflOJIb KOTOpblX npOHCXOAHT ABH>KeiIHe CjlCpMCIITa. 

Ha pmc. 11.25 H3o6paxceHO, KaK 3Ta AHiieMMa pemaeTca 
nyTeM oôpaTHMoň accoiinaiiHH curMa-cJiaKTopa c Kop- 
(JiepMCHTOM. KaK 6biJio OTMeneHO paHee (cm. pa3fl. 11.8 
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PMC. 11.25 B3aMMOAeŇCTBMecnrMa-(t)aKTopaMMMHMMajibHoro(Kop-) 
(fepMeHTa hocmt unK/inHecKuií xapaKTep 


«ľlOC^e HHHU.HaU.HH TpaHCKpHmj,HH xapaKTep B3aHMO- 
AeHCTBHa MHHHMa/ibHoro (f>epMeHTa c cnrMa-(j)aKTopoM 
MeHaeTca»), nocjie HHHU,Hau,HH cnrMa-(})aKTop BbiCBOÓoac- 
AaeTca H3 KOMmieKca c MHHHMajibHbiM (j)epMeHTOM (hjih 
MeHaeT xapaKTep cba3h c hhm) TaKHM o6pa30M, htoóm He 
ynacTBOBaTb /jajiee bo B3aHMOfleHCTBHH c flHK. ľlocKo^b- 
Ky hhcjio MOJieKyji cnrMa-(j)aKTopa cynj,ecTBeHHO MeHbiue 
HHC/ia MOJieKyjr MHHHMa/ibHoro ^epMema, /yia (j)yHKU,Ho- 
HHpOBaHHH PHK-nO^HMepa3bI HCOÓXOflHMO, HTOÓbl CHľMa- 
(J)aKTop paóoTaji uhioihmcckh. KaK noKa3aHO Ha pncyHKe, 
cpa3y nocjie HHHU,Hau,HH cnrMa-(j)aKTop flHceou,HHpyeT ot 
MHHHMajibHoro c|)epMeHTa npHMepHO b Tpera cjiynaeB; Be- 
poaTHO, b ocTa^bHbix cjiynaax mccoixmmm npoucxojxm 
no3AHee. 

He3aBHCHMO ot BpeMeHH, TpeóyeMoro Rím /jhcco- 
u,Hau,HH CHrMa-(J)aKTopa ot MHHHMa/ibHoro (j)epMeHTa, 
(fiaKTop ynacTByeT mribKo b HHHu,Hau,HH. Kor/ja cep™ 
aóopTHBHbix HHHU.Haij.HH npeKpanj,aeTca b pe3yjibTaTe 


ycneniHOH HHHu.Hau.HH CHHTe3a PHK, (JjaKTop CTaHO- 
BHTca HeHy^KHbiM. HeacHO, HBJíaioTCfl jih H3MeHeHHa b 
CTpyKType (JjepMeHTa c/ie/iCTBHeM npeKpameHHa cepnn 
aóopTHBHbix HHHu.Hau.HH, /ihóo, HaoóopoT, BJieKyT JIH 
H3MeHeHHa (jjepMeHTa 3a coóoh OKOHHaHne HeyAaMHbix 
nonbiTOK h Hanajio 3JiOHrau,HH. 

OCBOÓOflHBIIIHCb OT OflHOľO MHHHMaJIbHOľO (JjepMCH- 
Ta, CHrMa-(J)aKTop TyT ace CTaHOBHTca flocTyneH /yia B3a- 
HMOfleHCTBHfl C APyrHM. He3aBHCHMO OT TOľO, /J.HCCOU.HH- 
pyeT CHrMa-(J)aKTop ot MHHHMa/ibHoro (JjepMema hjih ace 
coxpaHaeT c hhm CBA3b (umm xapaKTep B3aHMOjieHCTBHfl 
Ha óojiee cjiaóbiH), MHHHMajibHbiH cpepMeHT b tpohhom 
KOMmieKce ocTaeTca CBimH c flHK oneHb npoHHO. Oep- 
MeHT KaK 6bi «3anepT» b tpohhom KOMnjieKce ao Tex nop, 
noxa He 3aKOHMHTca sjiOHrau,™. Kor/ja ace TpaHCKpnn- 
u,™ 3aBepmaeTca, MHHHMa/ibHbiH (JjepMem OTflejiaeTOi 
ot flHK. He3afleHCTBOBaHHbiH b TpaHCKpHnu,HH (JjepMem 
«xpaHHTca» b BHfle KOMnjieKca c flHK, CBfl3biBaacb co cjiy- 
naHHbiMH ee ynacTKaMH. Ecjih nocjie HHHU,Hau,HH cnrMa- 
(JjaKTOp £HCCOU,HHpOBaJI OT MHHHMaJIbHOľO (j)epMCHTa, TO 
ocBoóoflHBiuHHca no oKOHMaHHH CHHTe3a c|)epMeHT /JOJI- 

)KeH HaHTH HOBblH CHrMa-(})aKTOp H BKJHOHHTbCB B Cfltptf - 
IOIIJ.HH U.HKJI TpaHCKpHnU,HH. 

MHHHMa^bHbiH (JjepMem caM no ce6e oóJiaflaeT Bbi- 
COKHM Cpo/JCTBOM K flHK, KOTOpoe eiB.e yBeJIHHHBaeTCfl 
B npHCyTCTBHH HOBOCHHTC3HpOBaHHOH PHK. OflHaKO 
npoMHOCTb ero CBfl3biBaHHa co cjiynaHHbiMH ynacTKa- 
mh JIHK cjihlľkom BbicoKa, hto He no3Bo™eT ^epMeH- 
Ty 3(J)({)eKTHBHO Haxo^HTb npoMOTopbi. CnrMa-(J)aKTop 
3HanHTejibHO ycKopaeT npou,ecc noncxa npoMOTopoB, 
yMeHbmaa CTa6™bHOCTb c^ynaHHbix KOMnjieKCOB $ep- 
MeHTa h Jl HK; b to ace BpeMa, CTa6n^H3Hpya accou,Hau,Hio 
b ynacTKax npoMHoro CBa3biBaHHa, CHrMa-(J)aKTop Heo6- 
paTHMO CABnraeT peaKu,Hio b CTopoHy o6pa30BaHHa ot- 
KpbiTbix KOMn/ieKCOB. OcBo6o>WflCb ot CHrMa-(J)aKTopa 
(™h H3MeHaa xapaKTep cba3h c hhm), (JjepMem CHOBa 
npnoópeTaeT cnoeoôHOCTb CBa3biBaTbea c jiioóoh noc^e- 
/j,OBaTejibHOCTbio flHK, mto no3BOJiaeT eMy npoflo^aTb 
TpaHCKpHnu,Hio. 

Hto onpe/jejiaeT cnoeoôHOCTb xo^ocjjepMeHTa cne- 
U,H(J)HMHO CBfl3bIBaTbCfl c npoMOTopaMH? CHrMa-(jjaKTop 
HMeeT flOMeHbi, pacno3Haioiij.He noe^eflOBaTe^bHOCTb 
npoMOTopa. CaMOCToaTe/ibHO cnrMa-cjjaKTop He CBa3biBa- 
eTca c flHK, o^HaKo npn o6pa30BaHHH KOMraeKca xojio- 
(JjepMeHTa c npoMOTopoM, CHrMa-(J)aKTop KOHTarnipyeT c 
RHK b oó^acTH, pacnojioaceHHOH nepe^ CTapTOBOH tomkoh 
TpaHCKpHnU,HH. CBfl3bIBaHHe CHrMa-(J)aKTOpa C MHHHMaJIb- 
HbiM (JjepMeHTOM H3MeHaeT KOH(J)opMau,HK) (JjaKTopa TaK, 
hto oh npnoópeTaeT cnoeoôHOCTb B3aHM0/j,eHCTB0BaTb 
c flHK. N-KOHU,eBOH pernoH CBOÓOAHoro CHrMa-(J)aKTopa 
noAaB^aeT aKTHBHOCTb ero flHK-CBa3biBaioiij.ero /jOMeHa; 
noc^e CBH3H C MHHHMaJIbHbIM (jjepMCHTOM 3TO BJIHHHHe 

Hcne3aeT (cm. pne. 11.35 b pa3A. 11.17 «CnrMa-c|)aKTopbi 
B3aHMO/J,eHCTByK)T HenoepeACTBeHHO C flHK>>). ľlOflOÓHblH 
MexaHH3M B3aHMOfleHCTBHa CHrMa-eyó'beAHHHU.bi c HK 
HMeeT Ba^KHoe 3HaneHHe: CBa3biBaHne CBOÓOflHoro cnrMa- 
(JjaKTopa c npoMOTopaMH, bo3mo)kho, ó^oKnpoBa^o 6bi 
HHHU.HaU.HK) TpaHCKpHnU,HH XO^O(J)epMeHTOM. 
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11.12 


Y3HaBaHMe npoMOTopa 

3aBMCMT OT KOHCeHCyCHblX 
noc/ieAOBaie/ibHOCTeŕí 


KmoneBbie noHííTMB: 


• ľlpoMOTop onpeAe/ifleiai no Ha/iMHMK) kopotkmx 
KOH ceHcycHbix nocneAOBaTenbHocTeíí b cneAM(J)MHHbix 
yHacTKaxflHK. 

• KoHceHcycHbie nocneAOBaie/ibHocTM npoMOTopoB coctoat M3 
nypuHa (b crapTOBOM tohkg TpaHCKpunAMu), reKcaMepa TATAAT 
(AeHTp KOToporo pacno/ioweH b no/ioweHMM - 10 ), m eu\e OAHoro 
reKcaMepa (i^emp KOToporo pacno/ioweH b no.no}KeHMM - 35 ). 

• nOCJieAOBaTe/lbHOCTM KOHKpeTHblX npOMOTOpOB OÓblHHO 
OTJlMHafOTCfl OT CpeAHeCTaTMCTMHeCKMX KOHCeHCyCHblX 

noc/ieAOBaie/ibHocTeM no oahom mam 6o/iee HymieoTMAHbiM 

n03MAMAM. 


ľlocKOJibKy rjiaBHan (f>yHKu,HA npoMOTopa — 6bimby3naeae- 
MbiM ôejiKOMU (nojiHMepa3aMH hah (jmTopaMH peryAinjHH 
TpaHCKpHmj,HH), ero nocAeAOBaTeAbHOCTb npHHU,HnHaAbHO 
OTJiHMaeTCH ot nocAeAOBaTeAbHOCTeň, npeAHa3HaneHHbix 
AAA TpaHCKpHmj,HH H TpaHCAJn],HH. OyHKU.HOHaAbHafl HH- 
(fiopMau.HA npoMOTopa hcxoaht HenocpeACTBeHHO H3 ero 
noc/ieAOBaTe/ibHOCTH: CTpyKTypa npoMOTopa npeACTaBAneT 
coóoh CHraan. 3to KAaecHnecKHH npnMep Tax Ha3biBaeMoro 
^^c-aKTHBHoro earrra, noKa3aHHoro b npeAbiAymHx rAaBax 
Ha pne. 2.16 h 2.17. KoAHpyioiij,He ace oÓAacTH, HanporaB, 
npHoópeTaioT cboh cmhca To/ibKo nocAe Toro, Kax 3axoAH- 
poBaHHaa b hhx HH(f>opMai] I Hfl óyAeT npeACTaBAem b BH/je 
PHK hah óeAKa. 

KnioHeBbiM BonpocoM npn paccMOTpeHHH B3anMOAeHC- 
TBHfl PHK-nojiHMepa3bi c npoMOTopoM ocTaeTcn Bonpoc 
o tom, Kax 6e/ioK y3HaeT cneu,H(j)HHecKyK) npoMOTopHyio 
nocjieAOBaTe/ibHOCTb. HMeeT ah (J^epMeHT aKTHBHbiH u.eHTp, 
cnocoÓHbiH pa3JimaTb xHMHnecKyio CTpyioypy OTAeAbHbix 
nocjieAOBaTe/ibHOCTeH ocHOBaHHH b abohhoh ennpaAH 
R HK? HacKOJibKo cneu,H(J)HHHbi CBOHCTBa sthx nocAeAOBa- 
Te/IbHOCTeH? 

Oahhm H3 B03M0)KHbix nyreH C03AäHHH npoMOTopa 
MO)KeT 6biTb Hcnojib30BaHHe onpeAe/ieHHOH nocAeAOBa- 
Te/IbHOCTH flHK, AB/IfllOmeHCfl CHľHaAOM p ;Ifl CBA3bIBaHHA 
PHK-nojiHMepa3bi. Ka^biŕi npoMOTop pojmen npeACTaB- 
jurrb coóoh (hah, no KpanHen Mepe, BiononaTb b ceón) 
TaxyK) nocjie£OBaTejibHOCTb. B óaKTepnaAbHOM reHOMe 
MHHHMa/ibHaH /yiHHa ynacTKa, cnoeoÓHoro C03AaTb He- 
oóxoahmmh cnmaA, cocTaBAneT 12 nH (6ojiee KopoTKne 
noc/ieAOBaTe/ibHOCTH, BeponTHO, BCTpenaioTCfl cjiynaHHbiM 
o6pa30M AOBO/ibHO nacTO h MoryT C03AaBaTb AoacHbie cnr- 
HaAbi). C yBejiHHeHneM pa3MepoB reHOMa yBeAHHHBaeTCA h 
AJiHHa nocjieAOBaTe/ibHOCTH, oóecneHHBaioiij,eH C03AaHne 
ymiKajibHoro cnraaAa paeno3HaBaHHA. nocAeAOBaTeAb- 
HOCTb npoMOTopa He oóimTeAbHO j\oiw.m óbiTb Henpe- 
pbiBHon. Tax, ec/iH KOHcepBaTHBHbie nocjieAOBaTejibHocra 
p2i3RaiRCľ onpeAeAeHHoe hhcao Aioóbix nap ocHOBaHHH, 
coBMecTHaa pjmm KOHcepBaraBHbix pernoHOB MoaceT 
6biTb Kopone HenpepbiBHOH npoMOTopHOH nocAe- 
AOBaTeAbHOCTH (HanpHMep, 6biTb MeHee 12 nH), Tax Kax 
caMO pa3AeAinonj.ee paccmonnue C03AaeT nacTb cnrHaAa 


(Aa)Ke ecAH pa3AeAmonj.an nocjiedoeamejibnocmb He o6na- 
AaeT HHKaKOH CneU,H(j)HHHOCTbK)). 

OÓHapy^cHTb xapaKTepHbie oeoôeHHOCTH flHK, Heo6- 
xoAHMbie CBA3biBaHHA PHK-noAMMepa3bi, mo)kho nyreM 
CpaBHeHHA nOCAeAOBaTeAbHOCTH pa3AHMHbIX npoMOTopoB. 
HeoóxoAHMaa jym CBA3biBaHHA noAHMepa3bi HyKAeoTH/j,Haa 
nocAeAOBaTeAbHOCTb AOAACHa npncyTCTBOBaTb bo Bcex npo- 
MOTopax. Taxyio nocAeAOBaTeAbHOCTb npnHATO Ha3bmaTb 
KOHcepBaTHBHOH. O^HaKo KOHcepBaTHBHan nocAeAOBa- 
TeAbHOCTb MO)KeT CAerKa BapbnpoBaTb jyw pa3Hbix npo- 
MOTOpOB. KaKHM TKt 0Ópa30M MO)KHO BblABHTb AOCTaTOMHO 
KOHcepBaTHBHyio h cnocoÓHyio npeACTaBAATb coóoh yHH- 
KaAbHblH CHľHaA nOCACAOBaTeAbHOCTb RHK? 

IlpeAnonaraeMbie ynacTKH y3HaBaHra Ha RHK mo)k- 
ho npeACTaBHTb b BH^e KOHceHcycHbix nocAeAOBaTeAb- 
HOCTeH, cocTaBAeHHbix no npnHu,Hny HanóoAee nacTO 
BCTpenaiomHxcA b pa3Hbix npoMOTopax ocHOBaHHH. Koh- 
ceHcycHan nocjieAOBaTejibHocrb BbiBOAHTca Ha oc- 
HOBe cpaBHeHHA Bcex H3BecTHbix nocAeAOBaTeAbHOCTen 
HeKOToporo pernom. Jpm noAyneHHon TaKHM cnocoóoM 
KOHceHcycHon nocAeAOBaTeAbHOCTH KaxcAoe KOHKpeTHoe 
ocHOBaHne ponmio HanóoAee nacTO BCTpenaTbCA b cbocm 
noAO)KeHHH, npnneM óoAbuinHCTBO peaAbHbix nocne/jo- 
BaTeAbHOCTeH poivmo OTAHMaTbCA OT KOHCeHCyCHOH no 
HeÓOAbUIOMy MHCAy n03HU,HH (1-2). 

B pe3ynbTaTe aHaAH3a nocAeAOBaTeAbHOCTeH npoMOTO- 
poB E. coli óbina oÓHapyaceHa yjxmmtnbmn oeoóeHHOCTb: 
epe^n 60 nH, B3anMOAencTByK)uj.Hx c PHK-noAHMepa3on, 
omcymcmeyem CKOJibKO-nuôydb ripomRMennm Koncep- 
eamuenan nocjiedoeamejibnocmb. Eonbinaa nacTb nocne- 
AOBaTeAbHOCTH ynacTKa CBA3biBaHna moacct óbiTb aioóoh. 
KOHCepBaTHBHbIMH ABAAIOTCA AHUIb OTACAbHbie KOpOTKHe 
ynacTKn BHyrpn npoMOTopa, ohh-to h MoryT óbiTb cnrHa- 
AaMH y3HaBaHHA pjw PHK-noAHMepa3bi. Tunmnoú nepmoú 
pezymmopnux caumoe (maKux kuk npOMomopu) e npo- 
KapuommecKUX u dympuommecKux zenoMax Rejmemcn 
ncuimue omdejibnux KOpomKux Koncencycnux nooiedom- 
mejibnocmeú. 

EaKTepnaAbHbie npoMOTopbi xapaKTepmyiOTCfl ne- 
TbipbMA (B03M0)KH0, nATbK)) OÓUJ.HMH HepTaMH: HaAHHHCM 
CTapTOBOH TOMKH, nOCAeAOBaTeAbHOCTH -10, nOCAeAOBa- 
TeAbHOCTn -35, ynacTKa Me^c^y noAOflceHHAMH -10 n -35, n 
(MHor^a) HaAHHneM Tax Ha3biBaeMoro UP-3AeMeHTa: 

• CTapTOBOH tohkoh, Kax npaBHAO (óoAee neM b 90% 
CAynaeB), ca^cht nypnHOBoe ocHOBaHne, oóbiMHO 
pacnoAO)KeHHoe b cepeAHHe nocAeAOBaTeAbHOCTH 
CAT (oAHaKo KOHcepBaTHBHOCTb 3Toro TpnnAeTa He 
HacTOAbKo Bbipa^KeHa, htoóm CMHTaTb ero 0ÓA3aTeAb- 

HblM CHmaAOM). 

• Bbirne CTapTOBOH tomkh HaxoAHTCA oÓAacTb H3 6 nH, 
oÓHapyacHBaeMan non™ bo Bcex npoMOTopax. Ľ[eHTp 
stoh reKcaMepHOH nocAeAOBaTeAbHocTH oóhmho 
pacnoAOflceH Ha paccTOAHHH npnMepHO 10 nH Bbirne 
CTapTOBOH TOMKH TpaHCKpHnĽI,HH; flAfl pa3HbIX npo- 
MOTOpOB 3TO paCCTOAHHe BapbHpyeT OT n03HU,HH 
-18 ao no3Hu,HH -9. no MecTy pacnoAoaceHHfl 3Ty 
reKcaMepHyio nocAeAOBaTeAbHOCTb nacTO oóo3Hana- 
iot Kax nocAeAOBaTeAbHOCTb -10. nocAeAOBaTeAb- 
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HOCTb -10 HMeeT KOHceHcyc — TATAAT , n moacct 
6biTb npe/jcraBJíeHa b BH/^e 

A^oA5()T 96 , 

trč u,H(j)paMH noKa3aHa nacroTa (b npoueHTax) Bcrpe- 
HaeMOCTH flaHHoro ocHOBaHna b a^hhom noaoaceHnn 
(npn onHcaHHH 3Hanamnx nocAeAOBaTeAbHOcreň no- 
AOACCHne, B KOTOpOM C npHMepHO paBHOH BepoaTHOC- 
TbK) MOACeT HaXOflHTbCa AlOÓOe H3 OCHOBaHHH, 0Ó03Ha- 
naiOT Kax N). Ecjih nacroTa BCTpenaeMOCTn ocHOBaHna 
yKa3biBaeT Ha ero BaxcHoe 3HaneHne jy ia B3anMOAeňc- 
TBm c PHK-noanMepa3oň, to mm BnpaBC oxcn^aTb, hto 
BbicoKOKOHcepBaTHBHbiH AnMep TA b Hanaae nooie/jo- 

BaTe/IbHOCTH -10 H OMeHb KOHCepBaTHBHblH T B KOHU,e 
HB/iaioTca Hanôoaee BaacHbiMn ocHOBaHnaMn. 

• Uemp Apyrož KOHcepBaraBHOH reKcaMepHOH nocae- 
AoBaTcnbHOCTH pacnoaoaceH Ha paccroaHnn ~ 35 riH 
Bbiuie CTapTOBOH TOMKH. flaHHblH ynaCTOK Ha3bIBaiOT 
nocjieAOBaTejibHOCTbK) -35. 3Ta nocaeAOBaTeab- 
HOCTb — TTGACA, 6oaee /jeTajibHO BbiraaAnT KaK: 

^82^84^8 A55C 54 A 45 . 

• PaccroflHHe MOKAy noaoaceHnaMn -35 h -10 Bapbnpy- 
eT ot 16 ao 18 nH y 90% npoMOTopoB; b oTAeabHbix cay- 
naax otot npoMOKyTOK moacct yMeHbiuaTbca ao 15 nH 
hjih yBejiHHHBaTbca ao 20 nH. Xomn cocmae nocnedo- 
eamejibnocmu, naxodmtpúcR MeMdy deyMR Koncepea- 
muenbiMU oôJiacmRMU, ne eawen, ee pamep irneem 
KpummecKoe 3Hmenue, nocKOJibKy onpedemem co- 
omeemcmeue pacnojiOMenm Koncepeamuenbix yuac- 
mKoe cmpyKmype PHK-nojiUMepa3U. 

• HeKOTopbie npoMOTopbi coAepacaT A-T-6oraTyio nooie- 
AOBaTejibHOCTb, pacnoAoaceHHyio eme Bbime pernoHOB 
-10 h -35.3TOTyHacTOK Ha3biBaioT UP-oacmchtom. Oh 
G iyxcHT jum B3aHMOAencTBHfl c a-cyô'beAHHHij.eH PHK- 
no^HMepa3bi. Kax npaBnao, 3Ta peryaaTopHaa nocjie- 
AOBaTejibHOCTb npncyTCTByeT b npoMOTopax reHOB c 
BbicoKHM ypoBHeM OKcnpeccnn, Taxnx Kax reHbi pPHK. 
OnTHMaJIbHblH npOMOTOp COCTOHT H3 -35 reKcaMepHOH 

nocjieAOBaTejibHOCTH, otacjichhoh 17 nH ot reKcaMepHoň 
nocjieAOBaTe^bHOCTH -10, KOTopaa, b cboio onepeAb, pacno- 
jio>KeHa Ha paccroaHnn 7 nH Bbime tohkh Hanajia TpaHCKpnn- 
Ahh. Ha P u c. 11.26 H3o6paxceHa CTpyicrypa Tanoro npoMoro- 
pa c yKa3aHneM B03MO>KHbix otkjiohchhh ot onTHMyMa. 



PMC. 11.26 TunnHHbm npoMOTop BK/itonaei b ce6fl Tpn KOMnoHema: 
KOHceHcycHbie nocjieAOBaie/ibHocTM -35 m -10 m CTapTOByfo TOHKy 


B pe3yiibTaTe MyrauMM 

3(|)(f)GKTMBHOCTb paÓOTbl 
npoMOTopa MOMíeT 6biTb 
noBbitueHa u m noHiDKCHa 


fíntoHeBbie noHBTMB: 


• Oc/iaó/iflfoiAMe Myiaunu, yMeHbiuafl cxoactbo npoMOTopa 
c KOHceHcycHbiMM noc/ieAOBaTe/ibHocTflMM, cHMwafOT ero 
3(J)Ct)eKTMBHOCTb. yCM/lMBatOlAMe MyTaAMM OKa3blB3K)T 
npOTMBOnO/10>KHblM 3(J)(J)eKT. 

• Myiaunu b nocjieAOBaie/ibHOCTM -35, KaK npaBU/io, b/imbhdt Ha 
MHMAMMpytoiAee CBA3biBaHMe c PHK-riojiMMepa30M. 

• MyiauMM b nocneAOBaiejibHOCTM -10, KaK npaBM/io, b/imbhdt Ha 
npouecc pacn^eiaHMB i\eneu flHK, b xoAe KOToporo 3aKpbiTbm 
KOMn/ieKC npeBpamaeicí? b OTKpbiTbm. 

MyTaunn aBJíaiOTca ochobhmm hctohhhkom HH(J)opMaLj,HH 
O (jtyHKU.HOHHpOBaHHH npoMOTopoB. MyTau,HH B npoMO- 
Tope, BJiHfla Ha ypoBeHb OKcnpeccnn rem (HaxoAímiero- 
ca noA KOHTpo/ieM A^HHoro npoMOTopa), He H3MeHaioT 
KOAnpyeMoro reHOM npoAyKTa. EoAbmnHCTBO noAOÓHbix 
MyTau,HH 6bmo oÓHapyxceHO b pe3yabTaTe BbiAeaeHHa 6ax- 
TepnaabHbix MyTaHTOB, y KOTopbix cnocoÓHOCTb k TpaHC- 
KpHnu,HH KOHTpojinpyeMbix npoMOTopoM reHOB 6bma 
ahóo coBceM yTpaneHa, ah6o HaxoAnaacb Ha oneHb hh3- 
kom ypoBHe. Taxne MyTai^nn Ha3biBaiOT ocjia6jwiomH- 
mh. Peace B03HHKaiOT MyTaHTbi, oóaaAaioiAHe noBbiuieH- 
hoh TpaHCKpnnu,HeH c HeKOToporo npoMOTopa. 3 to Tax 
Ha3biBaeMbie yciuiHBaiomHe MyTau,HH. 

BaxcHO noMHHTb, hto «0CAa6aaK)iij 1 He» n «ycnjiHBaio- 
mne» MyTaunn xapaKTepn3yiOT OTHOcnTeabHO oóuhhou 
3(J)(})eKTnBHOCTn (f>yHKijnoHnpoBaHna npoMOTopa. OAHaKo 
3 tot napaMeTp caM no ceóe mnpoKO BapbnpyeT ruk pa3Hbix 
npoMOTopoB. Tax, mumcnm, npn3HaHHbie ocaaóaaiomn- 
Mn jijm OAHoro npoMOTopa, jijín Apyroro MoryT 6biTb HeAe- 
TeKTnpyeMbi (BTopoň npoMOTop a aace b oTcyTCTBne Myra- 
u,nn MoaceT ôbiTb ropa3AO MeHee aKTnBeH, neM MyTaHTHaa 
(J)opMa nepBoro). HH^opMauna, nojiyneHHaa b pe3yabTaTe 
OKcnepnMeHTOB in vivo, yKa3biBaeT annib Ha npnpoAy o6yc- 
jiOB/ieHHoro MyTau,neň H3MeHeHna (b u,ejioM). 

EyAeT jih Hanóoaee aicrnBHbiM npoMOTop, Hanóoaee 
6an3Knn k KOHceHcycHoň CTpyicrype? CyniecTByeT npocroe 
npaBnjio, KOTopoe raacnT, mto ycnanBaioiAne MyTau,nn no- 
BbimaiOT cxoactbo reKcaMepHbix nocAeAOBaTeAbHOCTen c 
KOHceHcycHbiMH hah npnÓAbDKaioT paccroaHne MexcAy hhmh 
k 17 nH. OcAaÓAaioiAne MyTaunn yMeHbmaiOT cxoactbo c 
KOH ceHcycHbiMn nocAeAOBaTeAbHoeraMn um yBeAnnnBa- 
K)T pa3AeA5noiuee nx paccToaHne. Ooiaôjunomne MyTaunn 
nMeiOT TeHAeHunio 3aTparnBaTb HanôoAee KOHcepBaTnBHbie 
no3nunn, mto eiue pa3 noATBepxcAaeT BaacHocTb othx noAo- 
aceHnn b onpeAeAeHnn oómen scfxfieKTnBHOCTn npoMOTopa. 
CyiuecTByioT, OAHaKo, ncKAioneHna n3 3Toro npaBRna. 

HtoÓm oueHnTb 3(f>(})eKT MyTaunn b npoMOTope, Heoô- 
xoAnMo oxapaKTepn30BaTb B3anMOAencTBne PHK-noAnMe- 
pa3bi c npoMOTopaMn MyTaHTHoro n Annoro ranoB in vitro. 
CymecTByiOT npnMepHO 100-KpaTHbie Bapnaunn b 3(J)(j)eK- 
tobhocto CBA3biBaHna PHK-noAnMepa3bi c pa3AnnHbiMn 
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KoHTaKT-^cB5i3biBaHHe-^pacnjieTaHHe 


-35 -10 CrapT 

1. PHK-no/iMMepa3a KómaKTupyeT 
c npoMOTopoM b oó/iacTM-35 



2. BoKpyr npoMOTopHoíí 

noc/ieflOBaie^bHocTM (f)opMMpyeTCfl 
3dKpblTblM KOMľl/ieKC 



3. Pacn/ieiaHne ueneŕí flHK npoMCxoflm 
b oó/iacTM -10 nocjieflOBaTe/ibHocTM, 
b pe3y/ibTaie Mero 3aKpbiTbiíí KOMiuieKC 
npeBpamaeTca b oTKpbiTbiň 



PMC. 11.27 noc/ieAOBaTe/ibHOCTb -35 ynacTByeT b nepBMHHOM y3- 
HaBaHMM npoMOTopa, a noc/ieAOBaiejibHOCTb -10 b pacn/ieTaHMM 
ueneŇ flHK, b pe3y/ibTaTe nero 3aKpbiTbm KOMruieKC npeBpamaeTca 
B OTKpblTblM 


npoMOTopaMH in vitro , KOTopbie KoppeAnpyiOT c nacTOTOH 
HHHU.HaiJ.HH Tp^HCKpHmj,HH C 3THX npOMOTpOB in VÍVO. 

Mo>kho 3KcnepHMeHTajibHO noKa3aTb, Ha Kanoe cbohctbo 
npoMOTopa BJinaeT MyTau,™. H3MeHaeT ah OHa epoflCTBO 
npoMOTopa k PHK-noAHMepa3e? MoaceT ah MyTau,HA, He 
HapyniHB ciiocoóhocth (})epMeHTa CBfl3biBaTbca c flHK, Me- 
rnaTb HHHU.HaiJ.HH? H3MeHAeTCA AH nOfl BAHAHHeM MyTaUHH 
AeHCTBHe peryAATopHbix (jmTopoB? 

OnpeAeAAB KHHCTHHeCKHe KOHCTaHTbl (J)OpMHpOBaHHA 
3aKpbiTbix KOMiiAeKCOB h npeBpameHHa hx b OTKpbiTbie (Kan 
noKa3aHO Ha pne 11.19), mo>kho Bbi#eAHTb 2 OTfleAbHbie 
CTa^HH peaKu,HH HHHU.Hau.HH, m KOTopbie OKa3biBaiOT cboh 
3(jxf>eKT MyTai^HH: 

• OcAaÓAAiomHe MyTauHH b nocAe#OBaTeAbHOCTH -35 
yMeHbmaioT CKopocTb o6pa30BaHHa 3aKpbiTbix KOMn- 
AencoB (ohh noHHEcaícnr/Q, oflHano He bahaiot Ha npe- 
BpameHne 3 anpbiTbix komoackcob b OTKpbiTbie. 

• OcAaÓAAiomHe MyTaiiHH b nocAeAOBaTeAbHOCTH -10 He 
3aTparHBaioT npou,ecca o6pa30BaHHa 3aKpbiTbix KOMn- 
AeKCOB, OAHaKo 3 aMeflAflK)T hx npeBpameHHe b OTKpbi¬ 
Tbie (ohh noHHacaiOT k 2 ). 

Ha ocHOBe sthx pe3yAbTaTOB 6buia npe/yioaceHa MO#eAb, 
npeACTaBAeHHaa Ha pmc. 11 . 27 . OyHKíjHa nocAe#OBaTeAb- 
hocth -35 3aioiioHaeTCA b oóecneMeHHH cnraaAa y3HaBaHna 
PHK-noAHMepa30H, b to BpeMa nan nocAe#OBaTeAbHOCTb 
-10 oTBenaeT 3 a nepexoA ot 3aKpbiToro KOMnAeKca k ot- 
npbiTOMy. Mbi MOAceM paccMaTpHBaTb nocAeAOBaTeAbHOCTb 
-35 b KanecTBe «#OMeHa y3HaBaHna», a nocAe/jOBaTeAbHOCTb 
-10 — b KanecTBe «#OMeHa pacnAeTaHHa». 

KoHceHcycHaa nocAe#OBaTeAbHOCTb b noAoaceHHH -10 
COCTOHT HCKAIOHHTeAbHO H3 OCHOBaHHH A H T. 3TO n03BO- 


AaeT npeAnoAO)KHTb, hto ee c|)yHKu,HOHHpoBaHHe CBA3aHO 
c nAaBAeHHeM flHK h oópa30BaHHeM oflHOu,enoHeHHbix 
ynacTKOB. Aaa pa3pbiBa BO#opo#Hbix CBA3eH b napax A-T 
TpeôyeTca MeHbiue SHepran, neM aaa pa3pbiBa CBA3en b na¬ 
pax G-C H 3 3Toro CAe^yeT, hto #aa pacxoK^eHHa u,enen b 
ynacTKe, cocToaiij,eM H3 nap A-T, TpeéyeTca MeHbiuee koah- 
necTBO SHepran. 

nocAeAOBaTeAbHOCTb, HenoepeflCTBeHHO npHAeraio- 
maa k CTapTOBOH Tonne, Taione bahact Ha HHHU,HauHio. 
TpaHCKpHÓnpyeMbiH ynacTOK, Haxo#amHHCA cpa3y 3a CTap- 
TOBOH TOHKOH no XOffy TpaHCKpHniJ.HH (OT nOAOKCHHH 
+ 1 flO nOAO)KeHH5I +30), BAHAeT Ha CKOpOCTb, C KOTOpOH 
PHK-noAHMepa3a ocBo6o>KAaeT npoMOTop (zym CAe#yioiij,e- 
ro ijHioia HHHU,Hau,HH), bhoca tcm caMbiM Bicia# b oómyio 
3(j)(j)eKTHBHOCTb paÓOTbl npOMOTOpa. TaKHM OÔpa30M, 3(j)- 
(fieKTHBHOCTb pa6o™ npoMOTopa onpe#eA5ieTC5i He TOAbKO 
KOHCeHCyCHbIMH nOCAe#OBaTeAbHOCTAMH -35 H -10. 

«THnHMHbiH» npoMOTop HcnoAb3yeT nocAe#OBaTeAb- 
hocth -35 h -10 #aa B3aHM0#eHCTBHA c PHK-noAHMepa- 
30H, OAHano y pa#a npoMOTopoB o#Ha H3 paccMOTpeHHbix 
nocAe#OBaTeAbHOCTeH moacct oTcyTCTBOBaTb. no KpaHHen 
Mepe b HenoTopbix H3 sthx CAynaeB npoMOTop caM no ce6e 
He y3HaeTca PHK-noAHMepa30H; peaKi^na pacno3HaBaHHH 
TpeóyeT ynacTHA #onoAHHTeAbHbix ócakob, c noMonj,bio ko- 
TOpblX BOCnOAHAeTCA OTCyTCTBHe KOHCeHCyCHblX nOCAe#0- 
BaTeAbHOCTen. 


11.14 


PHK-no^MMepa3a CBíi 3 biBaeT 
Mo/ieny/iy AH K c oahoíí aopoHbi 


KntoMeBbie noHBT m: 


• KoHceHcycHbie noc^eAOBaie^bHOCTM -35 n -10 í?B/ií?K)ra 
TOHKaMM KOHTaKTa PHK-no^MMepa3bi m npoMOTopa. 

• Tohkm KOHTaKTa pacno/io>KeHbi Ha Mo^eKy/ie flHK c oahoíí 

CTOpOHbl 


CnoeoÓHOCTb PHK-noAHMepa3bi (hah Aioóoro flpyroro 6en- 
na) B3aHMO#eHCTBOBaTb c onpefleAeHHbiMH ynacTKaMH flHK 
mo)kho HCCAeflOBaTb c noMoiflbio MeTOfla (JjyrapHHTHHra. 
flna 3Toro CBA3aHHyio óeAKOM flHK Hacmmno paciflenAAiOT 
c noMombio 3H#OHyioiea3, Hecneu,H(J)HMHO rH#poAH3yio- 
mHX AlOÓbie (J)OC(J)OAH3(J)HpHbie CBA3H HyKAeHHOBOH KHC- 
aoth. Ycaobha peaKu,HH noflônpaiOT Tan, MTOóbi flHK pa3- 
pymaAacb He #o OT#eAbHbix HyKAeoTHflOB, a Ha (fiparMeHTbi, 
npnneM ÓAaroflapa CAynaHHOMy pacnpe#eAeHHio caHTOB 
pacnj,enAeHHA b cmcch ona^KyTca MOAeKyAbi aioôoh aahhh. 
MecTonoAoaceHHe noflBeprniHxca rH#poAH3y CBa3eH onpe- 
fleAaioT ÓAaroflapa paHee (#o pacnj,enAeHHa) BBe#eHHOH b 
oflHy H3 u,eneH flHK h TOAbKO c o#Horo KOHu,a Merne (stot 
ace npHHU,Hn aokht b ochobc o#Horo H3 MeTOAOB ceKBeHH- 
poBaHHA flHK: nacTHHHoe paciflenAeHHe b onpe#eAeHHbix 
camax MOAenyA flHK c BBe/jeHHOH b hhx kohucboh Memon 
c (J)opMHpoBaHHeM (J^parMeHTOB onpe#eAeHHOH aahhh). 

Kan nona3aHO Ha p n c. 1 _.28, b pe3yAbTaTe 3AeKTpo(J)o- 
pe3a oópaóoTaHHbix Hyiciea30H MOAenyA flHK (J)parMeHTbi 
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6yflyT pa3/jejiflTbCfl b reae cooTBeTCTBeHHo CBoen njmm. 
Kaa<AOMy (fiparMemy (HecymeMy paflHoaKTHBHyio KOHu,e- 
ByK) MeTKy) 6yaeT cooTBeTCTBOBaTb OTAeJibHoe namo (no- 
ji oca) Ha paÄHoa(j)Torpa(j)e. nojioaceHne nojiocbi b rejie 
óy^eT 3aBHceTb ot rj ihhm (J^parMema (ot MeneHoro Kpaa 
A o MecTa pacmeruieHna SHAOHyKnea3on). KopoTKne (fipar- 
MeHTbi ABH)KyTCB b rejie óbiCTpee, nosTOMy (fiparMeHTbi c 
MeHbiiiHM paccToaHHeM ot MeneHoro Kpaa ao MecTa pa3- 
pbiBa OKaacyrea BHH3y rena. 

B He CBjmHHOH c óe^KOM JlUKjiToôan (f>oc(f>OAHS(j)Hp- 
Haa CBa3b MoaceT 6biTb rHApojiH30BaHa. O/jHaKo b ejiynae 
B3aHMOAeHCTBHa c óejiKOM ynacTOK HK MoaceT 6biTb sk- 
paHHpoBaH CBa3aBiiiHMca óejiKOM h 3amnmeH ot AencTBna 
HyKJiea3bi (bo Bcex MOJieKyjiax). B SKcnepnMeHTe napaa- 
JlCJlb HO npOBOAHT ABe peaKIJHH: C KOHTpOJIbHOH (CBOÓOA- 
hoh flHK) h c H HK, npoB3aHMOAeHCTBOBaBiueH c ôcjikou. 
B ynacniKe AHK, sau^uu^ennoM om deucmem nyKJieas 6eji- 
kom, pcupuea C6H3eu ne npoucxodum. 

B KOHTpojibHOH ace JjyiK AoerynHbi Bce cbh 3 h. B pe3yjibTaTe 
3Toro o6pa3yeTca cepna nojioe, oTjiHnaiomHxca no aahhc Ha 
oaho ocHOBaHne. Ha pncyHKe npeAcraBJíeHa 31 noaoca. B sk- 
paHnpoBaHHOM (J)parMeHTe nacTb CBa3en He MoaceT 6biTb tur- 
poan30BaHa, nosTOMy noaocbi onpeAe/ieHHoro pa3Mepa (co- 
OTBeTCTByKDiAne SKpaHnpoBaHHOMy pernoHy) He o6pa3yK)Tca. 
OTcyrcTByKDiAHe Ha pncyHKe noaocbi ot 9 ao 18 eooTBeTCTBy- 
kdt 6eaoK-CBa3biBaioiAeMy camy Ha fftlK (paenojioaceHHOMy, 
cooTBeTCTBeHHo, ot 9-ro ao 18-ro ocHOBaHHa, cnnTaa ot Me- 
neHoro KOHua MOJieKynbi /1HK). CpaBHHBaa 3Jieiopo(j)opeTH- 
necKHe npocfnwH, nojiyneHHbie npn raApojiH3e KompojibHOH 
h onbiTHOH Jl HK, c pe3yabTaTaMH peaKu,HH ceKBeHnpoBaHHa 
(npoBOAHMOH napaaaeabHo), crraHOBHTca B03M0>KHbiM «npo- 
HHTaTb» HyK/ieoTHAHyio noeaeAOBaTeabHOCTb HenoepeACTBeH- 
ho b 6eaoK-CBa3biBaiomeM ynacTKe. 

Kax yace 6buio CKa3aHO (cm. pne. 11.20), PHK-nojiHMe- 
pa3a CBa3biBaeT pernoH, pacnojioaceHHbiH MOKAy nojioace- 
HnaMH -50 h +20. Tohkh KomaKTa PHK-noanMepa3bi h 
npoMOTopa Moryr óbiTb onpeAeaeHbi c noMombio oahoto 
H3 BapnaHTOB MeTOAa (})yTnpHHTHHra, b ochobc KOToporo 
jiokht oópaôoTKa KOMnaeKca PHK-nojiHMepa3a-npoMOTop 
pearemaMM, MOAH(j)Hij,HpyK)mHMH onpeAeaeHHbie ocHOBa- 
Hna b HK. CxeMbi npoBeAeHna Tanoro SKcnepHMeHTa mo- 
iyr 6biTb caeAyioiAHMH: 

• flHK MoaceT óbiTb MOAH(j)Hu,HpoBaHa ao B3aHMOAencTBPia 
c PHK-noanMepa30H. Ecjih MOAn^HKauna noBanaeT Ha 
enocoÔHOCTb (^epMema CBa3biBaTbca c HK, sto óyaeT 
03HanaTb, hto MOAn^HKauna 3aTpoHyjia ocHOBaHHa, nr- 

paiomne BaacHyio poab b stom B3anMOAeHCTBHH. 

• B cjiynae kotas oópaóaTbiBaioT KOMnaexc PHK-noan- 
Mepa3a-flHK, nocae MOAH(j}HKaij,HH npoBOAAT cpaB- 
HeHne pe3yabTaTOB rHApo/íHTHMecKoro pacnj,enaeHHa 
MOAH(J)HĽi I HpoBaHHoro KOMnaeKca, cboóoahoh flHK h 
HeMOAH(j)Hu,HpoBaHHoro KOMnaeKca. HcHe3HyBmne 
noaocbi 6yAyT cooTBeTCTBOBaTb (J^parMemaM, KOTopbie 
c})epMeHT SKpaHnpyeT ot MOAH(J}HKau,HH. noaocbi, hh- 
TeHCHBHOCTb CBCHeHHa KOTOpblX yBe/IHHHTCa, ÓyAyT Co¬ 
oTBeTCTBOBaTb (J)parMeHTaM MoaeKyabi flHK, KOTopbie b 
pe3yabTaTe H3MeHeHHa KOH(j}opMau,HH KOMnaeKca CTa- 
HOBaTca óoaee AOCTynHbi achctbhio Hyiuiea3. 


Be/ioK 3 KpaHMpyeT yqacTKM AH K, 3 au 4 Ht 4 an ieM caMbiM 
4 >oc(|)OAM 3 (j)HpHbie CBH 3 M ot HyKiiea 3 Hbix atan 


KoMn^eKC PHK-no^MMepa3a-npoMOTop Bbifle^eHMe 

noABepraeTCíi fleMCTBmo AHKa3bi I m fleHaiypaunji AHK 
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KoHueBaw MeTKa 
Ha oahoíí 
M3 ueneíí AHK 


3KCflEPMMEHT 
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HcHe3HyBiuMe 

no^ocKM 

COOTBeTCTByiOT 

caŕÍTy 

CBí13blBaHMí1 


OparMeHT, Aa^biue 
Bcero pacno/iomeH- 

HblM OT KOHAeBOM 
MeTKM 

KOHTPOJlb 


AHK, He B3anMOAeMCT- 
BOBaBiuaíi c no^MMepa30M. 
AaeT Ha re^e cepMfo 
no^oc, cooTBeTCTByfo- 
iamx KamAoíí Nie>KHyKJieo- 
TMAHOÍÍ CBÍ 13 M 


OparMeHT, 6^M>Ke 
Bcero pacno^o)KeH- 
- HbIM K KOHUeBOÍÍ 
MeTKe 


PMC. 11.28 C noMOLAbK) Meiofla OTnenaTKOB ((JjyinpnHTMHra) Ha AHK 
6bmM onpeflejieHbi 6eaoK-CBí?3biBaK)iAMe caíÍTbi 


H3MeHeHHe nyBCTBHTeabHOCTH pa3JiHHHbix ynacTKOB 
flHK k HyKjiea3HOH aTaxe OTpaacaeT reoMeTpHio KOMnaeKca 
flHK-(J)epMeHT. CxeMa CTpoeHHa AaHHoro KOMnaeKca Rjm 
THnHHHoro npoMOTopa npHBeAeHa Ha pmc. 11.29. Eoab- 
IUHHCTBO TOMeK, no KOTOpbIM npOHCXOAHT B3aHMOAeHCTBHe 
PHK-noaHMepa3bi c R HK, HaxoAATca b oóaacTax -35 h -10. 
B npeAeaax sthx oóaacTeH ynacTByiomne b CBa3biBaHHH 
rpynnbi ocHOBaHHH môo npeAOTBpanj,aK)T CBa3biBaHne 
óeiiKa (ecjín ohm npeABapnTeabHO 6bmn MOAH(J)HiiHpoBa- 
hh), jihóo npoaB^aioT noBbimeHHyio (um noHHaceHHyio) 
nyBCTBHTe/IbHOCTb K MOAH(j)HKaiJ,HH B pe3yJIbTaTe CBa3bIBa- 
Hna (J^epMema. Tomkh KomaKTa 6eaxa h flHK Moryr nac- 
thmho He coBnaAaTb c camaMM, 3aTpoHyTbiMH MyTaiinaMH; 
OAHaKO 3HaHHMbie MyTailHH npHCyTCTByKDT B OAHHX H Tex 
ace orpaHHMeHHbix oóaacTax. 

OieAyeT OTMeTHTb, 4T0 TOMKaMH KOHTaKTa B pa3JIHHHbIX 
npoMOTopax aBaaioTca TO)KAecTBeHHbie (no nojioaceHHio) 
n03uu,uu , Aaace ecjín ohm coAepacaT pa3Hbie ocHOBaHna. 
H 3 stoto moxcho CAeaaTb bhboa o cymecTBOBaHnn o6nj,e- 
ro MexaHH3Ma CBa3biBaHna PHK-noanMepa3bi, npnneM pe¬ 
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PHK-nojiHMepa 3 a KOHTaKTHpyeT c oahoh cropoHon cnnpa/in AHK 


noc^eflOBaie^bHocTb -35 
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Eo/ibLĽMHCTBO ToneK KOHTaKTa pacnojioweHbi Ha oahoíí dopoHe Mo/ieKy^bi flHK 
(m Ha KOAMpyiomeŕí ueriM) 


^ MoAMc})MKa 4 MM, npen^TCTByiomMe cBfl3biBaHMio c PHK-no/iMMepa3oíí 

I ynacTKM, 3KpaHnpyeMbie PHK-no/iMMepa3oíí n 3amniAeHHbie t3kmm 
▼ o6pa30M ot AeíícTBMíi HyK/iea3 

MyiauHH, b bi K/ifonafoiAMe mjim ocnaó/ifliomMe aKTMBHocrb npoMOTopa 


t 


PMC. 11.29 Tohkm KOHTaKTa PHK-no/iMMepa3bi c npoMOTopoM pacno/ioweHbi Ha oahoíí CTopoHe criM- 
pa/iM flHK 


2iKĽ,m He 32BHCHT OT HäJIHHHfl KOHKpeTHblX OCHOB2HHH B 

k2koh-jih6o H3 ToneK KOHTaKTa. 3Ta MOAejib oó^acHacT, 
noneMy HeKOTopbie tomkh KOHTaKTa He hbjihiotch camaMM, 
HyBCTBHTe/ibHbiMH k MyTaynaM. KpoMe toto, He Ka^aa 3Ha- 
namaa MyTayna 3aTparnBaeT TOHKy KOHTaKTa flHK h (f»ep- 
MeHTa; Myrai^HH MoryT OKa3biBaTb Bimnuue Ha coce/jHHe 
ocHOBaHHa, He conpHKacaiomHeca c c|)epMeHTOM. 

flBa onncaHHbix Bbirne SKcnepnMeHTajibHbix noAxoAa 
AaiOT B03M0)KH0CTb HCCJieAOBaTb pa3Hbie THnbI KOHTaKTOB 
Mcxjiy flHK h (j)epMeHTOM. SKcnepHMeHTbi c npeABapnTe/ib- 
HOH MOAH^HKaUHeH flHK BblfiBJIfllOT mOJlbKO CaHTbl, 3aiB,H- 
nj,eHHbie (J)epMeHTOM ot nocjieAyiomHx MOAH(f>HKayHH (ho 
H e o6a3aTeAbHO HaxoAflmnecfl b HenoepeACTBeHHOM koh- 
TaKTe), Tor/ja KaK b cjiynae SKcnepHMeHTa c MOAH(f)HKayHeH 
onpeACJunoTca camu, KOTopbie ACHCTBHTejibHO o6pa3yiOT 
KOHTaKTbi b abohhom KOMruieKce. TaK KaK 3KpaHHpoBaHHbie 
(})epMeHTOM ynacTKH BiononaiOT b ce6a Bce no3HyHH, ynacT- 
ByiomHe b y3HaBaHHH, h eme p*m AonoJiHHTe/ibHbix 6jiH3Jie- 
xcamnx no3Hu,HH, to, no-BHAHMOMy, (fiepMeHT CHanajia y3Ha- 
eT HeKHH Haóop caHTOB, HeoôxoAHMbix /yw ero «nocaAKH», h 
TOJ ibKo noc^e stoto o6pa3yeT 6o;iee oómnpHbie KOHTaicrbi. 

PacnAeTeHHaa 06/iacTb flHK, BxoAfliyaa b cocTaB aboh- 
hoto KOMnjieKca, MOxceT 6biTb oÓHapyxceHa c noMOiybio 
xHMHMecKHx peareHTOB, BbWBJíaioiAHX OAHOU,enoHeHHyio 
flHK npn pa3Ae/ieHHH yenen flHK, HecnapeHHbie ocHOBa- 
mm CTaHOBHTca HyBCTBHTejibHbi k pearemaM, ot achctbhh 
KOTO pblX OHM 3aiAHIAeHbl B AByXU,enOMeMHOM COCTOflHHH. 

B pe3yAbTaTe TaKHx SKcnepnMeHTOB 6bi/io BbiacHeHO, mto 
peraoH nepBHHHoro pacruieTaHHa yeneH flHK HaxoAHTca 
MOKAy no3Hu,HHMH -9 h +3. OÓJiacTb, pacn/ieTaeMaa b peaK- 
u,hh HHHyHayHH TpaHCKpHnyHH, BionoHaeT ynacTOK, Hann- 
HaioiAHHca ot npaBoro KOHya noc/ieAOBaTe/ibHOCTH -10 h 
3aKaHMHBaioiAHHca cpa3y 3a CTapTOBOH tomkoh. 

npH npOCTpaHCTBeHHOM paCCMOTpeHHH BCe TOHKH KOH¬ 
TaKTa, HaxoAHiAHeca Bbirne nocjieAOBaTejibHOCTH -10, pac- 


noAOXceHbi Ha oahoh h toh xce noBepxHOCTH flHK 3to npo- 
HjmiocTpHpoBaHO Ha cxeMe, npHBeAeHHOH b hhxchch Macm 
pne. 11.29, rAe óo/ibiiiHHCTBO tohck KOHTaicra pacnoAOxceHbi 
Ha oahoh CTopoHe abohhoh cnnpajiH flHK npmeM OoAbiiiaH 
nacTb H3 hhx jiokht Ha KOAHpyiomeH yenn. 3th ocHOBaHHa, 
BepoaTHo, y3HaiOTCH npn nepBOHanajibHOM o6pa30BaHHH 3a- 
KpbiToro abohhoto KOMmieKca, hto oóecnenHBaeT peaKynio 
y3HaBaHHtf mokay PHK-noAHMepa30H h flHK nyreM o6pa30Ba- 
Hna KOHTam Mex<Ay (J)epMeHTOM h oahoh H3 noBepxHOcreH 
flHK nocjie toto KaK pacmieTaHne flHK Hanajiocb, craHOBHTca 

B03M0)KHbIM y3HaBaHHe H CBH3bIBaHHe CO CJieAyiOlAHMH eaHTa- 
mh, pacnojioxceHHbiMH Ha Apyron CTopoHe flHK 


11.15 


CBepxcnnpaiiM3a4Mfl AHK 
BiiMfleT Ha npoijecc TpaHCKpMnuMM 


KniOMeBbie noHBTMB: 


• OTpnAaTe/ibHafl CBepxcnnpaAM3aAHB noBbiujaeT 3c()ct)eKTMBHOCTb 
paóoTbi HeKOTopbix npoMOTopoB, cnocoócTByB pacnAeTaHMio 
ueneíí AHK. 

• B xoAe TpaHCKpununn nepeA 4)epMeHTOM B03HMKaeT 
noAO>KMTeAbHaB CBepxcnnpajiM3aAMfl AHK, a no3aAM 
(J)epMeHTa — OTpnAaTe/ibHaa CBepxcnnpaAM3aunB. 06a 
BapnaHTa CBepxcnnpajiM3aAMM AO^>KHbi 6biTb peAaKCupoBaHbi c 
riOMOLAbK) rnpa3 m Tonon30Mepa3. 


O BaxcHOM 3HaneHHH pacn^eTaHna yeneH npn HHnyn- 
aynn TpaHCKpnnyHH CBHAeTejibCTByeT 3(J)(J)eKT, 0Ka3bi- 
BaeMbiH CBepxcnHpaAH3ayneH. KaK npoKapnoTHHecKHe, 
TaK h ayKapHOTHnecKHe PHK-noAHMepa3bi in vitro 6o/iee 
3(J)(J)eKTHBHO HHHynnpyiOT TpaHCKpHnynio Ha CBepxenn- 
pajiH30BaHHbix MaTpnyax. 3 to oOTacracTca TeM, hto rm 
nepBOHanaAbHoro n/iaBJíeHna flHK b HHHynnpyioiAeM 
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TpaHCKpHniiHfl H3MeH*eT crpyicrypy AH K 


OipMuaie^bHaíi TpaHCKpnón- riojio>KHTejibHafl 
CBepxcnnpajiH3a4Hfl pyeMaaflHK cBepxcnnpajW3aLiHfl 

. 



TonoM 30 Mepa 3 bi I I"npa 3 bi bhocbt 

pe/iaKcnpyioT I oTpMĽiaie/ibHyK) 

CBepxcnnpa^M 3 aunK) y CBepxcnnpajin 3 aunio 



flBoňHaa cnnpa/ib flHK (1 bmtok = 10.4 nH) 


PMC. 11.30 ľlo Mepe ABM>KeHMíi PHK-no/inMepa 3 bi Bnepefln c()epMeH- 
Ta 4 )opMMpyeTCB ynacTOK flHK, CKpyneHHbm 6 o/iee cn/ibHo, a no 3 a- 
flu — ynacTOK flHK c HacTMHHO pacn/ieTeHHbiMn uenaNin 


KOMiuieKce CBepxcnnpa^H30BaHHaa CTpyKTypa TpeóyeT 
ropa3flo MeHbmnx 3aTpaT SHepran. 

CTeneHb CBepxcnHpajumijHH bjihhct m 3(}xj)eKTHBHC>CTb 
paóoTbi HeKoropbix npoMoropoB (oTpnuaTejibHaa CBepxcnnpa- 
jiH3auHa oó^enaeTTpaHCKpHnuHio, hto HBjíaeTca xapaicrepHOH 
nepron npou,ecca TpaHCKpHnflHH). npnpofla 3(Jx})eKTa, 0Ka3bi- 
BaeMoro CBepxcnHpajiH3au r HeH Ha peaKUHio HHHflHaijHH, H3- 
Becma. OflHaKo He Bce npoMoropbi HyBCTBHre/ibHbi k CBepxcnH- 
pa^H3auHH. Oaho H3 o6i>acHeHHH aroro (})aKTa coctoht b tom, 

HTO 3aBHCHMOCTb Ka^KflOľO IipOMOTOpa OT CTeneHH CBepXCIIH- 
pa^H3auHH onpeflejiaeTca ero HyKjieoTHflHOH ncoeflOBaTem- 
HOCTbio. HeKoropbie npoMoropbi HMeiOT nocneAOBaTCJibHOC- 
th, Koropbie ruiaBHTCH Jierne (h nooroMy b MeHbmen CTeneHH 
3äBHCHT ot CBepxcnHpajiH3aijHH), Tor/ja Kax flpyrae oôjiaflaicnr 
TyromiaBKHMH nocjieflOBaTejibHoeraMH (h b óojibiueH creneHH 
3äBHCHT ot CBepxcnnpa^H3auHH). flpymM o&bacHeHHeM MOiyr 
ÓbITb pa3JIHHHH B CTeneHH CBepxaiHpaJIH3aUHH flflfl pa3HbIX 
peraoHOB óaKrepHajibHOH xpomocomm, b pe3yjn>TaTe nero bm- 
hbim craHOBHTCH MecTonojKMeHne npoMoropa b reHOMe. 

CBepxcnHpa^H3aij I Ha, 6e3yoiOBHO, OKa3biBaeT BaxcHbiH 
3(j)(J)eKT Ha npou,eccbi TpaHCKpnnuHH. Kax noKa3aHO Ha 
pne. 11.4, TpaHCKpnÓHpoBaHHe MOJieicyjibi flHK conpoBoac- 
AaeTca pacruieTaHHeM h nooieflyiomHM BoccraHOBJíeHHeM 
Abohhoh cnHpam GieflOBaTe/ibHO, TpaHCKpHnu,HOHHbiH 
KOMnjieKC Rojmeu HMeTb B03M0>KH0CTb BpamaTbca BOKpyr 
MOJieicyjibi flHK jihóo caMa flHK AOJDKHa BpamaTbca BOKpyr 
CBoen och. Ha p v\ ľ ±i3{ H3o6paxceHbi nocjieflCTBHa chh- 
TbiBaHna HeKoro pernoHa flHK cor/iacHO MOfle/iH TpaHC- 
KpHnu,HH, noJiyHHBiueH Ha3BaHne MOflejín deounozo doMrna. 
flBnraacb BflOJib abohhoh cnnpajiH, PHK-no;iHMepa3a (J)op- 
MnpyeT noAoxcHTe/ibHyio CBepxcnHpajiH3au,HK) BnepeAH ce6a 
(ynacroK flHK Kax 6bi 3aKpyHHBaeTca eiu,e CHJibHee) h co3Aa- 
eT 0TpHu,aTejibHyK) CBepxcnHpajiH3au 1 HK) 3a coóoh ((jiopMH- 
pya ynacTOK flHK c nacTHHHO pacrweTeHHbiMH u,emiMH). fljm 
Ka)KAoro bhtk3 cnHpa™, pa3BepHyroro PHK-nojiHMepa30H, 
BnepeAH (JiopMHpyeTca 1 nojioxcHTe/ibHbiH CBepxBHTOK, a no- 
3aAH (JiopMHpyeTca 1 OTpnqaTejibHbiH CBepxBHTOK. 

TpaHCKpnnuHa 0Ka3biBaeT 3HaHHTejibHbiH 3(})(})eKT Ha 
^OKajibHyio crpyicrypy MOJieicyjibi flHK B cbh3h c stom (f>ep- 
MeHT rapa3a (cnocoÓHbin C03AaBaTb 0TpHU.aTejibHyK) CBepx- 


cnHpa^H 3 aij I HK)) h (JiepMem Tonon 30 Mepa 3 a I (cnocoÓHbin 
pejiaKcnpoBaTb oTpHu,aTejibHyio CBepxcnHpa^H 3 au,HK)) He- 
oóxoAHMbi jijm KoppeKTnpoBKH crpyKTypbi flHK nepeA no- 
jiHMepa 30 H h no 3 aAH Hee cooTBeTCTBeHHO. HHraÓHpoBaHHe 
aKTHBHOcreH mpa 3 bi h TonoH 30 Mepa 3 bi I HapymaeT npou.ee- 
Cbi CBepxcnHpa^H 3 au,HH flHK Tax, HanpnMep, b Apo^oxax, 
Ae(j)Hu,HTHbix no (jiepMemy, pe^aKcnpyK)iij.eMy 0 Tpnu.aTe^b- 
Hbie cynepcnnpa^n, rworaocTb ynacTKOB OTpHu,aTejibHOH 
CBepxcnHpajiH 3 au,HH b TpaHCKpnónpyeMOM pernoHe yABan- 
BaeTca. Ha ochobc sthx AaHHbix uoymo npeAno^oxcnTb, hto 
TpaHCKpnn um OTBeTCTBeHHa 3 a (JiopMHpoBaHne 3 HannTe^b- 
hoh nacTH CBepxcnnpa^H 30 BaHHbix ynacTKOB flHK b KneTKe. 

noxo^caa cmyauHfl HaóJiiOAaeTCH h npn perniHKau,HH, 
r/je pacmieTaHHe u,eneH flHK h abpdkchhc peruíHKäTHBHOH 
bhjikh nponcxoAHT TaKHM o6pa30M, HToóbi OTAe^bHbie u.enn 
flHK moitih aiyxcHTb MaTpnu,eH pjisi CHHTe3a AonepHnx u,enen. 
(Hyro npeoAOJieHHH TonojiornHecKHx TpyAHOCTeH, B03HHKa- 
ioiahx b xo^e a3hhoh peaKUHH, npnBeAeHbi Ha pne. 1920.) 


11.16 


HHMUMaUlia Ha A3HH0M npoMOTope 
3aBMCMT ot THna cnrMa-(j)aKTopa 


KmoneBbie noHBTMB: 


• E.coli MMeeT HecKO/ibKO cnrMa-c()aKTopoB, Ka>KAbm M3 KOTopbix 
o6ecneHMBaeTCBfl3biBaHMe PHK-no^MMepa3bi c OTAe^bHOM rpynnoíí 
npoMOTopoB (co cxo>kmmm -35 m -10 nocneflOBaTe^bHociBMn). 

• a 70 BB^Í?eTCB OCHOBHbIM (J)aKTOpOM, HHMAUMpytOlUMM 
TpaHCKpnn am to, Apyrne cnrMa-c()aKTopbi aKTnBnpytoTCB TO^bKO 
npn onpefle^eHHbix yc^oBníix. 


Pa3Ae;ieHHe (JiyHKqHH Me^y MHHHMajibHbiM (JiepMemoM 
(ocymecTBJíaiomHM 3JiOHraiíHio HyK/ieoTHAHon i^enn) h 
CH rMa-c|}aKTopoM (oTBeTCTBeHHbiM 3a pacno3HaBaHne 
cama CBfl3breaHHfl), noAHHMaeT Bonpoc o cymecTBOBaHHH 
HeCKOJIbKHX THnOB CHľMa-íjiaKTOpOB, Cnen,H(})HHHbIX K 
pa3JiHHHbiM KnaccaM npoMOTopoB. Ha i H3o6pa- 


CnrMa-ti)aKTop KOHtponnpyeT y3HaBaHne npoMOTopoB 


Xo^oc})epMeHT, Hecymnň (fiaKTop o 70 , y3HaeT onpeAe^eHHyio 



3 aMeHa cnrMa-c})aKTopa npnBOAm k CMeHe pacno 3 HaBaeMbix 
(JjepMeHTOM npoMOTopoB^— 


P U C. 11.31 CnrMa-(()aKTop B3anMOAeňcTByeT c MnHnMaAbHbiM (f)ep- 
MeHTOM, onpefle^BB Haóop npoMOTopoB, c KOTopbix 6yAeT nponexo- 
Amb nHnunaunfl TpaHCKpnnunn 
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CMHTe 3 (fi^are^^BpHbix CTpyKTyp 


P M C. 11.32 KpoMe c()aKTopa a 70 , E. coli oÓJiaflaeT HecKO/ibKMMM a/ib- 
TepHaTMBHblMM CMma-C|)aKTOpaMM, KOTOpbie aKTMBMpyiOTCB B OTBeT 
Ha onpefle^eHHbie yc/ioBMfl OKpywafomeií cpeflbi (unc()pa b Ha3BaHMM 
(f)aKTopa noKa3biBaeT ero Maccy) 

)KeH npHHUHn (jiyHXIJHOHHpOBaHHfl CHCTCMbl, B KOTOpOH 
3aMeHa CHrMa-íjiaxTopa bjihact Ha Bbióop npoMOTopa. 

Ha p n c. n.32 nepeHHCJieHbi anbTepHaTHBHbie cnrMa- 
(JiaKTopbi, oÓHapy^ceHHbie b xaeTxax E. coli w ncnojib3y- 
eMbie óaxTepneH npn H3MeHeHHH yc/iOBHH oxpyacaiomeíi 
cpeflbi (Ha3BaHHa /jaHbi b cootbctctbhh c MOJiexyjinpHbiM 
BecoM óenxa hjih cornacHO Ha3BaHHio reHa). Ochobhmm 
(JiaKTOpOM, OTBeHaiOmHM 3a TpaHCXpHnU,HIO ÓOJIbUIHHCTBa 
reHOB b HopMajibHbix ycjiOBnnx, nBjmeTca a 70 . AjibTepHa- 
THBHbie CHľMa-íjiaKTopbi a s , a 32 , a E h a 54 axTHBnpyiOTOi b 
OTBeT Ha H3MeHeHHe BHeniHHX yCJIOBHH; O 28 3a/jeHCTBOBaH 
b OKcnpeccHH (juiarejuinpHbix reHOB b HopMajibHbix ycno- 
bhax, oflHaKo ypoBeHb ero sxcnpeccHH 3aBHCHT ot H3Me- 
HeHHa yc/iOBHH oxpyacaiomeíi cpe/jbi. Bce CHrMa-(f>axTopbi 
( 3 a HCKJiioMeHHeM a 54 ) npHHaAJiOKaT k o^HOMy óenxoBOMy 
ceMencTBy h (jiyHXu.HOHHpyioT no cxo/jHOMy MexaHH3My. 

H3MeHeHna TeMnepaTypbi flBJímoTCfl HanóoJiee nac- 
thm cJiynaeM bhciiihhx B03AeHCTBHH. MHorne opraHH3Mbi, 
Kax npo-, Tax h syxapnoTbi, pearnpyiOT Ha Taxne H3Me- 
HeHna cxo)khm o6pa30M. npn noBbimeHHH TeMnepaTypbi 
CHHTe3 oóbiHHoro Haóopa óenxoB noHHacaeTcn hjih npe- 
xpamaeTca n HanHHaeTca cumc3 óenxoB, flBJímomnxcfl 
npo/jyKTaMH reHOB Teiuiosoro rnoKa. Eejixn TemioBoro 
moKa ynacTByiOT b 3ain,HTe xneTxn ot CTpeeea (nx chhtc 3 
3anycKaeTca He TOJibxo b otbct Ha noBbimeHne TeMnepaTy- 
pbi). HeKOTopbie H3 othx óenxoB aBJímoTOi manepoHaMH. 
Y E. coli ypoBeHb sxcnpeccHH ceMHaAua™ reHOB óenxoB 
TennoBoro nioxa onocpe^OBaH H3MeHeHnaMH b npoijecce 
TpaHCKpnnij.HH eooTBeTCTByiomHx reHOB. B nepex^ione- 
hhh annapaTa óejixoBoro CHHTe3a Ha npoAyxu,Hio óenxoB 
TennoBoro nioxa ynacTByeT peryjiaTopHbiH reH rpoK ľlpo- 
AyxT 3Toro reHa — óenox a 32 , (jiyHXu.HOHHpyeT Kax anb- 
TepHaTHBHblH (jiaXTOp, HHHĽI.HHpya TpaHCKpHnU.HK) reHOB 
óenxoB TennoBoro nioxa. 

npn noBbimeHHH TeMnepaTypbi xoHueHTparym a 32 B03- 
pacraeT, 3anycxaa chhtc3 óenxoB TemioBoro nioxa, a npn 
noHH^ceHHH TeMnepaTypbi axTHBHOCTb a 32 na^aeT. Ochob- 
hhm cnmajiOM, HHAyijHpyiomHM npoflyxu,Hio a 32 , flBJíaeTai 
HaxomieHHe b xneTxe HecBepHyTbix (nacTHHHO AeHaTypn- 
poBaHHbix b pe3yjibTaTe rcŕc'tbw bhcoxhx TeMnepaTyp) 
óenxoB. CaM óenox a 32 xopoTxoxHByin.HH, mto onpeflejmeT 


B03M0)XH0CTb He TOJibxo ero óbicrporo Haxon/ieHna, ho h 
CTonb >xe óbiCTporo pa3pyineHra. Bo3MO>XHa xoHxypeHiina 
MOK/jy ôenxaMH a 70 h a 32 3a AOCTynHbiii /y m CBa3biBaHHa 
6a30Bbiíi (JiepMem, nosTOMy Haóop reHOB, TpaHCxpnón- 
pyeMbix bo Bpem TennoBoro nioxa, 3aBHCHT ot óanaHca 
MtyKfíy 3THMH flByMa óenxaMH. CMeHa CHrMa-(JiaxTopoB ab- 
mc Ten rnnpoxo pacnpocTpaHeHHbiM cnocoóoM xoHTpona 
sxcnpeccHH reHOB y óaxTepnn, a npoAyxu,H5i hobhx cnr- 
Ma-(f>axTopoB MO)xeT 6biTb ochoboh MHornx peryjmTopHbix 
MexaHH3MOB. 

Chhtc 3 CHrMa-(JiaxTopa a s HH/iyij.HpyeTca, xor/ia (Jia3a 
pocTa óaxTepnajibHOH xyjibTypbi nepexoAHT b CTaunoHap- 
Hyio (f>a3y (a Tax)xe b pa/je Apyrnx CTpeeeoBbix ycnoBHH). 
KoHTpo/ib npo,o;yxij,HH (JiaxTopa ocyuiecTBaneTca Ha ^Byx 
ypoBrax: BO-nepBbix, TpaHcnauna mPHK reHa rpoS noBbi- 
rnaeTca npn hh3Xhx TeMnepaTypax wm bhcoxoh ocmo- 
jiapHOCTH. Bo-BTopbix, npoTeonH3 6enxa HHrHónpyeTca 
yrnepoAHbiM rojioflaHHeM (TnnHMHaa nepTa CTau,HOHapHOH 
(Jia3bi pocTa xynbTypbi) n bhcoxhmh TeMnepaTypaMH. 

flpyraa rpynna perynaTopHbix reHOB, ynacTByiouj.Hx 
b OTBeTe xaeTxn Ha TeMnepaTypHbie B03AencTBHa, xoht- 
ponnpyeTca (JiaxTopoM a E . 3tot (JiaxTop CHHTe3npyeTca b 
OTBeT Ha ein,e 6onee pe3xne TeMnepaTypHbie crbuvu (neM 
(JiaxTop a 32 ), ero chhtc 3 HHflyuiHpyeTca b pe3ynbTaTe Ha- 
xonjieHna fleHaTypnpoBaHHbix óenxoB b nepnmia3MaTHHec- 
xom npocTpaHCTBe wm m BHeuiHen MeMÓpaHe. npo/iyxiiHa 
a E xoHTponnpyeTca MexaHH3MaMH, npeflCTaB/ieHHbiMH Ha 
p m c. 11.33. OaxTop a E CBa3aH c óejixoM (RseA), noxajiH30- 
BaHHbiM bo BHyTpeHHeíi MeMÓpaHe xaeTOHHOH oóononxn, 
b pe3yjibTaTe nero oh He MoaceT axTHBnpoBaTb TpaHCxpnn- 
u,hio. HaxonneHne fleHaTypnpoBaHHbix óenxoB axTHBnpyeT 
npoTea3y (DegS) nepHiuia3MaTHMecxoro npocTpaHCTBa, 



P ii C. 11.3 i) RseA — 6eaoK BHyrpeHHeM MeMÓpaHbi. Ero UMTonaa3- 
MaTMHecKMÍí AOMeH cBB3biBaeT c()aKTOp o E . ľlpoTea3bi nepnnjia3MaTn- 
necKoro npocTpaHCTBa, a 3aieM AMToruia3Mbi, nocaeAOBaieabHO ot- 
lAenaatOT ot RseA KOHijeBbie c()parMeHTbi. OnAenaeHMe N-KOHAeBoro 
ynacTKa bcact k BbicBo6o>KAeHMK) o E 
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OTmeruiHiomyK) C-kohitcboh ynacTOK óejiKa RseA. B pe- 
3y^bTaTe TaKoro oTmenjieHna aKTHBnpyeTca flpyroH óejioK 
BHyTpeHHeH MeMÓpaHbi (YaeL), KOTopbíň, b cboio onepe^b, 
OTineruiaeT N-kohitcboh ynacTOK RseA. 3 to Be/jeT k bmcbo- 
ôo^eHHio (J^aKTopa a Ľ , 3anycKaiomero TpaHCKpHnu.Hio. 
KoHeMHbiM pe3y^bTaTOM HaKon/ieHHa ACHaTypnpoBaHHbix 
ócjikob Ha nepH(J)epHH óaKrepnajibHOH KaeTKH aBJíaeTca 
aKTHBH3auHa pa6o™ reHOB, KOHTpojinpyiomHX npo/iyK- 
UHK) CHrMa-(J)aKTOpOB. 

Mcokho npoBec™ jxbc HHTepecHbie napaajie/in MeacAy 
AaHHbiM peryjiaTopHbiM MexaHH3MOM h paóoTon /jpyrax 
peryjiaTopHbix u,hioiob. OTBeT syKapnoranecKon KJieTKH Ha 
HaKomieHHe AeHaTypnpoBaHHbix ócjikob onocpe^OBaH Me- 
XaHH3MOM, CODiaCHO KOTOpOMy ACHaTypHpOBaHHblH ÓeJIOK 
(BHyTpn 3H/i,onjia3MaTHHecKoro peTHKyjiyMa) aKTHBnpyeT 
MeMópaHHbiH óeaoK — 3HAOHyKjiea3y, pacmemiaiomyK) PHK, 
HTO B KOHeHHOM HTOre npHBO^HT K H3MCHeHHK) OUiaHCHHra 
H npOAyKLI,HH TpaHCKpHniJ.HOHHblX C|)aKTOpOB (cm. pa3£. 26.17 
«KacKa£ peaKUHH, 3anycKaeMbiH b OTBeT Ha HaKoruieHne 6eji- 
kob, CBH3aH c npou,eceoM cmiaHCHHra tPHK»). Bojiee TecHyio 
napaaaeab moxcho npoBecTH c nepBbiMH oÓHapyaceHHbiMH 
cjiynaaMH, Kor/ja pacmeruieHne MeMÓpaHHoro óejiKa aKTH- 
BHpOBaJIO HenOCpeACTBeHHO TpaHCKpHnU,HOHHbIH (J)aKTOp. 
TpaHCKpHmj,HOHHbiH (fiaKTop CHHTe3HpyeTca b BH^e MeM¬ 
ÓpaHHoro óejiKa, a ypoBeHb cTepoaoB b MeMópaHe Kompo- 
jinpyeT npou,ece aKTHBau,HH npoTea3, OTiij.emunoiij.Hx TpaHC- 
KpnnuHOHHbiH (fiaKTop ot uHT030JibHoro AOMeHa óejiKa. 

B yejiOBHax a30THoro rojio/jaHna joieTKOH HcnoJib3y- 
eTca flpyroH CHrMa-(f>aKTop. KJieTKH E.coli co/jepacaT He- 
óojibmoe KOJiHnecTBO (jjaKTopa a 54 , KOTopbiH aKTHBHpyeTca 
npH OTcyTCTBHH hohob aMMOHHfl b KyjibTypajibHOH epefle. 
B 3thx yejiOBHax aKTHBHOCTb reHOB nepeionoHaeTca TaKHM 
oópa30M, HToóbi c^e^aTb bo3moxchmm Hcno^b30BaHHe aab- 
TepHaTHBHblX HCTOHHHKOB a30Ta. AHaaorn 3Toro CHrMa- 
(J)aKTopa oÓHapyxceHbi y niHpoKoro cneKTpa ÓaKTepnH, hto 
yKa3biBaeT Ha 3aKpemieHHbiH b xojje sbojiioiihh MexaHH3M 
OTBeTa Ha CTpeee. 

flpyTHM npHMepOM SBOJnOITHOHHO KOHCepBaTHBHOrO 
CHma-cfiaKTopa aBJíaeTca (jjaKTop a ť , npneyTCTByiomHH 
B KJieTKe B HeÓOJIblIIHX KOJIHHeCTBaX H HHHĽI.HHpyiOIIJ.HH 
TpaHCKpHmj,HK) reHOB, BOBaeneHHbix b xeMOTaKcnc h (J)op- 
MHpoBaHHe (JjjiarejuiapHbix CTpyKTyp. Ero aHaaoroM y Ba- 
cillus subtilis aBJíaeTca (jjaKTop a D , oTBenaiomHH 3a TpaHC- 
KpHnuHio (fuiarejuiapHbix reHOB h reHOB opraHOB ABnaceHna; 
(})aKTopbi, xapaKTepH3yK)nj,Heca cneu,H(})HHHOCTbio k 3TOMy 
>Ke Haóopy npoMOTopoB, npneyTCTByiOT y MHornx bhaob 
Ó aKTepnH. 

TaKHM oópa30M, KaacAbiH cnrMa-(j)aKTop oTBenaeT 3a 
CBA3b PHK-no^MMepa3bi c onpeAeJieHHbiM HaóopoM npoMo- 
TopoB. AHajiH3Hpya noejieAOBaTejibHOCTH sthx npoMOTO- 
poB, moxcho 3aMeTHTb, hto Kaac^aa rpynna xapaKTepn3yeTca 
HaJIHHHeM yHHKaJIbHblX CTpyKTypHblX 3JieMeHTOB. ileHC- 
TBHTe/ibHO, npoMOTopbi KaacAoro rana y3HaioTca TOJibKO 
KOMnjieKCOM PHK-noJiMMepa3bi c noAxo/vniíHM CHrMa-(J)aK- 
TopoM. E/iaroflapa H/i l eHTH(j)HKaĽi,HH reHOB, KOflnpyiomHx 
CHrMa-(J)aKTopbi E.coli, a Taioxe H3yHeHHio CHrMa-(J)aKTo- 
poB, BOBJíeneHHbix b cnopyaauHio y Bacillus subtilis (cm. 
pa3/j. 11.19 «Cnopooópa30BaHHe KOHTpoanpyeTca cnrMa- 


CnrMa-(|jaKTopbi pacno3HaiOT npOMOTOpbi no KOHceHcycHbiM 
nocneAOBaTe/ibHOcrnM 


ľeH 

OaKľop 

ľloc^eAOBa- 

Te/1bHOCTb 

-35 

PaccTOflHMe Me>KAy 
KOHCeHCyCHbIMM 
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Te/1bHOCTBMM 

ľlocjieAOBa- 
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rpoD 

Q 

O 
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6 nH 
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o 28 (o F ) 

CTAAA 
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PMC. 11.34 Pa3Hbie cnrMa-c()aKTopbi E.coli y3H3K)T npoMcrropbi c 
pa3HbiMM KOHceHcycHbiMM nocneAOBaTeabHocT^MM 

(f>aKTopaMH»), moxcho c(})opMyaHpoBaTb o6nj,He npaBRna, 
no KOTopbiM npoHCxoAHT pacno3HaBaHne npoMOTopa. 

OTJiHHHTejibHbiM cbohctbom npoMOTopoB, oóecne- 
HHBaiOIIJ.HX HX y3HaBaHHe KOHKpeTHbIM XOAOCpepMeHTOM, 

aBaaeTca hx odunaKoeuú pamep u pacnojiojtcenue omno- 
cumejibno cmapmoeou monm, npu smoM Koncepeamue- 
nue nocjiedoeamejibnocmu ecezda pacnojiOMenu e pauone 
nosuUfUU -35 u -10 ((fiaicrop o 54 HBjiaeTca naonoHeHneM, 
KOHceHcycHbie noejie/jOBaTejibHOCTH npoMOTopoB, koto- 
pbie oh pacno3HaeT, pacnoaoaceHbi 6mmc ^pyr k flpyry b 
noaoaceHnax -24 n -12; cm. pa3/r 11.17 «CHrMa-(J)aKTopbi 
B3anMOAeHCTByK)T HenocpeACTBeHHO c /1,HK»). Kax noKa3a- 
ho Ha pmc. n.34, KOHceHcycHbie noeaeAOBaTeabHOCTH pa3- 
Hbix rpynn npoMOTopoB MoryT OTannaTbca /jpyr ot Apyra 
nocaeAOBaTeabHocTbio -35, nocjie/jOBaTe/ibHOCTbio -10, a 
Taioxe oóenMH sthmh no3Hij,HaMH. 3to 03HanaeT, hto (J)ep- 
Mem, coAepacanj.HH b cbocm eocTaBe onpeAeaeHHbin enr- 
Ma-(f>aKTop, MoaceT pacno3HaBaTb ToabKO cboh Haóop npo- 
MOTOpOB, npn 3TOM HHHUHailHa TpaHCKpnnLJ,HH C pa3HbIX 
rpynn npoMOTopoB B3aHMHO HCioiiOHaeTca. 3aMeHa o^Horo 
CHrMa-(J)aKTopa Ha flpyroH BbiKjnonaeT TpaHCKpHnu,Hio pa- 
Hee SKcnpeecHpyeMbix reHOB h BKJnonaeT TpaHCKpnnĽi,HK) 
HOBbix. (ľeHbi, HMeiomne HecKoabKo npoMOTopoB c pa3- 
hhm HaóopoM KOHceHcycHbix nocjie/jOBaTejibHOCTeH, mo- 
iyr TpaHCKpnónpoBaTbca PHK-noaHMepa30H, coflepacamen 
b CBoeM eocTaBe pa3Hbie cnrMa-cfiaKTopbi.) 


CnrMa-(|DaKTOpbl B3aMMOAeííCTByK)T 
HenocpeflCTBeHHO c AH K 


K/noneBbie fiohbtmb: 


• M3MeHeHne KOHc()opMai 4 MM a 70 , accounMpoBaHHoro c 
MMHMMa/lbHbIM c()epMeHTOM, npMBOflMT K BblCB06o>KAeHMK) 
flHK-CBn3biBaK)iAMx pernoHOB c()aKTopa. 

• o 70 CBB3biBaeT KaK -35, TaK m -10 nocaeAOBaie/ibHOCTM. 

HAeHTH(j)HKaĽi I Ha cepnn KOHceHcycHbix noejieAOBaTeabHoe- 
Ten -35 n -10, paeno3HaBaeMbix xoao(J)epMeHTOM, coflep- 
acamHM b CBoeM eocTaBe pa3Hbie cnrMa-(})aKTopbi, no3Boamia 
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KoHcepBaTMBHbie pt-rnoHbi cMrMa-4 aKTopa 
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PMC. 11.35 Ha reHeinnecKOM Kapie c|)aKTopa o 70 E. coli noKa3aHbi 
KoHcepBaTMBHbie pernoHbi. PernoHbi 2.1 n 2.2 KomaKTupyiOT c mm- 
HMMa/ibHbiM c|)epMeHTOM, 2.3 ynacTByeT b pacn/ieiaHnn flHK, 2.4 n 
4.2 o6pa3yK)T KomaKibi c noc/ieflOBaTe/ibHocTBMM npoMOTopa -35 n 
-10. N-KOHueBOÍí ynacTOK He flaeT pemoHaM 2.4 n 4.2 CBfl3biBaTbCfl 
c flHK b OTcyTCTBMe MMHMMa/ibHoro (fjepMeHTa 


c/jejiaTb BbiBOA, hto cyó'beflHHHu.a CHma-íjmTopa Henoc- 
peflCTBeHHO B3anMOfleHCTByeT c flHK b sthx peraoHax. B 
pe3y^bTaTe 6bui ccjjopMyjiHpoBaH oóiijhh npHHU,Hn B3anM0- 
AeHCTBHa CHrMa-(jiaKTopa h MHHHMajibHoro (jjepMema, co- 
macHO KOTopoMy curMa-cjiaKTop opneHTHpoBaH TaKHM o 6- 
pa30M, MTOÓbl 06pa30BbIBaTb TeCHbie KOHTaKTbl C npOMOTOp- 
hoh nocjieAOBaTejibHOCTbio b6jih3h nojioaceHHH -35 h -10. 

flpKHM CBHfleTCJIbCTBOM npflMOľO KOHTaKTa MOKfly 
CHrMa-(jiaKTopoM h npoMOTopoM b oójiacra nocjieflOBa- 
Te/ibHOCTeH -35 h -10 aBJíaioTai MyTau,HH cnrMa-(j)aKTo- 
pa, cnocoÓHbie cynpeccnpoBaTb MyTaijHH b KOHceHcycHbix 
nocjieflOBaTejibHOcrax. B cjiynae xorfla MyTaijHH b onpe- 
AeaeHHbix nojioaceHHax npoMOTopHOH nocjieflOBaTejib- 
hocth npenaTCTByiOT ee y3HaBaHHio PHK-nojiHMepa3on, 
KOMneHcaTopHbie MyTaijHH b CHrMa-(f>aKTope no3BOJiaioT 
PHK-nojiHMepa3e B3aHMOfleHCTBOBaTb c MyTaHTHbiM npo- 
MOTopoM. HaHóojiee Bepoaraoe oó'bacHeHHe 3Toro (jjaicra 
3aianoMaeTca b tom, mto noflxoflamHe napbi ocHOBaHHH b 

flHK KOHTaKTHpyiOT C COOTBeTCTByiOmHMH aMHHOKHCJIOT- 
HblMH 3aMeHaMH B CHľMa-C|)aKTOpe. 

CpaBHeHHe nocjieflOBaTejibHOcreH HecxojibKHX 6aicre- 
pnaabHbix CHrMa-(f>aKTopoB no3BOJimio BbWBHTb KOHcepBa- 
THBHbie pemoHbi. Hx MecronojioflceHHe b (jjaxrope o 70 E. coli 
npeflcrraBjíeHO Ha P ne. 11.35. H3 crpyKTypbi nceBflOKpHcra^- 
jia (JiparMeHTa CHnvia-(})aKTopa, BbiflejieHHoro H3 óaicrepHH 
Thermus aquaticus, bh/jho, mto sth ynacTKH (jjopMnpyiOT b 
óejixe Tpn He3aBHCHMbix flOMeHa: flOMeH o 2 BKJiiOMaeT b ceóa 
peraoHbi 1.2-2.4, aomch o 3 — 3.0-3.1, aomch o 4 — 4.1-4.2. 

Kax noKa3aHO Ha pne. 11.35, flBa kopotkhx cerMema 
pernoHOB 2 h 4 (Ha3BaHHbie 2.4 h 4.2) ynacTByiOT bo B3anMO- 
AencTBHH c npoMOTopoM b paňoHax -10 h -35 cootbctc- 
TBeHHO. 06a sthx pernom óejiKa (jjopMnpyioT HeóojibiiiHe 
a-cnnpajibHbie ynacTKH. 3KcnepHMeHTbi c reTepoflymieKca- 
mh noKa3ajiH, mto o 70 o6pa3yeT KOHTaKTbl c ocHOBaHna mh 
HC ionoHHTe/ibHO KOflnpyioiij.eH u,enH h coxpameT 3Ty CBa3b 
noejie Toro, Kax b oÓJiacra KomaKTa npomoHfleT pacmie- 


TaHne qenen flHK. OcHOBbmaacb Ha sthx flaHHbix, mojkho 
npeAnoaoacHTb, hto CHrMa-c|)aKTop nrpaeT BaacHyio poab b 
peaKijHH naaBaeHHa AByxu,enoHeHHOH CTpyKTypbi flHK. 

Hcnojib30BaHHe óeaKOM a-cnnpaabHbix ynacTKOB /yia 
pacno3HaBaHHa flByxu,enoMeHHOH flHK aBaacrca oó^hm 
cbohctbom Bcex CHrMa-(jiaKTopoB (cm. pa3A. 14.11 «Penpec- 
copbi CBa3biBaiOTca c flHK nocpe/jCTBOM MOTHBa cnnpajib- 
noBopoT-cnHpajib»). AMHHOKHcaora, yflajieHHbie flpyr ot 
Apyra Ha TpH-neTbipe noaoaceHHa, pacnoaaraioTca Ha or - 
hoh noBepxHOCTH a-cnnpaaH, hto cnocoócTByeT hx B3a- 
HMOAeHCTBHK) C COCCflHHMH OCHOBaHHaMH u,cim flHK. Kax 
noxa3aHO Ha pmc. h. 36, aMHHOKHCJioTbi, pacnoaoaceHHbie 
Ha oflHoň noBepxHOCTH a-cnnpajiH pernoHa 2.4, B3aHMO- 
fleHCTByiOT C OCHOBaHHflMH B no3HUHax OT -12 RO -10 npo- 
MOTOpHOH nOCJieflOBaTeJIbHOCTH -10. 

PeraoH 2.3 noxoac Ha 6e/iKH, CBa 3 biBaiomHe OAHOU,eno- 
neHHbie HyiuieHHOBbie khcjioth, h ynacTByeT b peaxijHH pac- 
naeTaHHa flHK. PeraoHbi 2.1 h 2.2 (aBjunomHeca Hanóoaec 
KOHcepBaTHBHbiMH ynacTKaMH CHrMa-(jiaKTopa) BOBaeMeHbi 
BO B 3 aHMO/jeHCTBHe C MHHHMaJIbHbIM (^epMCHTOM. 3 TO n 03 - 
BOJiaeT npeAnoaoacHTb, hto Bce cnrMa-cjiaKTopbi CBa 3 biBaioT 
MHHHMajibHbiH (JiepMeHT b o/jHHx h Tex ace ynacTKax, HTO 
oóecneMHBaeT KOHKypeHqHio Meac,oy cnrMa-({)aKTopaMH 3 a 
CBa 3 b c noanMepa 30 H. 

N-KOHu,eBOH ynacroK (JiaKTopa a 70 BbinoaHaeT BaxcHbie 
peryjiaTopHbie (jiyHKí^HH. npn ero y^ajieHMK yKoponeHHbiH 
6eaoK npHoópeTaeT cnocoÓHOCTb cneuHcjiHHHO CBa3biBaTbca 
c npoMOTopaMH (6e3 MHHHMajibHoro (JiepMema). 3to no3BO- 
jiaeT npeAnoaoxcHTb, hto N-kohucboh peraoH (j)yHKU,HOHH- 
pyeT b KanecTBe aBTOHHraÔHpyioiij.ero AOMeHa, óaoKHpyiome- 
ro flHK-CBa3biBaiomHe ynacTKH CBo6oflHoro a 70 . CBH3biBaacb 
C MHHHMaJIbHbIM (J)epMCHTOM, CHrMa-(jiaKTOp MeHaeT CBOKD 
KOH(JjOpMaUHIO TaKHM OÓpa30M, HTOÓbl CHHTb HHľHÓHpyiO- 
mHH sflxJjeKT N-KOHu,eBoro yaacTKa h c^ejiaTb B03MoxcHbiM 
B3aHMOfleHCTBHe KOHTaKTHblX flOMCHOB C MOJieKyJIOH flHK 

Ha pmc. 11.37 cxeMaTHMHO noxa 3 aHbi KOHcjiopMaqH- 
OHHbie H 3 MeHeHHa CHrMa-(JiaKTopa npn (JiopMHpoBaHHH 
OTKpbiToro KOMnjieKca. npn accouHaijHH CHrMa-(jiaKTopa 



PMC. 11.36 Amuhokmcaoth a-cnupa/iM pernoHa 2.4 c()aKTopa o 70 
K0HT3 KTUpytOT CO CneUMC()MHeCKMMM OCHOBaHMflMM KOAMpytOIHeM 
uen m npoMOTopHoíí nocaeAOBaTeabHocTM -10 
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N-KOHueBOH t|)parMeHT cnrMa>(t>aKTopa k o HTpo/i m pyeT 
CBB3blBaHHe c flHK 

flHK-CBB3blBaK)mne flOMeHbl 
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PMC. 11.37 N-KOHueBOíí c()parMeHTCMrMa-(t)aKTopa 6/iOKnpyeTflHK- 
CBB3blBaK)lflMM ynaCTOK OT CBB3blBaHMB C flHK. ľlpu C()OpMMpOBaHMM 
OTKpbuoro KOMnjieKca, N-KOHeu OTOflBuraeTCB ot flHK-CBB3biBato- 
mnx flOMeHOB Ha 20 A, caMM flHK-CB5i3biBaK)iMMe AOMeHbi ripn 3 tom 
yfla/iBtoTCB flpyr ot flpyra Ha 15 A 



PH C. 11.38 CnrMa-c|)aKTop MMeeT npoTBweHHyto crpyKTypy, KOTopaB 
paCTBľMBaeTCB BflOJlb nOBepXHOCTM MMHMMa/lbHOTO c()epMeHTa npM 
(JjopMMpoBaHMM xo/ioc|)epMeHTa 

C MHHHMaJIbHbIM (J)epMCHTOM N-KOHIjeBOH flOMeH OTXOflHT 
ot /],HK-CBH3biBaioiij I Hx aomchob npHMepHo Ha 20 Á. CaMH 
( ]],HK-CBH3biBaioiij I He flOMeHbi npn stom y/jajuHOTca flpyr 
ot flpyra npHMepHo Ha 15 Ä, npHoôpeTaa, no-BHflHMOMy, 
KOH({)opMauHio, HaHÔojiee yfloÔHyio aj m cjiopMHpoBaHHfl 
KOHTaKTOB c flHK. MyTaijHH b nocjieflOBaTejibHocTax -10 h 
-35 npenaTCTByiOT CBH3biBaHHio (J)aKTopa a 70 (jiHiiieHHoro 
N-KOHiieBoro ynacTKa) c flHK. 3to no3BOJweT npeflnojio- 
)KHTb, HTO Q 70 KOHTaKTHpyeT OflHOBpeMCHHO C OÔeHMH nOC- 
JieflOBaTeJIbHOCTHMH. fljLH TOľO HTOÔbl STO CTaJIO B03M05K- 


hhm, CHraa-cjjaKTop flOJixceH HMeTb yflflHHeHHyio crpyicrypy, 
npoTarHBaioiij.yiocH npHMepHo Ha 68 Ä — paccTOHHHe, paB- 
Hoe flflHHe flByx bhtkob cnnpajiH flHK. 

B CBOôoflHOM xojioc{)epMeHTe N-kohiicboh flOMeH pac- 
noJioxceH b aKTHBHOM ijempe (jjepMema h sxpaHHpyeT 
coôoh MecTo, KOTopoe BnocjieflCTBHH npn (jiopMHpoBa- 
hhh TpaHCKpHmiHOHHoro KOMnjieKca 3aHMeT flHK. Kor/ja 
xojioc{)epMeHT (J)opMHpyeT c flHK oTKpbiTbiH KOMnjieKc, 
N-KOHijeBOH flOMeH CHľMa-(J)aKTopa BbiTecHaeTca H3 aKTHB- 
Horo ijempa. B3aHMOfleHCTBHa SToro ynacTKa MOJieKyjibi c 
ocTajibHbiMH peraoHaMH (J)epMeHTa oneHb raÔKHe; xapax- 
Tep STHX B3aHMOfleHCTBHH MeHfleTCfl H KOľfla CHrMa-(f)aKTOp 
CBH3bIBaeTCH C MHHHMaJIbHbIM (J)epMeHTOM, H KOľfla XOJIO- 

c{)epMeHT cBH3biBaeTca c flHK 

CpaBHeHHe crpyicryp nceBflOKpHCTajuiOB MHHHMajib- 
Horo (jjepMema h xojiocjiepMeHTa noKa3ajio, hto cnrMa- 
(jiaKTop pacnojiaraeTca rjiaBHbiM o6pa30M Ha noBepxHOCTH 
MHHHMajibHoro (jjepMema. Kax noKa3aHO Ha p n: 1 i, oh 
HMeeT npoT5DKeHHyio CTpyKTypy, pacnpocrpaHaioiflyioai 3a 
npeflejibi flHK-CBH3biBaioinero caHTa. 3to no3BOJiaeT cHraa- 
(JiaKTopy KOHTaKTHpoBaTb c flHK bo BpeMa nepBHHHoro cbh- 
3biBaHra. flna Toro htoôh bohth b amiBHbiH ijemp (J)epMeH- 
Ta, cnnpajib flHK cflBHracrca Ha 16 Ä ot tohkh nepBHHHoro 
CBB3biBaHHH. p-'C n 3 ■ HjunocTpHpyeT stot CflBHr Ha none- 
penHOM pa3pe3e MOJieKyjibi flHK (BflOJib och cnnpajiH). 

HHTepecHaa ocoôeHHOCTb 6biJia oÔHapy^ceHa b (jjyHKíjHO- 
HnpoBaHHH (J)aKTopa a 54 . Oh cnocoôcTByeT CBfl3breaHHio PHK- 
nojiHMepa3bi c npoMOTopaMH, coflep>KaiflHMH onpeflejieHHyio 
KOHceHcycHyio nocjieflOBaTejibHOCTb c oahhm KOHcepBaTHB- 
HblM SJieMeHTOM, paCIIOJIOäCeHHblM B n03HU,HH -12, H flpyTHM, 

pacnojio)KeHHbiM b panoHe -24 (npnBefleH b kojiohkc «-35» 
pne. 11.34). TaKHM o6pa30M, reoMeTpHa KOMnjieKca íiojihmc- 
pa3a-npoMOTop oTjiHHaeTca b 3aBHCHMOCTH ot cnrMa-(J)aKTO- 
pa, BxoflHíflero b cocTaB (JjepMeHTa. Em,e oflHa ocoôeHHOCTb 
STOľO CHľMa-(J)aKTOpa COCTOHT B TOM, HTO flJIfl S(j)(])eKTHBHOH 
TpaHCKpnnuHH, onocpeflyeMoň (J)aKTopoM a 54 , TpeôyiOTca 



PMC. 11.39 CHana/ia flHK KOHTatrnipyeT c cnrMa-c|)aKTopoM (po30- 
BbiM) m MMHMMa/ibHbiM c|)epMeHTOM (cepbiíí). 3aieM OHa npoflBMraeT- 
cb rByó)Ke b CTpyKTypy MMHMMa/ibHoro c()epMeHTa abb Toro, hto6h 
nocBeflOBaTeBbHOCTb -10 Mor^a oópa30BaTb KOHTaKTbi c 6eBKOM. 
ľlocBe BbicBo6o)KAeHMB cMrMa-c()aKTopa uiMpMHa KaHa^a, b kotopom 
pacnoBo>KeHa flHK, yBe/iMHMBaeTCB. BocnpoM3BefleHo c MaTepna/iOB 
VassyLyev, D.G., et. al. Náture. 2002. 417: 712-719. OoTorpac|)MB Jito- 
6e3HO npeflOCTaBBeHa Shigeyuki Yokoyama, The University of Tokio 
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flonojiHHTejibHbie amiBaTopbi, B3aHMOfleHCTByioiijHe c ynac- 
TKaMH, pacnojio)KeHHbiMH ^OBOJibHO flajieKo ot npoMOTopa. 
PeryjiaTopHbie caňTbi Bcex flpyrnx thiiob ôaKTepnajibHbix 
npoMOTopoB pacnojiO)KeHbi b HenoepeflCTBeHHOH 6 jih30Cth 
ot caMoro npoMOTopa. MexaHH3M (J)yHKu,HOHHpoBaHHfl (J)aK- 
Topa o 54 OTjiHHaeTca ot pa6o™ ocTanbHbix CHľMa-(J)aKTopoB. 
Hanôojiee xapaKTepHOH oeoôeHHOCTbio HBJífleTCH ero cnocoô- 
HOCTb CBB3bIBaTb HK He3aBHCHMO OT MHHHMaJIbHOrO (J)ep- 
MeHTa. B stom OTHOiueHHH a 54 ôojibine noxoäc Ha syKapnora- 
necKHe TpaHCKpnnuHOHHbie (J)aKTopbi (oôcyacflaeMbie b m. 24 
«npOMOTOpbI H 3HXaHCepbI»), HeM Ha THnHHHbie npOKapHOTH- 
necKHe peryjiaTopbi (oôcy^qaeMbie b tji. 12 «OnepoH»). 
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CMrMa-(|)aKTopbi 
opraHM30BaHbi b nacKaflbi 


K/itoneBbie noHjmifl: 


• KacKafl cnrMa-(})aKTopoB (JjopMupyeTCB b tom c/iynae, ec/iM 
oflMH curMa-íjjaKTop HeoóxoflMM fl/ia TpaHCKpMnflMM reHa, 
KOflupytomero c/ieflytomMÍí cMma-4)aKTop. 

• PaHHMe reHbi cf>ara SP01 TpaHCKpnóupytOTCB PHK-no/iMMepa30M 
KJieTKM-X03flMHa. 


• OflMH M3 paHHMX reHOB KOflMpyeTCMrMa-(()aKTOp f 3aCTaBilBK)lflMM 
PHK-no^MMepa3y TpaHCKpMÓMpoBaTb cpeflHMe reHbi 4)ara. 

• flBa cpeflHMX reHa KOflMpytoT cyóbeflMHMflbi cMma-4)aKTopa, 
oóecneHMBatomero TpaHCKpMnuMto PHK-no/iMMepa30M no3flHMx 
reHOB. 


B íoieTKe ôaicrepHH B. subtilis cnrMa-(J)aKTopbi rnnpoKo 
HCnOJIb3yiOTCB jyw KOHTpOJIfl HHHU.HaU.HH TpaHCKpHnu.HH, 
flJM 3TOľO MHKpOOpraHH3Ma H3BCCTHO nopBflKa 10 pa3- 
JIHHHblX <J-(j)aKTOpOB. HeKOTOpbie H3 HHX npHCyTCTByiOT 
B OÔblHHOM COCTOflHHH; flpyrHe nOflBJUHOTCfl TOJIbKO B On- 
peflejieHHbix ycjiOBHax — npn (J)aroBOH HH(j)eKUHH hjih 
npn nepexofle ot CTa/jHH BereTaTHBHoro pocra kjictkh k 
CT aflHH CnopyJIBU,HH. 

OcHOBHaa PHK-nojiHMepa 3 a, HaHfleHHaa y B. subtilis 
h BOBJíeHeHHaa b npoqeccbi HopMajibHoro BereTaTHBHoro 
pocTa kjictkh, HMeeT cTpyrcrypy, cxoacyio co CTpyKTypoH 
nojiHMepa3bi E. coli a 2 pp'a. 3 tot cnrMa-(J)aKTop (Ha3biBa- 
eMbiH o 43 hjih o A ) pacno3HaeT npoMOTopbi c TaKHMH tkc 
KOHCepBaTHBHbIMH nOCJieflOBaTeJIbHOCTBMH, KaK H (J)aKTOp 
ó 70 E. coli. HecKOJibKO BapnaHTOB PHK-nojiHMepa 3 bi, co/jep- 
acaiijeH b CBoeM cocTaBe flpyrne cnrMa-(J)aKTopbi, ôbuin 06 - 
HapyaceHbi b ropa3flo MeHbiiiHx KOJiHnecTBax. Pa3Hbie Bapn- 
aHTbi (J)epMeHTa pacno3HaioT pa3Hbie npoMOTopbi b paňoHe 
KOHceHcycHbix nocjieflOBaTe;ibHOCTeH -35 h -10. 

.Hjih (J)aroBOH HH(J)eKLíHH xapaKTepHO BbiK/noneHHe 
SKcnpeccHH oômhhoh rpynnbi reHOB h BKJnoneHHe hobhx 
reHOB. ľlpaKTHHecKH bo Bcex cjiynaflx npn pa3BHTHH (J)ara 
b xofle HH(J)eKu 1 HOHHoro uHK/ia npoHexoflHT nepemnoHe- 
Hne TpaHCKpHnu.HH. 3to nepeKjnoneHHe npnBOflHT jihôo 
k CHHTe3y (J)aroBOH PHK-nojiHMepa3bi, jihôo k Kompo- 
jik) ôaKTepnajibHOH PHK-nojiHMepa3bi, ocymecTBJífleMOMy 
BcnoMoraTejibHbiMH (J)aKTopaMH (J)ara. Xoporno oxapax- 
TepH30BaHHbIM npHMepOM KOHTpOJlB TpaHCKpHIILI.HH nOC- 


peflCTBOM npo/iyKLi.HH HOBoro cnrMa-(J)aKTopa bbjibctcb hh- 
(J)HUHpoBaHHe éaKTepHH B. subtilis (J)aroM SPOl. 

B 3aBHCHMOCTH OT Toro, KaKHe reHbi SKCnpeCCHpyiOTCfl, 
HH(J)eKUHOHHbiH ijhkji (J)ara SPOl mo>kho pa3fle;iHTb Ha Tpn 
CTaflHH. Cpa3y ace uocjic HH(j)Hu,HpoBaHHfl ôaKTepnajibHOH 
kjictkh TpaHCKpHÔnpyioTCB TaK Ha3biBaeMbie paHHHe reHbi 
(J)ara. 4epe3 4-5 MHHyT TpaHCKpnnuHfl paHHHx reHOB npe- 
Kpaui,aeTca h HaHHHaeTca TpaHCKpHnu.HH cpe^HHx reHOB. 
Ha 8-12 mhh TpaHCKpnnuHH cpeflHHx reHOB 3aMeHaeTCH 
TpaHCKpHnuHeH iio3^hhx reHOB. 

PaHHHe reHbi (J)ara TpaHCKpHônpyiOTCH xojioc{)epMeH- 
tom 6aKTepnH-xo3HHHa. Óhh, no cynj,ecTBy, He oTjiHnaiOTCH 
OT X03HHCKHX reHOB, HbH npOMOTOpbl CnOCOÔHa y3HaBaTb 
PHK-nojiHMepa3a cocTaBa a 2 pp'o 43 . 3KcnpeccHH paHHHx 
reHOB (J)ara HeoôxoflHMa /yin TpaHCKpHnu.HH cpeflHHX h 
no3flHHx reHOB. Tpn peryjíHTopHbix reHa, o6o3HanaeMbix 
28 ; 33 h 34 , KompojiHpyioT onepeflHOCTb TpaHCKpnnuHH. 
OyHKUHH sthx reHOB npeflCTaBJíeHbi Ha pmc. ii.40. Peryjia- 
Uhh ocynj,ecTBjineTCH KacKa^HO, npn stom ôaKTepnajibHbiH 
(J)epMeHT CHanajia TpaHCKpHÔnpyeT paHHHH reH, nen npo- 
AyKT HeoôxoflHM /yiH SKcnpeccHH cpeflHHx reHOB. B cboio 
onepeflb, npoflyKTbi flByx cpeflHHx reHOB HeoôxoflHMbi ahh 
T paHCKpHnU,HH n03flHHX reHOB. 


Pa3BHTne 4)a r a KOHTpojiMpyeiai pa3HbiMM cnrMa-4)aKTopaMH 


ľlpOMOTOpbl paHHMX 
reHOB 4)ara y3HaiOTCíi r + 
6aKTepna^bHbiM y 

xo^o4)epMeHTOM 


28-$amm reH 4 )ara 
KOflMpyeT HOBblíí 
cnrMa-4)aKTop, KOTopbiPi 
3aMeHfleT 6aKTepna^bHbm 


KoMn^eKC MMHMMa/ibHoro 
4)epMeHTa-gp28 
TpaHCKpn6npyeT n 

cpeflHMe 9/ 



■'V/A" 


reHbi 4 )ara 


CpeflHMe reHbi 

33 m 34 KOflMpyioT 6emv\, 

KOTopbie 3aMeH5HOT gp28 


KOMn^eKC MMHMMa/lbHbIM 
4)epMeHT-gp33-gp34 
TpaHCKpMÔMpyeT 
no3flHMe reHbi 4>ara 



/\/\ 


PMC. 11.40 TpaHCKpMnflMB reHOB 4)ara SPOl Ha pa3Hbix CTaflMflx 
MH4)eKflMOHHoro flMKiia KOHTpoiiMpyeTCB nyTeM cMeHbi cMma-4)aKTO- 
pOB, HTO ľipMBOflMT K M3MeHeHMK) CneflM4)MHHOCTM MHMflMBflMM 
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MyTaHTbi, /je(})eKTHbie no paHHeMy reHy 28, He cnocoô- 
Hbi TpaHCKpnónpoBaTb cpe^Hnc reHbi. IlpoAyKT SToro reHa 
(o6o3HaHaeMbin gp28) npeACTaBJíaeT coôoh ôejiOK c MOJie- 
KyjiapHOH MaCCOH 26 Kfla, 3aMeHaiOIIJ I HH B MHHHMaJIbHOM 
(J)epMeHTe cnrMa-(J)aKTop xo3anHa. 3ma 3dMena Hejmemcn 
edmcmeeuHbiM coôumueM , neoóxoduMbiM dm nepemiTO- 
Henm mpancKpurmuu c pannux zenoe na cpednue. 06pa- 
3yioiAHHca npn stom xojio(J)epMeHT He mojkct npoAOJDKaTb 
TpaHCKpHÓHpOBaTb TeHbl KJieTKH-X03flHHa, OflHaKO npHOÓ- 
peTaeT enoeoÔHOCTb cneuH(j)HHecKH TpaHCKpHÓnpoBaTb 
cpe/jHHe reHbi (J)ara. KaKHM o6pa30M gp28 3aMeHaeT o 43 h 
KaKOBa npn stom cyzjbôa ôaicrepHajibHoro cnrMa-(})aKTopa, 
HeH3BeCTHO. 

flBa cpe^HHx reHa npnHHMaiOT ynacrae b cjie^yioiij.eM 
nepeiaiiOHeHHH TpaHCKpnnLi.HH. MyTai^na b reHe 33 njín 34 
npe/jOTBpamaeT TpaHCKpnnijHio no3AHHx reHOB. ľlpo/iyKTbi 
sthx reHOB (J)opMHpyK)T flHMep, KOTopbin 3aMemaeT gp28 b 
xojio(J)epMeHTe. 3/jecb Taioxe Hen3BecTH0, KaKHM o6pa30M 
gp33 n gp34 BbiTecHaioT gp28 (hjih HeKOTopoe ocTaTOHHoe 
KOJinnecTBO ôaKTepnajibHoro (jjaicropa a 43 ), no kok mojibKO 
onu C6H3ueaK)mcH c ôasoebiM cfiepMenmoM, oh npuoôpema- 
em cnocoônocmb unui^uupoeamb mpancKpurmuK) mojibKO 
na npOMomopax no3dnux zenoe. 

nocjie/jOBaTejibHaa 3aMeHa cnrMa-(})aKTopa HMeeT abo- 
aKoe 3HaneHHe. ľlpn KaJKAOH 3aMeHe stoh cy6T>eAHHHijbi 
PHK-nojiHMepa3a npnoôpeTaeT enoeoÓHOCTb y3HaBaTb 
HOBbíň KJiacc reHOB u TepaeT enoeoÓHOCTb TpaHCKpnÔH- 
poBaTb npeAbiAyui,He reHbi. TaKHM o6pa30M, sth nepeioiio- 

MeHHH npHBOAAT K CHCTeMHbIM H3MCHeHHflM B aKTHBHOCTH 
PHK-nojiHMepa3bi. BepoaTHO, Becb (hjih npaKTHHecKH Becb) 
MHHHMaJIbHblH (J)epMCHT KJieTKH CBfl3bIBaeTCfl C TeM CHrMa- 
(})aKTOpOM, KOTOpblH ROJMLCH (JjyHKLI.HOHHpOBaTb B AäHHblH 
MOMeHT, npHHeM STO B3aHMOAeHCTBHe HeOÔpaTHMO. 


Cnopy/ifl 4 Mfl y 6aKTepnM 

KOHTpOJlIipyeTCfl 

CMrMa-(J)aKTOpaMM 


K/iiOHeBbie noHflT m: 


• B xofle cnopy/iauMM 6aKTepna/ibHafl K/ieTKa Ae/imca Ha 
MaTepMHCKyto nacrb n BHyrpeHHtoK) cnopy, BbiCBOÓowflatoiAyiocfl 
b pe3y/ibTaie JiM3nca MaiepMHCKoŕí K/ieľKM. 

• ľ! pH cnopyjiflUMM óy^yinaa cnopa m MaiepMHCKaa mieTKa npoxoflflT 
Hepe3 HeCKOJlbKO CTaflMM pa3BMTMfl, KaJKflblM pa3 CMHTe3Mpy51 HOBbIM 
cMrMa-c()aKTop (aaNiematoinMÍí npeflbiflymMM cnrMa-c|)aKTop). 

• CKOopflMHMpoBaHHoe B3aMM0fleíícTBMe Me>KAy cnopoŕí m 
M aiepMHCKOÍí KiieTKoŕí oripefle/ifleT BpeM* 3aMeHbi CMma- 
())aKTOpOB. 
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Bo3mo)kho, caMbiM apKHM npHMepoM cMeHbi cnrMa-(J)aK- 
TopoB flBjmeTca cnopyjwi^HH — npouecc, CBOHCTBeHHbíň 
P«Ay ÔaKTepHH, H aJIbTepHaTHBHblH OÔblHHOMy 5KH3HCH- 
HOMy uyíKjiy ôaKrepnajibHOH kjictkh. B KOHije BereTaTHB- 
HOH (|)a3bl )KH3HeHHOrO IJHKJia ÔaKTepHaJIbHOH Ky^bTypbl 
jiorapH(j)MHHecKHH pocT HHCJia KJieTOK npeKpanj,aeTca 


(nocKOJibKy 3anac nHTaTejibHbix BenjecTB cpeAbi HanHHa- 
eT HCTomaTbea). Kax noKa3aHO Ha puc. i i.4i, ocTaHOBKa 
pocTa KyjibTypbi 3anycKaeT cnopyjiflijHio. ľlpn stom npo- 
hcxoabt penjíHKauna JIEK h cerperaijHfl reHOMa, koto- 
pbiH jioKajiH3yeTca Ha o/jhom KOHU,e kjictkh h, b kohchhom 
cneTe, noKpbiBaeTca npoHHOH cnopoBOH oôojiohkoh. ľlpn 
(JjopMnpoBaHHH neperopoAKH o6pa3yiOTCH ABa He3aBHCH- 
mhx KOMnapTMeHTa: MaTepnHCKaa KjieTKa h npeAcnopa. 
npoqecc cnopoo6pa30BaHHH HanHHaeTca c Toro, hto ABe 
xpoMocoMbi, o6pa30BaBniHeca b pe3yjibTaTe penjíHKaijHH 
ôaKTepnajibHOH xpoMocoMbi, pacxoABTca k npoTHBono- 
jioJKHbiM nojnocaM KJieTKH. PacTynj,aa neperopoAKa nac- 
thhho 3axBaTbiBaeT oAHy H3 xpoMOCOM b npeAcnopy, noc- 
jie nero TpaHCJiOKa3a (SpoI-IIE) nepeHOCHT ocTaBiuyioca 
nacTb xpoMocoMbi b npeAcnopy. 

CnopyjiflijHfl 3aHHMaeT okojio BOCbMH nacoB. 3 tot 
npoqecc mojkct 6biTb paccMOTpeH KaK npocTeHiiiHH 


CnopyjiRUHH npeACTaB/meT co6ow 
crporyío nocjieAOBaieiibHOCTb co6biTHM 


BereiaTMBHaíi 

ôaKTepna^bHaB 

K/ieTKa 



PeruiMKauMB A^K 


OopMMpoBaHne 

cembi 


ľlepeHoc AHK 
b npeflcnopy 


wvww 


WVWW 


wvww 


\/V/V 'A/A/A/ 


WWW5V 


3aMbiKaHne 

cnopoBOíí o6o/iomkm wvww 
BOKpyr cnopbi 


ymnmeHMe 

cnopoBoPi 

o6o/iomkm 


J1M3MC 

MaTepMHCKOÍÍ 


BbiCBo6o>KAeHMe 

cnopbi 


wvww 


wvww 


/wv- 

J 


Wxí 5 


J} 


CnopyjiflUMfl npeflCTaB^5ieT coóoŕí pa3fle^eHne Bereia- 
tmbhoíí 6aKTepMa^bH0íí K/ieTKM Ha MaiepMHCKyto K/ieľKy, KOTopa^ 3 a- 
Te m jiM3npyeTCfl, m cnopy, KOTopa^ Bnoc/ieflCTBMM BbicBOÓqwflaeTCfl 
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npHMep £H(]xt)epeHUHpOBKH, B KOTOpOH pO^HTeJIbCKäH 
KJieTKa (pacTymaa óaKTepm) j\acr Hanajio AByM pa3HbiM 
AonepHHM íc/ieTKaM c pa3HOH RanbHtiíĽim cyAbóon: MaTe- 
pHHCKaa KJieTKa b kohchhom cneTe jiH3HpyeTca, a bhcbo- 
ôoacAaiomaaca cnopa HMeeT crpyKTypy, oTjiHnaiomyioca ot 

CTpyKTypbl HCXOAHOH ÔaKTepHaJIbHOH KJieTKH. 

CnopyjumHa xapaKTepH3yeTca 3HaHHTejibHbiMH H3Me- 
HeHraMH ÔHOCHHTeTHnecKHx npoueccoB B ÔaKTepHH npH 
ynacTHH MHoacecTBa ôaKTepnajibHbix reHOB. KoHTpojib sto- 
ro npoijecca ocymecTBjweTca npeHMymecTBeHHo Ha ypoBHe 
TpaHCKpHnuHH. TpaHCKpHimna p^aa reHOB, (JiyHKUHOHHpo- 
BaBuiHx Ha BereTaraBHOH (J)a3e pocTa, BbiKJiKmeTca, xotb 
ôojibniHHCTBO reHOB npoAO/DKaeT paôoTam KpoMe Toro, 
SKcnpeccHa pa^a reHOB CBOHCTBeHHa TOJibKO pjm nepno^a 
cnopyjmu.HH. ľlo OKOHnaHHH cnopyjwijHH okojio 40% 6ax- 


TepnajibHOH mPHK 0Ka3breaeTca cneuHíJiHHHO hmchho /yia 
3TOH CTaAHH. 

B cnopyjiHpyioiij.HX KJieTKax aKTHBHpyiOTca HOBbie 
(JiopMbi PHK-nojiHMepa3bi; b cbocm cocTaBe ohh co/jepacaT 
TaKOH ace MHHHMajibHbiH (JiepMeHT, Kax h PH K- n oji h m epa- 
3a BereTaTHBHbix kjictok, ho cy6T>eAHHHija o 43 3aMeHeHa 
Ha Apyrne ôejiKH. M3MeHeHHa b TpaHCKpHnijHOHHOH cne- 
UH(J)HMHOCTH npeACTaBJíeHbl Ha P M C, 11.42. Ochobhoh 
npHHUHn 3THX H3MeHeHHH 3aKJH0HaeTCfl B TOM, 4T0 b Kaac- 
AOM KOMnapTMeHTe (JiyHKIJHOHHpyiOmHH Ha TOT MOMeHT 
CHrMa-(J)aKTop 3aMemaeTca hobmm (JiaKTopoM, hhhuhh- 
pyioiAHM TpaHCKpnniiHio hoboh rpynnbi reHOB. B3aHMO- 
AencTBHe MaTepHHCKOH KJieTKH h npeAcnopbi npoaBJíaeT- 
ca b KoopAHHnpoBaHHH BpeMeHH nepeiuiiOHeHHa c OAHoro 
CHrMa-cJ)aKTopa Ha Apyron. 


CMeHa CMrMa-c|>aKTopoB b oóohx KOMnapTMemax bo BpeMii cnopy/ianMM 


MATEPMHCKAB Xo/ioc})epMeHT ľlPEACľlOPA 

K/1ETKA coflep>KMT b CBoeM 

cocraBe a H v\nv\ cr 43 





/\/\ 
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HaHMHaeT paôoiaTb reH c})aKTopa a K , 
TpaHCKpnôupyeMbiŕí npn ynacTMH a E 


I 





J 


o K aKTMBupyeTCB m 3aMeiuaeTo E 


AKTMBMpoBaHHbm a K 3anycKaeT 
TpaHCKpunumo no3flHnx reHOB 
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o F 3aMemaeT cr 43 
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KOMn^eKC (J—MMHMMaJlbHblíí C})epMeHT 
TpaHCKpn 6 npyeT paHHwe reHbi 
cnopy^BUMM 


y’V/' 
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CT — npOflyKT OflHOľO M3 paHHMX 
reHOB cnopy/iBUMM 


■ o G aKTMBMpyeTCB n 3aMemaeTo F 


I 


AKTMBMpoBaHHbiŕí cr 3anycKaeT 
TpaHCKpnnumo no3flHnx reHOB 


\A wňá 



ftúPd 


PUC. 11.42 Cnei4M(J)MHHOCTb MHMUMMpytOlHeM aKTMBHOCTM PHK-nOilMMepa3bl BO BpeMB CnOpyaBUMM 
Kompo/iupyeTCB c noMOiubto CMeHbi cnrMa-(()aKTopoB. KacKaflbi peaKuníí b MaTepnHCKOÍí K/ieTKe 
(c/ieBa) m npeflenope (cnpaBa) KOopflMHupytOTCfl nocpeflCTBOM curHa/iOB, nepeflatomnxcfl nepe3 
cerny (noKa3aHbi ropn30HTaabHbiMM opejiKaMu) 
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ripeacnopa B3aMMOAeftcTByeT c MaTepMHCKOH K/ieTKon 


MATEPMHCKAÍl nPEflCnOPA 

K/IETKA ^ 



PMl. 11.43 OaKTop a F 3anycKaeT npouecc CMHTe3a c/ieflytomero cnr- 
Ma-cJjaKTopa b npeflcnope (o 0 ) m aKTMBupyeT SpoIIR, KOTopbiíí, b cboío 
onepeflb, aKTMBupyeTSpoIIGA, ynacTBytoiuuM b npeBpaiueHnn a pro ’ E B a E 

KacxaA peaxijnH, cocraBiiaiomHx npouecc cnopooôpa- 
30BaHHa, HHHiiHHpyeTca noaie Toro, KaK b otbct Ha ycaoBna 
cpe^bi 3anycxaeTca u,enb peaiaj,HH 4)op(J)opHjiHpOBaHHfl, 
b xo^e KOTopbix (J)oc(f)aTHaa rpynna xa k 6bi nepeAaeTca qe- 
pe3 cepnio Kpocc-({)oc(J)opHJiHpoBaHHH ôeaxy SpoOA. (Bob- 
jieqeHne b stot npouecc npo/iyKTOB cpa3y Hecxojibxnx reHOB 
OTpaxcaer BaacHOCTb xoHTpoiia HaA 3anycKOM npoijecca cno- 
pyjiHpoBaHna.) SpoOA — peryjiaTopHbiH óejiox, aKTHBHOCTb 
KOTOpOľO 3aBHCHT OT eľO (})OC(})OpRnHpOBaHHa. B (J)0C(})0- 
pHJIHpOBaHHOH (J)OpMe OH aKTHBHpyeT TpaHCKpnnUHK) Abyx 
onepoHOB, xaxcAbiH H3 KOTopbix TpaHCxpnônpyeTca CBoen 
4)opMOH PHK-nojiHMepa3bi. ÉIoa BJinaHneM (J)oc(J)opRnHpo- 
BaHHoro SpoOA, ncnojib3ya ochobhoh (jiaxTop o 43 , (JjepMeHT 
TpaHCxpnónpyeT reH, xoAnpyiomnH (J)aKTop a F . Hcno;ib3ya 
AonojiHHTejibHbiH (J)aKTop a H , (J)epMeHT TpaHxexpnónpyeT 
reH, KOAHpyioiAHH (J)aKTop pro-a E . 06a hobhx cnrMa-c[)ax- 
Topa npoAyxjnpyioTca em,e ao (J)opMHpoBaHHa neperopoAKH, 
OAHaKO OCTaiOTCfl aKTHBHbIMH H UOCJlt tt 06pa30BaHHfl. 

Oaxrop a F axTHBnpyeroa b npeAcnope nepBbiM. Jlp 
Hy5KHOrO MOMeHTa OH HHľHÔHpOBaH CBa3bI0 C TaK Ha3bIBa- 
eMbiM aHTH-CHľMa-(J)axTopoM; oAHaxo b npeAcnope aHTn- 
CHrMa-(J)axTop yAajiaeroa. Peaxu,Ha xoHTpojinpyeroa cepn- 
en coóbiTHH (J)oc(})opRnHpoBaHHa/Ae(})oc({)opRnHpoBaHHa. 
Pemaiomyio pojib b stom npoijecce nrpaeT $occ{)aTa3a 
(SpoIIE) — MeMÔpaHHbíň ôeaox, axxyMyjinpyiomHHca Ha 
oahom H3 noniocoB xneTxn, BOíeACTBne qero (f)oc(j)aTa3HbiH 
AOMeH SToro 6eaxa xoHu,eHTpnpyeTca rnaBHbiM o6pa30M b 
npeAcnope. SpoIIE Ae(})oc(J)opRnHpyeT (h tcm caMbiM axro- 
BnpyeT) SpoILAA, xoropbin, b cboío oqepeAb, BbrrecHaeT amn- 
CHrMa-(})axTop SpoIIAB H3 xoMmiexca SpoIIAB-a F , h (J)axTop 
o F axTHBHpyeTca b pe3yjibTaTe CBoero BbiCBo6o>KAeHHa H3 
KOMmiexca. 

AxTHBaiira a F o6o3HaqaeT Hanajio npouecca cnopy- 
JinpoBaHna. noA BJiHHHHeM (J)axTopa a F PHK-noJiHMepa3a 
TpaHCxpnônpyeT nepByio rpynny reHOB cnopyjinpoBaHna 
(BMecro paôoTaBinHx paHee BereTaraBHbix reHOB). Bepo- 
htho, peaxijna 3aMeHbi cnrMa-(j)axTopa 3aTparHBaeT TOJibxo 


qacTb PHK-nojiHMepa3 xjictxh, nocxojibxy a F npoAyu,npy- 
eroa b HeôojibiiiHx xojinqecTBax. HexoTopoe xojinqecTBO 
(J)epMeHTa BereTaTHBHon (J)a3bi ocraeroa b xneTxe h bo Bpe- 
Ma cnopyjiaijHH. 3aMemeHHbin o 43 He paspyinaeroa h moxcct 
6biTb BbiAejieH H3 sxcTpaxTOB cnopyjinpyiomHx xaerox. 

H Ba peryjmTopHbix coôbrrna, aieAyioiij.He sa axTHBaiinen 
a F ,AeTajibHO noxa3aHbi Ha p m c. i ,43. B npeAcnope (J)yHX- 
UHOHnpyeT Apyron (J)axTop — o°, npeAcraBJíaiomHH coôon 
npoAyxT OAHoro H3 paHHnx reHOB cnopyjiaiinn. Oaxrop cŕ 
HHHunnpyeT TpaHCxpnnuHio no3AHnx cnopyjiaunoHHbix 
reHOB. ľlpoAyKT enj,e OAHoro paHHero reHa oTBeqaeT 3a B3a- 
HMOAcncTBne npeAcnopbi c xoMnapTMeHTOM MaTepnHCxon 
xjieTXH. Oaxrop a F axrnBnpyeT SpoIIR, xoropbiH cexperapy- 
eroa H3 npeAcnopbi. AxrnBnpya MeM6paHCBa3aHHbin ôeaox 
SpoIIGA, oh yqacTByeT b npeBpameHnn HeaxrnBHoro npeA- 
inecTBeHHHxa pro-a E b axraBHbiH (J)axTop a E b MaTepnHcxoH 
xneTxe. (JIioôoh a E , npoAyu.Hpyioiij.HHca b npeAcnope, Aerpa- 
AnpyeT nocpeACTBOM cneiinajibHbix MexaHH3M0B.) 

KacxaA peaxunn npoAOJDxaeTca, h a E b cboío onepeAb 3a- 
MeHaeTca (J)axTopoM a K . (B AencTBHTeabHocra, npoAyxuHa a K 
npeACTaBaaeT coôoh qpe3BbiqaHH0 c/ioxcHbiH npoqecc, noc- 
xojibxy CHanajia reH SToro (J)axTopa aoidkch oôpa30BaTbca b 
pe3yjibTaTe pexoMÔHHauHn!) OaxTop o K CHHTe3npyeTca b bhac 
HeaxTHBHoro npeAinecTBeHHnxa (pro-a 1 ^, xoTopbíň axrnBH- 
pyeTca b pe3yjibTaTe achctbhíi npoTea3bi. AxrnBnpoBaHHbiH a K 
3aMenj,aeT a E h oóecneqnBaeT TpaHCxpnnij,Hio no3AHHx reHOB b 
MaTepnHCxon xneTxe. ľlpoTexaHne Bcex sthx coôbrmň b AByx 
xoMnapmeHTax xoopAHHnpyeTca cepneň cnmajiOB. Axthb- 
HocTb o E b MaTepnHCxon xneTxe aBjíaeTca yc/iOBneM axrnBa- 
n,nn cŕ b npocnope; b cboío onepeAb, axrnBHOCTb o^TpeôyeTca 
AAa reHepaunn cnmajia, nepeAaiomeroca qepe3 neperopoAxy 
b MaTepnHcxyio xaeTxy n axrnBnpyiomero a K . 

TaxnM o6pa30M, cnopyjiauna xoHTpojinpyeTca AbyMa 
xacxaAaMH peaxunH, b xoac xoTopbix cnrMa-(J)axTopbi b 
xaa<AOM xoMnapTMeHTe axroBnpyiOTca nocjieAOBaTejibHO, 
oóecneqnBaa TpaHcxpnnu,nio onpeAeaeHHbix rpynn reHOB. 
Ha p n c. 11.44 H30ÔpaaceH0, xax ABa onncaHHbix xacxaAa pe- 


CMrHaiibHbie nyTH, CBH3biBaioi4Me 
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PUC. 11.44 ľlepeKpecTHa^ pery/umna npoqecca KOopflMHupyeT Bpe- 
m cnopyjiflUMOHHbix npoueccoB b MaTepnHCKOÍí KaeTKe m npeflcnope 
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aiojHH CBjmHbi nocpe^cTBOM nepeA^HH CHraajiOB H 3 oaho- 
ro KOMnapTMema b Apyroň. ľlpH aKTHBauHH hobhx cnrMa- 
(J)aKTOpOB CTapbie BbITeCHflIOTCfl, HTO BeAeT K BblKJlIOHeHHK) 
TpaHCKpHnqHH OAHHX reHOB H BIOIIOHeHHIO APyTHX. BCTpaH- 
BaHHe KaxcAoro HOBoro CHrMa-(j)aKTopa b PHK-nojiHMepa 3 y 
onpeAejiaeT, KaKaa rpynna reHOB óyzjeT SKcnpeecHpoBaTbCfl, 
a KOJiHnecTBO AOCTynHoro (J)aKTopa bjihhct Ha ypoBeHb skc- 
npeccHH reHOB. OAHOBpeMeHHO Moryr 6 biTb aKTHBnpoBaHbi 
HeCKOJIbKO CHľMa-(J)aKTOpOB, npHHeM CneH 1 H(J)HHHOCTH He- 
KOTopbix H 3 hhx nepeKpbiBaiOTCfl. Hen 3 BecTHO, nocpeAc- 
tbom KaKHx MexaHH 3 MOB KaxcAbiH CHrMa-cJ)aKTop 3 aMemaeT 
CBoero npeAiuecTBeHHHKa. 


11.20 


BaKTepMajibHan PHK-no/iMMepa3a 
3 aBepuiaeT TpaHCKpnrmMK> 
b onpefle/ieHHbix caňiax 


K/uoneBbie nommifl: 


• YCJlOBMeM OKOHH3HM51 TpaHCKpunUWM 51B/15ieTC51 y3HaBaHne 

TepMMHaTopHoPi noc^eflOBaTe^bHOdu, oripefle/iatomeM 
c()opMMpoBaHMe liinn^eHHOM crpyKTypbi b PHK-npoflyKTe. 


Kax TOJibKO PHK-nojiHMepa3a HHHijHHpyeT TpaHCKpnn- 
UHio, (J>epMeHT HaHHHaeT npoABHraTbCH BAOJib MaTpnubi, 
CHHTe3Hpy« PHK a o Tex nop, noKa He AOCTHmeT TepMH- 
HHpyiomeH noaieAOBaTejibHocTH (TepMHHaTopa). 3Aecb 
PHK-nojiHMepa3a nepecTaeT BiunonaTb HyioieoTHAbi b pac- 
Tymyio uenb PHK, ocBo6o)KAaeT o6pa30BaBinHHCfl npoAyKT 
h AnccoijHHpyeT ot flHK. ľlpn TepMHHan.HH Bce boaopoa- 
Hbie cbh 3 h, CTa6HJiH3HpyioiAHe PHK-flHK rnôpHA, aojekhh 
6biTb pa3pymeHbi, TOJibKo nocjie 3Toro nponcxoAHT boc- 
CTaHOBJíeHne AByxiienoneHHOH CTpyKTypbi J\ HK. 

Jljm MOJiexy^bi PHK, CHHTe3npyeMOH b xchboh KJieTKe, 
cjioxcho onpeAejíHTb peajibHyio TOHKy TepMHHaijHH TpaHC- 
KpHnqHH. Bo 3 mo)kho, 3'-KOHei; MOJieKyjibi o6pa3yeTca b pe- 
3yjibTaTe paciiyernienm nepBHHHoro TpaHCKpnnTa h, cjicao- 
BaTejibHO, He eooTBeTCTByeT peajibHOMy carny, b kotopom 
3aBepuiHjia paóoTy PHK-nojiHMepa3a. 

HaHjiyHuiHM o6pa30M caňT TepMHHaiiHH moxcho oxa- 
paicrepH30BaTb, Hcnojib3ya cncTeMy TpaHCKpHnijHH in vitro. 
CnoeoÔHOCTb (J)epMeHTa TepMHHnpoBaTb chhtc 3 PHK bo 
MHOrOM 3aBHCHT OT yCJIOBHH peaKIJHH (HanpHMep, TaKHX, 
Kax HOHHan CHJia). nosTOMy TepMHHaqHH, HaôjnoAaeMaa in 
vitro b KaKOH-jiHÔo TOHKe, enj,e He 03HanaeT, hto A^HHbiH 
caňT HBJíneTCH TepMHHaTopoM in vivo. 06 hcthhhom no- 
jioxceHHH TepMHHnpyioiAeH noejieAOBaTejibHOCTH moxcho 
c yBepeHHOCTbio roBopnTb jiHiiib b tom cjiynae, ecjiH PHK 
HMeeT OAHHaKOBbíň 3 '-KOHeu, h jjjm in vitro , h jjjm in vivo 

CHCTeM. 

Ha h f ll 45 onncaHbi ABa oóiahx jyin Bcex ôaKTepn- 
aJIbHblX TepMHHaTOpOB CBOHCTBa: 

• BaKTepnajibHbie h (J)aroBbie TepMHHaTopbi óbuin oÔHa- 
pyxceHbi Kax noejieAOBaTejibHOCTH, HeoôxoAHMbie aah 
ocymecTBjíeHna peaKu,HH TepMHHaiiHH (in vivo hjih in 
vitro). AHajiH 3 noejieAOBaTejibHOCTeH npoKapnoTHHec- 


KHX TepMHHaTOpOB He OÓHapyXCHJl HHKaKOľO CXOACTBa 
AJifl pernoHOB, HaxoAamHxca HHace tohkh OKOHnaHHa 
CHHTe 3 a PHK. 3 to yKa 3 bmaeT Ha to, hto ynacTOK, ot- 
BeTCTBeHHbíň 3a TepMHHaiiHio, pacnojioxceH b npeAejiax 
noaiedoeamejibHOcmu, mpamcpuôupyeMOú PHK-no- 

JIHMepa30H. ,I],eHCTBHTeJIbHO, TepMHHailHH 3aBHCHT OT 
cbohctb onpeAejieHHbix ynacTKOB MOJieKyjibi PHK, chh- 
Te3HpyeMoň PHK-nojiHMepa30H. 

• MHorne TepMHHaTopbi jyw ocymecTBjíeHHa CBoeň (J)yHK- 
UHH TpeÔyiOT (JlOpMHpOBaHHH BO BTOpHHHOH CTpyKType 
CHHTe 3 HpyeMoň PHK cneijHajibHOH mratnbKH. dmojimu- 
nuúpas ceudemejibcmeyem e nojmy mozo. nmo mepMU- 
naUfUH onpedememcH ceoucmecmu PHK-npodyKma. 
TepMHHaTOpbl CHJlbHO pa 3 JIHHaiOTCfl nO 3 (jxj)eKTHBHOC- 
TH TepMHHailHH. Ha HeKOTOpblX TepMHHaTOpaX COÔbITHK) 
TepMHHaiiHH Moryr npemrrcTBOBaTb AonojiHHTejibHbie pe- 
ryjíHTopHbie ôejiKH, B 3 aHMOAeHCTByioiAHe c PHK-nojiHMe- 
pa 30 H. B pe 3 yjibTaTe TaKoň aHTHTepMHHau,HH (J)epMeHT 
npoAOJDKaeT CHHTe 3 npoBaTb PHK 3 a npeAe^bi TepMHHaTo¬ 
pa. 3 to HBjíeHne Ha 3 biBaiOT npoHHTbiBamieM TepMHHaTo¬ 
pa ( 3 tot xce TepMHH Hcno;ib 3 yeTCfl b pa 3 A. 9-14 «Cynpeccop- 
Hbie tPHK Moryr KOHKypnpoBaTb c tPHK AHKoro Tnna 3 a 
CBH 3 bIBaHHe C KOAOHaMH»). 

TepMHHaiiHio HeoôxoAHMO paccMaTpHBaTb He npocTO 
Kax MexaHH3M o6pa30BaHH« 3'-KOHija MOJiexy^bi PHK, a KaK 
cnocoô KOHTpojiH SKcnpeccHH reHOB. He TOJibKO CB«3biBa- 
Hne PHK-nojiHMepa3bi c flHK (HHHunauHH), ho h ahccouh- 
aijHfl (J)epMeHTa ot MaTpniibi (TepMHHaiina) onpeAejieHHbiM 
0Ôpa30M KOHTpOJIHpyiOTCH K/ieTKOH. MOXCHO OÔHapy^KHTb 
HHTepecHbie aHajiornn MOKAy CHCTeMaMH, ynacTByioiAH- 
MH B HHHU,HailHH H TepMHHaH,HH TpaHCKpHniJ.HH. B OÔOHX 


TepMHHai^MH y 6aKtepnn npoMcxoAHT b onpeAe/ieHHbix caifrax 


Bce noc^eflOBaie^bHocTM, HeoôxoflMMbie 
fl/iB TepMMHaLiMM, pacno^o>KeHbi 
b TpaHCKpn6npyeM0M pemoHe 



^ MHorfla HeoôxoflMMO, HTOÓbi 
PHK-npoflyKT o6pa30BbiBa/i 
B CBOeň BTOpMHHOÍÍ 
CTpyKType mrm/ibKy 

BbiCBOóoKfleHne PHK-no^MMepa3bi m PHK-npoflyKTa 




P Hl. j i 4 i: ľlocAeAOBaTeAbHOCTM AH K, HeoóxoflMMbie a n5i TepMMHa- 
Umm, pacnoAO)KeHbi nepefl tohkoíí TepMMHaunu b npeflejiaxTpaHCKpnn- 
Umohhom eflMHnubi. HeKOTopbie TepMMHaiopbi Anp ocymecTBAeHMfl 
CBoePi c()yHKUMM TpeóytOT c()opMMpoBaHM5i lunMAbKM b PHK-npoflyKTe 
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cjiyHaax aojdkch nponcxoAHTb pa3pbiB boaopoahmx CBB3eň 
(nepBOHanajibHoe ruiaBJíeHHe flHK b cjiynae HHHunauHH, h 
AHCCO unaunfl rnôpHAa PHK-flHK npn TepMHHauHH). TaiOKe 
b oóohx cjiynaax TpeôyiOTca AonojiHHTejibHbie ôejiKOBbie 
(J)aKTOpbI, B3aHMO^eHCTByK)mHe C MHHHMaJIbHbIM (J)epMeH- 
tom. Mohcho CKa3aTb, hto sth npoueccbi ocymecTBJíaiOTca 
ajibTepHaTHBHbiMH (J)opMaMH nojiHMepa3bi. B to BpeMa KaK 
HHHU.HaU.Ha 33BHCHT HCKJIIOHHTeJIbHO OT B3aHMOAeHCTBHfl 
PHK-nojiHMepa3bi c AByxuenoHeHHOH cTpyKTypoH flHK, Ha 
TepMHHaijHio bjihbiot KaK cHrHajibi caMoro TpaHCKpHnTa, 
TaK h ocoôchhocth nocjie/jOBaTejibHOCTH flHK, pacno3Ha- 
BaeMbie nojiHMepa30H h AonojiHHTejibHbiMH peryjiaTopHbi- 
mh (J)aKTopaMH. 


flBa mna TepMMHaiopoB E. coli 


KniOHeBbie noHATMa: 


• He3aBMCMMbie TepMUHaiopbi coctoat M3 G-C-6oraToíí LunmibKM 
PHK m noc/ieflytomero 3a Heíí U-6oraioro pernoHa. Ha kotopom 
npOMCXOflMT TepMMHaUMfl. 

B 3aBHCHMOCTH ot Toro, TpeôyiOTCfl jih PHK-nojiHMepa- 
3e /vw ocynjecTBJíeHHfl TepMHHauHH in vitro KaKHe-jinóo 
flonojiHHTejibHbie (jjaicropbi, TepMHHaTopbi E. coli Rcmr m 
ABe rpynnbi: 

• MHHHMaJIbHblH (J)epMeHT M05KCT TepMHHHpOBaTb TpaHc- 
KpnnuHio b onpe/jeneHHbix carŕrax in vitro b OTcyrcTBHe 
KaKHX 6bl TO HH 6bUIO AOnOJIHHTCJIbHblX (J)aKTOpOB. TaKHe 
CaHTbl Ha3bIBaiOT p-He3aBHCHMbIMH TepMHHaTOpaMH. 

• p-3aBHCHMbie TepMHHaTOpbl (J)yHKqHOHHpyK)T in 
vitro TOJibKo b npHcyTCTBHH p-4>aicropa. M3yneHHe 
MyTaqHH no 3TOMy (Jjaicropy noKa3ajio, hto (jiaKTop p 
ynacTByeT b TepMHHau.HH TpaHCKpnnuHH h in vivo. 
He3aBHCHMbie TepMHHaTopbi hmoot ABe CTpyKTypHbie 

OCOÓeHHOCTH, H306pa)KeHHbie Ha p M C. 11.46: KOpOTKHH HH- 
BepTHpOBaHHblH nOBTOp, CnOCOÔHblH (J)OpMHpOBaTb AByX- 
uenoneHHbiH ynacTOK (uinnubKy) bo btophhhoh cTpyKType, 
h ynacTOK, pacnojioaceHHbiH b caMOM KOHue TpaHCKpnnuH- 
OHHOH eAHHHIJbl, ÔOľaTblH OCTaTKaMH U. 06e 3TH OCOÔeH- 
HOCTH BBJIfllOTCfl HeOÔXOAHMbIM yCJlOBHCM TepMHHailHH. 
UlnHJibKa oóbiHHO coAep^KHT G-C-6oraTbiH pernoH, pacno- 
jiO)KeHHbiH y ocHOBaHHfl cTeôJia. PaccToaHHe ot mnnjibKH 
AO U-6oraToro ynacTKa cocTaBjíaeT, KaK npaBHjio, ot ceMH 
AO acbbth ocHOBaHHH. B reHOMe E.coli onHcaHO nopaAKa 
1100 noaieAOBaTejibHOCTeH, yAOBJíeTBopaioiij.Hx sthm Kpn- 
TepnaM. 3to 03HanaeT, hto okojio nojiOBHHbi Bcex reHOB 
OÔJiaAaiOT p-He3aBHCHMbIMH TepMHHaTOpaMH. 

npeAOTBpauiaioiAHe TepMHHaunio ToneHHbie MyTaunn 
oóbiHHO 3aTparHBaiOT ynacTOK, eooTBeTCTByiomHH AByxue- 
noMeuHOMy pernoHy iunHjieHHOH CTpyKTypbi. KaKOH 3<J>- 
c{)eKT iunHjibKa OKa3biBaeT Ha TpaHCKpHnuHio? BepoaTHo, 
Bce iunHjibKH, o6pa3yeMbie PHK npoAyKTOM, 3aMeAJiflK)T 
(hjih AaiKe ocTaHaBJíHBaiOT) paôoTy PHK-nojiHMepa3bi. 

Bo3HHKaioiij,aa nay3a cnocoôcTByeT TepMHHauHH TpaHC- 
KpHnilHH. ľlpHOCTaHOBKa TpaHCKpHnU.HH npOHCXOAHT H B 
caňTax, no CBoen CTpyKType HanoMHHaioiij.Hx TepMHHaTopw, 


Rho-He3aBMCMMbie (MHCTHHHbie) TepMHHaTOpbl 
XapaKTepM3yK>TCH ABYMA CTpyKTypHbIMM OCo6eHHOCTAMH 
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PUC. 11.46 P-He3aBMCMMbieiepMMHaiopbi coflepwaT b CBoeM cocra- 
Be najiMHApoMbi,c|)opMMpyK)inMe iunM/ibKM, fl/iMHa KOTopbix BapbnpyeT 
ot 7 flo 20 nH. B ochob3hhm crpyKTypbi CTe6e/ib-neTJifl pacnojioweH 
G-C-6oraTbm pernoH, 3 a KOTopbiM HaxoflMTCfl ynacTOK, coctobiamíí m 
OCTaTKOB U 


ho xapaKTepH3yioiAHxca yBe^HneHHbiM paccTOBHHeM mok- 
Ay inrotnbKOH h U- 6oraTbiM ynacTKOM (KaK npaBRno, 10-12 
OCHOBaHHH). Ec^H CaHT, B KOTOpOM np0H30IUJia OCTaHOBKa 
TpaHCKpHnu.HH, He flBjíaeTca TepMHHaTopoM, (J)epMeHT Hann- 
HaeT ABHraTbca CHOBa, npoAOJi^caa TpaHCKpHnu.HK). ľlpoAOJi- 
>KHTejibHOCTb nay3bi BapbnpyeT, oAHaKo Ha thhhhhhx TepMH- 
HaTopax OHa ahhtcb okojio 60 ceKyHA. 

PacnojioJKeHHbiH 3 a iunnjibKOH U-6oraTbiH pernoH 
AecTa6njiH3HpyeT PHK-/I.HK rnôpHA b tot momcht, KorAa 
PHK-nojiHMepa3a AenaeT nay3y, «cTOJiKHyBniHCb» co rnnnjib- 
koh. Cnjia CBB3biBaHHa MOKAy ocHOBaHHBMH rU-dA b re- 
TepoAynjieKce PHK-/1.HK, KaK npaBHjio, AOBOJibHO cjiaôaa; 
AJifl pa3pynieHHa CBB3eH Me^KAy uenaMH b TaKOM rnópHAe 
TpeôyeTca MeHbmee kojihhcctbo 3Heprnn. KorAa nojiHMe- 
pa3a AenaeT nay3y, reTepoAynjieKC pa3pymaeTca HauHHaa 
c KomjeBoro pernoHa, ôoraToro c^aôbiMH cbb3bmh rU-dA. 
TepMHHailHB M05KCT np0H30HTH Ha JIIOÔOM H3 HeCKOJIbKHX 
OCTaTKOB U, pacnojioaceHHbix ôjivdkc k KOHiiy U-ynacTKa, 
npn stom (JjepMem KaK 6bi « 3 anHHaeTca» Ha stom ynacTKe. 
ľlocjieAOBaTejibHOCTb H3 ocHOBaHHH U eooTBeTCTByeT A-T- 
óoraTOH oôJiacTH b HK, H3 nero cneAyeT, hto A-T-6oraTbie 
ynacTKH nrpaiOT Ba^CHyio pojib KaK npn TepMHHau,HH, TaK h 
npn HHHu.Hau.HH. 

Ha 3(J)(J)eKTHBHOCTb TepMHHauHH OKa3bIBaeT BJIHBHHe 
KaK noejieAOBaTejibHOCTb ynacTKa, o6pa3yioiij,ero mnnjibKy, 
TaK h ahhH a U-6oraToro pernoHa. 3(J)(J)eKTHBHOCTb TepMH¬ 
HauHH in vitro , OAHaKo, BapbnpyeT ot 2% a o 90% h He 06- 
Hapy^KHBaeT npn stom KaKOH-jinôo 3aMeTHOH Koppenaunn 
C COCTaBOM IIinHJIbKH HJIH HHCJIOM ypHAHHOB b U-6oraTOM 
pernoHe. 3 to 03HauaeT, hto mnnjibKa h U-ynacTOK bbjib- 
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K)TCfl HeOÓXOflHMbIMH, HO HCAOCTaTOHHblMH yCJIOBHflMH 
TepMHHauHH, h Ha paôoTy PHK-nojiHMepa3bi OKa3biBaeT 
BJlHBHHe p ^OnOJlHHTeJlbHblX (J)aKTOpOB. B HaCTHOCTH, 
nocjieAOBaTejibHOCTH, OKpyacaiomHe TepMHHaTop, bjihaiot 
H a 3(J)(J)CKTHBHOCTb TepMHHaiJ.HH. 

ropa 3 /jo MeHbine h3bcctho o cnraajiax h AonojiHHTejib- 
HblX (J)aKTOpaX, BJlH5nOLU,HX Ha TepMHHaiJHK) SyKapHOTHHeC- 
khx nojiHMepa3. Ka^bin miacc syKapnoTHHecKHx nojiHMe- 
pa3 Hcnojib3yeT cboh coôcTBeHHbiH MexaHH3M (cm. m. 26 
«Cn^aHCHHr h npoueccHHr PHK»). 
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KaK paóoTaeT p-(|)aKTop? 


KntoHeBbie noHama: 


• p-c()aKTop npeflCTaBii5ieT coóoŕí TepMMHMpytomníí 6e/iOK, 
KOTopbm CB5i3biBaeT HacueHTHyto uenb PH K b caíÍTe rut, 
ABMweTCfl BflO/ib Hee n OTCoeflMHaeT ot PHK-flHK rnópufla 
npn flOCTM)KeHMM PHK-no/iMMepa3bi. 


OaKTOp p — ÔeJIOK E. coli , (^yHKlJHOHHpyiOmHH TOJlbKO 
bo BpeMfl TepMHHauHH. Oh AetícTByeT Ha p-3aBHCHMbie 
TepMHHaTopbi, cocraBjmiomHe npHMepHO nojiOBHHy Bcex 
TepMHHaTOpOB E. coli 

Ha P H c. 11.47 noKa3aHo, KaK (J)yHKiiHOHHpyeT p-(J)aK- 
Top. Oh CBB 3 biBaeTca c noaieAOBaTejibHOCTbio PHK, pacno- 

JI05KCHH0H BHyTpH TpaHCKpHniJHOHHOH eAHHHlJbl UCpCR 
CaHTOM TepMHHailHH. 3TOT CaHT Ha3bIBaiOT CaHTOM rut 
(a 66 peBHaTypa ot p utilization). 3aTeM p-(J)aKTop HanHHa- 
eT ABHraTbca B/jojib uenn PHK a o Tex nop, noKa He Haro- 
hht PHK-nojiHMepa 3 y. Kor^a no;iHMepa 3 a AOCTHraeT cama 
TepMHHaiiHH, p-(J)aKTop B3aHMOACHCTByeT c HaxoAHnj,HMca 
BHyTpn (jiepMeHTa reTepo/iynjieKCOM PHK-flHK, Bbi 3 biBaa 
BbiCBOÔo^eHHe PHK H 3 KOMmieKca. OcTaHOBKa PHK-no- 
jiHMepa3bi Ha TepMHHaTope AaeT B03M0>KH0CTb p-(J)aKTopy 
npOB 3 aHMOACHCTBOBaTb C THÓpHAHOH crpyKTypOH PHK- 
H HK, hto BBjíaeTca KJHoneBbiM momchtom TepMHHaijHH. 

Ha stom npHMepe mo>kho paccMOTpeTb BaacHbiH npn- 
Hu,Hn pa6o™ flHK-CBB3biBaioiij I Hx ôeiiKOB: 3Haa tohhmh caHT 
noaieAOBaTejibHOCTH HK, b kotopom tot wm hhoh 6 eroK 
OKa3biBaeT cboh 3(J)(J)eKT, mh He mohccm yTBep)KAaTb, hto stot 
)Ke caHT ynacTByeT b nepBOHanajibHOM CBfl3brcaHHH ôe^Ka c 
AHK 3th ynacTOK «cpa6aTbmaHHa» h ynacTOK nepBHHHoro 
CBB3biBaHHa Moryr 6 bm> yAajieHbi Apyr ot Apyra h He oÓHapy- 
TOiBaTb MOKAy co6oh HHKaKOH bhahmoh cba3h. Ha npaKTHKe 
caHTbi rut b pa3Hbix TpaHCKpHnijHOHHbix eAHHHi^ax oÔHapy- 
^CHBaiOTca Ha pa3Hbix paccroaHHax ot caHTOB TepMHHaijHH. 
noxoacaa CHTyaura HaôjnoAaeTca h b c/iyHae c aHTHTepMH- 
HHpyK)nj,HMH (J)aKTOpaMH (CM. pa3A- 11.24 «AHTHTepMHHaiJHtf 
onocpe^OBaHa caňTaMH, otjihhhhmh ot TepMHHaTopoB»). 

OĎmeň nepToň Bcex carnoB rut HBJíaeTca ôojibinoe co- 
Aep^KaHHe ocTaTKOB C h Majioe kojihhcctbo ocTaTKOB G b 
nocjieAOBaTejibHocTH cama, BOíeACTBHe nero moikho npe/j- 
nojio)KHTb oTcyTCTBHe uinHjieK b hx BTopHHHOH cTpyKType. 
npHMepTaKOHnocjieAOBaTejibHOCTHnpHBeAeHHa p v \ c. i i.48. 
Bhaho, hto ocHOBaHHe C BCTpenaeTca qame Apyrax (41%), 
b to BpeMa KaK G — peace Bcero (14%). Jljmm camoB rut 
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TepMMHaumí: BbicBo6o>KAeHMe Bcex KOMnoHeHTOB 
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P H C. 11.47 p-c()aKTop CB5i3biBaeTC5i c PHK b caŇTe rut m ABnmeT- 
cfl BflO/ib MO^eKy^bi PHK ao Tex nop, noKa He flOdMrHeT PHK-flHK 
rMÓpMfla BHyipM PHK-noiiMMepa3bi. 3flecb oh ocBo6o)KAaeT PHK M3 
CB513M CflHK 


BapbnpyeT. KaK npaBHJio, 3(J)(J)eKTHBHOCTb caHTa rut B03pac- 
TaeT c yBejiHneHHeM /yiHHbi C- 6 oraToro ynacTKa. 

p-OaKTop BBjmeTca mjichom ceMeŕícTBa reKcaMepHbix 
ATO-3aBHCHMbix xejiHKa3. Cy 6 T>eAHHHiia 3Toro ôejiKa HMeeT 
PHK-CBfl3bIBaK)mHH AOMeH H ATO-rHApOJlH3yK)IIlHH AOMeH. 
PHK-CBB3biBaiomHe AOMeHbi rnecTH cyó'btftmmu, o6pa3yiOT 
KaHaji, nepe 3 kotophh npoxoAHT HyK/ieHHOBaa KHaioTa. Ha 
p n c. 1 1.49 npHBeAeHa CTpyKTypa p-(J)aKTopa, oó'bacHinomaa, 
KaK HMeHHO OH (J)yHKllHOHHpyeT. OaKTOp CBB3bIBaeT MOJie- 
Ky^y PHK o 6 pa 3 yK)nj,HMH KOJibiio N-KOHiieBbiMH AOMeHaMH, 
nocne nero npoTajiKHBaeT 5'-kohcii CBH3aHHoro ynacTKa 
TpaHCKpnnTa b cboio iiempajibHyK) oô^acTb, r/je tot cbb3m- 
BaeTca c btophhhhm PHK-CBasbmaioiij.HM ynacTKOM C-koh- 
ueBoro AOMeHa. nepBOHanajibHo p-cJ)aKTop HMeeT (J)opMy 
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HyKJieoTHAHbiii cocTaB caŇTa rut xapaKTepn3yeTCfl noBbitueHHbiM coflepwaHMeM C 


AUCGCUACC UCAUAU CC GCACC UCC UCAAA CGCUACC UCGACC AGAAA GG CGUCUCUU 


OCHOBaHMfl 


Ae/ieumí 3Toro ynacTKa 
HapyiuaeT TepMMHaumo 


C 41% 
A 25% 
U 20% 
G 14% 


PH C. li,48 CaíÍT rut pacnojioweH nepefl tohkoíí TepMMHaunn. Oh ripeacTaB/ieH noaieflOBaTejibHOc- 
Tbto, óoraTOÍí ocTaTKaMM C m óeflHOÍí ociaiKaMM G. 3ia noaieflOBaTejibHOCTb cooTBeTCTByeT 3'-KOHvy 
MO/ieKy/ibi PH K 


pa 3 opBaHHoro KOJibija, OAHaKO nocjie CBa 3 biBaHHa c PHK 
npeBpamaeTca b 3 aMKHyToe Kojibijo. 

nocjie CBa3biBaHHa c caňTOM rut p-(j)aKTop, Hcnojib3ya 
CBOK) XeJlHKa3HyiO aKTHBHOCTb H SHepľHK) rH^pOJ!H3a ATO, 
HanHHaeT ABHraTbca BAOJib i/enn PHK a o Tex nop, noKa He 
AOCTHmeT rnôpHAHoro ynacTKa PHK-flHK, Haxo/vimeroca 
BHyTpH PHK-nojiHMepa3bi. 3^ecb (J)aKTop pacruieTaeT pyn- 
jieKCHyio cTpyKTypy rnópHAa. Mbi He 3HaeM, aBJíaeTca sto 
coôbirae ^ocTaTOHHbiM ycjiOBHeM pjw BbiCBo6o>KAeHHa 
TpaHCKpHnTa hjih ace p-(j)aKTopy hcoôxoahmo npoB3aH- 
MOfleňcTBOBaTb c PHK-nojiHMepa30H. p-OaKTop cjiyacnT 
AonojiHHTejibHbiM peryjiaTopHbiM (J)aKTopoM pnn PHK-no- 
^HMepa3bi; Kax npaBRno, ero MaKCHMajibHaa aKTHBHOCTb 
npoaBjíaeTca, Kor^a KOHU.eHTpaii.Ha (J)aKTopa eocTaBJíaeT 
npHMepHO 10% ot KOJiHHecTBa PHK-no^HMepa3. 

p-(j)aKTop nepeMemaeTca Bpojib i/enn PHK ot caHTa rut 
po TOHKH TepMHHaqHH. ,flAa STOľO HeOÔXOflHMO, HTOÔbl p- 
4)aKTop flBHrajica óbicTpee, hom PHK-nojiHMepa3a. flocTHraa 
TepMHHaTopa, (J)epMeHT AeaaeT nay3y, h TepMHHauna npoHC- 
xoflHT TOJibKo b tom ejiynae, cam p-(J)aKTop AoroHaeT nojiH- 
Mepa3y hmchho b stot momcht. Kax yace 6buio CKa3aHO, nay3a 
b TpaHCKpHnijHH BaacHa /yia (J)yHKijHOHHpoBaHHa Kax p-3a- 
BHCHMblX, TaK H p-HC3aBHCHMbIX TepMHHaTOpOB, nOCKOJIbKy 
OHa oôecneHHBaeT BpeMa /yia ocymecTBJíeHHa //onojiHHTeab- 
HblX TepMHHaiJ.HOHHblX COÔbITHH. 

HAea o tom, hto p-(J)aKTop nepeABHraeTca BAOJib PHK, 
no3BOJiKna BbicKa3aTb BaacHoe npeAnojioaceHHe o B3anM0- 
CBa3H npoueccoB TpaHCKpHni/HH h TpaHcaai/HH. flna Toro 
HTOÔbi p-(J)aKTop Mor BbinojiHHTb cbokd paôoTy, eMy Heoôxo- 
Ahmo, BO-nepBbix, npoB3aHMO//eňcTBOBaTb c caňTOM CBa3bi- 
BaHna Ha PHK h, BO-BTopbix, npoABnraTbea BAOJib MOJieicyjibi 
TpaHCKpHnTa. MHTepecHO, hto y ôaKTepnH TpaHoinpyiomHe 
mPHK pnôocoMbi npenaTCTByioT BbinojiHeHHio Kaavjoro H3 
3thx ycjiOBHH. nosTOMy pocľMľHCľ jih (J)aKTop TepMHHaTopa 
(Ha KoropoM c//ejiajia ocTaHOBKy PHK-nojiHMepa3a), bo mho- 
tom 3aBHCHT ot coôbiTHH, npoHCxoAamnx bo BpeMa TpaHCJia- 
Uhh eme CHHTe3npyeMoro TpaHCKpnnTa. 

C nOMOmbK) STOH MO/ieJIH MOXCHO o6T>aCHHTb aBJíeHHa, 
KOTopoe /yíHTejibHoe BpeMa Bbi3biBajio HeAoyMeHHe. Y 6ax- 
TepHH HOHceHC-Myrai/Ha b o/jhom h 3 reHOB MoaceT HapymaTb 
SKcnpeccHK) pacnojioaceHHbix 3a hhm reHOB, bxo/viiahx 
B COCTaB TOH 7KO TpaHCKpHniJ.HOHHOH CAHHHlJbl. flaHHblH 
3({)(J)eKT 6bUI Ha3BaH nOJWpHOCTbK). OCHOBHaa npHHHHa 



PHC. 11.49 B crpyKType p-c()aKTopa pa3/iMHaK)T N-KOHijeBOM PHK- 
CBB3blBatOL4HM flOMeH M C-KOHLjeBOM flOMeH C ATOa3HOÍÍ 3KTMB- 
Hocľbto. ľecKaMep b c|)opMe pa30MKHyioro KO/ibva CBA 3 biBaeT PHK 
Bfloab BHeiuHeM noBepxHOCTM N-KOHueBbix aomchob. 5'-KOHeu PHK 
CB513blBaeTCfl CO BTOpMHHblM CaíÍTOM BHyTpM TeKCaMepHOM CTpyKTypbl 
c()aKTopa 


AaHHoro aBJíeHHa — OTcyrcTBHe mPHK, eooTBeTCTByiomeH 
AHCTajibHOH nacTH TpaHCKpHni/HOHHOH eAHHHi/bi. npeAno- 
jioacHM, hto enympu TpaHCKpHni/HOHHOH eAHHHi/bi cyn/ee- 
TByiOT p-3aBHCHMbie TepMHHaTopbi, paenojioaceHHbie nepeA 
ocnoenbiM TepMHHaTopoM. flajibHeHniHe coôbiTna moxcho 
o6T>aCHHTb MexaHH3MaMH, nOKa3aHHbIMH Ha P H C. 11.50. 
OôbiMHO TaKHe («BHyrpeHHHe») TepMHHaTopbi He paôoTa- 
IOT, TaK KaK H3-3a npHCyTCTBHa pHÔOCOM (J)aKTOp Ha STHX 
TepMHHaTopax He B3aHMOAeHCTByeT c PHK-nojiHMepa30H. 
HoHceHC-Myrai/HH npHBOAaT k AHceoi/nai/HH pnôocoM ot 
mPHK, h nosTOMy y p-(J)aKTopa noaBJíaeTca B03MoacHOCTb 
cboôoaho nepeABHraTbca BAOJib mPHK. B pe3yjibTaTe oh mo- 
aceT npoB3aHMOAeHCTBOBaTb c nojiHMepa30H, 3aAep5KaBiueH- 
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p-C|)aKTOp MO)KeT TepMHHMpOBdTb TpaHCKpMfUJMlO, 
ec/iM b pe3yjibTaie HOHceHC-MytaiiMM mPHK ocBo6o)KaeTCB ot pm6ocom 
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PMC. 11.50 OaKTop p MO)KeT BbicrynaTb b po/w CBfl3ytoiuero 3BeHa Mewfly npoueccaMM TpaHCKpun- 
u,m m TpaHoiflUMM b tom c/iynae, Korfla p-3aBMCMMbie TepMMHaiopbi pacno/iaratOTca cpa3y noc/ie 
caííTa c HOHceHc-MyTauneíí 


ca Ha «BHyTpeHHeM» TepMHHaTope. 3to, b cboio onepe/ib, 
npnBe/jeT k ocBOÓoac/jeHnio PHK-nojiHMepa3bi h hcbo3mo5K- 
HOCTH SKCnpeCCHH AHCTaJIbHOH qaCTH TpaHCKpHnUHOHHOH 
e/jnHnubi. (Jpm nero cymecTByioT BHyTpeHHHe TepMHHaTo- 
pbi? Bo3mo>kho, ohh npocTO npe/jcTaBJíaiOT coôon nocjie/jo- 
BaTejibHOCTH, CBoen CTpyKTypoň HanoMHHaioiij.He oôbiHHbie 
TepMHHaTopbi.) HeKOTopbie cTaônjibHbie PHK 3amnmeHbi ot 
/jeňcTBHfl 3(J)(J)eKTa nojiapHOCTn ÔJiaro/japa CBoeň acecTKoň 
BTopHHHoň CTpyKType, KOTopaa npenflTCTByeT CBH3biBaHnio 
H /JBH^CeHHK) p-(J>aKTOpa. 

Myraunn b reHe rho b pa 3 Hoň creneHH cKa3biBaiOTca Ha 
npouecce TepMnHaunn. 06iu,nň 3(J)(J)eKT TaKHx Myraunn 
3aKJiiOHaeTCH b HapymeHHH TepMnHaunn, o/jHaKO creneHb 
noBpe^eHHa, cam ee oueHnBaTb no npouemy cjiynaeB npo- 
HHTblBaHHtf TepMHHaTOpa in VÍVO, 3aBHCHT OT KOHKpeTHOrO 
TepMHHaTopa. noxoacnM o6pa30M BapbHpyer h Heo6xo/w- 
MOCTb ynacma b TepMnHaunn in vitro caMoro p-(f)aKTopa. B to 
Bpeivw Kax HeKOTopbie (p-3aBHCHMbie) TepMHHaTopbi TpeóyioT 
/Via CBoero (J)yHKunoHnpoBaHna bhcokhx KOHuempaunn 
(})aKTopa, flpyrae (J)yHKunoHnpyioT npn OTHoenTeabHo hh3khx 
KOHH.eHTpaij.Hax. Ecjih /yia pa6o™ pa3annHbix TepMHHaTopoB 
Heoôxo^HMO pa3Hoe kojihhcctbo (J)aKTopoB, sto 03HanaeT, 
hto ocraBiuaaca b MyraHTHbix Kneroax aKTHBHoerb p-(J)aKTo- 
pa MoaceT oóecnennTb paóoTy HeKOTopbix TepMHHaTopoB, /yia 
KOTopbix Tpeôyerca HH3Kaa KOHuempauna (J)aKTopa (6ojib- 
iuhhctbo Myraunn no reHy p HBjíaiOTca «noATeKaioiij I HMH» (c 
HenojiHbiM ôjioKnpoBaHneM cjiyHKunn)). 


HeKOTopbie Myraunn b reHe p-(})aKTopa MOiyr 6biTb 
cynpeccHpoBaHbi MyraunaMn, B03HHKaioiij I HMH b /jpyrnx 
reHaX. 3TOT (jiaKT /jaeT B03M02CH0CTb BblHBnTb éejiKn, 

KOHTaKTHpyiomne c p. YnacTne p-cyô'be/jnHnubi PHK-no- 
JIHMepa3bI BO B3aHMO/jeHCTBHH C p M05KH0 nOATBep/jnTb 
ÔJiaro/japa cymecTBOBaHnio MyTaunn /jByx TnnoB. Bo-nep- 
Bbix, MyTaunn b reHe rpoB MOiyr ocjiaôJiaTb TepMHHaunio 
b p-3aBHCHMbix canTax. Bo-BTopbix, BBe,aeHne MyTaunn b 
reH rpoB MoaceT BOCCTaHOBnTb enoeoÔHOCTb TepMnHnpo- 
BaTb TpaHCKpnnunio b p-3aBncnMbix caňTax y ôaKTepnn, 
^e(J)eKTHbix no 3TOMy (J)aKTopy. TeM He MeHee nona Heac- 
ho, Kaicyio nMeHHO poab nrpaeT B3anMOfleňcTBne p-cyôb- 
e/jnHnubi n p-(J)aKTopa. 


AHTMTepMMHaUMB — cneiuiajibHbiM 
pery/iBTopHbiŕí MexaHH3M 


K/itoneBbie hoh^tmíi: 


• TepMHHavMA MO)KeT6biTb npeflOTBpameHa B03fleMCTBneM 

aHTMTepMMHupytomero 6e;iKa Ha PHK-noaMMepa3y, hto 
B bi3biBaeT npoHMTbiBaHMe c()epMeHTOM cneunc()MHecKoro 
TepMHHaTopa mjim TepMHHaTopoB. 

• Oar /íBMÓfla MMeeTflBa aHTMTepMMHnpytomnx 6e/iKa, pN n pQ, 
fleŕícTBytoiMMx Ha pa3Hbie TpaHCKpmmMOHHbie eflMHMUbi. 
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B03AeMCTBy*l Ha TepMMHaTOpbl, MO)KHO KOHTpO/IMpOBaTb TpaHCKpMflUMK) 


AHTHTepMHHai^HH Hcno/ib3yeTca b KanecTBe Kompo/ib- 
Horo MexaHH3Ma Kax b pery/mTopHbix CHCTeMax (^aroB, 
TaK h b 6aKTepHa/ibHbix onepoHax. Ha p m c. 11.51 noKa- 
3aHO, Kax aHTHTepMHHau,Ha Kompo/mpyeT cnocoÓHOCTb 
(})epMeHTa npOHHTbIBaTb TepMHHaTOp H TpaHCKpHÓHpO- 
BaTb pacno/ioxceHHbie 3 a hhm reHbi. B npHBe/jeHHOM Ha pn- 
cyHKe npHMepe PHK-no/iHMepa3a /jo/DKHa ocraHaB/iHBaTb 
TpaHCKpHnu,Hio b KOHu,e pernom 1; o/jHaKo aHTHTepMH- 
Hau,Ha no3Bo/meT (})epMeHTy npono/DKaTb TpaHCKpHnu,Hio 
H CHHTbIBaTb perHOH 2. nOCKO^bKy npOMOTOp B oôenx ch- 
Tyau,Hax ocTaeTca o/jhhm h tčm xce, B03HHKai0T Mo/ieKy- 
Jlbl PHK C OflHHaKOBbIMH 5'-KOHLI,aMH; O/JHaKO BO BTOpOM 
c/iynae 3'-KOHeu, TpaHCKpHrm npe/jcraB/ieH hoboh, 60 /iee 

npoTaxceHHOH, noc/ieAOBaTe/ibHOCTbio. 

AHTHTepMHHau,Ha 6bi/ia oTKpbiTa npn H3yneHHH $a- 

TOBblX HH(J)ČKĽI,HH ÔaKTepHH. OÔIIJHM CBOHCTBOM (})arOBbIX 

HH(j)eKUHH aB^aeTca to, hto To/ibKo Heôo/ibinaa nacTb re- 
hob («paHHHX» (paroBbix reHOB) TpaHCKpHônpyeTDi npn 
noMomn ôaKTepHa/ibHoň PHK-no/iHMepa3bi. npw stom 
OflHH (H/IH HeCKOJIbKO) H3 paHHHX (})arOBbIX 6e/IKOB hčo 6 - 
xoahm /ym TpaHCKpHnu,HH noc/ie/jyiomero Haóopa reHOB 
(cm. pa3A. 14.4 «JlHTHnecKHH Kacna/j KOHTpo/iHpyeTca pjsy- 
m cnoco6aMH»). O/jhhm h3 TaKHx pery/mTopHbix 6e/iKOB 
HBJIfleTCfl aHTHTepMHHHpyiOmHH &CJIOK. Ha P MC ,1 
riOKa3aHO, Kax, fle/iaa B03M0>KHbiM npoHHTbraaHHe PHK- 
nojiHMepa3oň TepMHHaTopa, aHTHTepMHHHpyiomHH 6 e- 
jiok cnocoócTByeT o6pa30BaHHio TpaHCKpHnTa ôojibmen 
/ViHHbi. B oTcyTCTBHe TeMHHHpyiomero 6e/iKa (})epMeHT 
ocTaHaB/iHBaeT cboio paóoTy b 06/iacra TepMHHaTopa 
(Bepxraa nacTb pHcyHKa). B npHcyTCTBHH aHTHTepMHHH- 
pyiomero 6e/iK a PHK-no/iHMepa3a npo/jo/DKaeT TpaHCKpn- 
ÓHpoBaTb ynacTKH, pacno/ioxceHHbie 3a TepMHHaTopoM 
(cpe/jmifl nacTb pHcyHKa). 

Han6o/iee H3yneHHbiM npHMepoM aHTHTepMHHau,HH 
RBjmcľcn pery/muna TpaHCKpHnu,HH npn pa3BHTHH (})ara 
jmMÓAa (Ha kotopom sto AB/ieHne h 6 bi/io oTKpbiTo). Ahth- 
TepMHHau,Ha y (})ara jiaMÓ/ja Hcno/ib3yeTai jyvi pery/MU,HH 
AByx cTa^HH OKcnpeccHH (})aroBbix reHOB. npoAyuHpyeMbie 
Ha KaX^OH H3 3THX CTa/JHH aHTHTepMHHHpyTOIIJHe 6tJl KH 
cneu,H(J)HHHbi k onpe/je/ieHHOMy Haéopy TpaHCKpHnu,HOH- 
hmx e/jHHHu (cm. hhxchiok) nacTb pne. 11.52). 

H Ba (})aroBbix rem, TpaHCKpnônpyeMbix ôaKTepna^b- 
hoh PHK-no/iHMepa 3 on cpa 3 y noc/ie npoHHKHOBeHHa re- 
HOMa (J)ara b mieTKy, Ha3biBaioT HeMe/yieHHopaHHHMH 
(immediate early) reHaMH. nepemiiOHeHHe Ha sKcnpeccnio 
cneflyiomeH rpynnbi reHOB KOHTpojinpyeToi HapymeHHeM 
TepMHHau,HH npn TpaHCKpHnu,HH HeMe/yieHHopaHHHX re¬ 
HOB. TeHbi, SKcnpeccnpyiomHeai Ha c/ie/jyiomeH cra/jHn, Ha- 
3biBaiOT 3aAepHcaHHOpaHHHMH (delayed early). (06mne 
MexaHH3Mbi pery^au,HH pa3BHraa (})ara m Mô/ja paccMOTpe- 
hh b r/i. 14 «OaroBbie crpaTernn*.) 

Pery/mTopHbin reH, npo^yKT KOToporo Kompo/mpy- 
eT nepeioiioHeHHe TpaHCKpHnri,HH c HeMe/yieHHopaHHHX 
reHOB Ha 3aAepxcaHHopaHHHe, 6 bm H/i,eHTH(})HĽi,HpoBaH 
ó^aro^apa MyTau,HaM, HapymaiomHM sto nepemiiOHeHHe. 
MyraHTbi (})ara no reHy N cnocoÔHbi TpaHCKpnÔH- 

poBaTb mojibKO HeMe/yieHHopaHHne reHbi, h nosTOMy hh- 
(J)eKu,HOHHbiH npou,ecc ocTaHaB/iHBaeTca Ha stoh CTa^nn. 
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PernoH 1 


TpaHCKpn6npyeTCfl TO^bKO perHOH 1 
PernoH 2 
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TpaHCKpn6npyiOTCB m pemoH 1, n pemoH 2 
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PHK-no^MMepaaa 

npoflo/DKaeT 

TpaHCKpiinqmo 


PHK CMHTe3npoBaHa 
n c pemoHa 1, n c pemoHa 2 


P MC, 11.51 AHTMTepMMHauMfl onpefle/iBeT, npeKpaim/in PHK-no/in- 
Mepa3a TpaHCKpnnumo, AOCTMrHyB TepMHHaTopa, min >ne, npoHMTaB 
ero, npoflo/DKMT CHHTbIBaTb perMOHbi, pacno/io>KeHHbie 3a hhm 


AilHHa TpaHCKpMnUMOHHOM eAMHHlJbl yseAMMHBaeTCH 
b pe3y/ibTaTe aHTHTepMMHauMM 


PHK-no^MMepa3a TpaHCKpn6npyeT ysacTOK flHK 
ot npoMOTopa ao TepMHHaTopa 



ľlpOMOTOp 
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AHTMTepMMHMpyioiAMe 6e/iK m AeíícTByiOT Ha onpeAe/ieHHbie TepMMHaTopbi 
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P H C. 11.52 AHTMTepMMHMpyjoiAMÍí 6 eAOK fleŕíCTByeT Ha PHK-noAH- 
Mepa3y, no3BOABB eíí npeoflOAeBaTb HeKOTopbie TepMHHaTopw 

















OnpeAe/ieHbi /jbč TpaHCKpHnu,HOHHbie c/^hhhl^u HeMe/j- 
/ieHHopaHHHX reHOB (TpaHCKpHÓHpyeMbie c npoMOTopoB 
P L h P R ). TpaHCKpHnu,Ha, ocymecTB/MeMaa PHK-no/iHMepa- 
30H E. COli, OCTaHaBJIHBaeTCa B KOHU,e TpaHCKpHnU,HOHHbIX 
eAHHHu, (Ha TepMHHaTopax t L1 h t R1 cooTBeTCTBeHHo). 06a 
3 Thx TepMHHaTopa HB/iaioTca p-3aBHCHMbiMH (ó/iaro/japa 
(J)yHKLI,H0HHp0BaHH10 HMČHHO 3THX TepMHHaTOpOB (})aK- 
Top p h 6bi/i oÔHapyxceH). CHTyau,Ha mchactch 6/iaroAa- 
pa 3KcnpeccHH reHa N. npo/jyKTOM 3Toro reHa HB/meTca 
aHTHTepMHHHpyiOIAHH 6e/I0K, n03B0/IflI0mHH PHK-no/iH- 
Mepa3e npoHHTbraaTb t LI h t R1 . B pe3y/ibTaTe TpaHCKpHÓH- 
pyiOTca 3aAep>xaHH0 paHHHe reHbi, pacno/ioxceHHbie 3a 

3THMH TepMHHaTOpaMH. 

Kax h y Apyrnx (})aroB, b cjiynae (})ara /iaMÓ/ja jyw skc- 
npeccHH no3AHHX reHOB (KO/jHpyiomHX KOMnoHeHTbi (})aro- 
boh HacTHU,bi) HeoóxoAHMbi Aono/iHHTe/ibHbie peryjurrop- 
Hbie MexaHH3Mbi. TaKoň KOHTpo/ib ocymecTB/meTca reHOM 
Q , oTHOcaiAHMca k 3aAepxcaHHopaHHHM reHaM. ripo/iyKT 
3Toro reHa (6e/ioK pQ) aB/meTca eme oahhm aHTHTepMH- 
HHpyiomHM (})aKTopoM, no3Bo/iaiomHM PHK-no/iHMepa3e 
(HHHUHHpyiOIAeH TpaHCKpHnU,H10 Ha n03AHČM npOMOTOpe 
P R ) npeoAO^eBaTb TepMHHaTop, pacnojioxceHHbíň MOK^y 
3THM npOMOTOpOM H n03AHHMH rčHaMH. 

Pa3Haa cneu,H(})HHHOCTb 6e/iK0B pN h pQ no3BO/iaeT 
c(})opMy^HpoBaTb oóiahh npHHU,Hn: PHK-nojľimep03a 63a- 
UModeúcmeyem c mpaHCKpurmuouHbiMU edunut^OMU ma- 
kum oôpasoM , Hmoôu aHmumepMunupyioiiifUe (pamiopu 
mozjiu môupamejibno omKmmamb cmme3 mojibKo onpe- 
dejiennux mpancicpunmoe. Bo 3 moxcho, hto TepMHHau,™ 

npH 3T0M KOHTpOJIHpyeTCfl C TOH XCČ CTtUtHbK) TOHHOCTH, 
HTO H HHHU,HaĽI,HH. 
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ArniiTepMiiHaiiM* 
onocpeflOBaHa caiÍTaMM, 
OT/lMMHblMM OT TepMHHaTOpOB 


KruoHeBbie noHJiTMfl: 


• CaíÍT. KOTopbiíí CBA3biBaeT aHTmepMMHupyjomMM 6e/ioK, 
pacno/io>KeH b TpaHCKpMnuMOHHOM eAHHMLie Bbiiue caŇTa 
TepMMHaUMM. 

• MecTono/ioweHMe caŇTa am-MTepMMHauMM b pa3Hbix c/iyna^x 
BapbwpyeT, — oh MoweT pacno/iaraTbca b KOAMpyiomeM 
perwoHe mjim Aawe b npoMOTope. 


'XHTMTepMMHaUHfl MOMeT ^ bITb OnOCpeAOBaHa pa3HblMH O/iaCTflMM 
TpaHCKpHMlMOHHblX eflMHMA 


PHK-no/iMMepa3a TpaHCKpnóupyeT yMacTOK AHK 
ot npoMOTopa ao TepMMHaiopa 
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PUC 11.53 PHK-noAMMepa3a xo3AMHa TpaHCKpn6npyeT reHbi (j)ara 
AflMÓfla n TepMMHMpyeT TpaHCKpnnumo b ŕ-caŇTax. BeAOK pN no3- 
BOAíieT eíí npeoflOAeBaTb TepMMHaiopbi b TpaHCKpnnunoHHbix eAM- 
HMuax L n Rl; 6eA0K pQ — cooTBeTCTBeHHo TepMMHaiop R'. CaŕÍTbi, 
b KOTopbix fleíícTByjOT 6eA km pN (/7L/ŕ-caMTbi) m pQ (qut- caíÍTbi) pac- 
nOAO>KeHbl B pa3HblX OÓAaCTflX COOTBeTCTByJOlAMX TpaHCKpMnUMOH- 
HblX eflMHMA 


KaKHe caŕíTbi onpeAeAaioT cneri,H4)HHH0CTb aHTHTep- 
MHHaU,HH? AHTHTepMHHHpyiOmee achctbhč 6ejiKa pN 
BbicoKocneu,H(})HHHo, OAHaKo anmumepMUHai^uoHHbie 
coôumm ne oupedejiniomcH mepMunamopaMU t L1 u t Rl \ 
caumu , pacno 3 naeaHue Komopux eedem k anmumep- 
Munai^uu, pacnojioycenu e mpancKpurmuoHHOú edunu- 
t^e neped mepMitnamopcmu. Jlpyzimu cjioecmu, caúrn , 
neoôxoduMUú dm anmumepMUHaiyuu ne coenadaem c 
caumoM mepMimaiyuu. Ha p ne. 11.53 H3o6pa>KeHo mčc- 
Tono/ioxceHHe caňTOB, ynacTByioiAHX b aHTHTepMHHau,HH 
y (})ara jiaMÔ^a. 


YnacTOK HK, pacno3HaBaeMbiH óčakom N, Ha3biBaiOT 
nut (aHDi. N utilization). YnacTKH, oTBeTCTBeHHbie 3a aH- 
THTepMHHaUHK) npH JieBOCTOpOHHČH H npaBOCTOpOHHCH 
TpaHCKpHnUHH, 0603HaHai0T COOTBeTCTBeHHO KaK nutL H 
nutR. Kaprapya MyTau,HH b came nut , yAa^ocb BbiacHHTb, 
hto nutL pacno/ioxceH Mexc^y CTapTOBoň tohkoh npoMO- 
Topa P L h Hana^oM oó^ac™, KOAMpyiomeň reH N. nutR m- 
xoahtca Me^CAy kohu,om reHa cro h TepMHHaTopoM t L1 . 3 to 
03HanaeT, hto 06a caHTa nut pacnoAOxceHbi b coBepmeHHO 
pa3HbIX OÓAaCTHX CBOHX TpaHCKpHnU,HOHHbIX eAHHHU,. B 
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TepMMHatiMii npeAOTBpauiaeTCfl $aKTopaMM, KOTopbie 
B3aMMOAeHCTByioT c no/iMMepa30M b canie nut 


ľlpoMOTop CaŇT nut TepMHHaTop 



OaKTopu TepMMHapmo 

AeŕicTByiOT 
Ha PHK-no/uiMepa3y 


PUC. 11.54 BcnoMoraie/ibHbie cŕaKTopbi CBfl3biBatOT PHK-no;iMMe- 
pa3y b tot MOMeHT, Korfla cma npoxoAm nut-cam. Korfla me no/iM- 
Mepa3a Aocmraei TepMMHaiopa, ohm He AajOT p-cJjaKTopy Bbi3BaTb 
TepMMHaUMK) 


to BpeMfl KaK nutL HaxoAHTca pa/jOM c npoMOTopoM, nutR 
pacnojioiKeH He/ja/ieKo ot TepMHHaTopa (qut-cam ot/ih- 
HaeTca ot onHcaHHbix Bbirne nut-camob h pacno/ioxceH b 
npoMOTope). 

Kax xce oeymecTB/ifleTCfl aHTHTepMHHau,Hfl? Kor/ja 6e- 
jiok pN pacno3HaeT caňT nut , oh aojdkch npoB3aHMo/i,CHC- 
TBOBaTb c PHK-no/iHMepa3oň TaKHM o6pa30M, htoôm (J>ep- 
MeHT b /ja/ibHeHiiieM yxce He pacno3HaBa/i TepMHHaTop. 
Pa3JiHHHaa jioKajiH3au,Ha nut caňTOB yKa3biBaeT Ha to, hto 
3TO COÔbITHe He CB5I3aHO HanpflMyK) HH C HHHLI,HaLI,HeH, HH 
c TepMHHau,HeH, ho MOxceT npoHexoAHTb c PHK-nojiHMe- 
pa 30 H b MOMeHT 3/ioHrauHH b nut-cmTt. Kax noKa3aHO Ha 
puc. 11 . 54 , nočné SToro no/iHMepa3a CTaHOBHTca HacTO/ib- 
ko <<HeKOHTpojiHpyeMOH», hto npeoAOJieBaeT TepMHHaTop, 
He oópamaa Ha Hero BHHMaHHa. (flaHHbiH MexaHH3M peaK- 
ijhh xapaKTepeH /yia p-3aBHCHMbix TepMHHaTopoB, o/jHa- 
ko jiioóonbiTHO, hto 6e/i ok pN cnocoóeH cynpeccHpoBaTb 
TepMHHaU,HIO H Ha p-He3aBHCHMbIX TepMHHaTOpaX.) 

flB/meTCfl jih enoeoÓHOCTb 6e/iKa pN y3HaBaTb KopoT- 
KyK) nocjieAOBaTejibHOCTb b TpaHCKpnnuHOHHOH enHHHije 
npHMepoM 6o/iee HiHpoKo Hcno/ib3yeMoro MexaHH3Ma 
aHTHTepMHHaiiHH? Apyrne (})arH (po/jCTBeHHbie (J>ary jiam- 
6/ja) HMeioT pa3/iHHHbie reHbi N h pa3JiHHHyio aHTHTepMH- 
HaTopHyio cneu,H(})HHHOCTb. 06/iacTb (})aroBoro reHOMa, 
b KOTopoň HaxoA^Tca nut-camu, npeACTaBjíeHa pa3HOH 
nocjieAOBaTeAbHocTbio y pa3Hbix (JiaroB, nosTOMy KaxcAbiH 
$ar oôJia/jaeT To/ibKo eMy CBoňcTBeHHbiMH m/ŕ-caHTaMH, 
CneU,H(})HHHO y3HaBaeMbIMH COÔCTBCHHblM ÓeJIKOM pN. 
ĽMecTe c TeM Bce 6e/i kh pN /jo/iiKHbi oôjia/jaTb paBHOH cno- 
COÔHOCTbK) B3aHMOAeHCTBOBaTb C TpaHCKpHniJHOHHbIM 
annapapTOM, ocymecTB/ifla aHTHTepMHHHpyiomyK) (})yHK- 
Uhío, ho npH stom HMeTb pa3/iHHHyio cneu,H(})HHHOCTb no 
OTHOiueHHK) k noc/ie/i,OBaTejibHOCTH R HK, aKTHBHpyiomeH 
3tot npou,ecc. 


11.25 


OaKTOpbl TepMMHaUMM 
II aHTMTepMMHaUMM 
B3aHM0fleCTByK)T 
c PHK-nojiMMepa 3 oíí 


KniOHeBbie noHATMa: 


• fl;ia B3aMMOAeŕícTBMfl pN (Jjara nm6p,a c PHK-no/iMMepa30M 
HeoóxoAMMO HecKO/ibKO 6aKTepMa/ibHbix óe/iKOB. 

• 3 tm 6 e/iKM TaK>Ke BOB/ieneHbi b aHTMTepMMHaiiMK) b onepoHe rrn 
6 aKTepMM-X 03 flMHa. 

• B3aMMOAeíícTBMe aHTMTepMMHMpyioiAero (JjaKTopa pQX-(J)ara 
c flHK b 06/iacTM npoMOTopa MoweT npMHMMaTb pa3jiMHHbie 

CpO p M bl. 


npOLjeCCbl TepMHHaiJ,HH H aHTHTepMHHaiJ,HH TeCHO CBH3a- 
Hbi Mexc/iy coóoh h ocymecTBJunoTca npH ynacTHH 6aKTe- 
pHa^bHbix h (})aroBbix 6e;iKOB, B3aHMOAeHCTByiomHx c PHK- 
no/iHMepa30H. HecKo/ibKO ôe/iKOB, CBjmHHbix c npoueccoM 
TepMHHaiJ,HH, ÔbUIH HA,eHTH(})HĽI,HpOBaHbI npH BblAeJieHHH 
MyTaHTOB E.coli , Ae4 )eKTHbIX no 6e^Ky pN. HeKOTopbie H3 
sthx MyTau,HH pacno/iara™cb b reHe rpoB. Rmnuu cj)aKT 
TOBOpHT B nOJIb3y TOTO, HTO pN (KaK H p-(})aKTOp) B3aHMO- 

AeHCTByeT c |3-cy6'beAHHHĽi,eH MHHHManbHoro (|)epMeHTa. 
flpyrne MyTauHH E.coli , ÔAOKnpyiomHe (JiyHKíiHio óe^Ka pN, 
6 buiH KapTHpoBaHbi b AOKyce nus: nusA, nusB, nusE h nusG. 
(nus AB/meTca aóópeBHaTypoH ot N wtilization aibstance^. 

CaňT nut (})ara AHMÔ^a coctoht H3 j \Byx bji cmchtob, 
Ha3BaHHbix boxA h boxB. FIocjieAOBaTejibHOCTH, 6 ah3khc 
no cocTaBy k boxA, 6bi/in oÔHapyxceHbi h b ôaKTepna^bHbix 
onepoHax. boxA hcoôxoahm /yrn CBa3biBaHna ôaKTepna^b- 
hhx ôe/iKOB, ynacTByioiiiHX b aHTHTepMHHaijHH (})aroBbix h 
ôaKTepna^bHbix onepoHOB. boxB cneu,H(})HHeH /yrn (JiaroBO- 
ro reHOMa, MyTau,HH b stom peraoHe ÔJiOKnpyioT aHTHTep- 
MHHHpyiOIIiyK) CnOCOÔHOCTb pN. 

JIOKyc nus KonnpyeT ôejiKH, aBnaiomneca nacrbio TpaHC- 
KpHnu,HOHHoro annapaTa, KOTopbie, o/jHaKo, b cocTaBe H30- 
jinpoBaHHOH PHK-no/iHMepa3bi He oÓHapy^CHBaiOTca. ripo- 
AyKTbi reHOB nusA, nusB h nusG ynacTByioT HCiuiioHHTejibHo b 
npoiiecce TepMHHau,HH TpaHCKpHnu,HH. nusE KOAnpyeT pnôo- 
coMajibHbiH ôeiiOK S10; B3aHMOCBH3b MOK/iy pacno/ioiKeHHeM 
SToro óejiKa b 30S cyó'beAHHHU.e pnôocoMbi h ero ynacmeM b 
TepMHHau,HH HeacHa. KaK noKa3aHO Ha P M c. 11.55 , ôcjiokNus 
CBH3biBaeT PHK-nojiHMepa3y b nut carŕre. 

NusA — OCHOBHOH TpaHCKpHnĽI,HOHHbIH (})aKTOp, nOBbl- 
HiaiOmHH 3(})(})eKTHBHOCTb TepMHHaU,HH (BepOflTHO, 3a CHCT 
ycvuitum enoeoÔHOCTH PHK-no/iHMepa3bi Tb nay3y Ha 
TepMHHaTopax h ApyrHx ynacTKax co oiomiou btophhhoh 
CTpyKTypoH; cm. HHXce). NusB h S10 oôpa3yiOT AHMep, ko- 
TopbiH cneu,H(})HHHO CBa3biBaeTca c nocjieAOBaTejibHOCTbio 
boxA m PHK-no/iHMepa3e. Bcaok NusG oôecnenHBaeT côop- 
Ky Bcex (})aKTopoB Nus b KOMiuieKC c PHK-noAHMepa30H. 

p-He3aBHCHMbie h p-3aBHCHMbie TepMHHaTopbi 3a- 
AeHCTByioT pa3/iHHHbie Nus-(})aKTopbi. ,JXíia TepMHHaiiHH 
Ha He3aBHCHMbIX TepMHHaTopax HeOÔXOAHM (JiaKTOp 
NusA, npHneM peaKi^Ha MO^ceT ôbiTb 6/iOKHpoBaHa 6eA- 
kom pN. p-3aBHCHMbie TepMHHaTopbi /yia ocyniecTBjíeHHa 
CBoeH (})yHKiiHH TpeôyioT ynacTHa Bcex (})aKTopoB Nus, h 
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PUC. 11.55 BcnoMoraie/ibHbie c()aKTopbi CBfl3biBaiOTCfl c PHK-no/iu- 
Mepa30Ň b tot MOMem, Korfla OHa npoxoAm nepe3 onpefle/ieHHbie 
caŕíTbi. CaŇT nut ripeflcraB/ieH AByMA noc/ieAOBaie/ibHocTBMM. NusB- 
S 10 npMcoeAMHfleTCfl k ocHOBHOMy (JjepMemy b tot momcht, KorAa 
oh npoxoAMT boxA. Ee/wu NusA n pN CBfl3biBaioTCfl c nojiMMepa3oŕí, 
KorAa OHa npoxoAHT boxB. B npucyTCTBMU pN (JjepMeHT npoMMTbiBa- 
eT TepMMHaTop, b pe3y/ibTaTe nero o6pa3yeTCfl PHK, coAepwamafl b 
CB oeM cocTaBe noc/ieAOBaTejibHocTu kbk HeMeA/ieHHopaHHux, TaK m 
3aAep>KaHHopaHHnx reHOB 


CHOBa OAHoro 6e/iKa pN AOCTaTOHHO pjm 6jiOKHpoBaHra 
TepMHHau,HH. B oôohx c/iynaflx (j/yHKíiHa óejixa pN 3a- 
KJIKmeTCfl B HHľHÓHpOBaHHH TepMHHHpyiOIIieH (})yHKLI,HH 
NusA. CBA3biBaHHe NusA c pN HHrHÓnpyeT HeoóxoAHMyio 
/y m ocyniecTBJíeHHa TepMHHayHH cnocoÓHOCTb NusA B3a- 
HMOAeHCTBOBaTb c PHK. 

AHTHTepMHHauHa nponexoAHT h b onepoHax rm 
(pPHK) E. coli h onocpeflyeTca tcmh xce cj/yHKíiHUMH jio- 
KycoB hus. JlHAupyioiiiHe ynacTKH onepoHOB rm co^epiKaT 
noaieAOBaTeAbHOCTH boxA; AHMepbi NusB-SlO pacno3HaioT 
3TH noaieAOBaTeAbHOCTH h CBfl3biBaiOTCfl c PHK-nojiHMepa- 
30H, Kor/^a OHa npoxoAHT nepe3 boxA. 3to B3aHMOAeHCTBHe 
H3MeHaeT CBOHCTBa PHK-no/iHMepa3bi TaKHM o6pa30M, hto 
OHa npHOÓpeTaeT cnocoÓHOCTb npeoAOJieBaTb p-3aBHCH- 
MblH TepMHHaTOp, paCnOJIO/KeHHblH BHyrpH TpaHCKpHnU,H- 
OHHOH eAHHHUbl. 

flHMep NusB-SlO He CBfl3biBaeT nocAeAOBaTe/ibHOCTb 
boxA (})ara jMMÔAa, bo3mo>kho, sto npoHCxoAHT TO/ibKO b 
npHcyrcTBHH NusA h pN; pojib noc/ieAOBaTejibHOCTH boxB 
3 aKJiiOHaeTca b CTa6HJiH3au,HH peaioiHH. BapnayHH noe- 
AeAOBaTeabHOCTeH boxA OTpaxcaiOT pa3Hoo6pa3He pery- 
jmTopHbix (})aKTopoB, TpeóyeMbix /ym aHTHTepMHHayHH. 
KorAa PHK-noAHMepa3a npoxoAHT nepe3 nut-c arrr, OHa mo- 
AH(J)HUHpyeTca nyreM npHeoeAHHeHHa cooTBeTCTByiomero 
(JmTopa, noaie nero, AoerarHyB TepMHHaTopa, yxce He oe- 
TaHaBjíHBaeTca Ha hcm. 

AHTHTepMHHayHa y (})ara jMMÔAa 3aBHCHT ot onoepeAO- 
BaHHoro nocaeAOBaTeabHOCTbio TpaHCKpnnTa CBfl3biBaHHa 
pN c PHK-nojiHMepa30H. 6e/ioK pN y3HaeT boxB caňT: 
b RHK hjih b PHK? 3tot (})aKTop He CBa3biBaeTca c KaKOH- 


JIHÓO H 3 HyKJieHHOBblX KHCJIOT He 3 aBHCHMO, pN aCCOUH- 
HpyeT C TpaHCKpHnilHOHHblM KOMn/ieKCOM B TOT MOMeHT, 
Kor/ja 6 a 30 BbiH cj/epMem npoxoAHT nepe 3 carrr boxB. pN 
HMeeT OTAeabHbie aomchm aa^ paeno3HaBaHHa caurra boxB 
Ha PHK h AJifl CBa 3 biBaHHa 6 e/iKa NusA noe/ie npHeoeAHHe- 
hhh k TpaHCKpHnyHOHHOMy KOMnaeKcy pN, He Tepna cba 3 h 
C MHHHMaiIbHblM (})epMeHTOM, CTaHOBHTCfl KaK 6 bl Aonoji- 
HHTeJIbHOH CyÓ'beAHHHU.eH, npHCyTCTBHe KOTOpOH H 3 MCHH- 

eT xapaKTep B 3 aHMOAeHCTBHn (})epMeHTa c TepMHHaTopoM. 
Bo 3 mo>kho, hto pN b A^bHeHiueM coxpaHaeT CBa 3 b xax c 
nocjieAOBaTe/ibHOCTbK) boxB m PHK ((})opMHpyK)meH uinu- 
/ieHHyio CTpyKTypy), TaK h c PHK-no/iHMepa 30 H; b stom cjiy- 
nae po/ib boxB 6 yAeT CBeAeHa k CBa 3 biBaHHio 6 eana pN h 
yBe/iHHeHHio ero AOKaabHOH KOHyeHTpayHH. 

fleHCTBHe 6 e/iKa pQ, óaoKHpyioiAero TepMHHayHio Ha 

n 03 AHHX CTaAHHX (})arOBOH HH(J)eKU,HH H B 3 aHMOAeHCTBy- 
loiyero eooTBeTCTBeHHO c qut- caurraMH HK, onHCbiBaeTca 
HeCKOJIbKO HHbIMH MexaHH 3 MaMH. HoCAeAOBaTeAbHOCTb 
qut pacnoAOiKeHa b paňoHe CTapTOBOH tohkh no 3 AHeň 
TpaHCKpHnu,HOHHOH eAHHHu,bi ^)ara. HanaabHaa nacTb 
noe/ieAOBaTe/ibHOCTH qut HaxoAHTca BHyTpH npoMOTO- 
pa, TOTAa KaK ocTaBmaaca nacTb pacno/ioiKeHa b Hanaae 
TpaHCKpHÓHpyeMoro pernoHa. 3 to 03 HanaeT, hto pQ Aoa- 
xceH oóaaAaTb enoeoÓHOCTbio cneu,H(})HHHO pacno 3 HaBaTb 
R HK, a MexaHH 3 M AeHCTBHa AaHHoro peryaaTopHoro (})aK- 
Topa, no KpaHHen Mepe b momcht nepBHHHoro CBa 3 biBaHna 
C TpaHCKpHnilHOHHblM KOMn/ieKCOM, AOJI/KCH OTJIHHaTbCfl 
ot TaKOBoro aa^ 6 e/iKa pN. pQ B 3 aHMOAeHCTByeT e xojio- 
(J/epMeHTOM bo BpeMa HHHiinaiiHH. 3 to B 3 anMOAeHCTBHe 
TpeóyeT ynacTHa (J/aKTopa o 70 . flaHHbiH (})aKT noATBepac- 
AaeT «npOJIOHrHpOBaHHbie» CBOHCTBa KOH(f)OpMaLI,HOHHbIX 
H 3 MCHCHHH PHK-nOJIHMepa 3 bI, KOTAa H 3 MeHeHHa B CTpyK- 
Type (J/epMeHTa, B 03 HHKaioiiiHe Ha oahoh CTaAHH npoyec- 
ea TpaHCKpHmiHH, Moryr B/inaTb Ha ero aKTHBHocTb Ha 
noe/ieAyiomHX CTaAHax. 

OcHOBHäa pojib 6 e/iKa pQ 3 aicniOHaeTca b h 3 mchchhh 
npoAOJiacHTe/ibHOCTH nay 3 bi, KOTopyio PHK-nojiHMepa 3 a 
AejiaeT Ha TepMHHaTopax. B 3 anMOAeHCTBya e (J/epMeHTOM, 
oh enoeoócTByeT coKpanieHHio nay 3 bi Ha Bcex TepMHHnpy- 
iohihx nocaeAOBaTejibHOCTax, BioiioHaa KaK p- 3 aBHCHMbie, 
TaK h p-He 3 aBHCHMbie TepMHHaTopbi. pQ He bjihuct Ha npo- 
u,ecc TepMHHayHH HanpaMyio, oAHaKo A^eT B 03 MomiocTb 
PHK-no/iHMepa 3 e óbiCTpee npeoAO/ieBaTb TepMHHaTopbi, 
TeM eaMbiM Hapymaa enoeoÓHOCTb MHHHMa/ibHoro (Jsep- 
Mema h/hjih Aono/iHHTe/ibHbix (j/aKTopoB ocyiiiecTB/iaTb 
TepMHHailHK). 

ComacHO oôiiihm npeACTaB/ieHHHM, PHK-no/iHMepa 3 a 
MoxceT eyniecTBOBaTb b pa 3 Hbix (})opMax, KaxcAaa H 3 ko- 
Topbix oTBeTCTBeHHa 3 a peajiH 3 aiiHio oTAe/ibHbix CTaAHH 
npoiieeea TpaHCKpHniiHH; aKTHBHocTb PHK-no/iHMepa 3 bi 

KaXCAOH H 3 3 THX CTaAHH MO/KCT ÓbITb H 3 MCHCHa TOJIbKO 
nyreM MOAH(})HKaiiHH (})opMbi (})epMeHTa. 3 aMeHa cnrMa- 
(})aKTOpOB MO/KeT BbI 3 BaTb CMeHy OAHOH (})OpMbI (})epMeHTa 
(OTBeTCTBeHHOH 3 a HHHIlHailHIO) Ha APyTyK); npHCyTCTBHe 
(})aKTOpOB Nus MO/KeT nOBJIHHTb Ha CBOHCTBa OTBeTCTBeH¬ 
HOH 3 a TepMHHaiiHio (})opMbi PHK-no/iHMepa 3 bi. 

riO-BHAHMOMy, npoiieee TepMHHayHH TeCHO CBH 3 aH c 
3 JiOHrau,HeH. Bo BpeMa yiyiHHeHHíi yenn PHK MHHHMajib- 
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hhh (})epMeHT nacTO /jejiae t ocraHOBKH, nay3a xce Ha Tep- 
MHHHpyiomeH noc/ie/i,OBaTejibHOCTH cjiyxcnT npe/jnocbui- 
koh /y m TepMHHau,HH. Uoj\ BjinaHHeM TaKHX peryjmTopHbix 
(J)aKTopoB, Kax NusA, npo/jojDKHTejibHocTb nay3bi yBejiHHH- 
Bacrca, h scj)(})eKTHBHOCTb TepMHHau,HH noBbimaeTca. B to 
>Ke Bpem, no/j BjinaHHeM óejiKOB pN h pQ, nay3a coKpaiya- 
CTCfl, H 3(J)(})ČKTHBHOCTb TčpMHHaUHH na/jaeT. CaHTbl paC- 
no3HaBaHHa h CBa3biBaHra nepeHHCJieHHbix (})aKTopoB Haň- 
AeHbl TOJIbKO B HČKOTOpblX TpaHCKpHnLJHOHHblX e/JHHHIjaX, 
a noTOMy ocoóchhocth npouecca TepMHHau,HH BapbnpyiOT 
TOJIbKO flJIfl 3THX TpaHCKpnnTOHOB. 


BBS! Pe3iOMe 

TpaHCKpHnu,HOHHaH eAHHHU,a npeACTaBjmeT coóoh oóJiacTb 
HK, 3amiiOHeHHyK) Me>K/]y npoMOTopoM, r/je TpaHCKpnn- 
\\m HHHu,HHpyeTca, h TepMHHaTopoM, r/je TpaHCKpHnu,™ 
oópbiBaeTca. O/jHa H3 LjeneH JJJIK stoto pernom cjiyxcnT 
MaTpHU,eH /ym CHHTč3a KOMrmeMeHTapHOH ijenn PHK. Bo 
BpeMH ABHXCeHHfl TpaHCKpHnĽI,HOHHOrO ny3bipbKa B03HH- 
KaeT HeóojibiuoH no npoTOKčHHOCTH h KopoTKoacHBymHH 
rnópH a PHK h H HK. B cocTaBe xo/io(})epMeHTa PHK-nojín- 
Mepa3bi, ocymecTBJwiomero chhtč3 óaKTepnajibHOH PHK, 
M05KH0 Bbme/IHTb RB2. KOMnOHČHTa: MHHHMaJIbHblH (J)ep- 
MeHT — MyjIbTHMepHblH KOMmieKC, HMeiOiyHM CyÓ'be^HHHH- 
Hbíň codaB a 2 pp' h ocynj,ecTBjiínoiyHH sjioHrau,HK) ijenn 
PHK; h CHTMa-(})aKTop (o) — MOHOMep, ynacTByioiyHň b 
pacno3HaBaHHH npoMOTopa Ha cra^HH HHHu,HaijHH. 

MHHHMajibHbiH (JjepMeHT caM no ce6e oójiaAaer cpojjc- 
TBOM K J\UK. B npHCyTCTBHH CHrMa-(})aKTOpa a(})(})HHHOCTb 
ero CBa3biBaHHa co cjiynaHHbiMH nocjieAOBaTejibHOCTflMH 
CHiwcaeTCíi, a cpo^CTBO k npoMOTopaM, HanpoTHB, yBejiH- 
HHBacrca. CnopocTb, c kotopoh PHK-nojiHMepa3a HaxoflHT 
npOMOTOpbl, CJIHHIKOM BČJIHKa, HTOÓbl ÓbITb pč3yjIbTaTOM 
AH(J)cj)y3HH h cjiynaHHbix KOHTaKTOB c H HK; BepoaTHee Bce- 
ro, AaHHbiH npou,ecc peajiH3yeTca b HanpaBJíeHHoro 
nepeóopa nocjieflOBaTejibHOCTeH H HK. 

BaKTepnajibHbie npoMOTopbi co/jepacaT ^bč KopoTKHe 
KOHCepBaTHBHbie nOCJieAOBaTeJIbHOCTH, LjeHTpbl KOTOpblX 
pacnojioxceHbi b no3HU,Hax -35 h -10 (oTHOCHTejibHO crap- 

TOBOH TOHKH TpaHCKpHnLJHH). ÓOJIbHIHHCTBa npOMOTO- 

poB nocjieAOBaTejibHOCTH -35 h -10 oneHb 6jih3kh k cpefl- 

HeCTaTHCTHHeCKHM KOHCčHCyCHblM nOCJieflOBaTCJIbHOCTflM, 
xapaKTepH3yiomHM sth pernoHbi. PacamHHe, pa3fleJuno- 
mee KOHceHcycHbie nocjieAOBaTejibHOcra, BapbnpyeT ot 16 
AO 18 nap ocHOBaHHH. nepBOHanajibHo PHK-nojiHMepa3a 
CBa3biBaeT nocjieAOBaTejibHocTb -35, a 3aTeM B3aHMOfleHC- 
TByeT c ynacTKOM -10. B stot momčht (JjepMčHT 3aKpbiBa- 
eT ot BHeniHHX bo3achctbhh nopa/jKa 77 ocHOBaHHH flHK. 
ľlepBHHHbiH TpaHCKpHnu,HOHHbiH KOMnjieKC nepexoflHT 
H3 3aKpbITOTO ABOHHOTO KOMnJieKCa B OTKpbITblH flBOHHOH 
nyTeM pacnjieTaHHa /jByxĽi,enoHeHHOH CTpyKTypbi ^HK Ha 
yracTKe ajihhoh npnMepHO 12 nap ocHOBaHHH (pacno- 

JIOJKeHHOM MOKJjy CTapTOBOH TOHKOH TpaHCKpHnUHH H 
yracTKOM -10). BaacHoe 3HaneHHe /yia peaKynn njiaBJíeHHa 


^ynjieKca HK hmččt cocTaB -10 nocjieflOBaTejibHOCTH, 6o- 
raTOH ocHOBaHHaMH A h T. 

/Íbohhoh KOMnjieKC npeBpaiyaeTCíi b tpohhoh nocjie 
Hanajia CHHTe3a npeAmecTBeHHHKa pnóoHyKJieoTHAHOH 
yenn. Oóhhho HHHU,Haij,HH npeAmecTByeT paóopraB- 
Hbix HHHUHau,HH, b xo/^e KOTopbix PHK-nojiHMepa3a chhtč- 
3npyeT h BbiCBOÓoxcjjaeT cepnio oneHb kopotkhx pnóoHyK- 
jieora/jHbix yenoneK, hč CABnraacb npn stom c npoMOTopa. 
B KOHu,e cra^HH HHHu,HauHH nojiHMepa3a MčHaeT cboio 
CT pyKTypy, Tenepb MHHHMajibHbiH (JjepMeHT OAHOBpeMčHHO 
3aKpbiBaeT okojio 50 nap ocHOBaHHH. CHma-(})aKTop npn 
stom BbiCBOÓo^CAaeTca (b 30% cjiynaeB) jihóo MčHaeT xa- 

paKTep CBÍI3H C MHHHMaJIbHbIM (JjepMCHTOM. HOCJie 3TOTO 
MHHHMaJIbHblH (JjepMČHT HaHHHaeT flBHraTbCfl BAOJIb HK, 

CHHTe3Hpya HOByio uenb PHK. YnacTOK jioKajibHoro pacrme- 
TaHHH AByxu,enoHeHHOH CTpyKTypbi R HK a BHXceTca BMecre 
c nojiHMepa30H. K TOMy MOMčHTy, Kor,qa pacTyni,aa u,enb j \ o- 
CTHraer /yiHHbi b 15-20 HyioieoTH^oB, (JjepMčHT sxpaHnpy- 
er ot BHeniHHX bo3AChctbhh ot 30 flo 40 nap ocHOBaHHH; h 
B TaKOH KOH(})OpMaUHH OH AOCTHTaeT KOHi^a TpaHCKpHnu,H- 
OHHOH ČAHHHUbl. 

Cnjia npoMOTopa xapaKTepH3yeT nacTOTy, c KOTopon 
PHK-nojiHMepa3a HHHUHHpyeT TpaHCKpnnuHio Ha a^hhom 
npoMOTope; stot napaMeTp HanpaMyio 3aBHCHT ot cxoac- 
TBa nocjieAOBaTejibHocreH -35 h -10 c H^eajibHOH koh- 
ceHcycHOH nocjieAOBaTejibHOCTbio; BJinaHne 0Ka3biBai0T h 
ynacTKH, pacnojioxceHHbie no xofly TpaHCKpHnu,HH cpa3y 3a 
CTapTOBOH tohkoh. OTpHu,aTejibHafl CBepxcnHpajiH3ayHa 
noBbimaeT sc})(})eKTHBHOCTb paóoTbi HeKOTopbix npoMOTo- 
poB. Bo BpeMa TpaHCKpnnuHH o6pa3yK)Tca nojioxcHTejibHbie 
CBepxBHTKH HK nepe^ PHK-nojiHMepa30H h 0 TpHU,aTejib- 
Hbie CBepxBHTKH no3aAH (JjepMema. 

AubTepHaTHBHbie CHTMa-cpaKTopbi oóecneHHBaiOT pac- 
n03HaBaHHe MHHHMaJIbHbIM (})epMeHTOM npOMOTOpOB c 
pa3JIHHHbIMH KOHCeHCyCHbIMH nOCJieflOBaTCJIbHOCTaMH. y 
E . coli 3TH CHTMa-(j)aKTOpbI aKTHBHpyiOTCíI UOJ \ AeHCTBHeM 
HeôJiaronpnaTHbix (JjaicropoB oKpyxcaiomeH cpe^bi (TaKHX 
KaK TenjioBOH hiok hjih a30THoe rojio^aHne). V B . subtilis 
HMeeTca o/],hh ochobhoh CHTMa-(})aKTop, oôjia^aiomHH TOH 
xce CneUH(})HHHOCTbK), HTO H CHTMa-(})aKTOp E . coli , h MHO- 
jKecTBO AonojiHHTejibHbix CHľMa-(})aKTopoB. Jl pyraa cepna 
cHTMa-(})aKTopoB aKTHBHpyeTca b npoyecce cnopyjitfu.HH, 
KOTopbiH peryjiHpyeTca flByMa KacKa^HbiMH CMeHaMH cht- 
Ma-(})aKTopoB b MaTepHHCKOH KJieTKe h b npeAcnope. Me- 
xaHH3M peryjmu,HH TpaHCKpHnu,HH nocpe^CTBOM CMenbi 
CHTMa-(})aKTopoB peajiH30BaH TaioKe y (J)ara SPOl. 

ľeoMeTpHa KOMnjieKca PHK-nojiHMepa3a-npoMOTop 
OAHHaKOBa fljrn xojioc})epMeHTOB, coAepxcamnx b cbocm co- 
CTaBe jiioôoh cnrMa-(})aKTop (hckjhohchhc cocTaBjíaeT o 54 ). 
KaXC^blH CHTMa-(})aKTOp CnOCOÔCTByeT HHHHU,HaLI,HH TpaHC- 
KpHnu,Hio TOJIbKO Ha npoMOTopax c onpeAejieHHbiMH koh- 
ceHcycHbiMH nocjieAOBaTejibHocTíiMH -35 h -10. Henoc- 
pe/jCTBeHHbiH KomaKT CHTMa-(})aKTopa h Jl HK 6biJi BnepBbie 
npoflCMOHCTpnpoBaH /yia (})aKTopa o 70 E . coli 3tot óejiOK 
xapaKTepH3yeTca HajiHHHeM N-KOHu,eBoro aBTOHHTHÓH- 
pyiomero nenTH^a, KOTopbin npenaTCTByeT accou,HaLi,HH 
flHK-CBfl3biBaK)mero pernoHa cboďo^hoto cnrMa-(})aKTopa 
c nocjieflOBaTejibHOCTbio flHK. ABTOHHrHónpyiomee j\äA c- 
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tbhč yapaHfleTCfl, Kor/ja xojio(})epMeHT (})opMHpyeT oTKpbi- 
TblH KOMIUieKC. 

BaKTepHajibHaa PHK-no/iHMepa3a TepMHHHpyeT TpaHC- 
KpHnuHio b camax flByx ranoB. p-He3aBHCHMbie TepMHHa- 
Topbi co/jepxcaT b cbočm comBe uiniuibKy, óoraTyio ocHOBa- 
hhamh G h C, 3a KOTopoň pacno/ioaceH U-6oraTbiH peraoH. 
TaKHe TepMHHaTopbi HanpaMyio pacno 3 HaiOTca MHHHMajib- 
HblM (})epMeHTOM iľl VÍtľO. p-3aBHCHMbie TepMHHaTOpbl 
/Via ocymecTBJíeHHa TepMHHau,HH xax in vivo, Tax w in vitro 
TpeóyiOT yuacraa p-(})aKTopa; OaxTop p CBa3biBaeTca c Tax 
Ha3biBaeMbiMH co/tepxcamHMH b cbočm cocTaBe 

MHOrO OCTaTKOB C H MaJIO OCTaTKOB G, H paCnoaoaceHHblMH 
nepe/j caurroM TepMHHau,HH. p-(})aKTop npe/tCTaBJíaeT coóoh 
OÓaaAaiOIVHH ATO-3aBHCHMOH XeJIHKa3HOH aKTHBHOCTbK) 
rexcaMep, nepeMemaiomHHCfl B/to/ib PHK po Tex nop, noxa 
He AOCTHraeT reTepo/iyiuiexca PHK-flHK 3/tecb oh cnocoóc- 

TByeT AHCCOU,HaUHH HOBOCHHTe3HpOBaHHOH IjenH PHK H3 

TpaHCKpHnu,HOHHoro xoMiuiexca. 06a rana TepMHHaTopHbix 
noaie/i,OBaTejibHOCTeH Bbi3bmaiOT nay3y b paóoTe PHK-no/in- 
Mčpa3bl, HTO HeOÔXOflHMO PJW TOľO, HTOÓbl /jara TepMHHaUH- 
ohhhm coóbiTHaM BpeMa Ha npoxoacAeHHa. 

Taxace b TepMHHau,HH npHHHMaiOT yuacrae (})axTo- 
pbi Nus. Ee;ioK NusA hčoôxoahm /yw (J)yHKLi,HOHHpoBaHHa 

p-HČ3aBHCHMbIX TepMHHaTOpOB, 2 B CJiyuae p-3aBHCHMbIX 
TepMHHaTopoB Tpeóyerca ynacrae /tono/iHHTe/ibHoro $aK- 
Topa NusB-SlO. HMep NusB-SlO pacno3HaeT noc/ie/tOBa- 
TeabHOCTb boxA b nut- camax pacTymeň u,enH PHK, noaie 
nero npHCoe/tHHaeTCfl h NusA. 

flBaeHHe aHraT^pMHHauHH Hcnojib3yeTca HexoTopbiMH 
(})araMH pjm nepexjuoHeHHa sxcnpeccHH c o/jhoh rpynnbi 
reHOB Ha /jpyryx). ľeH N X-(j)ara xo/tnpyeT aHTHTepMHHHpy- 
ioivhh óejiOK (pN), no3BOJiaioivHH PHK-no/iHMepa3e npeo/jo- 
jieBaTb TepMHHaTopbi, pacno/ioxceHHbie b xoHu,e TpaHCxpnn- 
UHOHHbix eAHHHu, HeMe/yieHHo paHHHx reHOB (J)ara. /ípyroň 
aHTOTepMHHHpyiomHH ôejioK, pQ, axraBHpyeTca Ha no3/jHHX 
crzpmx (})aroBOH hh^čkuhh. pN h pQ B3aHM0/teHCTByx)T c 
PHK-noaHMepa30H b tot momčht, xor/ja OHa upoxopm ne- 
pe3 ocoóbie caň™ {nut h qut cooTBeTCTBeHHo). 3ra caň™ 
HaxoAHTca b pa3Hbix yuacTxax cbohx TpaHCxpHnu,HOHHbix 
eAHHHU,. OaxTop pN y3HaeT PHK-no/iHMepa3y b xoivmexce 
c (})aKTopoM NusA, xor/ja xoMiuiexc upoxopm nepe3 nocjie- 
AOBaTejibHOCTb boxB. pN CBa3biBaeTca c TpaHCxpHnu,HOHHbiM 
KOMIUieKCOM H 6/IOXHpyeT TepMHHan,HIO Ha p-3aBHCHM0M 
TepMHHaTope, BbiCTynaa b po/in aHTaroHHCTa NusA 
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OnepoH 


KPATKOE COflEPWAHME filABbl 


■Efil BBeflem/ie 

iEQ HeraTMBHaB m no3MTMBHaa pery/iflUMfl aKcnpeccnn 

reHOB 

• ľlp m HeraTMBHOíí pery/iauMM 6e/iOK-penpeccop 
CBfl3biBaeTCfl c onepaTopoM, 6/ioKMpya 3Kcnpeccmo reHa. 

• líp M n03MTMBH0M pery/lflLlMM TpaHCKpMnUMOHHbm 
(JjaKTOp CBfl3blBaeTCfl C npOMOTOpOM, CnOCOÓCTByfl 

TpaHCKpMnuMM reHa PHK-no/iMMepa30M. 

E£M BKcnpeccMB reHOB, opraHM30BaHHbix b K/iacrepbi, 

peryjiMpyeTca KOopAUHupoBaHHO 

• ľeHbl, KOflMpyJOmMe 6e/lKM CO CMe>KHblMM aKTMBHOCTflMM, 
MoryT pacno/iaraTbCfl p^flOM n KOHTpojiMpoBaTbca KaK 
oflHa pery/iíiTopHafl eAMHMua, TpaHCKpn6npyeMafl b 
oflHy MO/ieKy/iy no/iMUMCTpoHHOM mPHK. 

EJ TeHbi lac KOHTpo/iMpytoTCB penpeccopoM 

• TpaHCKpMnuMfl K/iacTepa reHOB iacZYA KOHTpojiMpyeTca 
penpeccopHbiM 6e/iKOM, KOTopbiíí cBA3biBaeTCfl c 
onepaiopoM — ynacTKOM flHK, nepeKpbiBaiomMMCfl c 
npOMOTOpOM B OÓJiaCTM CTapTOBOÍÍ TOHKM TpaHCKpMnUMM 
Bcero K/iacTepa. 

• Be/ioK-penpeccop — TeTpaMep, coctojuamm M3 neibipex 
oflHHaKOBbix GyčteflHHMA, KOflMpyeMbix reHOM Lad. 

KEBsB HHflyKAMB Lac- onepoHa 

• Mo/ieKyjibi, MHflyuMpyiomMe onepoH, jim6o AB/iaiOTCfl 
CyÓCTpaTOM A/151 (JjepMeHTOB, KOflMpyeMblX 3TMM 
onepoHOM, jim6o o6/iaflaiOT KaKMMM-TO o6iammm c 
nOTeHĽlMa/lbHblM CyÓCTpaTOM CBOMCTB3MM. 

• p-ra/iaKT03Mfl — cyócrpaT a/i* (JjepMeHTOB, 

KOflHpyeMbix LacZYA. 

• B OTcyľCTBMe p-ra/iaKT 03 Hfla reHbi Lac- onepoHa 
3KcnpeccnpyiOTCfl Ha oneHb HM3KOM ((Jjohobom) ypoBHe. 

• flo6aBJieHne onpefle/ieHHbix p-ra/iaKT03Hfl0B MHAyuMpyeT 
TpaHCKpnnumo Bcex Tpex reHOB Lac onepoHa. 

• Lac mPHK KpaŇHe HecraÓM/ibHa, b cbjbm c neM acjDcjDeKT 
HHflyKUMM Ha6/iiOAaeTCfl HenpoAO/i>Kme/ibHoe BpeMa. 

• 1/lHAyKLiMfl onepoHOB Meia6o/iHHecKMx (JjepMeHTOB 
cyócTpaiaMM 3tmx (JjepMeHTOB n penpeccMfl onepoHOB 
ÓMOCMHTeTMHeCKMX (JjepMeHTOB npOAyKT3MM 
(JjepMeHTaTMBHOÍÍ 3KTMBHOCTM npOHCXOA^T no OAHMM M 
TeM >Ke MexaHM3M3M. 

EEQ Ma/ibie MOJiexy/ibi MHAyKTopa KOHTpo/iMpyioT 
aKTMBHOCTb penpeccopa 

• 1/lHAyKTopbi AeíícTByKJT Ha penpeccopHbiŕí 6e/ioK, 
noHHJKaa acJjcJjMHHocTb ero CBA3biBaHMfl c onepaiopoM. 

• Penpeccop MMeeT Aea caŇTa CBfl3biBaHM5i: oahh ajia 

CBft3blB3HM51 C OľiepaTOpOM, APyľOM — C MHAyKTOpOM. 
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• Penpeccop MHaKTMBMpyeTca b pe3y/ibiaie 
a/l/lOCTepMMeCKMX B3aMMOAeMCTBMM C MHAyKTOpOM, 
M3MeHflKJmnx CBOíícTBa ero flHK-CBfl3biBaiomero caÉŕra. 

OnepaTop mo>kho oÓHapywMTb c noMombio 

líl/C-aKTMBHblX MyTaAMÍÍ 

• Pe3yjibTaTOM MyrauMíí b onepaiope AB/ifleTca 
KOHCTMTyTMBHafl 3KCnpeCCMfl Bcex Tpex CTpyKTypHblX 
reHOB Lac- onepoHa. 

• BcJjíJjeKT Í^L/C-aKTMBHblX MyTaUMÍÍ CKa3blBaeTCfl TO/lbKO 
Ha reHax, pacno/io>KeHHbix Ha CMe>KHOM c onepaTopoM 
ynacTKe flHK. 

Pery/iflTopHbm reH mo>kho BbmBMTb c noMombio 

mpOHC-B KTM B H blX MyTai^MM 

• 7poHc-aKTMBHbie MyTauMM reHa LacI OKa3biBatOT 3(Jj(JjeKT 
Ha 3Kcnpeccmo Bcex reHOB K/iacTepa LacZYA. 

• MyrauMM, ÔJioKMpytomMe (JjyHKumo reHa Lad peueccMBHbi 
M npMBOAAT K KOHCTMTyTMBHOM 3KCnpeCCMM. 

• MyraLiMM b AHK-CBfl3biBatomeM caŇTe penpeccopHoro 
6e/iKa npMBOAflT k noTepe penpeccopoM cnocoÓHocrM 
CBA3biBaTbCfl c onepaTopoM. 

• MyrauHH b MHAyKTop-CBA3biBaKJmeM caŇTe 
penpeccopHoro 6e/iKa 6jioKnpyiOT npouecc ero 
MHaKTMBaUMM M Ae/iaiOT MHAyKUMK) HeB03M0)KH0ÍÍ. 

• £/l/c- a ktm b h bi e MyrauMM b npoMOTope npMBOA^T k 
H en hA yuM pyeMOCTM onepoHa. 

My^bTMMepHbie 6e/iKM oó^aAatOT ocoóbiMM 

reHeTMHeCKMMM CBOÍÍCTBaMM 


• AKTMBHbiíí penpeccop npeACTaB/iBeT coóom TeTpaMep, 
C0CT05UAMÍÍ M3 MAGHTMMHblX GyČteAnnMl^. 

• B c/iynae KorAa npMcyTCTByioT m MyTaHTHbie 
GyčteAnnMUhí, m GyčteAnnMi^bi ahkoto TMna, 
eAMHCTBeHHaji MyTaHTHaíi cyó-beAMHMua Lacľ d MO>KeT 

MHaKTMBMpOBaTb TeTpaMep, B KOTOpOM BCe OCTa/lbHbie 
cy6"beAMHMAbi — AHKoro TMna. 

• MyTauMM Lacl~ d 3aTparMBaiOT flHK-CBfl3biBaiomMM caŇT 
penpeccopa. BíJjcJjeKT 3 tmx MyTauMM o6"bflCHfleTC5i 
TeM, hto A/ifl pea/iM3auMM penpeccopHoŕí 3 ktmbhoctm 
H eo6xoAHMO, HTo6bi Bce flHK-cBfl3biBaiomMe caíÍTbi b 
T eTpaMepe 6bi/iM aKTMBHbi. 

ÉiiJBM GyčteAHMMi^a penpeccopa coctomt M3 HecKO/ibKMx 

AOMeHOB 

• B crpyKType cy6-beAHHMAbi penpeccopHoro 6e/iKa 
MoryT 6biTb BbiAe/ieHbi N-KOHueBoíí flHK-CBfl3biBaiomMM 
AOMeH, mapHMp m AApo. 

• flHK-CBfl3biBaiomMM AOMeH npeACTaB/ieH AeyMJi 
KOpOTKMMM a-CnMpa/lflMM, KOTOpbie CBfl3blB3K)T 
6o/ibĽjyio 6opo3AKy AH K. 




• neuifl yK/iaflbiBaeTCfl b Ma/iyio 6opo3flKy flHK, KaK 
KopoTKaíi, CBepHyiaíi a-cnMpa/ib. 

• MHflyKTop-CBfl3biBaiomMíí caŕÍT m pemoHbi, OTBeTCTBeH h bie 
3 a My/ibTMMepMaaumo, pacno/ioweHbi b AApe. 

ŕ Útli PenpeccopHbm 6e/iOK — sto TeipaMep, coctoalamm 
M3 flByX AMMepOB 

• MoHOMepbi, cocTaB/iíiioiAMe AHMep, ({jopMMpyiOT 
KOHTaKTbl Me>KAy AAepHblMM AOMeHaMM 1 M 2 M, 
B03M0/KH0, Me>KAy OJlHrOMepM3aUMOHHblMM cnMpa/iflMM. 

• flMMepbi 4)opMnpyioTTeTpaMep nocpeACTBOM KomaKTOB 
Me>KAy 0/lHr0MepM3aUM0HHblMM CnMpa/lflMM. 

mm KoHcfjopMauMB flHK-CBB3bmaK)iAero AOMeHa 
pery/mpyeTca c noMOiAbto a/i/iocTepnHecKux 
B3aMMOAeMCTBMM 

• flHK-CBfl3biBaioiAMM AOMeH Ka>KAoro o6pa3yioiAero 
AMMep MOHOMepa npM CBA3biBaHMM c flHK 
yK/iaAbiBaeTCíi b 6o/ibiuyio 6opo3AKy flHK. 

• Cnnpa/ib b wapHMpe BK/iaAbiBaeTca b Ma/iyio 
6opo3AKy flHK. 

• AKTMBHOMy penpeccopy cBOMCTBeHHa KOHcJjopMauMa, 

B KOTOpOM ABa flHK-CBÍ13blBaK)lAMX AOMeH3 OAHOrO 
AMMepa MoryT B3anMOAeíícTBOBaTb c AsyM/i 
noc/ieAOBaie/ibHbiMM BMTKaMM abomhom cnMpa/m flHK. 

• CBíi3biBaHMe MHAyKTopa c penpeccopoM npMBOAMT 
k HapyiueHmo cnMpa/ibHOM cipyKTypbi neuiM m 
M 3MeHeHMK) KOHCjjOpMaLlMM flHK-CBfl3blBaK)lAMX CaŇTOB 
T3KMM 06pa30M, HTO OHM, HaXOA^Cb B HenpaBM/lbHOM 
OpMeHTaUMM, CTaHOBflTCfl He CnOCOÓHbl OAHOBpeMeHHO 
(J}OpMMpOBaTb KOHTaKTbl. 

iwíh MyTaHTHbie c})eHOTMnbi Koppe/mpyioT co crpyKTypoíí 
OTAeAbHbix AOMeHOB penpeccopa 

• OnpeAe/ieHHbie TMnbi MyTauMíí cBOMCTBeHHbi OTAe/ibHbiM 
AOMeHaM cy6"beAMHMu penpeccopa. 

imŕi PenpeccopHbm 6e/iOK CBfl3biBaeTca c onepaTopoM 

• PenpeccopHbm 6e/ioK cBfl3biBaeTCfl c AByxuenoHeHHOM 
flHK-noc^eAOBaTe/ibHOCTbio onepaTopa. 

• OnepaTop npeACTaB/iaeT co6om na/iMHApoM a/imhom 26 nH. 

• Ka>KAbm MHBepTMpoBaHHbiíí noBTop onepaTopa 
CBfl3blBaeTCfl C flHK-CBA3blBaiOlAMM CaíÍTOM 

cyó'beAHHMUbi penpeccopa. 

CBB3biBaHMe penpeccopa c MHAyKTopoM npMBOAHT k 
ero OTAe^eHMK) OTflHK 

• CBfl3blB3HMe penpeCCOpa C MHAyKTopoM npMBOAMT K 
T3KMM M3MeHeHM5iM ero KOHcfjopMaLiMM, b pe3y/ibTaTe 
KOTopbix acJ)(J)MHH 0 CTb CBfl3biBaHMíi c flHK naAaeT M 
penpeccop OTAe/i/ieTCfl ot onepaTopa. 

ifeltá Penpeccop cnocoóeH CBA3biBaTb jpv\ onepaTopa m 
B 3aMMOAeíícTBOBaTb c PHK nojmNiepa30M 

• Ka>KAbiíí AHMep TeTpaMepHoro penpeccopa Mo>KeT 
CBfl3biB3Tb onepaTop, c/ieAOBaTe/ibHo, TeTpaMep MO>KeT 
CBfl3blB3Tb ABa OnepaTOpa OAHOBpeMeHHO. 

• Pea/iM3auMíi no/iHoíí penpeccMM TpeóyeT, HTo6bi 
penpeccop npOB33MMOA6MCTBOBa/l C AOnO/lHMTe/lbHblM 
onepaTopoM, pacno/io>KeHHbiM Bbiiue mjim HM>Ke ocHOBHoro 
onepaTopa, nepeKpbiBaiomerocfl c npoMOTopoM reHa íocZ. 

• CBfl3biB3HMe penpeccopa c onepaTopoM cnocoócTByeT 
CBH3blBdHMK) PHK nO/lMMepa3bl C npOMOTOpOM, OAH3KO 
npenBTCTByeT TpaHCKpMnuMM. 

>riu Penpeccop BcerAa cbb33h c flHK 

• BeJIKM, OÓ^aAaiOlAMe BblCOKOM a(J)(|)MHHOCTbK) K 

onpeAejieHHbiM nocjieAOBaTejibHocniM flHK, b 
OTHO iueHMM Bcex ocTa/ibHbix noc/ieAOBaTe/ibHocTeíí 
npOflB/lfllOT HM3KyiO 3(J)(J)MHHOCTb. 

• Ka>KAaB napa ocHOBaHMÉí 6aKTepMa/ibHoro reHOMa 
MO>KeT CTaTb Hana/iOM HM3Koa4)4)MHHoro caŇTa 
CBfl3biBaHMíi a/ib penpeccopa. 




12.21 


12.22 


12.23 


IWW1 


iPMA 


• Ha/iMHMe 6o/ibiuoro Ko/mnecTBa HM3Koa4)4)MHHbix 
caíÍTOB CBfl3biB3HMfl rapaHTMpyeT, hto Bce MO/ieKy/ibi 
penpeccopHoro 6e/iKa 6yAyT accouMMpoBaHbi c flHK. 

• Penpeccop HaxoAMT onepaTop, nepeMeuja/icb k HeMy 
no flHK ot c/iynaíiHoro caŇTa CBA3biBaHMfl, a He 
AM(J)ct)yHAMpyfl M3 pacTBopa. 

OnepaTop KOHKypnpyeT co cnyHaííHbiMM 
nocneAOBaTeAbHOCTBMM 3a cBB3biBaHMe c penpeccopoM 

• B OTcyTCTBMe MHAyKTopa acJ)(J)MHHOCTb penpeccopa 
k onepaTopy npeBbiiuaeT ero cpoactbo k c/iynaíiHOM 
noc/ieAOBaTe/ibHOCTM b 10 7 pa3. 

• Ko/iMnecTBo MOJieKy/i penpeccopa Ha K/ieTKy (oko/io 
10) — AOCT3TOHHO a/ia Toro, HTo6bi oóecnenMTb 
CBfl3biB3HMe onepaTopa b TeneHMe 96% BpeMeHM. 

• ľlpM Ao6aB/ieHMM MHAyKTopa pa3HMua Me>KAy 

a(j)(t)MHHocTbio penpeccopa k onepaTopy m k 
H ecneuMcJ)MHecKMM caíiTaM coKpamaeTC/i c 10 7 ao 10 4 . 
ľlpM 3 tom cBA3biBaeTCfl TO/ibKo 3% onepaTopoB. 

• llpMcoeAMHeHMe MHAyKTopa npMBOAMT k CMemeHMio 
penpeccopa c noc/ieAOBaTe/ibHocTM onepaTopa Ha 
c/iynaMHyio noc/ieAOBaTe/ibHocTb nyTeM np/iMOM 3aMeHbi 
OAHoro caŇTa Ha Apyroŕí. 

• 3tm napaMeTpbi MoryT 6biTb M3MeHeHbi nyTeM noBbiiueHMfl 
M/l M nOHM/KeHMfl 3(t)4)eKTMBHOM KOHUeHTpaUMM flHK 7/7 VIVO. 

PenpeccMB MO>KeT npoMcxoAmb cpa3y b HecKOAbKMx 
noxycax 

• Penpeccop MO>KeT AeíícTBOBaTb Ha Bce ynacTKM 
flHK, noc/ieAOBaTe/ibHocTb KOTopbix coBnaAaeT c 
noc/ieAOBaTe/ibHocTbio onepaTopa. 

l_lMKAO-AM0 — 3(|)C|)eKTOp, aKTMBMpyiOlUMM BPI_l 
m onocpeAytoiAMÍí ero AeíícTBMe Ha MHorne onepoHbi 

• BPI_l — aKTMB3TOpHblM 6e/10K, HeOÓXOAMMblíí A/l^ 
MHMUMaUMM TpaHCKpMnUMM Ha 33BMCMMblX OT HeľO 
npoMOTopax. 

• fl/i/i aKTMBauMM AMMepa BPfl HeoóxoAMMa OAHa 
MO/ieKy/ia uMK/iMnecKoro AMO. 

6PI_l (})yHK4MOHMpyeT Ha OCHOBe pa3AMHHblX 
MexaHM3MOB, AGÍícTByB npM 3 tom Ha pa3Hbie onepoHbi 

• CB/i3biBa/icb c BPfl, flHK M3rM6aeTC/i Ha 90°. 

• CaííTbi CB/i3biBdHM/i c BPfl b pa3Hbix onepoHax- 
MMlUeH/lX Xap3KTepM3yK)TC51 P33/1MMHOM /10K3/lM33AMeM 
OTHocMTe/ibHo npoMOTopa. 

• BPfl B33MMOAGMCTByeT C PHK-n0/lMMepa30M, OAH3KO 
AeTa/iM 3Toro npouecca 3aBMC/iT ot no/io>KeHM5i caMTa 
CBÍ13blBaHM51 BPfl OTHOCMTe/lbHO npOMOTOpa. 

TpaHCABUMB MO>KeT peryAMpoBaTbCB 

• Be/ioK-penpeccop MO>KeT pery/iMpoBaTb Tpac/i/iUMio, 
npenflTCTByfl CBB3blBaHMIO pMÓOCOMbl C MHMAMMpytOlAMM 
KOAOHOM. 

• C nOMOlAbK) M3MeHeHMÍÍ B CTpyKType nO/lMUMCTpOHHOM 
mPHK, B03HMK3101AMX B npOUeCCe TpaHC/l/lUMM, MO)KHO 
KOHTpO/lMpOB3Tb AOCTynHOCTb MHMUMMpyiOlAMX KOAOHOB. 

TpaHCABUMB pMÓOCOMaAbHblX ÓeAKOB 
KOHTpo/mpyeTCfl ayToreHHO 

• TpaHC/lflUM/1 pMÔOCOMa/lbHblX 6e/lKOB KOHTpO/IMpyeTCB 
oahmm M3 n po Ay kto b coócTBeHHoro onepoHa, 
CB/13blBaK)L4MMCÍl C nO/lMUMCTpOHHOM mPHK. 

CMHTe3 6eAKa p32 (J)ara T4 KOHTpo/mpyeTCfl 
ayToreHHO 

• p32 CB*3biBaeTCfl co CBoeíí coócTBeHHoŕí mPHK, 
6/lOKMpyfl MHMUMaUMK) TpaHC/l/lUMM. 

AyToreHHbiíí KOHTpoAb m cóopxa MaKpoMO/ieKyA 

• llpeAiuecTBeHHMK 6e/iKa MMKpoTpyôoneK, cBoôoAHbiM 
Ty6y/iMH, MHrMÓMpyeTTpaHc/i/iuMK) Ty6y/iMHOBOM mPHK. 

Pe3K)Me 
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12.1 


BBeAeHne 

KoHTpojib ypoBHH aKcnpeccHH reHOB moxcct ocymecT- 
BJíHTbCH Ha aioôom H3 HecKOJibKHx sTanoB peaflH3au,HH 
reHeranecKOH HH({)opMau,HH — TpaHCKpHnu.HH, npou.ec- 
CHHra mPHK h TpaHCAflu,HH: 

• Pery.nflLi.Hfl TpaHCKpHnu,HH oeymecTBAfleTCfl, KaK npaBH- 
JIO, Ha CT2.JXWW HHHU.HaU.HH. 3flOHraUHfl He 3aAeHCTB0- 
BaHa b MexaHH3Max kohtpoaa. PeryflflTopHoe bahahuc 
CTaAHH TepMHHaiJ.HH npOflBJIfleTCfl B TOT MOMeHT, KOľfla 
PHK-noflHMepa3a npHHHMaeT pemeHne, ocTaHaBAHBaTb 
TpaHCKpHnu.Hio Ha TepMHHaTope hak npoAOflxcaTb ee 
3a ero npeAeflaMH. 

• B ayKapnoTHHecKHx KJieTKax npou,eccHHr PHK peryjín- 
pyeTCfl Ha CTaAHAx MO/i.H(J)HKau.HH, cruiaHCHHra, TpaHc- 
nopTa hjih cTa6RJiH3auHH TpaHCKpnnTOB. B óaKTepn- 
ajibHbix KJieTKax mPHK cnocoÓHa BCTynaTb b npou,ecc 
TpaHCJiflu.HH cpa3y xce nocjie Toro, KaK éy/jeT CHHTe3npo- 
BaHa (rjih /jaflce bo BpeMfl cHHTe3a), b stom cflynae CTa/jna 
npou,eccHHra peryflflTopHbiM STanoM 6bm> He moxcct. 

• TpaHCflflu.Hfl (KaK h TpaHCKpHnu,Hfl) peryjinpyeTCfl, KaK 
npaBKJio, Ha STanax HHHu.nau.HH h TepMHHau,HH. 06- 
Ľu,He MexaHH3Mbi kohtpoaa CHHTe3a ôcakob aHaflorHH- 
Hbl MexaHH3MaM KOHTpOJIfl TpaHCKpHnu.HH: peryjiAiiHA 
cTa/íHH HHHu.Hau.HH h b tom, h b /jpyroM cflynae npOHC- 
xoaht no o/jhoh cxeMe. 

OcHOBHafl KOHu.enu.Hfl peryflflu.HH TpaHCKpunu,HH y 
ôaKTepuH 6bma cc{)opMyflHpoBaHa Ha ochobc KJiaccHHec- 
koh MOAeflH onepoHa, npeAfloxceHHOH >KaKo6oM h Moho b 
1961 rofly. yneHbie bhacahah b RHK ABa rana nocfle/jOBa- 
TeflbHocTeu: nocfleflOBaTeflbHOCTH, KOAupyiomne mpanc- 
aKTHBHbie npoAyKTbi, h í(wc-aKTHBHwe nocfle^OBaTeAb- 
HOCTH, AeHCTByiOmHe HCKAIOHHTeAbHO Ha CMOKHbie C HHMH 
ynacTKu HHK. AKTHBHOCTb reHOB peryjiupyeTCfl noepeAC- 
TBOM CneU.H({)HHHbIX B3aHM0ACHCTBHH mpClHC-ZKmBHblX 

npoAyKTOB (oóbiHHO — ócakob) c ^c-aKTHBHbiMH nocfle- 
AOBaTeAbHOCTflMH (OÓblHHO — OnpefleflCHHblX eaHTOB Ha 
flHK). B 6 oflee o6m,Hx TepMHHax: 

• TeH — nocfleAOBaTeAbHOCTb flHK, KO/jupyiomafl cnocoó- 

HblH K /].H(J)(J)y3HH npO/iyKT. 3T0T npOAyKT MOfleeT ÓbITb 
ócakom (b éoflbiiiHHCTBe cflynaeB) hah PHK (b CAynae 
reHOB, KOAupyiouiux tPHK h pPHK). Ocnoenou Hepmou 
mpanc-aKmuenozo npodyKmanejinemcn eomoMnocmb 
du00yndupoeamb u nponejinmb ceou 300eKm edcuiu 
omMecma cunme3a. JIio6oh reHHbin npo/jyKT, o6fla/ja- 
K)IIJ,HH 3THM CBOHCTBOM, CHHTaeTCfl mp^WC-aKTHBHblM. 

• Uuc -aKTHBHOH flBAfleTCfl AlOÓafl nOCAeflOBaTeflbHOCTb 
flHK, AAfl peaAH3au.HH (J)yHKu.HH KOTopou He TpeóyeT- 
cfl npeBpanj,eHHfl b /jpyryío (JiopMy (6caok, PHK), /jeHc- 
TByiomafl HCKAiOHHTeflbHo in situ h oKa3biBaiomafl CBoe 
BAHflHue TOAbKO Ha CMOKHbie c Hen ynacTKH RHK. (B 
HeKOTopbix CAynaflx sto moxcct ôbiTb He TOAbKO flHK, 
HO H PHK.) 

flAfl Toro hto6h pa3AHnaTb KOMnoHeHTbi peryAATop- 
hoh ceTH h reHbi, KOTopbie 3 th KOMnoHeHTbi peryflupyioT, 
mh ôyaeM noAb30BaTbCfl TepMHHaMH — cTpyiaypHbie h 
peryAflTopHbie reHbi. CTpyierypHbiM reHOM cnuTaiOT reH, 


KOflHpyioiij,HH óeflOK (hah PHK), o6ecneHHBaioiij,HH pa3H0- 
o6pa3ue cTpyKTypbi h ({)yHKu.HH BHyrpn kactkh, BKAionafl 
CTpyKTypHbie ôcakh, (JiepMeHTbi c KaTafluranecKOH aKTHB- 
HOCTbio h np. PeryjíHTopHWM reHOM cnuTaiOT reH, ko- 
AHpyioiij,HH ôeAOK (hah PHK), BOBfleneHHbiH b peryflflu,Hio 
SKcnpeccHH Apyrux reHOB. 

npocTeHinafl ({)opMa peryAflTopHou moacah npHBe/jeHa 
Ha p u c. 12 .I: pezymmopnuú zen Kodupyem ôejioK , kohyyi- 
ponupyiouÁtUú mpancKpuni^uK) nymeM 63aimodeúcni6un c 
onpedejienHbiM caumoM um caumcmu naJlHK. TaKoe B3a- 

HMOAeucTBHe MOxceT 0Ka3biBaTb Ha reH-MHmeHb KaK aKTH- 
BupyioiiJiee (noBbimeHue ypoBHfl SKcnpeccHH), TaK h HHru- 
6Hpyioiij,ee (cHHflceHHe ypoBHfl SKcnpeccHH) bahahuc. KaK 
npaBHAO, ynacTKH CBA3biBaHHA c peryflflTopHbiMH óeAKaMH 
pacnoAOxceHbi Ha RHK HenocpeACTBeHHO nepeA reHOM-MH- 
rneHbio. 

nocfleflOBaTeflbHOCTH RHK, o6o3HaHaiomHe Ha^aAO h 
KOHeu. TpaHCKpHnu.HOHHOH eAHHHu.bi (npoMOTop h Tep- 
MHHaTOp), ABAAIOTCfl npHMepaMH ^^C-aKTHBHbIX CaHTOB. 

ľlpoMomop cnocoôen unui^uupoeamb mpancKpuni^uK) 
mojibKO odnozo žena wiu zenoe, 0u3mecKU ceH3amux c 
hum u pacnojiOMeuHux e odnoú u mou ytce MOJieKyneJlHK. 
noxoxcHM o6pa30M TepMHHaTop cnocoóeH npeKpam.aTb 
TpaHCKpHnU.HIO TOAbKO TOH PHK-nOAHMepa3bI, KOTOpafl 
TpaHCKpHóupoBaAa pacnoAOxceHHbiH nepefl hhm reH(bi). 
npOMOTOp H TepMHHaTop npeACTaBAAIOT COÓOH UfUC- aK- 
THBHbie SAeMeHTbi, KOTopbie paeno3HaiOTCfl mpanc-2Ki\\B- 
HbiMH MOJieKyjiaMH k npuMepy PHK-noflHMepa30H (KpoMe 
noAHMepa3bi, b npou.ecc MoryT BOBAeKaTbCA h Apyrue pe- 
ryAATopHbie 4>aKTopbi). 

flonoAHHTeflbHbie ^^c-aKTHBHbie cauTbi nacTo npu- 
MbiKaiOT k npoMOTopHOH nocAeAOBaTeAbHOCTH hah nepe- 
MexcaiOTCfl c Hen. B óaKTepuaflbHbix KJieTKax paaom c npo- 
MOTOpOM (a 3HaHHT, B HenOCpeflCTBeHHOH ÓAH30CTH OT 
cTapTOBOH tohkh TpaHCKpHnu,HH) MOxceT ôbiTb pacnoAO- 
xceH oahh hah HecKOAbKO TaKHx cauTOB. B syKapuoTHHec- 
khx KJieTKax AonoAHHTeAbHbix peryAATopHbix ynacTKOB 
ropa3AO óoAbrne, h paenoAaraTbCfl ohh MoryT Ha 3Hann- 
TeAbHOM yAafleHHH ^pyr ot Apyra. 
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12.2 


Penpeccop 6/ioKľipyeT hhmlihbl^mk) 


HeraTMBHan h no 3 HTMBHaíi 
peryji5H4M5i 3Kcnpeccnn reHOB 


KmoneBbie nonnim: 


• ľlpn HeraTMBHOM peryjiíujMM 6e/iOK-penpeccop CBA3biBaeTCfl c 
onepaľopoM, 6/ioKMpya 3KcnpeccMio reHa. 

• ľlpi/l n03MTMBH0ÍÍ pery/lflUMM TpaHCKpMni^MOHHbm cjDaKTOp 
CB5?3biBaeTC5? c npoMOTopoM, cnocoócTBya m h m 14 m a 14 M M 
TpaHCKpnni 4 MM reHa PHK-no/iMMepa30M. 

lOiaccHnecKHM npHMepoM pery/miiHH y óaKTepnn AB/meT- 
ca neearnuenan pery/unina c noMombio penpeccopa-6e/i- 
Ka, 6/ioKnpyiomero SKcnpeccmo reHa. Ha p v\ c. 12.2 h3o 6- 
paaceHa ranHHHafl CHTyan,Hfl, npn KOTopon SKcnpeccnfl 
reHa oóecneHHBaeTca y3HaBaHHeM PHK-no/iHMepa3on ero 
npoMOTopa. Phaom c npoMOTopoM pacno/ioaceH Apyron 
^t/C-aKTHBHbIH CaHT, Ha3BaHHbIH OIiepaTOpOM H flB/IflK)- 
iu,HHca MHineHbK) j\nn penpeccopHoro 6e/iKa. Kor^a pen¬ 
peccop CBfl3biBaeTca c onepaTopoM, PHK-no/iHMepa3a He 
MO)KeT HHHu,HHpoBaTb TpaHCKpHnn,Hio, h SKcnpeccm eena 
euKJiTOHaemcH. 

AnbTepHaTHBoň HeraTHBHon pery/Mn,HH AB/meTCfl no- 
3umu6Hcm peryjiauna. Y óaicrepHH TaKOH cnocoó Kompo- 
jw Hcno^b3yeTca (bo3mo>kho) c toh ace nacroTOH, hto h 
HeraTHBHaa pery/miina, y syKapnoraHecKHx loieTOK no- 
3HTHBHaa pery mu,m BCTpenaeTCfl name. Jljm HHHi 4 Han,HH 
TpaHCKpnnuHH Ha npoMOTope PHK-no/iHMepa 3 a TpeóyeT 
ynacTna TpaHCKpnni^HOHHoro (|)aKTopa. Ha p m c. 12.3 
H3o6pa^ceHa CHTyan,Hfl, npn KOTopon syKapnoTHHecKHH 
reH He aKTHBeH: PHK-no/iHMepa 3 a He MoaceT caMOCToa- 
Te/ibHO HHHu,HHpoBaTb TpaHCKpHnn,Hio Ha npoMOTope. 
HeCKO/IbKO mp^HC-aKTHBHblX (J)aKTOpOB CBH3bIBaiOTCa c 
CaHTaMH-MHUieHflMH, paCnOJIO)KeHHbIMH no6/IH30CTH OT 
npoMOTopa. B3auModeúcmeue c neKomopbiMU U3 dmux 
<paKtnopoe cnocoôcmeyem unui^uai^uu mpancKpuntyuu 
PHK-nojiimepa30ú. 

O606114HB Bce 3 th AäHHbie, mo)kho cxa3aTb, hto pery/m- 
TOpHblH 6e/IOK — 3TO mp^WC-aKTHBHblH (j)aKTOp, KOTOpblH 
y3HaeT ^c-3/ieMeHTbi, pacno/ioaceHHbie (oómhho) nepe# 
pery/inpyeMbiM reHOM. OieACTBneM 3Toro B3anMOACHCTBHfl 
CTaHOBHTCH aKTHBau,Ha h/ih penpeccna reHa b 3aBHCHMOCTH 
ot Tnna perynaTopHoro 6e/iKa. TnnHHHbiM cbohctbom pery- 
m TopHbix 6e/iKOB HBJíaeTca hx cnocoÓHOCTb pacno3HaBaTb 
oneHb KopoTKne nocjieAOBaTejibHocra flHK, kuk npaBHJio, 
Ahhhoh MeHee 10 nH, HecMOTpa Ha to hto b AeHCTBHTe/ib- 
hocth 6e/ioK CBfl3biBaeTca c ropa3AO 60/ibuiHM no pa3Me- 
py ynacTKOM. npHMepoM MOxceT aiymYTb óaKrepna^bHbiH 
npoMOTop: PHK-no/MMepa3a npn HHHH,HaH,HH sxpaHnpyeT 
Ha JX HK > 70 nH, OAHaKo HeoóxoAHMbiM yc/iOBHeM y3HaBa- 
hhb (J)epMeHTOM npoMOTopa ABJunoTCfl ABe reKcaMepHbie 
nocjieAOBaTe/ibHocTH b no/ioxceHHax -35 h -10. 

CymecTBeHHoe ot/ihhhc b opraHH3an,HH reHOB npoxa- 
pnoT h syKapnoT 3aKjnoHaeTca b tom, hto OaKTepna^bHbie 
reHbi opraHH30BaHbi b KJiacTepbi, b to Bpem kuk syxapno- 
THHecKne reHbi (J)yHKn,HOHHpyioT HHAHBHAyajibHo. OpraHH- 
3an ,m CTpyKrypHbix reHOB b KJiacTepbi AenaeT B03M0>KHbiM 
HX KOOpAHHHpOBaHHblH KOHTpOJIb C nOMOUl,bK) OAHOrO 
npoMOTopa, b pe3y/ibTaTe nero bcb rpynna reHOB TpaHC- 


Zjuc-aKTMBHbiŕi onepaiop/npoMOTop pacno^o>KeH nepefl 
CTpyKTypHbiM reHOM (reHaMH) 

ľlpoMOTop Onepaiop CipyKTypHbiíí reH 

VVVV(VVVWW 

ľeH aKTHBeH: PHK-no/iMMepa3a nHni 4 nnpyeTTpaHCKpnni 4 HK) 
Ha npoMOTope 


\ 



PHK 


Be^OK 


1 


ľeH He aKTHBeH, Korfla penpeccop cbb33h c onepaTopoM 
Penpeccop 

I 




PUC. 12.2 npn HeraTMBHoŕí pery/iBi^MM mpoHc- aKTMBHbm penpec¬ 
cop CB5?3blBaeTCfl 1^1/C-aKTMBHblM OnepaTOpOM M BblK/llOHaeT TpaHC- 
KpMni^MK) 


TpaHCKpMm^MOHHbie (paKTopbi oéecneMMBaioT 
CBB3blB3HMe PHK nOI1MMepa3b! C npOMOTOpOM 


TEH HE AKTHBEH 


CTapTOBaB TOHK3 


ľlpOMOTOp 

I 


feH 




TEH AKTMBMPyETCfl C nOMOUÍblO AKTHBAT0P0B 
OaKTopbi, B3aHMOAeHCTByK)iMHe c PHK nonHMepa30H 


v v' v' V 
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PMG. 12.3 npn n03MTMBH0M pery/lSmMM mpaHC- aKTMBHbie 4>aKTOpbl, 
CBB3blBaflCb C t(t/C-aKTMBHblMM CafÍTaMM, CnOCOÓCTByiOT MHMpMaUMM 
TpaHCKpunuMM Ha npoMOTope 


KpHÔHpyeTCfl HJIH He TpäHCKpHÔHpyeTCH. B 3TOH ľ^aBC Mbl 
oóqoKflaeM MexaHH3Mbi TaKoro Kompou h hx pcajiim- 
UHIO y ÔaKTepHH. CpeflCTBa KOOpflHHHpOBaHHOrO KOHTpOM 
HecKoubKHx OTfle^bHO pacnojioxceHHbix 3yKapnoTHHecKHx 
reHOB oôcyxcflaroTCfl b rci. 25 «ÄKTHBaiíHK TpaHCKpHnuHH». 
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12.3 


3KcnpeccM*i reHOB, 
opraHM30B3HHbix b K/iaaepbi, 
pery/iMpyeTCíi KoopAMHupoBaHHO 


lOiiOMeBbie noHATMfl: 


• ľeHbi, KOflMpytoiiiMe 6enm co CMewHbiMH aKTMBHOcTflMM, 

MoryT pacno/iaraTbCfl paflOM n KOHTpojiwpoBaTbca KaK oflHa 
pery/iaTopHaa eflkiHkma, TpaHCKpn 6 npyeMaa b oflHy MOJiexy/iy 
no/imiMCTpoHHOíí mPHK. 


CTpyKTypHbie reHbi OaKTepHH, KaK npaBH.no, opraHH30BaHbi 
b KnacTepbi. OóbiHHO Knacrep BioiiOHaeT reHbi, Ko/i.Hpyioiij.He 
ÔeJIKH CO CMOKHblMH aKTHBHOCTflMH. TaKOe OÓ'beflHHeHHe 
xapaKTepHO, HanpHMep, jyw reHOB, KOflnpyiomHx 4)epMeH- 
th OAHoro MeTaóojiHnecKoro nym Hapa/jy c (J)epMeHTaMH, 
AeHCTBHTe^bHO yHacTByioiij.HMH b onpe/jejieHHOM npou,ecce 
6HOCHHTe3a, B KOOpflHHHpOBaHHO KOHTpOJIHpyeMyiO eflH- 
HHu,y MOiyr 6biTb BKMOHeHbi h flpyrae a^eMeHTbi, HanpH¬ 
Mep 6enoK, oTBeTCTBeHHbíň 3a TpaHcnopT Majibix cyócrpaT- 
hhx MOJieKyji b loieTKy. 

IlpHMepoM TaKOH perynaTopHOH eflHHHu,bi MOXceT cny- 
>KHTb miacrep lacZYA, cocroamHH hx Tpex cTpyKTypHbix 
reHOB lac. Ha pmc. 12.4 npe/jcTaBJíeHa opraHH3au,Ha reHOB, 
BXOAaiB,HX B 3TOT KJiaCTep, aCCOUHHpOBaHHbie C HHMH UfUC - 
äKTHBHbie perynaTopHbie 3/ieMeHTbi h mpanc -^ m>\\bm 
peryMTopHbin reH. KmoueebiM ceoucmeoM KJiacmepanejin- 
emai mpancKpuni^m ecex cocmaejimoii^ux ezo zenoe e odny 
MOMKyjiy nojiuiyucmponnou mPHK. TpancKpunipuH ecex ze¬ 
me KJiacmepa unuupupyemcH c odnozo npOMomopa. 

OepMeHTbi, KOAnpyeMbie reHaMH lac , no3BOJiaioT KJieT- 
KaM MeTa6o^H3npoBaTb p-ra;iaKT03Hflbi, k npHMepy jiaKTo- 
3 y. Pojih Tpex cTpyKTypHbix reHOB cne/iyiomHe: 

• TeH lacZ Ko/jnpyeT (JiepMeHT p-ra;iaKT03Hfla3y, aKTHB- 
Haa ({)opMa KOToporo npeflCTaBjíaeT coóoh TeTpaMep c 
MOJieKyjiapHOH MaccoH ~ 500 Kfla. OyHKu,Ha (^epMema 
3aionoHaeTca b pacmenneHHH MOJieKyjiH p-ra;iaKT03Hfla 
Ha cocraBnaiomHe ee caxapa. K npHMepy, aaKT03a pac- 
mennaeTca Ha r;noK03y h ra;iaKT03y (KOTopbie ncnojib- 
3yiOTca b AajibHeHineM MeTa6o;iH3Me). KpoMe Toro, b 
xo/je paóoTbi ({)epMeHTa o6pa3yeTca BaacHbiH npoMOKy- 
TOHHblH npOAyKT — p-l,6-aJUI0JiaKT03a, KOTOpblH TaiOKe 
ynacTByeT b peryjiau.HH. 


• TeH lacY KOAnpyeT p-rajiaKT 03 H/uiepMea 3 y, ôejiOK c Mo;ie- 
KyjiapHOH MaceoH 30 K^^a, CBa 3 biBaK)mHHca c MeMôpaHOH 
H aBJbnO'IIJ.HHCa KOMnOHeHTOM TpaHCnopTHOH CHCTeMbl. 
Oh TpaHcnopTHpyeT MOJieKyjibi p-rajiaKT 03 H^ 0 B b mieTKy. 

• TeH lacA KOflnpyeT p-rajiaKT03H/prpaHcau I eTH.jia3y, ({)ep- 
Mem, KaTajiH3HpyK}nj,HH nepeHoe au,eTHJibHOH rpynnbi 
ot aijemn-CoA k p-rajiaKT03H/jaM. 

Myraunn b reHax lacZ h lacY Moryr npHBOflHTb k lac re- 
HOTHny, npn KOTOpOM KJieTKH He MOryT HCn0JIb30BaTb JiaK- 
T03y. (06o3HaneHHe reHOTHna KaK «lao> 6e3 cneu,H(f)HKaTopa 
03HanaeT noTepio (pyHKUHH.) Myraunn b reHe lacZ Beflyr k 
yrpaTe (J)epMeHTaTHBHOH aKTHBHOCTH, hto npenaTCTByeT 
côpaxcHBaHHio aaKT03bi. MyraHTbi lacY He enoeoÓHbi hc- 
noab30BaTb aaKT03y cpe/jbi. (Y KneTOK lacA He oÓHapyace- 
ho KaKoro-;iH6o flec^eicra, h c[)yHKij,Ha 3Toro reHa ocTaerca 
HeBbiacHeHHOH. Bo3moxcho, hto peaKi^na au,eTHJiHpoBaHHa 
flaeT óaKTepnaM npeHMym,ecTBO npn pocTe b npHcyrcTBHH 
onpe^eaeHHbix HeMeTaôoaH3HpyeMbix aHajioroB p-rajiaKTO- 
3HflOB, nOCKOJIbKy 3Ta MOflHCpHKaUHa BCJICľ K HX AeTOKCHKa- 
U.HH H BbIBeAeHHK) H3 KJieTKH.) 

CncTeMa, BioiioHaioiij.aa b ceôa CTpyKTypHbie reHbi h 
saeMeHTbi, KOHTpojiHpyioiij.He hx SKcnpeecHK), ({)opMHpyeT 
no^Hyio perynaTopHyio eflHHHu,y, Ha3BaHHyio onepOHOM. 
AKTHBHOCTb onepoHa KOHTpoanpyeTca peryaaTopHbiM re- 
hom (reHaMH), óejiKOBbiH npoAyKT KOToporo B3aHMOAene- 
TByeT C ^^C-aKTHBHbIM CaHTOM-MHineHbK) Ha flHK. 


12.4 


reHbl laC KOHTpOillipyiOTCB 
penpeccopoM 


KaiOMeBbie noHATMa: 


• TpaHCKpMnuMa K/iaciepa reHOB lacZYA KOHTpoanpyeica 
penpeccopHbiM 6eaKOM, KOTopbiíí cBa3biBaeica c onepaiopoM — 
ynacTKOM flHK, nepeKpbiBafoiumvica c npoMOTopoM b očaacTM 
CTapTOBOíí tohkm TpaHCKpnni4MM Bcero Kaacľepa. 

• BeaoK-penpeccop — TeTpaMep, coctobiíimíí M 3 neTbipex 
oflMHaKOBbix GyčteflHHmi KOflMpyeMbix reHOM locl. 


OTjiHHHTb CTpyKTypHbie reHbi ot peryaaTopHbix moxcho no 
3(J)c})eKTy MyTau,HH. Myrauna b crpyKTypHOM reHe Be^eT k 
OT cyrcTBHio b KJieTKe onpeAeaeHHoro ôeaKa, KOAnpyeMoro 


OnepoH lac BiaiiOMaeT b ce6« u,uc- aKTMBHbie peryuBTopHbie aiieMeHTbi m 6eiiOK-KOAMpyioi4He CTpyKTypHbie reHbi 
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P V\ C. 12.^4 Ha onepoH lac npMxoflMTca ~ 6000 nH flHK. B aeBoíí nacm pacnoao>KeH reH lacl MMe- 
toiiiMM cbom co6cTBeHHbie npoMOTop m TepMMHaTop. KoHeu KOAMpytoiiieíí očaacTM reHa lacl Henoc- 
peflCTBeHHO npMaeraeT k lacP- npoMOTopy. OnepaTopy 0 cooTBeTCTBytoT nepBbie 26 HyKaeoTMflOB 
TpaHCKpnni 4 MOHHOM eflHHHUbi. ľeH lacZ, OTaMHafoiiiMííca 6oabiuoM npoTameHHOCTbio, HaMMHaeTca Ha 
39-m ocHOBaHMM, 3 a hmm caeflytoT reHbi lacZ, lacY v\ TepMMHaTop 
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3thm reHOM. MyTauna )Ke b peryjraTopHOM reHe bjihhct m 
3KcnpeccHio Bcex cTpyicrypHbix reHOB, KOTopbie oh koht- 
pojinpyeT. nocjieucTBHa t3khx MyTaijHH 3aBHarr ot rana 
peryjrau.HH. 

TpaHCKpHnuHa rpynnbi reHOB lacZYA KOHTpojinpyeTCfl 
pery^aTopHbiM ôcjikom, KOflnpyeMbiM reHOM lacl. ľeH lacl 
npHMbiKaeT k cTpyKTypH bi m reHaM, ho o6pa3yeT He3aBHCH- 
Myio TpaHCKpHnu.HOHHyiO eAHHHH,y CO CBOHMH COÓCTBeH- 
HbiMH npoMOTopoM h TepMHHaTopoM. B npHHu,Hne pery- 
jiaTopHOMy reHy lacl hct hcoóxoahmocth pacnojiaraTbca 
paaoM co crpyKTypHbiMH reHaMH, nocKOJibicy oh KOAHpyeT 
AH(J)(})yHflHpyK)iij l HH npo/íyKT. Oh cnocoóeH (jjyHKynoHHpo- 
BaTb c paBHoň 3(J)(J)eKTHBHOCTbK), pacnojiaraacb Ha jiioóom 
y/íajieHHH ot reHOB-MHineHen, flaxce b oiynae jioKajiH3au,HH 
Ha Apyroň MOJieKyne flHK (ioiaccHHecKHH TecT jym mpanc- 
aKTHBHoro perymrropa). 

SKcnpeccHa reHOB lac KOHTpojinpyeTca no npHHijHnaM 
HeraTHBHoň peryjmij,HH: onu OKcnpecupy?omcR do mex 
nop , noKa mpancKpuniyuR ne ôydem ôjiompoeana pezy- 
mmopHbiM ôejiKOM. B pe3ynbTaTe Myraunn, HHaKTHBHpy- 
K)m,eH peryjurrop, cTpyKTypHbie reHbi jiaKT03Horo onepoHa 
OCTaiOTCa B aKTHBHOM C0CT05IHHH. HOCKOJIbKy (})yHKIJHÍI 

npoAyKTa perymiTopHoro reHa lacl 3amnoHaeTC5i b ójiokh- 
poBaHHH SKcnpeccHH cTpyKTypHbix reHOB, oh 6bui Ha3BaH 
Lac-penpeccopOM. 

EejioK-penpeccop npeACTaBjíaeT coóoh TeTpaMep, co- 

CT05mj,HH H3 H/jeHTHHHblX CyÓ'beAHHHI], C MOJieKyjIfipHOH 
Maccofí 38 Kfla Ka^aa. Ha OAHy mieTKy AHKoro Tnna npn- 
xoAHTca ~ 10 TaKHx TeTpaMepoB. PaóoTa peryjiaTopHoro 
reHa He 3aBHCHT ot HaAHHHa b cpe/je cyôcrpaTa — Jiaicro- 
3 bi. Oh TpaHCKpnónpyeTca b MOHOu,HCTpoHHyio mPHK co 
cKopocTbio, KOTopaa onpeAejiaeTca cTeneHbio cpo/jcTBa ero 
npoMOTopa k PHK-nojiHMepa3e. 

Penpeccop cBa3biBaeTca c onepaTopoM (o6o3Hanae- 
mhm Kax Oi ac ) b CTapTOBOH TOHKe tuiacrepa lacZYA. One- 
paTop pacnojiaraeTca MOK^y npoMOTopoM (P hc ) h crpyK- 
TypHbiMH reHaMH (lacZYA). Ecjiu penpeccop C6R3ueaemcR c 
onepamopOM, ezo npucymcmeue ôjiompyem unui^uai^uio 
mpancKpuniyuu na npOMomope. Ha f v c npeAcraBjíe- 
ho cxeMaTHHHoe H3o6paxceHHe pernoHa, pacnojioxceHHoro 


ilpoMOTop h onepaTop nepeKpbieaiOTCfl 


CiapTOBa^ TOHKa 

/Amywvyjwm 
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PHC. 12 ..: Penpeccop n PHK-no/iUNiepa3a cBfl3biBaiOTC5i c caíÍTaMM 
onepoHa lac, nepeKpbiBatomMMMca b paííoHe crapTOBoŕí tohkm TpaHc- 
KpMnUMM 


b paňoHe CTapTOBOH tohkh crpyKTypHbix reHOB lac. Onepa- 
Top pacnojioxceH Me)KAy ocHOBaHHaMH -5 h +21, nepeKpbi- 
Baacb, t3khm oópa30M, c npaBbiM kohijom npoMOTopa. Eojiee 
AeTajibHO B3aHMOAencTBHe MOK^y penpeccopHbiM ôcjikom 
h PHK-no;iHMepa30H o6cyxc/i,aeTC5i b pa3A. 12.14 «Penpec- 
copHbiH óejiox cBa3biBaeTca c onepaTopoM» h pa3/j. 12.16 
«Penpeccop CBa3biBaeT Tpn onepaTopa h B 3aHMOflencTByeT 
c PHK-no^HMepa30H». 


12.5 


MhA yKuna lac onepoHa 


K/iiOMeBbie noHATMfl: 


• Mo/ieKy/ibi, HHAyuMpyKDiiiMe onepoH,/in6o ab/ibkdtcb cy6cipaTOM 
pňu c()epMeHTOB f KOflMpyeMbix 3 thm onepoHOM, jim 6 o o6/iaAatOT 
KaKMMM-TO OČiAMMM C nOTeHAMa/lbHblM cyČCTpaTOM CBOÍÍCTBaMU. 

• p-ra^aKT03Hfl — cy6cľpaT pj\n 4)epMeHTOB, KOAwpyeMbix lacZYA. 

• B OTcyrcTBHe p-ra^aKT03MAa reHbi lac- onepoHa 
3KcnpeccnpyK)TC5i Ha oneHb HH3 KOM ((J)ohobom) ypoBHe. 

• flo6aB^eHne onpeAe/ieHHbix p-ra/iaKT03HAOB MHAyAMpyeT 
TpaHCKpnni4MK) Bcex Tpex reHOB lac- onepoHa. 

• lac- mPHK KpaŇHe Hecia6n^bHa, b CB 513 M c neM 3c()ct)eKT 
MHAyKUHM Ha6/iK)AaeTC5i HenpoAOJUKHTe/ibHoe BpeMfl. 

• H h Ay KI4M51 onepoHOB MeTa6onnHecKMx (J)epMeHTOB cy6cTpaiaMn 
3 tmx (J)epMeHTOB m penpeccMfl onepoHOB 6nocnHTeTMHecKHx 
Ct>epMeHTOB npOAyKTaMM CfiepMeHTaTMBHOM aKTHBHOCTH 
npoMcxoAMT no oahmm m TeM >Ke MexaHH3MaM. 


BaKTepnaM HeoôxoAHMO yMeTb óbicTpo OTBenaTb Ha H3Me- 
HeHHH ycjiOBHH OKpy^KaiomeH cpeAbi. flocTynHOCTb Tex hjih 
hhwx nHTaTeAbHbix Benj,ecTB moxcct nocToaHHO MeHaTbca, 
h BbixoiBaeMOCTb b stom cjiynae óy^eT 3aBHceTb ot cnocoó- 
hocth nepeionoHaTb MeTa6oAH3M c o^Horo cyócrpaTa Ha 
ApyroH. 3KOHOMHHHOCTb Toxce HMeeT óo^bmoe 3HaneHHe: 
óaKTepna, KOTopaii b otbct Ha H3MeHeHna ycnoBHH oxpy- 
xcaiomeH cpe^bi ncno^b3yeT nyTH, Tpeóyiomne óoAbmnx 
SHepreTHHecKHx 3aTpaT, moxcct 0Ka3aTbca b HeBbiroAHOM 
nojioxceHHH. BaKTepna He CHHTe3npyeT 4)epMeHTOB Toro 
hjih HHoro nyTH b OTcyTCTBHe cooTBeTCTByiomero cyócrpa- 
Ta, ho cnocoÓHa b jnoóoe BpeMa HanaTb chhtc3 npn ero no- 

HBJíeHHH. 

Chhtc3 (J>epMeHTa b otbct Ha noaBjíeHHe b cpe/je coot- 
BeTCTByiomero cyócTpaTa nojiynnji Ha3BaHHe hh^yku;hh. 
3tot THn peryjiflu,HH rnnpoKO pacnpocTpaHeH y óaKTepnn 
H OAHOKJieTOHHblX SyKapHOT (APO^CH). KOHTpOJIHpyiOIAHH 
MexaHH3M Tanoro Tnna xapaKTepeH /yw opraHH3au,HH re- 
HOB JiaKT03HOH CHCTeMbI E. COlL 

npn BbipaiAHBaHHH KAeTOK E. coli B OTCyTCTBHe p-ra- 
JiaKT03HAa, OHH npOH3BOAAT OHCHb HeÓOJIbUIOe HHCJIO mo- 
jieicyA (JjepMema p-ra;iaKT03HAa3bi, HeoóxoAHMoro jy w 
MeTa6ojiH3Ma p-ra;iaKT03HAOB (MeHee 5). npn AOÓaBJíeHnn 
cooTBeTCTByiomero cyócTpaTa cjDepMeHTaTHBHaa aKTHB- 
HOCTb npoaBJíaeTca b óaKTepnajibHbix loieTKax oneHb 6bic- 
Tpo. nepBbie MOJieKyjibi c^epMema noaBjíaiOTca b TeneHne 
2-3 MHHyT, H BCKOpe HX KOJIHHeCTBO AOCTHraeT > 5000 
MOJieKyji (J>epMeHTa Ha o^Hy óaKTepnajibHyio mieTKy. (npn 
onpeAejieHHbix ycjiOBHax Ha aojiio p-ra;iaKT03HAa3bi mojkct 
npnxoAHTca 5-10% ot o6m,ero pacTBopHMoro óejiKa mieT- 
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BKcnpeccHfl reHOB lac 3aBHcm ot HHflyKTOpa 



PMC. 12.6 flo6aB/ieHMe MHflyKTopa npMBOflm k ôbicrpoŕí MHAyKLiMM 
CMHTe3a lac m PH K, nocne nero c/ieAyeT He6o/ibiija5i 3aflep>KKa, noc- 
jie nero noBbiwaeTCfl n ypoBeHb npoflyKiiMM c()epMeHTa; cpa3y nocne 
yfla^eHUB MHAyKTopa nponcxoflm ocTaHOBKa cMHTe3a 


mPHK, nOSTOMy (J)epMeHTaTHBHa5I aKTHBHOCTb COXpaHaeTCH 
Ha HHAyu.HpoBaHHOM ypoBHe AOJibine. 

TaKOH ran óbicTporo OTBeTa Ha H3MeHeHHfl b cocTaBe 
nHTaTejibHOH cpe/jbi HaójnoAaeTCH He TOJibKo npH Heoóxo- 
Ahmocth HcnoAb30BaTb HOBbie cyócTpaTbi. Oh HcnoAb3yeTca 
TaioKe jyw BbiKAiOHeHHfl CHHTe3a SHAoreHHbix coeAHHeHHH 
npn hx BHe3anHOM noaBJíeHHH b cpe^e. HanpHMep, E. coli 
CHHTe3HpyeT aMHHOKHCJiOTy TpHnTO(J)aH npH ynacTOH (f>ep- 
Mema TpnnTO({)aH-cHHTa3bi. Ó^HaKO, ecjiH b cpe^e, Ha ko- 
Topoň pacTyr ôaKTepHH, npncyTCTByeT TpHnTcxjiaH, chhtc 3 
4>epMeHTa HeMe/yieHHO npeKpamaeTca. 3 to HBjíeHHe nojiy- 
hhjio Ha3BaHHe penpeccHH. Oho no3BOAaeT óaKTepnajib- 
hoh KAeTKe H3óexcaTb TpaTbi cbohx pecypcoB Ha HeHyxHyio 
B AaHHblH MOMeHT CHHTeTHHeCKyiO aKTHBHOCTb. 

HHAyKu,Hfl h penpeccna npe/jcTaBjraioT coóoh pa3Hbie 
CTopoHbi oahoto h Toro xce aBjíeHHa. B oahom cjiynae óaK- 
TepnajibHaa mieTKa peryjiHpyeT cboio cnocoÓHOCTb k hc- 
nojib30BaHHio HMeionieroca cyócTpaTa (jiaKT03bi); b ApyroM 
OHa peryjinpyeT cnocoÓHOCTb k CHHTe3y onpeAejieHHoro 
npoMe^cyroHHoro KOMnoHema MeTaóouHHecKoro nym 
(HeOÓXOAHMOH aMHHOKHCJIOTbl). Ka^blH THn peryJWLI.HH 
onocpe/íyeTca MajibiMH MOJieKynaMH, KOTopbie HBjraioTCfl 
jihóo cyócTpaTOM jym (JiepMeHTa, môo npoAyKTOM cf>ep- 
MeHTaTHBHoň aKTHBHOCTH cooTBeTCTBeHHO. Majibie MOJie- 
Kyjibi, HHAyu.npyioiiJiHe o6pa30BaHHe MeTaóojiH3Hpyioii];Hx 
HX (J)epMeHTOB, Ha3bIBaiOT HH,ayKTOpaMH. Tex 3Ke, KOTO- 
pbie npeAOTBpaiiJiaiOT o6pa30BaHHe CHHTesnpyiomHx hx 
(J)epMeHTOB, Ha3biBaioT KopenpeccopaMH. 


kh.) npH y/jajieHHH cyócTpaTa H3 cpe/íbi chhtc 3 (JiepMeHTa 
npeKpauj,aeTca TaK xce óbicTpo, KaK óbui HanaT. 

Ha pmc. 12.6 npHBefleHbi ocHOBHbie nepTbi npou,ecca hh- 
AyKu,HH. Kax noKa3aHO b BepxHen nacTH pncyHKa, ypoBeHb 
SKcnpeccHH reHOB lac óbicrpo MeHaorca b otbct Ha HH/jyK- 
uyao. B oTcyrcTBHe HbmyKTopa onepoH TpaHCKpHÓnpyeTca 
Ha OMeHb HH3KOM (JxiHOBOM ypOBHe. flOÔaBAeHHe HH/iyK- 
Topa CTHMyjinpyeT TpaHCKpHmj,Hio; kojihhcctbo lac- mPHK 
ôbicrpo noAHHMaeTca ao HH/iyij.HpoBaHHoro ypoBHa, hto ot- 
pa)Kacr óajiaHc Me*Ay chhtc30m h AerpaAau,HeH mPHK 
lac- mPHK KpaňHC HecTaÓHJibHa, nepnoA ee nojiypacna- 
Aa cocTaBjíaeT ~3 MHHyTbi. 3 to cbohctbo mPHK no3Bo;raeT 
ôbicTpo CHHMaTb scjxjieKT HHAyKlj.HH. TpaHCKpHnu,H5i npe- 
KpamaeTca, KaK TOJibKO y^ajineTca HHAyKTop. B oneHb ko- 
POtkhh npoMe^cyroK BpeMeHH bch jiaKT03Haa mPHK .aerpa- 
ppyeT h ee ypoBeHb b ioieTKe B03BpaiyaeTca k (J)OHOBOMy. 

flHHaMHKa CHHTe3a ôe^Ka npHBeAeHa b hhxchch nacTH 
pncyHKa. B pe3y^bTaTe TpaHCAaij,HH lac- mPHK o6pa3yeTca 
p-rajiaKT03HAa3a (h npo/jyKTbi Apyrnx jiaKT03Hbix reHOB). 
3aAep)KKa mok^Y noaBjíeHHeM toc-MPHK h noaBjíeHHeM nep- 
bhx MoneKyji noAHoro c^epMema oneHb HeôoAbmaa (Me^qy 
MOMeHTOM npeBbimeHHH ypoBHa tec-MPHK HaA (Jiohobhm 
h yBe;iHHeHHeM Ko^nnecTBa óe^Ka npoxoAHT ~ 2 MHHyTbi). 
ílpHMepHO CTOJIbKO )Ke BpeMeHH npoxoAHT MOKAy TOHKa- 
mh, Koiyja ypoBHH mPHK h ôe^Ka AoeraraioT MaKCHMyMa. 
npn yAaiieHHH HHAyKTopa cumt3 (J>epMeHTa noHTH HeMeA- 
jieHHo npeKpamaeTca (KaK TOJibKo AerpaAHpyeT mPHK). Mo- 
jieKyjibi p-ra;iaKT03HAa3bi 6o^ee cTaÓHAbHbi, neM MO^eKyAbi 


12.6 


Ma^bie Mo/ieny/ibi MHAyxTopa 

KOHTpOilMpyiOT aKTHBHOCTb 

penpeccopa 


KniOHeBbie noHHTMH: 


• MHflyKTopbi AeMCTBytOT Ha penpeccopHbiíí 6e/iOK, noHkDKan 
ac()ct)MHHOCTb ero CBH3biBaHMH c onepaiopoM. 

• Penpeccop HMeeT Aea caŕÍTa cBH3biBaHMH: oamh a/i^ 
CBH3blBaHMH C OnepaTOpOM, Apyroŕí — C MHAyKTOpOM. 

• Penpeccop HHaKTHBkipyeTCH b pe3y/ibTaie a/i^ocTepnHecKMx 
B3aMMOAeŕíCTBHM C MHAyKTOpOM, M3MeHHK)lAMX CBOÍÍCTBa eľO 

flHK-CBH3biBaK)iAero caňia. 


CnocoÓHOCTb COeAHHeHHH ACHCTBOBaTb B KaneCTBe HH- 
AyKTopa hjih Kopenpeccopa BbicoKocneu.HCpHHHa. B npo- 
n,ecc MOiyr BionoHaTbca TOJibKO cyócTpaTbi/npoAyKTbi hah 
ÓAH3 KopoACTBeHHbie MOJieKy/ibi. B óoAbuiHHCTBe CAynaeB 
aKtnuenocmb ccrnozo undynmopa ne 3aeucum om e zo 63a- 
UModeúcmem c (fiepMenmoM. npnpoAHbiM HHAyKTopoM 
AAH CHCTeMbI lac CJiy^KHT nOÓOHHblH npOAyKT paÓOTbl 4>ep- 
Mema lacZ — p-l,6-aAA0AaKT03a, oópasyioiAHHca b pe- 
3yAbTaTe TpaHCTAHK03HAHp0BaHH5I p-l,4-CBH3H B JiaKT03e 
KpoMe toto, aAA0AaKT03a ABAfleTca cyócTpaTOM rjm lacZ 
h He coxpaHfleTca b imeTKe. HeKOTopbie MOJieKynbi OHeHb 
noxoxcH Ha npnpoAHbie HHAyKTopbi toc-onepoHa, ho He 
MOryT MeTaÓOAH3HpOBaTbCH (J)epMCHTOM. HpKHM npHMe- 
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poM MoaceT cny^KHTb H 3 onpon™THora^aKTonHpaH 03 Hfl 
(HľlTr), OflHH H 3 HeCKOJIbKHX THOraJiaKT 03 H/I,OB C TaKHMH 
CBOHCTBaMH. HUTY aBJíaeTCa OHeHb 3 (J)(})eKTHBHbIM HH/I.yK- 
TopoM, xoTa h He y 3 HaeTca p-rajiaKT 03 HAa 30 H. 

MoJieKyjibi, HHAyn.npyioiij.He chhtc3 (J)epMeHTOB, ho He 
MeTa6o^H3HpyeMbie hmh, nojryHRnn Ha3BaHHe HeMeraóo- 
jin3HpyeMbix HH^yKTOpOB. Ohh OKa3a;iHCb KpaňHe no- 
jie3HbiMH ÓJiaro/japa hx cnocoÓHOCTH coxpaHaTbca b KaeTKe 
B HCXO/JHOM C0CT05IHHH. (PiCTHHHblH HH/iyKTOp 6bUI 6bl Me- 
Ta6o^H3npoBaH, 4T0 npenaTCTBOBajio 6bi H3yneHHio cncTe- 
Mbi.) CymecTBOBaHHe cTa6n;ibHbix HH/jyKTopoB no3BOJin;io 
ycTaHOBHTb BaxcHbiH cJ)aKT. YIomumo (pepMenmoe, cucmeMa 
dojiMna GKJiTOHamb e ceôn donojinumejibnue KOMnonenmu, 
cnoco6nuey3Haeamb coomeemcmeyiou^uú cyôcmpam; ama 
cnocoÔHOcmb (y3naeamb podcmeennue nomenu í uajibHue 
cyôcmpamu) onuimaemcn om mameoúy (pepMenma. 

KoMnoHeHTOM CHCTeMbi, OTBenaiomn m Ha HHAyKTop, 
aBJíaeTCa penpeccopHbiH 6e;iOK, KOAnpyeMbin reHOM lacl 
CTpyKTypHbie reHbi lacZYA TpaHCKpnónpyioTca b o/jHy mo- 
jieKy/iy mPHK, TpaHCKpnniiHa HanHHaeTca c npoMOTopa, 
paenojioaceHHoro HenocpeflCTBeHHO nepe/j reHOB lacZ. Ot 
paóoTbi penpeccopa 3aBHCHT, npoH30H^eT jih HHHu,Hau,Ha 
TpaHCKpHnu.HH Ha npoMOTope: 

• Kax noKa3aHO Ha p m c. 12.7 , b oTcyTCTBHe HH^yKTopa 
reHbi He TpaHCKpHÓnpyioTca, nocKOJibicy penpeccop b 
CB oeň aKTHBHoň (J)opMe cBa3aH c onepaTopoM. 

• Kax noKa3aHO Ha pmc. 12 . 8 , npnAOóaBaeHnn HH^yicropa 
penpeccop npeBpamaeTca b cjiopMy, KOTopaa He cnocoô- 
Ha CBa3biBaTbca c onepaTopoM, ;ih6o b cjDopMy, KOTopaa, 
o6;iaAaa noHH)KeHHOH a^^HHHOCTbio k onepaTopy, ot- 
AeaaeTca ot Hero. ľlocjie 3Toro TpaHCKpHnu,Ha hhhijhh- 


pyeTca Ha npoMOTope h npoAOJDKaeTca jip TepMHHaTopa, 
pacno;ioaceHHoro 3a 3'-kohu,om reHa lacA. 

KpnTHHecKoe 3HaHeHne/yia peryjiaTopHon cncTeMbi HMe- 
eT cnoeoÔHOCTb penpeccopa 6/iOKHpoBaTb TpaHCKpnnu.Hio h 
y3HaBaTb Majibie MoaeKyjibi HHAyKTopa. Penpeccop oánaAaeT 
flByMa yqacTKaMH CBa3biBaHHa, o/jhh npeAHa3HaneH /ym one- 
paTOpa, APyPOH — AAfl HH/iyKTOpa. ľlpn CBa3bIBaHHH HHAyKTO- 
pa co cbohm ynacTKOM KOHcjiopMaLi.Ha penpeccopa H3MeHa- 
eTca TaKHM o6pa30M, hto OKa3breaeT BAHaHne Ha aKTHBHOCTb 
canTa CBa3biBaHHa c onepaTopoM. Tanon Tnn B 3 aHMOAencTBHa 
nonymm Ha3BaHne ajuiocrepHHecKoro Kompojia. 

Hhavkij,ha onocpe^ycT KoopAHHHpOBaHHyio pery- 
jihu,hio, npn KOTopoH ece ženu axcripeccupyiomcR (unu ne 
axcripeccupyiomcn) odnoepeMenno. TpaHCJiau.Ha mPHK ocy- 
nj,ecTBaaeTca nocaeAOBaTeJibHO c 5'-KOHu,a. 3to oó^acHaer, 
noneMy npn HHAyKu,HH CHanajia noaBjíaeTca p-ra;iaKT03H- 
Aa3a, 3aTeM p-raaaKT03HA-nepMea3a n, HaKOHeu,, p-rajiaKTo- 
3HA-TpaHcau,eT™a3a. TpaHcaau,Ha npo/jyKTOB Tpex reHOB c 
o/jhoh MoaeKyabi mPHK oó^acHaer Taioice, noneMy othoch- 
TeabHbie KoannecTBa Tpex (J>epMeHTOB ocTaiOTca nocToaH- 
HbiMH npn BapbHpytom.Hx ycaoBnax HH^yKynn. 

HHAyKu,na cjiyacHT cnmajiOM k SKcnpeccnH reHOB. 
HHAyKTopbi MOiyr OTannaTbca no CBoen 3(f)(f>eKTHBHOcm 
KpoMe Toro, Ha aócoaiOTHbiH ypoBeHb TpaHCKpHnu,HH n 
TpaHcaau,HH MOiyr BanaTb n Apyrne ({)aKTopbi, OAHaxo co- 
OTHomeHne Meac/iy npo/iyKTaMH Tpex reHOB npeAonpeAeae- 
ho opraHH3au,HeH reHOB. 

Moxcho 3 aMeTHTb HeKHH napa^OKc b opraHH3aunn 
paóoTbi onepoHa. JIaKT03Hbin onepoH co/jepacHT b cbocm 
cocTaBe cTpyKTypHbiH reH (lacZ), KOTopbin KOAnpyeT ({)ep- 
Mem p-ra;iaKT03HAa3y, HeoóxoAHMbiH /yia MeTa6oan3Ma 


TeTpaMepHbiM 6ejioK-penpeccop CBii3biBaeTCii 
c onepaTopoM, TeM caMbiM npeAOTBpamafl TpaHCKpMnuMio 


TeipaMep CBíi3biBaera c onepaTopoM 
m 6/ioKMpyeT TpaHCKpuni^mo 

m\ \*A/\'\'\rK/A/\A 



\ 


lacA 


MoHOMep 


ľeH lacl KOflMpyeT 
MOHOMepbi penpeccopa. 
KOTopbie accoi^MupyioT. 
o6pa3yB TeipaMep 

TeipaMep 


M h Ay kto p MHaKTMBMpyeT penpeccop, 
BOCcraHaBiiMBan BKcnpeccMio reHa 


MHflyKTOP — * 
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MHflyKTop npeBpaiuaei 
penpeccop reHOB lac 

B HeaKTMBHyiO (j)opMy 
KOTopaB He cnocoÔHa 
CBB3blBaTbCB 
—c onepaTopoM 
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PHK-no^MMepa3a 1 

CBB3blBaeTCB C npOMOTOpOM i 

nTpaHCKpw6npyeT PHK 


C MPHKTpaHC^MpyiOTCB I 
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PHC. 12.7 Penpeccop, cBfl3aHHbiíí c onepaTopoM, noflflep>KMBaeT/í7C- 
onepoH b HeaKTMBHOM coctobhmm. KaK noKa3biBaeT crpyKTypa Kpwc- 
Taa/ia, penpeccopHbiíí 6eaoK o6pa30BaH cepMeíí cB5i3aHHbix aomchob 
(CM. HkDKe) 


PMC. 12.8 ľlpn Ao6aBaeHMM MHflyKTopa penpeccop nepexoAm b 
HeaKTMBHyio c()opMy, HecnocoČHyto CB5i3biBaTbC5i c onepaTopoM. 
3to no3BoafleT PHK-noanMepa3e 6ecnpen5iTCTBeHHO MHMUMMpoBaTb 
TpaHCKpMnUMK) 
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caxapa; oh Tax>xe BxniOHaeT b ce6a reH lacY, xoAnpyfomnn 
6e;iox, HeoôxoflHMbiH /yiH TpaHcnopTa cyôcTpaTa b x^eTxy. 
Kax)xe HHflyKTop npoHHKaeT b ioieTKy h HannHaeT npoijecc 
HHAyxijHH b tom cjiyHae, eejín onepoH HaxoAHTca b penpee- 

CHpOBaHHOM C0CT05IHHH? 

flBe ocoóeHHOCTH opraHH3au,HH onepoHa b jiioóoh 
MOM eHT oôecnenHBaioT MHHHMajibHoe xojihhcctbo óejixa 
b ioieTxe, AOCTaTOHHoe rjix Toro, htoóh 3anyeraTb npo- 
uecc. Bo-nepBbix, sto sxcnpecena onepoHa Ha (Jdohobom 
ypoBHe: A^xce b oTcyTCTBHe HHAyxu,HH oh sxcnpecen- 
pyeTca Ha hh3kom ypoBHe (0,1% ot HHAyunpoBaHHoro 
ypOBHfl). Bo-BTOpbIX, HeKOTOpbie HHAyKTOpbl CnOCOÓHbl 
npoHHKaTb b loieTKy 6e3 ynacTna cneu,HaJibHon cncTeMbi 
TpaHcnopTa. 


12.7 


OnepaTop momího 

OÓHapyjKMTb C nOMOlUbK) 
íftfC-aKTMBHblX MyTdUMM 


K/iiOMeBbie noHATMfl: 


• Pe3y^bTaTOM Myiaunií b onepaiope BB/ifleTCB KOHCTmyTMBHafl 
3KcnpeccnB Bcex Tpex cipyKTypHbix reHOB lac- onepoHa. 

•34)()DeKT4tyc-aKTHBHbix Myiai4MM cKa3biBaeTCB mnbKO Ha reHax, 
pacno/ioweHHbix Ha CMewHOM c onepaiopoM ynacTKe flHK. 


MyraijHH, saTparaBaiomne sjieMeHTbi perymrropHOH cera, 
Moryr ójiOKnpoBaTb SKcnpeccHio onepoHa jihóo Bbi3biBaTb 
HeKOHTpoJiHpyeMyio ero sxcnpeecnio. OnepoHbi, KOTopbie 
b pe3y^bTaTe MyTaunn TepaiOT enoeoÓHOCTb sxcnpeeenpo- 
BaTbca, Ha3biBaiOTca HeHH^yijHpyeMbiMH. 3xcnpeccnio 
reHOB, ocymecTBjíaeMyio He3aBHCHMO ot /je hctbh5i peryjw- 
TopoB, Ha3biBaiOT KOHCTHTyTHBHOH sxcnpeccnen. MyraH- 
TOB, OÓaaAaiOmHX T3XHM CBOHCTBOM, Ha3bIBaiOT KOHCTHTy- 
THBHblMH MyTaHTaMH. 

KoMnoHeHTbi perymľropHon ceTH MoryT óbiTb oÓHa- 
ppceHbi c noMonj,bio MyTaunn, ejiumomux na aKcnpeccwo 
ecex cmpyKmypHux zenoe, pacnojiazancb npu amoM 3a ux 
npedejiOMU . Taxne MyTaijHH moxcho pa3AejinTb Ha ABa KJiac- 
ca: npoMOTop h onepaTop xax MnrneHH aj ia peryaaTopHbix 
6e;iKOB (PHK-noaHMepa3a h penpeccop, cooTBeTCTBeHHo). 
Myraunn, ÓJioxnpyiomne BbipaóoTxy mpäWC-axTHBHoro 
npOAyKTa, n03B0JIHJIH HAeHTH({)HI] 1 HpOBaTb Jioxyc lacl xax 
reH penpeccopHoro óejixa. 

Hcxoaho onepaTop 6biJi oÓHapyoxeH óaaroAapa xohc- 
THTyTHBHbiM MyTaunaM (o6o3HanaeMbiM O), CBHAeTeabc- 
TByioiAHM, hto 3Ta oóJiacTb, noepeMdennan MymaiyuRMu, 
ne Hyecmeyem du00yndupyK)w,ezo npodyKtna. 

CrpyxTypHbie reHbi, CMOXHbie c mcctom Myraunn O, 
SKcnpeccnpoBaaHCb xoHCTHTyraBHO, hto oé^acHacTca 
MyraijHOHHbiMH H3MeHeHnaMH onepaTopa, npeAOTBpa- 
maioiAHMH CBa3biBaHne c hhm penpeccopa. B pe3yjibTaTe 
penpeccop oxa3biBaeTca He cnocoóeH npenaTCTBOBaTb 
HHHAHau.HH TpaHcxpHnu,HH PHK-nojinMepa3on. OnepoH 
SKcnpeccHpyeTca xoHCTHTyTHBHO, xax sto noxa3aHO Ha 
PUC. 12.9. 


Onepamop cnocoôen Konmpojiupoeamb mojibKO pac- 
nojioMennue pndoM c hhm ženu lac. Ecjih b óaxTepnajibHyio 
xjieTxy bbccth BTopon toc-onepoH (Ha He3aBHCHMon MOJie- 
xyjie HK), xoTopbin 6yAeT coAepacaTb cboh coóctbchhhh 
onepaTop, ABa onepaTopa He óyAyT BjinaTb Apyr Ha Apyra. B 
tom ejiynae, xorAa onepoH HMeeT onepaTop Auxoro Tnna, 
oh 6yAeT penpeccnpoBaTbca npn oóbiHHbix yeaoBnax, TorAa 
xax BTopon onepaTop c MyTaunen O 6yj\cr paóoTaTb xa- 
paxTepHbiM ajia Hero nyTeM. 

3th cBOHCTBa no3Bo^ax)T onpeAejíHTb onepaTop xax th- 

nHHHblH ^C-aXTHBHbIH CaHT, HbH (^yHXAHH 3aBHCHT OT y3- 

HaBaHna ero noejieAOBaTejibHOCTH onpeAejieHHbiMH mpanc- 
axTHBHbiMH (JiaxTopaMH. OnepaTop xoHTpoanpyeT cMOKHbie 
c hhm reHbi He3aBHCHMO ot npneyTCTBHa b xaeTxe Apyrnx 
a juitndd AaHHoro canTa. MyTaunn b TaxoM canTe — x npnMe- 
py, O c -MyTau,Ha — Ha3biBaiOT {(Iíc-^omhh^hthbimh. 

fljw Myran,HH, npoH3omeAuien b ^^c-axTHBHOM canTe, 
hcbo3mo)xho onpeAeaHTb npnHaAnoxHOCTb x rpynne xoMn- 
jieMeHTau,HH. (CnoeoÓHOCTb x xoMiuieMeHTau.HH xapaxTepHa 
Tonbxo ajw reHOB, sxcnpeccnpyeMbix c o6pa30BaHneM a hcJ)- 
(jDyHAHpyK}Hj,ero npoAyxra.) KorAa ABa ^c-axTHBHbix canTa 
pacnonoxceHbi 6^h3xo Apyr ot Apyra — HanpnMep, npoMO- 
Top n onepaTop, — Mbi He moxccm x^accH(J)HLi 1 HpoBaTb Myra- 
u,hh c noMonj,bK) xoMnneMeHTau.noHHoro TecTa. Mbi moxccm 
pa37IHHHTb HX TO^bXO nO BJIHaHHK) Ha cjieHOTHn. 

Z|^c-AOMHHaHTHOCTb xapaxTepHa jyw ^io6oro canTa, 
(pmmecKu censannozo c Koumpompymou noaiedoeamejib- 
HocmbK). Ecjih xoHTpojinpyionj.nň caňT (JjyHXunoHnpyeT xax 
nacTb nojinu,ncTpoHHOň mPHK, Myraunn b hcm óyAyr npo- 
aBjíaTb tohho mamu xce mun lyuc-doMunaumnocmu, xax 
ecjín 6bi oh (jDyHxu.noHnpoBaji b Jl HK BaxcHO OTMeTHTb, hto 


KoHCTMTyTMBHbiíí MyiaHTHbiM onepaTop 
He cnocoóeH cB»3biBaTb penpeccop 


t 
í 

0 C onepaTop 


/ ' 

/ Penpeccop He MoweT CBíi3aTbCíi 
i c MyiaHTHbiM onepaiopoM 



OnepoH TpaHCKpn6npyeTCíi 
n TpaHC^MpyeTCíi 
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KoHCTmyTMBHbie Myiaunn b onepaiope 6/iOKnpyK)T ero 
CB5i3biBaHne c penpeccopoM, b pe3y/ibTaTe nero PHK-nonnMepa3a 
no/iynaei AOCTyn k npoMOTopy. MyTauHH 0 C b/imbkdt TO/ibKO Ha cMe>K- 
Hbie c MecTOM MyľauMH cľpyKTypHbie reH bi n noTOMy othocbtcb k u,uc- 
aKTMBHblM 
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KOHTpOJIHpyiOIIJ.HH C3HT B paCCMOTpeHHOM npHMepe flOJDKeH 
6biTb ({)H3HHecKH cu,emieH c reHaMH, KOTopbie oh peryjiHpyeT. 
ľlpHHeM c reHemnecKOH tohkh 3peHna He HMeeT 3HaneHHa, 
HaxoAHTca cafíT h reHbi BMecre Ha flHK kjih Ha PHK 


Pery/iíiTopHbiM reH mo>kho 
B bMBMTb C nOMOlMblO 
mpOHC-aKTMBHblX MyTaUMM 


KjitoneBbie noHmw. 


• 7pawc-aKTMBHbie NiyTaiikiM reHa locl OKa3biBatOT acf^eKT Ha 
3KcnpeccnK) Bcex reHOB K/iacrepa lacZYA 6aKTepnn. 

• MyiauHH, 6^0KMpytoiiine c()yHKUMK) reHa lacl, peueccwBHbi n 
npMBOflflT K KOHCTmyTHBHOM 3KCnpeCCMM. 

• MyiauHH b flHK-CB5i3biBaK)iiieM caŇTe penpeccopHoro 6ejwa 
KOHCTmyTMBHbi, TaK KaK npMBOflaT k noiepe penpeccopoM 
cnocoČHOCTM cBB3biBaTbC5i c onepaľopoM. 

• MyiauHH b HHflyKTop-CB5i3biBaK)iiieM caňTe penpeccopHoro 
6ejwa 6/iOKMpytOT npouecc ero MHaKTMBa i\m n fle/iaioT 
MHflyKI4HK) HeB03M0>KH0M. 

• Z/tyc-aKTHBHbie Myiaunn b npoMOTope npMBOflaT h 
H eMHAyuMpyeMOCTM onepoHa. 


12.8 


MyTau,HH toc/ _ THna,Bbi3BaHHbie noTepen cjDyHKu.HH (bkjiio- 
naa Aejieunio reHa), npHBOAaT k KOHCTHTyTHBHOH TpaHC- 
KpHniJ.HH. TpáHCKpHmjHfl MOXCeT HHHH,HHpOBaTbCB Ha 
npoMOTope b c;iyHae, Kor/^a penpeccop HeaKTHBeH hjih 
orcyrcTByeT. Kan noKa3aHO Ha p m c. 12 . 10 , lacl~ Myimru 
3KcnpeccHpyioT Bce Tpn cTpyKTypHbix reHa nocToaHHO 
(KOHCTHTyTHBHo), He3a6ucuMO om mozo, npucymcmeyem 
undyKmop wiu nem, , nocKOJibicy penpeccop HeaKTHBeH. 


Aec|>eKTHbiii penpeccop 
cnocoócTByer KOHCTHiyrMBHOM 3KcnpeccnH 



v'\/w 


OnepoH TpaHCKpnÓMpyera 
m TpaHCJiwpyeTCfl 


ľeH Lacl~ KOflupyeT 
AecjjeKTHbiíí penpeccop, KOTopbiŕí 
He cnocoóeH cBfl3biBaTbca c flHK 




\ 

\ 


>vvw 


P M r. MyTaunn,HHaKTMBMpyK)iiiMe reH locl npMBOflaT k TOMy, hto 

penpeccopHbiíí 6e^oKTepyieTcnoco6HocTbCB5i3biBaTbC5i c onepaTopoM, 
a 3Kcnpeccna onepoHa npwoópeTaeT KOHCTmyrMBHbiM xapaKTep 


C reHeTHHecKOH tohkh 3peHHa, KOHCTHTyTHBHbie My- 
Tau,HH MoryT 6biTb pa3Ae;ieHbi Ha ABa KAacca. O-MyraHTbi 
AOMHHaHTHbl, B TO BpeMtf, KaK lacl~ — pen,eCCHBHbI. 3 to 
03HanaeT, hto BBe^eHne reHa lacl + BoccTaHaBjíHBaeT Hop- 
MajibHyK) perynaiiHK), Ha KOTopyio He E/iHaeT npHcyTCTBHe 
AecjieKTHoro lacl~ reHa. 

MyraHTOB, KOHCTHTyTHBHbie MyTau,HH b KOTopbix npn- 
boaat k HecnocoÓHocTH onepoHa OTBenaTb Ha HHAyKu,Hio, 
Taioxe AeaaT Ha ABa reHeraHecKHx Kaacca: 

• MyTai^HH b npoMOTope z^c-aKTHBHbi. Ecjih MyTauna 
npenaTCTByeT CBa3biBaHHio PHK-nojiHMepa3bi c P klo 
onepoH cTaHOBHTca He(J)yHKUHOHajibHbiM, nocm/ibKy 
He MOXCeT TpaHCKpHÓnpoBaTbca. 

• MyTau,HH, ó^OKHpyioiAHe enoeoÓHOCTb penpeccopa cbh- 
3biBaTbca c HHAyKTopoM, onncbiBaioTca, KaK laď. Ohh 
mpanc- aKTHBHbi. Penpeccop «3a({)HKCHpoBaH» b aKTHBHon 
(JiopMe, KOTopaa y3HaeT onepaTop h npenaTCTByeT TpaHC- 
KpHnu,HH. floóaB^eHne HHAyicropa He OKa3biBaeT aojdkho- 
ro acjxj^eicra, nocKo/ibKy ero CBa3biBaHne c penpeccopoM 
ÔJiOKnpoBaHO, ;ih6o CBa3biBaHHe He npnBOAHT k npeBpa- 
meHHio penpeccopa b (f)opMy c noHnaceHHon a(|x{)HHHoc- 
Tbio k onepaTopy. MyrammiH penpeccop CBa3biBaeTca co 
BceMH tec-onepaTopaMH b mience, npenaTCTBya hx TpaHC- 
KpHnn,HH, H He MOXCeT ÓbITb OTAeneH OT HHX, He3aBHCHMO 

ot cbohctb juoôoto Apyroro óe^Ka-penpeccopa ahkoto 
rana, KOTopbin MOxceT npHcyrcTBOBaTb b mience, to ecTb 
TaKHe MyTaU,HH AOMHHHpyiOT HaA AHKHM THnOM. 

3th ABa rana MyTau,HH b reHe lacl MoryT 6biTb ncno^b- 
30BaHbi jxjik BbiaB^eHHa aKTHBHbix iiempoB penpeccopHoro 
óe^Ka. J] 1 HK-c6H3U6aK)iii i uú caum penpeccopa pacno3Ha- 
eT noe^eAOBaTe^bHOCTb onepaTopa. Oh 6bui onpeAe^eH c 

nOMOIAbK) KOHCTHTyTHBHblX TOHCHHblX MyTaU,HH, Ó^OKHpy- 

fonjHx CBa3biBaHne penpeccopa c flHK, b pe3ynbTaTe nero 
tot Tepa^ enoeoÓHOCTb ocTaHaBjíHBaTb paóoTy PHK-noan- 
Mepa3bi. MndyKmop-C6R3ueaK)muú caum penpeccopa 6bm 
HAeHTH4}HU,HpOBaH C nOMOIAbK) TOHCHHblX MyTaU,HH, BbI3bI- 
Baiomnx HeHHAyunóejibHocTb onepoHa. B pe3yabTaTe Ta- 
khx MyTau,HH HHAyrop He Mor cBa3biBaTbca c penpeccopoM 
h 3anycKaTb ajiaocTepHHecKne H3MeHeHHa b KOH4}opMau,HH 
flHK-CBa3biBaioiAero cama. 


12.9 


MynbTMMepHbie 6enm 
oéiiaAaiOT ocoóbiMM 
reHeTMNeCKMMM CBOMCTBaMM 


KniOHeBbie noHATMa: 


• AKTMBHbiíí penpeccop npeACTaBaaeT co6oií TeipaMep, 
COCTOaiUMÍÍ M3 MfleHTMHHblX GyČteflHHHLb 

• B caynae Korfla npHcyTCTBytOT n MyiaHTHbie cy 6 ‘beAMHm 4 bi. 
n cy6-beAMHMUbi flMKoro Tuná, eflMHCTBeHHaa MyiaHTHaa 
cyčbeAMHmia lacl~ d MO>KeT MHaKTMBMpoBaTb TeipaMep, b kotopom 
B ce ocľaabHbie cy6-beflHHMUbi — flMKoro Tuná. 

• MyiauHH /ac/" d 3aTparnBaK)T flHK-cBa3biBaiomMM caŕÍT. 

34>ct>eKT 3 tmx MyiauMM o6-bacHaeTca TeM, hto flaa peaan3aunn 
penpeccopHOíí aKTMBHocTM Heo6xoflHMO, HTo6bi Bce AHK- 
cBa3biBaK)mne caŇTbi b TeipaMepe 6bmn aKTMBHbi. 
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HeraTiiBHafl KOMn/ieMemcnjtifi 
onpeAejmeT cbomctb3 MyjibTMMepHoro ôe/wa 


^ MyTaHTHbiŕí reH lacl~ d 
KOflupyeT penpeccop 
C fle^eKTHblM 

flHK-CBJ13blBaK)LUMM CaŕÍTOM 

ľeH lacl flMKoro Tuná 
KOflupyeT no/iHoijeHHbiií 
penpeccop 

OflHa flecjjeKTHaB cyóbeflMHmja 
6/ioKnpyeT cjjyHKíjmo Bcero TeipaMepa; 
penpeccop He MO>KeT CBB3biBaTbCB c flHK. 
onepoH paôoTaei 
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P MC. 12.11 MyTaHTHbiŕí a/uie/ib lacl~ d KOflMpyeT cy6-beAMHMuy pen- 
peccopa c AecfieKTHbiM flHK-CBfBbiBaiomMM caŕÍTOM (oTMeneHO Kpac- 
hhm wapuKONi). Korfla 3 tot a/uie/ib npMcyTCTByeT b K/ieTKe OflHOBpe- 
MeHHO c a/vie/ieM flMKoro Tuná, My/ibTMMepHbiŕí penpeccopHbiŕí 6e/iOK 
coóupaeTCfl c/iyHaiÍHbiM o6pa30M M3 MOHOMepoB o6omx twiob. fl/ia 
Toro HTo6bi cfiyHKUMB penpeccopa 6bi/ia 6/iOKnpoBaHa, flocraTOHHO, 
HTOÓbi b ero My/ibTMMepHoíí cipyKType npncyTCTBOBa/ia Bcero oflHa 
cyó-beAMHmia locľ d . 3tmm o6b5icH5ieTC5i BB/ieHne AOMMHaHTHO-Hera- 
TMBHOM aKTMBHOCTM a/Uie/lfl lacľ d 


Ba)KHOH ocoóeHHOCTbio penpeccopa aRJiaeTca ero MyjibTH- 
MepHaa CTpyKTypa. Cyó'beflHHHu.bi penpeccopa accou,™- 
pyicrr b mieTKe cnynaHHbiM o6pa30M, cjiopMHpyfl aKTHBHbin 
TerpaMepHbíň óejioic B cnynanx, Kor/ja b mieTKe HMeeTca flBa 
pa3Hbix ajuiena reHa lacl, cyó'beflHHHu.bi flByx TnnoB Moryr 
coeAHHHTbca c o6pa30BaHneM reTepoTeTpaMepa, KOTopbin 
no cbohm cBoňcTBaM MOxceT OTJiHHaTbca ot roMOTeTpaMepa. 
TaKoň Tnn B3aHMOfleHCTBHa MeiKfly cyó'beflHHHu.aMH Ha3bi- 
BaioT MOKajuiejibHOH KOMiuieMeinaipieH, aB^monienca 
xapaKTepHbiM cbohctbom MyjibTn MepHbix óenKOB. 

B cjiynae HeKOTopbix MyraHTHbix penpeccopoB HMeeT 
mčcto onpeAeneHHbin mu B3aHMOfleHCTBHa, Ha3BaHHbin He- 
raTHBHoň KOMiuieMeHTau^eň. OHa moxcct Ha6;noflaTbCfl 
npn KOMÔHHnpoBaHHH reHOB lacľ d u lacl + . MyTau,nn lacl~ d 
npHBOAnr k o6pa30BaHHio penpeccopa, KOTopbíň He enoco- 
6čh cBn3biBaTbca c onepaTopoM n othochtca nosTOMy k an- 
jiejiHM KOHCTHTyraBHoro rana. MyTau,na rana lacľ HHaKTHBH- 
pyer penpeccop n aBjíneTca peu,eccnBHOH no OTHOineHHio k 
ajuiejiio /jHKoro rana. OflHaKO uuj\ckc -d yKa3biBaeT Ha to, hto 
3tot BapnaHT HeraTHBHoro rana npoaBjíneT flOMHHaHTHOCTb b 
cjiynae o&beflHHeHHa c ajuieneM flHKoro rana. Taxne Myraunn 
Ha3bIBaiOT aOMHHaHTHO HeraTHBHbIMH. 

Ha Pil c. 1 2,ii npeACTaBjíeHO oô^ncHeHne 3Toro (f>eHO- 
MčHa. floMHHnpoBaHne oóyejiOBjíeHO tcm, hto anntJib lacľ d 
KOAnpyeT AecJieKTHyK) cyó'beflHHHu.y, KOTopaa He TOJibKO 
caMa no ce6e He cnocoôHa CBfl3biBaTbea c onepaTopoM, ho, 
flBJíaacb nacTbio TeTpaMepa, npemiTCTByeT Taioice cBn3biBa- 


HHIO C HHM JIIOÔOH nOJIHOU,CHHOH CyÓ'beflHHHU.bl. H3 3TO- 
ro cneflyeT, hto /yw peajiH3au,HH peripeccnn HeoóxoflHM 
penpeccop-TeTpaMep, a He OTfle;ibHbiH MOHOMep. fleňcTBH- 
TejibHO, bo Bcex cjiyHanx, Korfla ôchok HMeeT flOMHHaHrao 
HeraTHBHyio (f>opMy, sto aojdkho 03HanaTb, hto oh (f>yHK- 
u,HOHnpyeT Kax nacTb MyjibraMepHoro KOMmieKca. Hcnonb- 
30BaHHe ÔeJIKOB C AOMHHaHTHO HeraTHBHOH aKTHBHOCTbK) 
CTajia nonyAnpHbiM npneMOM b reHeraxe syKapnoT. 


12.10 


Cy6i>eAMHi!4a penpeccopa 

COCTOMT M3 HeCKOJlbKliX flOMeHOB 


KAtoneBbie noHBTMfl: 


• B crpyicrype GyčteAUMrnibi penpeccopHoro 6eAKa MoryT 6bub 
BblAeAeHbl N-KOHLjeBOM flHK-CBB3blBaiOlAMM AOMeH, UJapHMp M flAPO. 

• flHK-CBB3biBaioiAMM AOMeH npeACTaB/ieH AeyMfl kopotkmmm 
cx-cnkipa/iBMH, KOTopbie CBB3biBaiOT 6oAbUjyK) 6opo3AKy flHK. 

• ľleT/iB ymiaAbiBaeicfl b Ma/iyio 6opo3AKy flHK KaK KopoTKaa 
CBepHyiaB a-cnnpa/ib. 

• MHAyKTOp-CBB3blBaiOlAMM CaíiT M perMOHbl, OTBeTCTBeHHbie 3a 
MyjibTMMepn3auMio, pacno/iomeHbi b BApe. 


B cTpyKType MOHOMepHOH cyó'beflHHHu.bi penpeccopa 
BbiflenmoT HecKOJibKO aomchob. Ha /],HK-CBfl 3 biBaioiflHH 
AOMeH npnxoAflTCfl aMHHOKncnoTHbie ocTaTKH 1-59, 3 tot 
ynacTOK Ha3BaH a^hhhhm N-KOHu,eBbiM (pparMeHTOM, 
hjih rojiOBHWM ynacTKOM (headpieces). Híoa fleHCTBneM 
TpnncHHa oh moxcct 6 biTb OTin.en.neH ot Apyron nacTH mo- 
HOMepa, Ha3bmaeM0H ndpOM . CTpyKTypa KpncTajina, npn- 
BefleHHan Ha p n c. 12.12 AaeT B03MoxcHocTb paccMOTpeTb 
3 th pernoHbi 6 onee AOTajibHO. 


MOHOMep Lac-penpeccopa coctomt M3 HecKo/ibKMX aomchob 


noBopoT 

Cnnpa/ib-BMTOK-cnnpa^b— a-cnupai*' - a-cnupa/ib 

Jr f* 

neT/iB- 

r 

ot-cnupa/jb pr c/i 011 

ci-cnupa^b 

floMeH 1 Bflpa 


MHAyKTOp-CBB 3 blBaiOLUMÍÍ 

f ^ y , ^l éLL, 

jTOag 1 

caňT 


floMeH 2 Bflpa 

Cpr T jÉ i 

a-cmipa/ib 

0 ^nroMepn 3 aumi 



P M C. 12.12 B CTpyKType MOHOMepa Lac-penpeccopa bhacabkit He- 
cKO/ibKO He3aBMCMMbix AOMeHOB. CxeMa 6bma cocTaB/ieHa Hangli 
Zhan Ha ocHOBaHMM c|)aMAa llbg M3 6a3bi AaHHbix PDB (Protein Data 
Base) n npeAOCTaB/ieHa Kathleen S. Matthews, Rice University 
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N-kohučboh (})parMeHT MOHOMepa npeAcraBjraeT coóoň 
ABe a-cnnpajiH, pa3ACJieHHbie oahhm bhtkom. 3Ta crpyK- 
Typa HBJíaeTca odmeň /ym Bcex ( H,HK-CBa3biBaioiij l Hx moth- 
bob h Ha3biBaeTca HTH (helix-turn-helix); ABe a-cnnpajiH 
CBa3biBaiOTca c flHK b óojibinoň 6opo3AKe, rAe ohh MOiyr 
06pa30BbIBaTb KOHTaKTbl C OnpeAe^eHHblMH OCHOBaHHflMH 
(cm. pa3A. 14.11 «Mothb «cnHpajib-noBopoT-criHpajib» Heoó- 
xoahm penpeccopy aa^ CBa3biBaHHH RHK»). flaHHbíň pera- 
oh nocpeACTBOM mapnupa cocahhch c ochobhoh nacrbio 
6 e;iKOBOH MOJieKynbi. B ÁHK-CBasaHHoň (J>opMe penpecco- 
pa rnapHHp (J)opMHpyeT KopoTKyio a-cnnpajib (xan noxa- 
3 aHO Ha pHcyHKe). KorAa xce penpeccop He CB5mH c flHK, 
CTpyKTypa 3Toro perHOHa He ynop^AoneHa. HTH-mothb h 
rnapHHp BMecTe o6pa3yK)T flHK-CBa3biBaioii];HH aomch. 

Eonbinaa nacrb aApa npnxoAHTca Ha ABa pernoHa c 
OAHHaKOBbiMH crpyKTypaMH (aAepHbie AOMeHbi 1 h 2). Kaxc- 
Abiň npeACTaB^eH mecTHu,enoHeHHOH p-aoiaAnaToň crpyK- 
Typoň, pacnojioxceHHOň MexcAy AByMa a-cnnpa^aMH. MexcAy 
AByMH 3THMH peľHOHaMH HaXOAHTCtf meJIb, B KOTOpyK) BXO- 
AHT HHAyKTOp. 

C-KOHu.eBoň ynacTOK npeAcraBjíaeT coóoň a-cnnpajib, 
cocToamyio H3 Asyx jieňu.HHOBbix renTaMepHbix noBTopoB, 
co3AaK)nj,Hx 0JiHr0MepH3aij 1 H0HHbiň aomch. OjinroMepH3a- 
u,HOHHbie cnHpajiH neTbipex MOHOMepoB accou,HHpyioT c 
oópa30BaHHeM TeTpaMepHoň cTpyKTypbi. 


PenpeccopHbiŕí 6e/iOK — 
3 to TeipaMep, coctosuumií 
113 flByX AHMepoB 


KjitoneBbie noH5mui: 


• MOHOMepbl, COCTaB/151 tolilMe flMMep, 4)OpMMpyiOT KOHTaKTbl 
Me>KAy flflepHblMH AOMeHaMM 1 M 2 M, B03M0)KH0, Me>KAy 
0/lHr0MepM3aUM0HHblMM Cnnpa/151MM. 

• flMMepbi (JiopMMpyioT TeTpaMep nocpeACTBOM KOHTa ktob Me>KAy 
O^HrOMepM3aUMOHHblMM Cnnpa/151MM. 

Ha p m c. 12.13 H3o6paxceHa crpyicrypa TeTpaMepHoro HApa 
ôe/iKa-penpeccopa (nocrpoeHHaa Ha ochobc cTpyicrypbi, 
npHBeAeHHoň Ha pne. 12.12). OHa BKniOHaeT b ceóa ABa ahmc- 
pa. B AHMepe, b cboio onepeAb, pa3AHnaiOT N-KOHu,eBbie ynac- 
tkh MOHOMepoB, conpHKacaiomHeoi cbohmh noBepxHOcra- 
MH, IAOHb, B KOTOpOH CBtf3bIBaeTOI HHAyKTOp, H ľHApOCjDOÓ- 
Hoe HApo (BepxHaa nacTb pncyHKa). C-KOHu,eBbie pernoHbi 
Kaxmoro MOHOMepa BbinaHHBaiOTca b bhac napajuie^bHbix 
cnHpajieň. Tojiobhoh (a^hhhhh N-kohiicboh cjiparMeHT) 
yMacroK coeAHHaeTca c N-KOHu,eBbiMH pernoHaMH b BepxHeň 
nacTH pHcyHKa. B3aHMOAeňcTBya, AHMepbi o6pa3yioT TeTpa¬ 
Mep (ueHTpa^bHaa nacTb pncyHKa), KOTopbíň yAepxcHBaeT 
cboio crpyicrypy ójiaroAapa B3aHMOAeňcTBHaM C-KOHiieBbix 
cnHpa^bHbix yqacTKOB. 

Caňra MyTaiiHň noKa3aHbi Ha cTpyKType TeTpaMepa 
TOHKaMH (hhxchhh HacTb pncyHKa). MyTau,HH lacF ppmiOT 
penpeccop HenyBCTBHTejibHbiM k HHAyKTopy, a onepoH — 
HeHHAyunóeAbHbiM. Ohh pacnojioxceHbi rpynnaMH: cepbiM 



P M C. 12.13 CTpyKTypa KpncTa/ 1 /ia 5iApa Lac-penpeccopa OTpa>KaeT 
npwpoAy B3anMOAeíícTBM5i Me>KAy MOHOMepaMM b TeTpaMepe. Kaw- 
Abm MOHOMep BbiAe/ieH OTAe/ibHbiM abctom. 06o3HaHeHM5i MyTauníí: 
MyTauMM b ynacTKax, cooTBeTCTByiomMx noBepxHOCTM AMMepa, BbiAe- 
ZieHbl >Ke/lTblM ABeTOM, B HHAyKTOp-CB513blBaK)lAeM CaíÍTe — CMHMM, 
b o/inroMepn3aunoHHOM AOMeHe — 6e/ibiM n nypnypHbiM. Jlio6e3HO 
npeAOCTaB/ieHO Benjamin Wieder n Ponzy Lu, Univesity of Pennsyl- 
vania 

ilBeTOM o6o3HaneHbi MyTau,HH, KaprapyeMbie b HHAyKTop- 
CBasbiBaioiACM ynacTKe, xcejiTbiM — 3aTparHBaK)mne no- 
BepxHOCTb AHMepa b oójiacrn aAepHoro AOMeHa 1. nepBaa 
rpynna MyTau,Hň ÓJiOKHpyeT HHAyKTop-CBa3biBaioiAHň caňT; 
BTopaa HapyniaeT ajiAOCTepnHecKHe B3aHMOAeňcTBHa mok- 
Ay HHAyKTOp-CB5I3bIBaK)mHM H/lHK-CBa3bIBaiOIAHM CaňTaMH 
penpeccopa. MyTau,HH lacl~ d , bahíhoiahc Ha npou,ecc OAnro- 
MepH3au,HH, Taxxce pacnoJioxceHbi AByrn rpynnaMH. BenbiM 
u,BeTOM noKa3aHbi Myraunn b aAepHOM AOMeHe 2. 3 th Myra- 
u,hh npenaTCTByK)T cjiopMHpoBaHHio A^Mepa. EíypnypHbiM 
yBeTOM noKa3aHbi MyTau,HH b 0 JiHr0MepH3au,H0HH0H cnn- 
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Penpeccop-TeipaMep coctohiuhm M3 Asyx AMMepoB 


flHK-CB«3biBaiOLUMe caíiTbi 


flOMeHbl 

BApa 

2 

0jiMroMepM3aijM- 
OHHbie flOMeHbl 

2 

1 


Ffóí. 12.14 TeipaMepHbiíí penpeccop coctomt M3 AByx AMMepoB. flM- 
Mepbi yflep>KMBaK)TC5i BMecie c noMombto Kóma ktob, o6pa3yiomMxca 
Me)KAy BAepHbiMM AOMeHaMM 1 m 2, a Taione Me>KAy OAnroMepn3aun- 
OHHbiMM cnupaABMM. flMMepbi conpMKacatOTca APyr c ApyroM oamto- 
MepH3aUMOHHblMM ľlOBepXHOCTflMM 


pajiH, Hapymaiomne npou,ecc o6pa30BaHna TcrpaMepa H3 

AHMepoB. 

Ha ocHOBe H3AO^ceHHbix Bbirne flaHHbix Mbi cocraBvum 
cxeMy, KOTopaa ACMOHCTpnpyeT, xan MOHOMepbi penpeccopa 
opraHH30BaHbi b TcrpaMepHbiH óenoic CxeMa npnBefleHa m 
pwc 12.14. fl Ba MOHOMepa cjiopMHpyiOT AHMep, coe/iHHaacb 
HAepHbIMH AOMeHaMH 2 H OAHrOMepH3aU,HOHHbIMH CnHpa^H- 
mh. flHMep HMeeT a Ba flHK-CBH3biBaiomHx ynacTKa c oahoh 
CTO pOHbl KOMnneKCa H OAHrOMepH3aiJ,HOHHbIMH CIIHpaJIHMH 
c Apyroň cropoHbi. ľlocjie 3Toro ABa AHMepa opraHH3yioTca 
b TerpaMep, B3aHMOAeHCTBya cbohmh 0Jinr0MepH3ai] I H0HHbi- 
MH nOBepXHOCTaMH. 


12.12 


KoH())opMauMB AHK-CBfl3biBaK>Luero 
AOMeHa pery/iupyeTCB c noMOiAbio 
ajuiocrepimecKMx B3anMOAeMCTBHM 


tOuoneBbie noHAT m: 


• flHK-cBB3biBaiomMM AOMeH Ka>KAoro o6pa3ytoiAero AMMep 
MOHOMepa npw cBA3biB3HMM cflHKyKAaAbiBaeTCB b 6oAbĽjyto 
6opo3AKy flHK. 

• CriMpa/ib b mapHMpe BKJiaAbiBaeTca b MaAyio 6opo3AKy flHK. 

• AKTMBHOMy penpeccopy cBoŕícTBeHHa KOH(J)opMai4M5i, b 
KOTopoŕí Aea flHK-CBB3biBaioiAMx AOMeHa OAHoro AMMepa MoryT 
B3aMMOAeňCTBOBaTb C AByMfl nOCAeAOBaieAbHblMM BMTK3MM 
ABOííhom cnnpajiM flHK. 

• CBfl3biBaHne MHAyKTopa c penpeccopoM npMBOAMT k 
HapymeHMio cnMpaAbHOM cipyKTypbi neuiM n M3MeHeHmo 
KOH(})OpMaUMM flHK-CB513blBaK)lAMX CaMTOB T3KMM 06pa30M, 

HTO OHM, HaXOA^Cb B HenpaBMAbHOÍÍ OpMeHTaAMM, CTaHOBflTCfl 
HecnOCOČHbl OAHOBpeMeHHO (|DOpMMpOBaTb KOHTaKTbl. 


B paHHHx paôoTax, nocB5mj,eHHbix H3yneHHK) B3anMO- 
flefíc tbha penpeccopoB c flHK, nocTyjinpyeToi MOAe;ib, 
corjiacHO KOTopon tojiobhoh ({)parMeHT MOJieKy;ibi-pen- 
peccopa OTHocHTejibHo He 3 aBHCHM ot H/ipa. Oh moikct 
CBH 3 biBaTbCfl c nocjieAOBaTejibHOCTbK) onepaTopa Ha flHK, 
o6pa3ya Te xce caMbie KOHTaKTbi, hto h HHTaKTHbin 6 c- 
JIOK, XOTH a(J)(J)HHOCTb eľO CBfl3bIBaHHfl c flHK HaMHoro 
MeHbrne, b cpaBHeHHH c HenoBpoKAeHHbiM ôcjikom. 3ts 
pa3HHu,a oó^acHneTca tcm, hto flHMepHaa popína HHTax- 
THoro penpeccopa no3BOJiaeT cpa3y AByM N-KOHiieBbiM 
(JiparMeHTaM o6pa30BbiBaTb KOHTaKTbl c onepaTopoM. Ha 
p ľ? e, 12 is noKa 3 aHO, Kax ABa flHK-cBa 3 biBaioiflHx AOMeHa 
OAHoro AHMepa KomaKrapyioT c flHK, CBa 3 biBaacb c AByMa 
nOCJieAOBaTeJIbHbIMH BHTKaMH ÓOJIblIIOH 6op03AKH. TaKOH 
THn B3aHMOACHCTBHa B 3HaHHTCJIbHOH CTeneHH nOBbima- 
eT a(J)(J)HHHOCTb CBa3biBaHHa penpeccopa c onepaTopoM. 
KjiiOHeBbiM ajieMeHTOM peaKu,HH B3aHMOAencTBHa aBaaeT- 
ca cBa3biBaHne KopoTKOH cnnpajiH niapHnpa c Majion 6 o- 
P03 akoh flHK nocjieAOBaTejibHOCTH onepaTopa noA yrnoM 
~45°. TaKOH H3ra6 opneHrapyeT óojibinyio 6 opo 3 AKy flHK 
A^a B 3 anMOAeHCTBHa c mothbom HTH. 

CBa3biBaHne HHAyKTopa Bbi3biBaeT HeMeAneHHbie koh- 
4 }opMau,HOHHbie H3MeHeHna penpeccopa. CBa3biBaHne 
AByx MoaeKya HHAyKTopa c TeTpaMepHbiM penpeccopHbiM 
óejiKOM aBJíaeTca AOCTaTOHHbiM ycaoBneM ahh ÔJioKnpoBa- 
Hna npon,ecca penpeccnn. 3to B3anMOAencTBHe HapymaeT 


MHAyKTop KOHTpo/inpyeT KOH(f)opMai4MK> penpeccopa 


N-KOHueBbie ynacTKH CBíi3biBaK)T ABa noc^eAOBaTe^bHbix 
BMTK3 Cnnpa/1M AHK B 06/iaCTM ÓOJIbLUOÍÍ 6op03AKlf 



flApo 


CBfi3biBaHMe penpeccopa c MHAyKTopoM npMBOAm k M3MeHeHHio 
KOHíjjopMaumí luapHMpa t3kmm o6pa30M, mo N-KOHueBbie ynacTKH 
He MoryT CBB3aTbCB b 6opo3AKe cnwpa^M AHK 

(f 

^- MHAyKTop 



m c i.:? MHAyKTop M3MeHaeT cipyKTypy aApa, Hapymaa cnMpaab- 
Hyto CTpyKTypy neTAM. ľlpM 3 tom HTH-perMOHbi TepaiOTopMeHiauMto, b 
KOTOpOM CnOCOČHbl ľipaBMAbHO B3aMMOAeMCTBOBaTb c flHK 
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cnHpajibHyio crpyKTypy neTjín n h3mchhct opneHTaijHK) 
rojiOBHbix (})parMeHTOB no othoihchhio k njipy 6tn Ka. B 
pe3y;ibTaTe ABa N-KonijeBbix A^Mepa ôojibine He Moryr 
CBH3bIBaTb ^HK OAHOBpeMeHHO. 3 to aBJlCHHe cboaht k 
MHHHM yMy Bce npeHMyui,ecTBa MyjibTHMcpHon cTpyKTypbi 
penpeccopHoro 6e;iKa h cHHxcaeT ac|)(t)HHHOCTb ero CBa3bi- 
BaHna c onepaTopoM. 


12.13 


MyiaHTHbie (})eHOTMnbi 
KoppejmpyiOT co crpyKiypoií 
OTfle/ibHbix AOMeHOB penpeccopa 


K/noneBbie noHama: 


• OnpeAe^eHHbieTMnbi MyiauMíí CBOŇCTBeHHbi oTAe/ibHbiM 
AOMeHaM cyó-beAMHMiJi penpeccopa. 


Eme a o BbwcHeH™ tohhoh cTpyKTypbi penpeccopHoro 6e;i- 
Ka c noMOiAbio Myraunn 6bmo ycraHOBjíeHO, hto oh cocto- 
HT H3 HeCKOAbKHX AOMCHOB. CeHHaC Ha OCHOBe H3BCCTHOH 

CTpyKTypbi Mbi MOxceM 6 o;iee nojmo oô'bacHHTb npnpoAy 
3thx MyraqHH. 3aBHCHMOCTb scjxjieKTa MyraijHH ot ee jiOKa- 
AH3aqHH cxeMaTHHHO npeAcraBJíeHa Ha ť 


AoMeHbi penpeccopa Moiyr 6 biTb 
HAeHTM(t)ML(HpOBaHbl C nOMOUJbtO MyTai(lfÍ4 


N-KOHL^eBOÍÍ 

íjjparMeHT 


J 


CaňTbi MyraijMÍí 


- Iacl- A 

(AOMMHaHTHO-HeraTMBHbie; 
6e/ioK He MoweT 
CBB3blBaTbCB C AH K) 


w 


■ iacl ~ 

(peueccMBHbie^ 
6e/iOK MOweT 
ocymecTB/iBTb 
penpeccmo) 


lacľ 

.(AOMMHaHTHbie; 
ée/ioK MO>KeT 

CBB3blB3TbCB 
C MHAyKTOpOM) 


C-KOHLjeBOÍÍ 

íjjparMeHT 


12.16 MecTonojioweHHe Tpex mnoB MyiauMíí jiaKT03Horo 
penpeccopa M3o6pa>KeHO Ha cxeMe AOMeHHoŕí opraHM3ai4MM 6e/iKa. 
PeueccMBHbie lacl~ MyiaHTbi, HecnocoÓHbie k penpeccMM, Moiyr oÔHa- 
py>KMBaTbCB b jik)6om ynacTKe Mo/ieKy/ibi. floMMHaHTHo-HeraTMBHbie 
MyiaHTbi íacl~ d , HecnocoÓHbie k penpeccMM, KapiupytOTca b flHK- 
CBfl3biBaioiAeM ynacTKe. floMMHaHTHbie locP MyiaHTbi c HapyiueHHbiM 
npOLieCCOM MHAyKLlMM, B KOTOpOM ÓJlOKMpOBaHa CTaAMfl CBfl3blBaH m 
penpeccopa c MHAyKTopoM \ajua ct3ahb a/uiocTepnHecKoro M3MeHeHna 
KOH(()opMaiJiMM penpeccopa, oÓHapywMBaiOTca b aAepHOM AOMeHe 1 


PeqeccHBHbie MyraijHH rana laď Moryr B03HHKaTb b 
jiioôom ynacTKe MOJieKyjibi 6 e;iKa, 3a HaononeHneM KOHije- 
bhx (})parMeHTOB. B ijejiOM ai o 6 aa Myraiina, HHaKTHBHpyio- 
iB,aa 6 cjiok, 6yj\cr OTHOCHTbca k rany laď. Eo;iee AeTajibHoe 
KapTnpoBaHHe Myraunn Ha cTpyKType KpncraAna, H3o6pa- 
xceHHoro Ha pne. 12.13, no3BOJiaeT onpeAejíHTb TOHHbin 3(J)- 
4>eKT HeKOTopbix H3 hhx, k npHMepy BAHHHHe Ha npoqecc 
OAHľOMepH3ailHH. 

OcoóbiH Knacc AOMHHaHTHO HeraTHBHbix MyraiiHH laď 
oÓHapyxcHBaeTca b flHK-CBaabiBaiomeM caŕrre cyó'beAHHHu, 
penpeccopa (cm. pa3A. 12.9 «My;ibTHMepHbie 6 e;iKH o 6 ;ia- 
AaiOT ocoôbiMH reHeTHnecKHMH cBoncTBaMH»). MecTonojio- 
xceHne 3thx MyraiiHH oôycnoBjíHBaeT HapynieHHyio cnocoó- 
HOCTb TeTpaMepa, coAepxcamero A^eKTHbie cyó'beAHHHu.bi, 
CBa3bmaTbca c onepaTopoM. CHHXceHne nnoia CBH3biBaiomHx 
caňTOB coKpaiiiaeT ac]xi)HHHOCTb CBa3bmaHHa penpeccopa c 
onepaTopoM. Po;ib N-KomjeBoro pernoHa b cneiin^nnecKOM 
CBH 3 biBaHHH c flHK noATBepxcAaeTca h oÔHapy^KHBaioiAHMH- 
ai b HeM TaK Ha3bmaeMbiMH MyrauHflMH <<nponHoro CBH3bi- 
BaHna». 3th Myraunn noBbimaiOT a(p4)HHHOCTb CBH3biBaHHa 
penpeccopa c onepaTopoM, HHorAa a o TaKon cTeneHH, hto 
HHA yKTop OKa3bmaeTca HecnocoÓHbiM pa3pyninTb sto B3an- 
MOAencTBne. OAHaKO TaKne Myraunn peAKn. 

HeHHAyu,n6eAbHbie Myraunn /^c/ v pacn0A0xceHbi r^aB- 
hmm o6pa30M b pernoHe aAepHoro AOMeHa 1, HaxoAflmero- 
CR MeXCAy HHAyKTOp-CBHSblBaiOIlJ.HM CaHTOM H mapHHpOM. 
OAHa rpynna TaKnx Myraunn 3aTparnBaeT aMHHOKncjiOTbi, 
KOHTaKTnpyioiij.He c MHAyKTopoM, npenaTCTBya TeM caMbiM 
CBa3biBaHHio penpeccopa c MHAyKTopoM. flpyraa rpynna 
CBoncTBeHHa camaM, oiBenaioiAHM 3a aAAOCTepnnecKnň 
KOHTpOJlb KOH({)OpMaUHH IIiapHHpa, KOľAa HHAyKTop yxce 
CBH3aH. 


PenpeccopHbiŕí 6enoK 
CBH3biBaeTCn c onepaTopoM 


KmoneBbie noHBTMB: 


• PenpeccopHbiíí 6enoK CB«3biBaeTCB c AByxuenoHenHoíí 
flHK-nocneAOBaienbHocTbK) onepaiopa. 

• Onepaiop npeACTaBJi5ieT co6oií nanMHApoM a/imhoíí 26 nH. 

• Ka>KAbm MHBepTkipoBaHHbiíí noBTop onepaiopa CBfl3biBaeioi c 
flHK-CBfl3biBaK)iAMM caíÍTOM cyó-beAMHMLibi penpeccopa. 


12.14 


BnepBbie penpeccop 6 bm nojiyneH npn BbiAeAeHnn KOMno- 
HeHTa, cnocoÔHoro cBH3biBaTbca c HeMeTa6oAH3npyeMbiM 
HHAyKTopoM Hrmr. (nocKOAbKy KOJinnecTBO penpeccopa 
b mieTKe cjiHiiiKOM Majio, rjik noAyneHHa AOCTaTonHoro 
KOJinnecTBa MaTepna^a hcoôxoahmo 6 bmo ncnoAb30BaTb 
MyrauHio npoMOTopa, noBbimaioiij.yK) 3({)({)eKTHBHOCTb 
TpaHCKpnnijHH reHa lacl, n bbccth TaKon MyraHTHbíň ao- 
Kyc b MOJieKyjiy flHK, npncyrcTByioiij.yK) b KneTKe b 6 oAb- 
iiiom nncjie Konnn. B pe3y;ibTaTe yAa^ocb yBejinnHTb 06 - 
myio npoAyKiiHio penpeccopa b 100-1000 pa 3 .) 

Penpeccop CBa 3 biBaeTca c AByxiienonenHon flHK, co- 
AepxcaiAen nooieAOBaTejibHOCTb toc-onepaTopa A^Koro 


324 MABA 12 OnepoH 

















OnepiT^p tac MMeeT flBoŇHyio cwMMeTpnio 


mPHK 


TGTTGT6T6-G A A T T G T GAGCGGATAACAATTT CACACA 
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-10 -5 +1 +5 +10 +15 +20 +25 
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Ocb CMMMeTpMM 


PMC. 12.17 nocjieAOBaiejibHOCTb HymieoTHAOB onepaľopa loc CMMMeTpkíHHa. ľloc/ieAOBaTe/ibHOCTb 
npOHyMepOBaHa OTHOCMTe/lbHO CTapTOBOÍÍ TOHKM TpaHCKpMnĽlMM, o6o3HaHeHHOM +1. P030BblMM 
CTpeJiKaMM, HanpaBJíeHHbiMM BnpaBO n bjicbo, noKa3aHbi Aee rpynnbi noBTopoB. 3e/ieHbiMM 6/ioKaMM 
OTMeHeHbl MAeHTMHHbie OCHOBaHHH 


rana. CBH3biBaHHH penpeccopa He nponcxoAHT, eoiH RHK 
Bbme^eHa H3 MyTama O c . npn AOÔaBjíeHHH HľlTr penpec- 
cop oTRcwcľcn ot onepaTopa in vitro. PeaKijna MOKAy pen- 
peccopoM h onepaTopoM in vitro KOHTpojinpyeTcn TaK xce, 
KaK h in vivo, h, cjieAOBaTejibHO, MoaceT ôbiTb Hcno;ib30BaHa 
jm H3yMCHHa MexaHH3Ma penpeccHH. 

Kax penpeccop y3HaeT cneuHc^HMecKyio nocjieAOBa- 
Te^bHocTb onepaTopa Ha flHK? OnepaTopy npncyme cbohc- 
tbo, o6iu.ee /y m mhothx caňTOB y3HaBaHnn ôaKTepnajib- 
HbiMH peryjiaTopHbiMH ôejiKaMH: oh npeACTaBjíneT coôoh 
najiHHApOM. MHBepTHpoBaHHbie noBTopbi H3o6pa^ceHbi 
Ha pmc. 12.17. Ha Ka^CAbíň noBTop npHxoAHTca nojiOBHHa 
CBH3biBaioiij 1 eH oÔJiacTH onepaTopa. 

flna onpeAejieHHH tohck KOHTam penpeccopa c onepa- 
TopoM ncnojib3yioT Te xce noAxoAbi, KOTopbie npHMemniHCb 
jm aHajiH3a B3aHMOAeHCTBHa npoMOTopa n nojiHMepa3bi (cm. 
pa3A. 11.14 «PHK-noAHMepa3a CBH3biBaeT MOJieKyjibi R HK c 
oahoh cropoHbi»). flejieunn reHeTmecKoro MaTepnajia no3- 
BQjwiOT onpeAejíHTb KOHijeBbie tohkh oÔJiacTH CBH3biBaHna; 
KOHCTHTyTHBHbie TOHCHHbie MyTaU,HH A^IOT B03M05KH0CTb 
HAeHTH(j)HIJHpOBaTb OTACJIbHbie napbl OCHOBaHHH, HMeiOIAHe 


KpnTnnecKoe 3HaneHHe. Bbuin npoBeAeHbi sKcnepnMeHTbi, b 
KOT opbix cBH3aHHyio h He cBH3aHHyio c penpeccopoM R HK 
cpaBHHBajín no nyBCTBHTejibHOCTH k MeTHJiHpoBaHHio hjih 
o6pa30BaHHio nonepenHbix cihhbok b R HK noA aohctbhcm 
yO-oôjryHeHHa. B pe3y;ibTaTe 6buiH BbWBJíeHbi OCHOBaHHH, 

KOTopbie B CBH3aHHOM C ÔCJIKOM COCTOHHHH JIHÔO JiyHIHe 3a- 
iij.Hiij.eHbi, jih6o, HaoôopoT, ôojiee nyBCTBHTejibHbi k oôpaôoT- 
KaM, KOTAa OHH CBH3aHbI C ÔCJIKOM. 

KaK noKa3aHO Ha 12 . 1 8, ynacTOK R HK, CBH3aH- 

Hbíň c penpeccopoM n saiu.niu.eHHbiH TeM caMbiM ot achc- 
tbhh HyKJiea3, pacnojioaceH BHyTpn oÔJiacTH CHMMeTpnn. 
Ha 3Ty oôJiacTb npnxoAHTca 26 nap OCHOBaHHH, Haxo- 
AaiyHxca MOKAy HyKjieoTHAaMH -5 h +21. 3oHa, hachth- 
(f)nyHpoBaHHaa c noMOiybio KOHCTHTyraBHbix MyTaynH, 
HMeeT MeHbniHH pa3Mep. B npeAejiax yeHTpajibHOH oô- 
jiac™, npeACTaBjíeHHOH 13 napaMH OCHOBaHHH h pacno- 
jioaceHHOH MeacAy HyKjieoTHAaMH +5 n +17, coAepacHTca 
BoceMb caHTOB, b KOTopbix 3aMemeHHe Aaace oahoh napbi 
OCHOBaHHH npHBOAHT K KOHCTHTyTHBHOCTH. B CBCTe 3THX 
AaHHbix ocoôoe 3HaneHHe nojiynaioT pe3yjibTara H3yne- 
hhh MyTayHH npoMOTopa, cyMMHpoBaHHbie paHee Ha 



PMC. 12.18 OcHOBaHMfl, B3anMOAeíícTByK)iAMe c penpeccopoM, MoryT 6biľb BbiHB/ieHbi c noMombto 
XMMMHeCKMX CUJMBOK MJ1M C nOMOlAbK) MOAM(() M Kai^íí, HapyiUaiOLAMX npOĽieCC CBH3blBaHMH. ľlpn MC- 
nojib30BaHMM o6omx noAXOAOB 6bmo ycraHOB/ieHO, hto b CBJBbiBaH m c penpeccopoM ynacTByeT 
o6/iacrb, BK/itonatomafl b ce6a HymieoTMAbi ot +1 ao +23 Ha o6enx uenflx flHK. KoHCTmyniBHbie 
MyTauMM o6Hapy>KMBaK)TCfl b BOCbMM no3MiJiMBX onepaTopa (Me>KAy HyKjieoTHAaMH +5 n +17) 
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pne. 11.29. 3a C6H3ueanue cneUfUfpmecKux nouiedoea- 
mejibnocmeúJlHK c óejiKOM MOMem 6umb omeemcmeen- 
ho neôojibtuoe hucjio KonmaKmoe e npedejiax ôojibuioú 
no pamepy oôjiacmu. 

CHMMeTpnfl b nocjie^OBaTejibHOCTH flHK oTpaacaeT 
CHMMcrpHio b 6 e;iKe. Kaxcflaa H3 HfleHTHHHbix flpyr flpy- 
ry cyó'beAHHHq TeTpaMepHoro penpeccopa hmcct flHK- 
CBH3biBaiomHH ynacroK. flBa TaKHx cBaäbmaioiij.Hx canrra 
KOHTaKTnpyioT c onepaTopoM, a co cTopoHbi onepaTopa 
B Cj)OpMHpOBaHHH KOHTaKTa ynaCTByiOT flBa HHBepTHpO- 
BaHHbix noBTopa. Tanoe B3aHMOfleňcTBHe npoflBjíaeTCfl b 

CHMMeTpHHHOCTH KOHTaKTOB, 06pa3yK}IflHXai MOKfly pen- 
peCCOpOM H onepaTopoM (KOHTaKTbl MOKfly OCHOBaHHflMH 
+ 1 H +6 HBJlHIOTCa CHMMeTpHHHbIMH nO OTHOIIieHHK) K 
KOHTaKTaM MOKfly OCHOBaHHflMH + 21 H +16), a TaKXCe B 
pacnpeAeJieHHH KOHCTHTyraBHbix MyTaijHH BHyTpn Kaac- 
floro HHBeprapoBaHHoro noBTopa. (TeM He MeHee onepa- 
Top HMeeT HecTporo CHMMeTpHHHyto cTpyKTypy; ero jie- 
Baa cTopoHa CBH3biBaeTca c penpeccopoM nponHee, neM 
npaBaa. Bojiee cnjibHbiH onepaTop moikho co3flaTb nyTeM 
Ayn^HKauHH (c HHBepcneH) jicboh nacra h yflajieHneM 
UCHTpaJlbHOH napbl OCHOBaHHH.) 


12.15 


CBfl3t>iBaHne penpeccopa 

C MHflyKTOpOM npMBOflMT 

k ero OTAejieHwo ot flHK 


K/iiOHeBbie noHBT m: 


• CBB3biBaHne penpeccopa c MHflyKTopoM npMBOflnT k TannM 
M3MeHeHMBM eľO KOH(()OpMaLjlHH, B pe3y/lbTaTe KOTOpblX 
acjDcjDMHHOCTb CB5i3biBaHMB c flHK naflaeT, n penpeccop 
OTflenBeTCB ot onepaiopa. 


Pa3JiHHHbie HHflyKTopbi Bbi3biBaiOT xapaKTepHoe yMeHbine- 
Hne a(J)(J)HHHOCTH CBa3biBaHHa penpeccopa c onepaTopoM 
in vitro. 3th H3MeHeHna KoppejinpyiOT c scjxjDeKTHBHOC- 
Tbio HHflyKTopa in vivo. CjieflOBaTe^bHO, HHflyKijHfl ocho- 
BaHa Ha yMeHbiueHHH cpoflCTBa MOKfly penpeccopoM n 
onepaTopoM. ľlpoHHKaa b mieTKy, HHflyKTop CBfl3biBaeTca 
co CBOóoflHbiMH penpeccopaMH, npeflOTBpamaa nx B3an- 
MOflencTBne c onepaTopaMH. OflHaKo b tom cnynae, Korfla 
penpeccop y^ce nponHO CBa3aH c onepaTopoM, KaK HHflyK¬ 
Top pa3pymaeT sto B3anMOfleHCTBne? 

Ha R H c. 12.19 npHBefleHbi flBe moacjih, HJunocTpHpyio- 
iflne MexaHH3M pa6o™ HHflyKTopa: 

• Mofleiib paBHOBecna (H3o6pa^KeHHaa cneBa) npeflnojia- 
raeT, hto penpeccop, cBjmHHbiH c flHK, HaxoflHTca b 
paBHOBecnn co CBOóoflHbiM penpeccopoM. HHflyKTop 
CBH3bmaeT cBoôoflHyio cj)opMy penpeccopa n TeM ca- 
mmm HapymaeT paBHOBecne nyTeM npeflOTBpameHna 
ero noBTopHoro CBa3biBaHna c flHK. 

• OflHaKo CKopocTb flHCcoiinaiiHH penpeccopa ot onepa¬ 
Topa OKa3a^aCb CJIHIIIKOM HH3KOH, HTOÔbl COOTBeTCTBO- 

BaTb flaHHon MOfle^n (nepnofl nojiypacnafla KOMmieKca 
penpeccop-onepaTop b OTcyTCTBne HHflyKTopa in vitro 


cocraBjíaeT >15 mhh). 3to 03HanaeT, hto undynmop 
dojiMeu C6H3ueambCH nenocpedcrneenno c penpecco¬ 
poM , uaxodmi^uMCH e KOMWieKce c onepamopOM . KaK 
cneflyeT H3 moacjih, npeflcraBjíeHHOH cnpaBa, npn- 
coeflHHeHne HHflyKTopa aojdkho npnBOflHTb k t3khm 
H3MeHeHHHM penpeccopa, b pe3yjibTaTe KOTopbix oh 
OTflejiaeTca ot onepaTopa. H fleHCTBHTejibHO, npn flo- 
6aBjieHHH Hmr in vitro nponcxoflHT HeMe/yieHHaa fle- 
CTa6™H3aflHH KOMnjieKca penpeccop-onepaTop. 
CBa3bmaHHe KOMmieKca penpeccop-HITIT c onepa- 
TopoM MO^ceT 6biTb H3yneHO npn noMomn óojibiunx koh- 
ueHTpauHH 6ejiKa b noflxofle c onpeflejieHHeM scfxJjeKTOB 
3aiflHTbi/3HxaHCHHra npn MerajiHpoBaHHH. Bojibmoe 
KOJinnecTBO óejiKa KOMneHcnpyeT HH3Kyio acjxj)HHHOCTb 
CBH3biBaHna KOMraeKca penpeccop-HnTT c onepaTopoM. 
KoMraeKc c{)opMHpyeT c flHK tohho TaKne ^ce KOHTaKTbl, 
KaK h CBOÔOflHbiH penpeccop. AHaAornnHbie pe3yjibTa™ 
6buiH noAyneHbi b SKcnepnMeHTax c MyraHTHbiMH penpec¬ 
copaMH, cpoflCTBO KOTopbix k onepaTopy, HanpoTHB, no- 
BbimeHO; ohh o6pa3yiOT tot ^ce ran KOHTaKTOB. 

B qe^OM Tnnbi penpeccopoB, y KOTopbix pa3JiHHHa b 
acjxjDHHHOCTH k onepaTopy flOCTnraiOT ceMH nopaflKOB, 
(f)opMHpyioT c flHK oflHH h Te ^ce KOHTaKTbl. Cjiedoea- 
mejibno, umenenm e a<fi<fiuHuocmu C6H3U6anm pen¬ 
peccopa c JIHK dojiMuu npoucxodumb nymeM gjiuhhuh 
na oômyK) KOH(popMaiyu}o /JHK-censueawuiezo pezuona, 
a ne nymeM C03daum tmu pa3puea oduou wiu uecKOJib- 
KUX C6H3eU. 


flee MOAe/iM B3anwoAencTBHfl HHflyKTopa m penpeccopa 
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CBB3aHHbiM c onepaTopoM (cnpaBa)ľ 
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12.16 


Penpeccop cnocoóeH 
CBfl3biBaTb Tpii onepaTopa 

M B 3 aMMOfleÍÍCTBOBaTb 
c PHK-no^MMepa3oŕí 


KjiiOHeBbie noHBT m: 


• Ka>KAbm AMMep TeTpaMepHoro penpeccopa MO>KeT CBa3biBaTb 
onepaľop, c/ieAOBaTe/ibHo, TeipaMep Mo>KeT CBB3biBaTb ABa 
onepaiopa OAHOBpeMeHHo. 

• Pea^M3aiJiMB no/iHoií penpeccnn TpeóyeT, moóbi penpeccop 
npoB3anMOAeíícTBOBaji c AonojiHmejibHbiM onepaiopoM, 
pacno/ioweHHbiM Bbiwe nm Hnwe ocHOBHoro onepaiopa, 
nepeKpbiBaiomerocfl c npoMOTopoM reHa lacZ. 

• CBB3biBaHne penpeccopa c onepaiopoM cnocoócTByeT 
CBB3blBaHMK) PHK-nOJWMepa3bl C npOMOTOpOM, OAHaKO 
npenBTCTByei TpaHCKpnniJinn. 


3(J)(J)eKT äJUlOCTCpHHCCKOrO H3MCHCHHH KOH(f)OpMaUHH 

npn CBH3biBaHHH penpeccopa c hhayktopom npoflBjíaeToi 
y^ce b AHMepe. noneMy, b TaKOM oiynae, peajin3aijHH 
nojiHoň penpeccHH hcoóxoahmo, HTOóbi penpeccop hmca 
T eTpaMepHyio cTpyicrypy? 

KaxcAbin AHMep MO^ceT cBa3biBaTbca c noc;ieAOBaTe;ib- 
HocTbio onepaTopa. 3to 03HanaeT, hto HHTaKTHbin pen¬ 
peccop cnocoóeH CBa3aTb ABa onepaTopa OAHOBpeMeH- 
ho. B AencTBHTejibHOCTH, b cTapTOBOM ynacTKe onepoHa 
lac pacnojio^ceHbi ABe nocneAOBaTejibHbix onepaTopHbix 
canTax. nepBbin oneparap, 01, pacnoiioaceH HenocpeAC- 
TBeHHO nepeA HanajiOM reHa lacZ n xapaKTepn3yeTca 
BbicoKon a^HHHOCTbK) k penpeccopy. Eme ABa onepa¬ 
Topa (HHorAa Ha3biBaeMbie nceBAO-onepaTopaMn) xa- 
paKTepn3yiOTCH noHH^ceHHbiM cpoactbom k penpeccopy; 
02 pacnojioaceH Ha 410 ocHOBaHnn Hnace crapTOBon 
tohkh reHa lacZ , a 03 — Ha 88 ocHOBaHnn Bbirne crapTo- 
boh tohkh reHa lacl. 

Ha p M c. 12.20 noKa3aHO, hto nponcxoAHT b tom cny- 
nae, KorAa flHK-CBaabiBaiomHH óejiOK CBH3biBaeTca c AByMa 
OTAejibHbiMH canTaMH flHK OAHOBpeMeHHo. noaieAOBa- 
TeJIbHOCTb flHK MOKAy 3THMH canrraMn (J>opMnpyeT neT- 
jiio. fljinHa neTjín 3aBncnT ot paccTOflHna mokay ab yMa 
canTaMH CBa3biBaHna. KorAa Lac-penpeccop CBH3biBaeTca 
OAHOBpeMeHHo c 01 n c oahhm H3 AByx Apyrnx onepaTo- 
poB, flHK mokay sthmh ynacTKaMn (JiopMHpyeT KopoTKyio 
neTjno, OKHMaiomyio CTpyKTypy flHK. Ha P H C. 12.21 npeA- 
CTaBjíeHa MOAejib B3anMOAcncTBHH TeTpaMepHoro penpec¬ 
copa c AByMa onepaTopaMH. 

CBa3biBaHne c AonojiHHTejibHbiMn onepaTopaMH bjih- 
aeT Ha ypoBeHb penpeccnn. YAaJieHne KaKon-jinôo H3 
nocAeAOBaTeAbHOCTen 02 hjih 03 npnBOAHT k CHnaceHnio 
3(J)({)eKTHBHOCTH penpeccnn b 2-4 pa3a, yAajieHne oôenx 
nocjieAOBaTeAbHOCTen — b 100 pa3. H 3 smozo aiedyem, 
umo cnocoóHoanb penpeccopa C6H3ueambcn napndy c 01 
c odním U3 deyx dpyzux onepamopoe eaMna dm peanu- 
3au ( uu penpeccuu . SKcnepnMeHTbi in vitro co CBepxcnnpa- 

JIH30BaHHbIMH njia3MHAaMH, COAep^CaiAHMH MHOaceCTBeH- 
Hbie onepaTopbi, BbiaBnjín cymecTBeHHyio cTa6njin3aijHK) 
lacI-flHK KOMraeKca. TeM He MeHee npn CBfl3biBaHnn lacl 
c HnTT penpeccop óbicTpo AHCCOunnpoBaji ot flHK. 


Penpeccop cnocoôcTByeT 
4>opMnpoBaHMK> neľjiu b crpyKType AH K 



P Vi C. 12.20 KorAa 06a AMMepa TeTpaMepHoro penpeccopa CBA3biBa- 
kdtcb c flHK, flHK (J)opMMpyeT neisto 


Me>KAy AByMfl caniaMM cBfl3biBaHM« c penpeccopoM 


AHK c|>o^MMpyeT neTJiio 



PHC. 12 21 KorAa TeipaMepHbin penpeccop CBA3biBaeTca c AByMa 
onepaTopaMH, noc/ieAOBaTe/ibHocTb flHK Me>KAy ynacrKaMn cBa3bi- 
B3Hna CBopaHMBaeTca b wecTKyto nemto. (CipyKTypa cnHero UBeia 
b ueHTpe CBepHyBĽjeííca flHK — CAP, eme oahh peryaaTopHbm 6e- 
JIOK, CBa3blBaKDIAHMCa B 3TOM perMOHe.) flaHHbie BOCnpOM3BeAGHbl c 
pa3pemeHMa Lewis M., et al. 1996. Science. 271: cover. 1996 AAAS. 
Jlio6e3Ho npeAocraBjíeHo Ponzy Lu, University of Pennsylvania 


KpoMe Toro, Mbi 3HaeM o npaMbix nocjieflCTBnax cbh- 
3biBaHHa penpeccopa c onepaTopoM (07). nepBOHana^bHO 
CHHTaJIOCb, HTO 3TO B3aHMOfleHCTBHe npenflTCTByeT KOHTaKTy 
PHK-nojinMepa3bi c npoMOTopoM. Cennac Mbi 3HaeM, hto ABa 
6e;iKa Moryr CBH3biBaTbca c flHK OAHOBpeMeHHo, npn stom 
C6H3U6auue JJHK c penpeccopoM yeejimueaem npmnocmb 
ceH3ueaHmMJHIK c PHK-nojiimepa30ú! TeM He MeHee CBH3aH- 
Hbin (fiepMeHT He MoaceT HHHiinnpoBaTb TpaHCKpnnunio. 

KoHCTaHTa paBHOBecna Rjm peaKiinn CBa3biBaHna PHK- 
nojiHMepa3bi c toc-npoMOTopoM cocTaBJíaeT 1,9 x 10 7 M -1 . 
B npncyTCTBHH penpeccopa 3Ta KOHCTaHTa yBejinnnBaeTca 
Ha ABa nopaAKa n cocTaBjíaeT 2,5 x 10 9 M _1 . Ecjih opneHTn- 
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poBaTboí m 3HaneHHfl KOHCTaHra paBHOBecna K B , npnBe- 
AeHHbie Ha pne. 11.19, mo>kho aca3aTb, hto penpeccop npe- 
BpamaeT npouecc (jDopMnpoBaHHa 3aKpbiToro KOMmieKca 
MOKfly PHK-nojinMepa3on h toc-npoMOTopoM H3 oiaôoro 
B3aHMOAeňcTBHa b npoHHoe. 

Kanoe nooieflCTBne sto hmcct /yia HHflyKiiHH onepoHa? 
BbicoKoe 3HaneHne CBHfleTejibCTByeT o tom, hto 3aHflTbin 
penpeccopoM npoMOTop b 100 pa3 na m,e ocraHeTCfl CBimH- 
hhm c PHK-no;iHMepa30H. KpoMe toto, oflHOBpeMeHHoe 
B3aHMOAeňcTBHe flHK c penpeccopoM h PHK-nojinMepa3on 
AejiaeT bosmo^khhm HeMe,zyieHHoe Hana^o TpaHCKpnnunn 
cpa3y nocne HHflyKijHH. npn stom hot HeoôxoflHMOCTn 
)KAaTb, noKa PHK nojinMepa3a aifleT Ha npoMOTop. 

Hhmmh cjiOBaMH, penpeccop oôecnennBaeT «xpaHe- 
Hne» PHK-no^HMepa3bi Ha npoMOTope. KoMmieKC PHK- 
nojiHMepasa-penpeccop-flHK ôjiOKnpoBaH b 3aKpbiTOM 
COCTOflHHH. ľlpH flOÔaBJíeHHH HHflyKTOpa penpeCCOp BblCBO- 
ôoxcflaeTca, n 3aKpbiTbin KOMnjieKc npeBpamaeTca b OTKpbi- 
TblH, HTO H HHHUHHpyeT TpaHCKpnnUHK). OÔIAHH S(]x[)eKT 
B3aHMOAencTBH5i c penpeccopoM npoflBjmeTai b ycKopeHnn 
npou,ecca HHflyKijHH. 

ľlpHMeHHMa yin sTa MOflejib k ApyrHM CHCTeMaM? B3a- 
HMOAeHCTBHe MCTKffy PHK-nojiHMepa3on, penpeccopoM n 
npoMOTopHbiMH/onepaTopHbiMH ynacTKaMH Ha flHK xapax- 
Tepn3yeTca cbohmh ocoôeHHOcniMH /yia Ka^Kflon cncTeMbi. 
OóyoiOB^eHO sto tcm, hto nocjieflOBaTejibHocTb onepaTopa 
He Bcerfla nepeKpbiBaeTca c npoMOTopoM (cm. pne. 12.26). K 
npnMepy, y cjiara /raMÔfla onepaTop pacnojioaceH Bbirne npo- 
MOTopHoroynacTKa, n cBa3bmaHne c penpeccopoM ÔJiOKnpy- 
eT cBa3biBaHne c PHK-nojinMepa3on (cm. tji. 14 <<CTpaTernn 
(J>aroB»). To ecTb B3anMOAencTBne penpeccopa, cBimHHoro c 
flHK, n PHK-no;iHMepa3bi cBoncTBeHHO He bccm cncreMaM. 


12.17 


Penpeccop Bcerna CBínaH c AH K 


K/iiOHeBbie noHBT m: 


• Ee/iKn, oô/iaflaiomne bucokom a(J)(J)HHHocTbio k onpeAe/ieHHbiM 
nocjieAOBaTe/ibHocľflM flHK, b oTHOiueHHH Bcex ocra/ibHbix 
noc^eAOBaie^bHocieíí npoflB/uHOT HH3Kyio a(j)cJ)MHH0CTb. 

• KawAaa napa ocHOBaHnň 6aKTepna/ibHoro reHOMa 
Mo>KeT daTb Hana/ioM HH3Koac()c|)HHHoro caiÍTa CB/BbiBaHna 
A/151 penpeccopa. 

• Ha/innne 6o/ibujoro KO/wnecTBa HH3Koa(f)(f)HHHbix caííTOB 
CBB3biBaHMfl rapaHTMpyeT, hto Bce Mo/ieKy/ibi penpeccopHoro 
6e/iKa 6yAyT accounnpoBaHbi c flHK. 

• Penpeccop HaxoAm onepaTop, nepeMemaacb k HeMy no flHK ot 
c/iyHaňHoro caiÍTa CBB3biBaHHfl, a He An$$yHAMpyfl M3 pacTBopa. 


BepoaTHO, Bce ôe;iKH, npoflBjnuomne ôojibinyio cneijH- 
cj)HHH0CTb b OTHOineHHH onpeflejieHHon nocjieflOBaTejib- 
HOCTH flHK, npOJIBJIfllOT HH3KOe CpOflCTBO B OTHOOieHHH 
KaKHx-jinóo cjiynaHHbix nocneflOBaTejibHOCTen. Eojibinoe 
HHCJIO HH3KOa(j)(J)HHHbIX CaHTOB CB5I3bIBaHH5I ÔyfleT KOH- 
KypnpoBaTb c HeôoJibinnM hhcjiom cneijH(})HHHbix ynacr- 
kob 3a CBH3biBaHne c penpeccopoM-TeTpaMepoM. B reHOMe 
E.coli cyiflecTByeT To/ibKo oahh canrr, oôJiaflaiomHH Bbico- 


koh a(J)(})HHHOCTbK) k penpeccopy, — onepaTop. Bce oc- 
Ta^bHbie nocjieAOBaTejibHOCTn — sto can™ CBfl3biBaHna, 
xapaKTepn3yioiAHecH hh3khm cpoactbom k penpeccopy. 
Kaxcflaa napa ocHOBaHnň 6aKTepna;ibHoro reHOMa moikct 
CT aTb HanaAOM HH3Koa(]xJ)HHHoro caňTa cBH3biBaHna fljra 
penpeccopa. (fljia (jDopMnpoBaHHa HH3Koa4)$)HHHoro can- 
Ta CBa3biBaHna flocraTOHHO CMemeHna penpeccopa BflOAb 
nocAeflOBaTeAbHOCTH flHK Bcero Ha oaho ocHOBaHne 3a 
npeAe;ibi onepaTopa!) B pe3yjibTaTe kojihhcctbo Taxnx 
CAyHanHbix canTOB CBH3biBaHna cocraBjíaeT 4,2 x 10 6 . 

Bojibinoň H3ÔbiTOK cjiynaňHbix ynacTKOB CBa3biBaHna 
03HanaeT, hto Aaace b OTcyTCTBne ynacTKa cneuncj)HHecKO- 
ro CBa3biBaHna, Bce hah nonra Bce MOJieKyjibi penpeccopa 
6yAyT CBH3aHbic flHK. B pacTBope (b cboóoahom coctoh- 
hhh) penpeccop oÔHapy^cnBaTbca He 6yAeT. Ha p n c. 12.22 
npnBeAeHO ypaBHeHne, onncbmaioiflee paBHOBecne MexcAy 
CBOÔOAHbiM penpeccopoM n penpeccopoM, CBjmHHbiM c 
flHK. npeo6pa30BaB sto ypaBHeHne, mo^cho paccnnTaTb 
AOJiio cboôoahoto penpeccopa ot oômero KOJinnecTBa 
penpeccopa b KneTKe. 

Hcnojib3ya b pacneTax napaMeTpbi chctcmm lac , onpe- 
AejiaeM, hto: 

• KoHCTaHTa paBHOBecna a^ peaKflnn HecneflH(J)HHec- 
koto CBa3biBaHna paBHa K A = 2 x 10 6 M _l . 

• Komiempauna Hecneun(J)HHecKHx noaieAOBaTejibHOc- 
Ten flHK cocTaBJíaeT 4 x 10 6 Ha 10 _15 a óaKTepnajib- 
hoto oô^eMa, hto cooTBeTCTByeT KomieHTpaiinH 
[flHK] = 7 x 10 -3 M (oneHb BbicoKaa KOHiiempauna). 
Bbipa^caa OAHy BejinHHHy nepe3 Apyryío, nojiynaeM, hto 

cooTHomeHHe cboôoahoto penpeccopa k CBH3aHHOMy co- 
CTaB/meT 10 -4 . 

3a ucKmoHenum 0,01%, ece MOJieKynu penpeccopa 
C6R3auu co cjiynaúHbLMU nocjiedoeamejibuocmRMU RHK A 
nocKOJibKy Ha OAHy KneTKy npnxoAHTca ~ 10 MOJieKyji pen¬ 
peccopa, Moymo yTBepxcAaTb, hto cboôoahoto penpeccopa 
B KJieTKe BOBCe HeT. 3 tOT ([)aKT BHOCHT 3HaHHMblň BKJiaA b 
noHHMaHne MexaHH3MOB B3anMOAencTBna penpeccopa c 
onepaTopoM: OAHH-eAHHCTBeHHbin BbicoKocnen,n(})HHHbiň 
caňT KOHKypnpyeT c ôojibinnM kojihhcctbom cjiyHanHbix 
ynacTKOB 3a CBfl3biBaHne c penpeccopoM. 

npn TaKon KOHKypeHiinn aôcojnoTHbie BejinHHHbi kohc- 
TaHT accounaunn penpeccopa c onepaTopoM n penpeccopa 
co cryHaňHon noaieAOBaTe/ibHOCTbK) 3HaHeHna He hmoot. 


Penpeccop+AHK#penpeccop-AHK 


PaBHOBecne peaiujnn cBB3biBaHHB penpeccopa 
co c/iynaňHoň noc/ieAOBaie/ibHOCTbio flHK 
onncbiBaeicfl ypaBHeHneM: 

[Penpeccop-flHK] 

Ka = - 

[CBOÓOAHbíň penpeccop] [flHK] 

flo/no CBOÓOAHoro penpeccopa mo>kho 
paccHmaib, npeo6pa30BaB ypaBHeHne: 

[CBOÓOftHbíň penpeccop] 1 

[Penpeccop-flHK] = K Ä x [flHK] 


P H C. 12.2 2 PeaKLíMB CBB3biBdHiiB penpeccopa co cnyHaňHoíí noc/ie- 
AOBaienbHOCTbio onMCbiBaeľca ypaBHeHneM paBHOBecne 
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B stom oiynae cymecTBeHHbiM napaMerpoM craHOBHToi otho- 
meHne K sp (KOHcraHTa peaKu,™ CBH3biBaHna co cneuH(J)HMec- 
KHM CaflTOM) K K m/> (KOHCTaHTa peaKUHH CBfl3bIBaHHfl co aiy- 
MaňHoň nooieflOBaTenbHocTbRD), to ecrb cneuHcjMUHOCTb. 


12.18 


Onepaiop KOHKypupyeT 
CO CJiywaMHbIMM 
nocjieAOBaTejibHOCTUMH 
3 a CBB 3 biBaHne c penpeccopoM 


fOnoneBbie noHama: 


• B OTcyTCTBue HHAyKTopa a(J)(J)MHH 0 CTb penpeccopa k onepaiopy 
npeBbiiuaeTero cpoactbo k cjiynaHHOH noc/ieflOBaie/ibHocTM b 
10 7 pa3. 

• Ko^nnecTBO Mo/ieKy/i penpeccopa Ha K/ieľKy (okojio 10) — 
AOcraľOHHo A^ifl Toro, HTo6bi oóecneHMľb CBa3biBaHne onepaiopa 
b TeneHMe 96% BpeMeHM. 

• ľlpn Ao6aB/ieHnn MHAyKTopa pa3Hnua Me>KAy ac()(l)HHH0CTbK) 
penpeccopa k onepaiopy n k HecneuH(J)MHecKHM caíÍTaM 
coKpamaeTCB c 10 7 ao 10 4 . ľlpn 3tom CBa3biBaeica To/ibKO 3% 
onepaTopoB. 

• ľlpMCOeAHHeHMe MHAyKTOpa npMBOAHT k CMemeHMK) 
penpeccopa c nocjieAOBaiejibHocTM onepaiopa Ha c/iynaíiHyK) 
noc^eAOBaie^bHOCTb nyieM npaMOÍí 3aMeHbi OAHoro caíÍTa Ha 
ApyroŇ. 

• 3t m napaMeipbi MoryT 6biTb M3MeHeHbi nyieM noBbiweHMa mji n 
nOHHWeHMa 3(J)(J)eKTMBHOH KOHLieHipauMH flHK in vivo. 


Mbi moxccm onpeAe;iHTb napaMeTpbi, BjinaiomHe Ha cno- 
coÔHOCTb peryjíHTopHbix ócjikob CBH3biBaTbca c nocjieAO- 
BaiejibHOCTaMH-MHineHaMH, cpaBHHBaa ypaBHeHnu paBHO- 
BecHH jyin peaKUHH cneuHcjDHnecKoro h HecneuHcjDHnecKo- 
ro CBH3biBaHHH. nepenncjiHM BaxcHbie napaMeTpbi: 

• Pa3Mep reHOMa bjihuct Ha cnocoÔHOCTb 6e;iKa CBU3bi- 
BaTbca co cneuH(f>HHecKOH nocjieAOBaTejibHOCTbio. 

• PeaKUHH CBH 3 bIBaHHH C flHK 3 aBHCHT, C O^HOH CTOpOHbl, 
ot cneuH(J)HHHOCTH ôejiKa, a c Apyroň — ot oĎmeň Mac- 
CbiflHK. 

• KojinnecTBO óejiKa, TpeôyeMoe ajih pea;iH3auHH cneun- 
(J)HHHOrO CBH3bIBaHHH, yBCJlHHHBaeTCH C POČTOM reHOMa 
h yMeHbinaeTCfl c noBbimeHHeM cneuncjDHHHOCTH ôejiKa. 

• KojinnecTBO 6eAKa aojdkho HaxoAHTbai b H3ÔbiTKe no 
OTHomeHHio k oôiueMy nnc/iy cneuncpHuecKHx noc- 
jieAOBaTejibHOCTeH-MHineHeH. B cbh3h c sthm peryjiu- 

TOpHblX ÔeJIKOB, CnOCOÔHblX CBH3bIBaTbCH C ÔOJIblIIHM 

KOJinnecTBOM MHiueHeH, oÔHapyxceHO ropa3AO óojibine, 
neM Tex, KOTopbie pearnpyioT c orpaHnneHHbiM hhcjiom 
MH rneHen. 

Ha p nc. n 2 . ľ i npHBeACHO cpaBHeHHe KOHCTam paB- 
HOBecHH /yiu peaKUHH cBH3biBaHHH penpeccop/onepaTop h 
penpeccop/cjiyHaHHaa nocueAOBaTejibHOCTb flHK. Ochobh- 
Baacb Ha sthx 3HaueHHHx, Mbi moxccm npeAnojioxcnTb, KaK 
penpeccop pacnpeAejieH MOKAy onepaTopoM h Hecneun- 
(J)HHeCKHMH CaHTaMH CBH3bIBaHHH Ha flHK, a TaKHCe KaKHM 
o6pa30M npncoeAHHeHHe HHAyKTopa npnBOAHT k ahccouh- 
auHH penpeccopa ot onepaiopa. 


K onepaiopy penpeccop npncoeAHHHeTCH ~ b 10 ľ pa3 
jiynrne, hcm k jiioóoh Apyron cjiynaňHOH nocneAOBaTejib- 
hocth flHK toh xce AAHHbi. OnepaTop npeACTaBjmeT coóoh 

eAHHCTBeHHblH BbICOKOa(J)(J)HHHbIH CaHT, KOHKypHpyiOIAHH 
c óojibuiHM KOJiHuecTBOM c/iyuaHHbix nocjieAOBaTejibHOCTen 
JX HK 3a CBH3biBaHne c penpeccopoM. KaKHM xce o6pa30M b 
stom cjiyuae penpeccop oôecnenHBaeT 3cjxj)eKTHBHbiH koh- 
Tpojib 3KcnpeccHH onepoHa? 

OcHOBbiBaucb Ha cneuH(J)HHHOCTH 6euKa, mm moxccm 
oueHHTb pacnpeAeueHHe penpeccopa MOKAy onepaTopoM 
H CJiyuaHHblMH CaHTaMH CBH3bIBaHHH. npn OÔmeM kojih- 
necTBe MOJieKyn toc-penpeccopa Ha kjictkv (paBHOM 10) 
h cneuH({)HHHOCTH ero CBH3biBaHHH c onepaTopoM 10 7 , 
moxcho noACHHTaTb, hto onepaTop 6yAeT cBH3aH c penpec¬ 
copoM 96% BpeMeHH. Pojib cneuncjDHHHOCTH oôthchhiot 
AB e ocoôeHHOCTH B3anMOACHCTBHH MOKAy penpeccopoM 
h onepaTopoM: 

• npncoeAHHeHHe HHAyKTopa k penpeccopy npnBOAHT k 
yMeHbiueHHio a(J)(})HHHOCTH penpeccopa k onepaTopy 
~ Ha 10 3 . Cpoactbo xce b oTHomeHHH cjiynaHHbix nocue- 
AOBaTejibHOCTeH ocTaeTca Hen3MeHHbiM. B pe3yjibTaTe 
cneuH({)HHHOCTb cBH3biBaHHH penpeccopa c onepaTO- 
poM CHHxcaeTca a o 10 4 . 3 toh BejiHHHHbi ynce HeAOCTa- 
tohho jym Toro, HTOóbi oóecneuHTb npeAnouTHTenbHoe 
CBH3biBaHne penpeccopa c onepaTopoM, a He c hh3ko- 
a(J)(J)HHHbIMH CaHTaMH, npncyTCTByiOUJ.HMH B H3ÔbITKe 
(4,2 x 10 6 ). B TaKHx ycjiOBHHx TOJibKO 3% onepaTopoB 
6yAyT cBH3biBaTbcu penpeccopoM. 

• MyTauHH, yMeHbiuaiouj.He cpoactbo penpeccopa k 
onepaTopy b 20-30 pa3, npnBOAHT k koh cTHTyTHBHOH 
SKcnpeccHH reHOB onepoHa. B npeAejiax renoMa My- 
TaHTHbie caň™ MOiyr yTpaTHTb npeHMyui,ecTBO b ot- 
HomeHHH cuynaHHbix caŕíTOB. npn yMeHbiueHHH cne- 
UH(})HHHOCTH penpeCCOpa B 10 pa3 S^eKTHBHOCTb 
CBH3biBaHHH penpeccopoM onepaTopa CHnxcaeTCH npn- 
MepHo Ha 50%. 

B pe3y;ibTaTe TaKoro B3anMOAOHCTBHH b HenHAyunpo- 
BaHHbix KJieTKax o ah a MOJieKyua penpeccopa-TeTpaMepa 
npncoeAHHHeTCH k onepaTopy. Bce hjih nouTH Bce ocTaBuin- 
eca TeTpaMepbi 6yj\yr npncoeAHHHTbCH aiynaŕÍHO k ApyrnM 


Penpeccop cneuwcJ)MMecKM CB5i3biBaeToi c onepaTopoM i 

flHK 

Penpeccop 

Penpeccop + 

MHAyKTOp 

OnepaTop 

2 x 10 13 

ro 

X 

O 

o 

C/iynaMHafl 

nocneAOBaTe/ibHOCTb 

2 x 10 6 

2 x 10 6 

Cnemi4)MMH0CTb 

10 7 

10 4 

Ao/lfl CBB33HHblX 
onepaTopoB 

96% 

3% 

CocTOBHMe onepoHa 

penpecciipoBaH 

MHAyUHpOBaH 


PHC. 12.23 Lac-penpeccop npoHHO m cneun(t)MHHO CB«3biBaeTCB c 
onepaTopoM. 0 ah3ko npncoeAHHeHHe HHAyKTopa npnBOAHT k OTAe- 
neHne penpeccopa. Bce KOHcraHTbi paBHOBecH^ npMBeAeHbi b M -1 
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nocjieflOBaTejibHOCTHM J\ HK, KaK noKa3aHO Ha p M c. 12 . 24 . 
CBOÔo/íHbie TeTpaMepbi penpeccopa, no-BHAHMOMy, n h6o 
H e coAepacaTca b KneTKe, n h6o hx oneHb Mam 

IlpHcoeAHHeHHe HHAyKTopa Hapymaer cnocoÔHOcTb 
penpeccopa cneun({)HHHO CBH3biBaTbca c onepaTopoM. Te 
>Ke penpeccopbi, hto yace CBa3aHbi c onepaTopoM, ahccouh- 
npyioT ot Hero h B3anMOAeHCTByiOT co cjiynaHHbiMH (hh3- 
ko ac{)(J)HHHbiMH) nocjieAOBaTejibHOCTHMH. B pe3y^bTaTe b 
HH/iyij.HpoBaHHOH KJieTKe TeTpaMepbi penpeccopa 6ynyr 
«xpaHHTbca» b c^ynanHbix caŕŕrax JX HK. B HenHAyu,HpoBaH- 
Hoň íoieTKe oahh TeTpaMep óyaeT npncoeAHHflTboí k one¬ 
paTopy, b to BpeMH KaK ocmbHbie Mo;ieKy;ibi penpeccopa 
6yAyr npncoeAHHHTbCH k Hecneuncj)HHHbiM caňTaM. Qiedo- 
eamejibuo, 300eKm uudyKipuu ceodumcn ne k nonejiemm 
ceoôodubLX MOJieKyji penpeccopa, a k u3MeneHwo ezo pac- 
npedejienm naJlHK. 

npn yAajieHHH HH^yKropa penpeccop oneHb ôbicrpo 
BoccTaHaBjíHBaeT cboio cnocoÔHOcTb cneuncj)HHHO B3anMO- 
AencTBOBaTb c onepaTopoM. 3 to nponcxoAHT b pe3y;ibTaTe 
ero CMemeHHfl c HecneuncpHHecKHx canTOB <<xpaHeHna». 
KaKHMH MexaHH3MaMH oóecnennBaeTCH ôbicrpbin noncx 
onepaTopa? CnocoÔHOcTb penpeccopa oneHb óbicrpo cba- 
3bmaTbca c onepaTopoM He corjiacyeTca co BpeMeHeM, Tpe- 
ôyeMbiM /yw MHoacecTBeHHbix AHCCOunaiinň n peaccoiina- 


n,nň KOMnjieKca penpeccop-flHK. 3to ncKjnonaeT Ha^nnne 
MexaHH3Ma óecnopaAOHHoro noncxa onepaTopa n AaeT oc- 
HOBaHne no;iaraTb, hto penpeccop cnocoôeH nepeABnraTbca 
HenocpeACTBeHHo ot oiynanHoro canTa k onepaTopy. 3tot 
npoqecc nponcxoAHT c noMombio toto ace MexaHH3Ma, ko- 
Topbin, KaK Mbi y^ce oócyacAajín, PHK-no;iHMepa3a ncno;ib3y- 
eT nm noncKa npoMOTopa (cm. pne. 11.22 n 11.23). JXbwkc- 
Hne MOxceT ocymecTBjíflTbca 3a cneT óbicrporo cKOJibaceHna 
BAOJib flHKjinôo 3a cneT HenocpeACTBeHHoro nepeMemeHna 
H3 canTa b canT (KaK noKa3aHO Ha pne. 11.24). PeaKunio ne- 
peMeiAeHHa MoaceT oÔJiernnTb Haannne 6o;ibmero nnoia 
(neTbipex) canTOB cBH3biBaHna (b pacneTe Ha TeTpaMep), 
neM Ha caMOM j\ent ncnoJib3yeTca /yia KOHTaKTOB c J\ HK b 
KaacAbin MOMeHT BpeMeHH Q\b2l h 3 neTbipex). 

B yCaOBHaX KOHKypeHIjnn MOKAy eAHHCTBeHHbIM Bbl- 
COKOa(jxf)nHHbIM OnepaTOpOM H ÔOJIblIinM HHOIOM HH3KO- 
acjxjDnHHbix caynanHbix nocjieAOBaTejibHocreň penpeccop 
BCTaeT nepeA AUJieMMOň. Rím peaan3au,nn penpeccnn oh 
aojdkch 6biTb BbicoKOcneun({)HHeH k onepaTopy. Jljín pea- 
jin3aijnn ace nHAyxunn 3Ta cneu,n(})nHHOCTb AOJDKHa 6biTb 
CHnaceHa. npeAnojioacnM, k npnMepy, hto Ha tuieTKy npn- 
xoahtch 1000 MOJieKyn penpeccopa: TorAa b ycjiOBnax pen- 
peccnn jinnib 0,04% onepaTopoB ôyAyr cboôoahh, h TOJibKo 
40% onepaTopoB 6yAyT CBoôoAHbi b yaiOBnax nHAyKijnn. 


Penpeccwfl peajuoyeTCf* b caMTax AH K, c KOľopbiMM cBB3biBaeTCB penpeccop 
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PUC. 12.24 Bce penpeccopbi KJieTKM CBfl3aHbi c flHK 
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Mbl BHAHM OÓpaTHyiO KOppe^UHK) MOXAy CnOCOÔHOCTbK) 
penpeccopa AOcrnraTb nojmon penpeccHH onepaTopa h 

CnOCOÔHOCTbK) 3(J)(})ČKTHBHO CHHXCaTb CneU,H(j)HHHOCTb 
CBH3bIBaHHa BO BpCMH HHAyXIJHH. OCHOBbIBaflCb Ha STOM, 

moxcho npeAno/ioxcHTb, hto hhcjio MOJiexyji penpeccopa, 
CHHTe3npyeMbix in vivo , OTpaxcaeT ôajiaHc MOK/jy sthmh 

AByMB COCTOflHHflMH. 

Pa3Hnqa b ypoBHe sxcnpeccnn jiaxT03Horo onepoHa 
b ero HHAyunpoBaHHOM n penpeccnpoBaHHOM coctoa- 
hhh in vivo cocTaBjíaeT 10 3 pa3. Hhmmh cnoBaMH, Aaxce 
b OTcyTCTBne HHAyKTopa cymecTByeT onpeAejieHHbin 
(})OHOBbIH ypOBeHb SKCnpeCCHH, COCTaBJíaiOIlJ.HH 0,1% OT 
HHAyunpoBaHHoro ypoBHa. Oh moxcct ôbiTb Hnxce — b 
npncyTCTBHH ôojibinero xojinnecTBa ôejixa-penpecco- 
pa — hjih Bbirne — eoín xojinnecTBO ôejixa yMeHbineHO. 
Tax, cocTOHHne nojmon penpeccnn He MoaceT ôbiTb j\o- 
crarHyTO, ecnn b KneTKe npncyTCTByeT MeHee 10 MOJiexyji 
penpeccopa; n MoryT B03HHKHyTb TpyAHOCTH npn HHAyx- 
unn onepoHa, ecjín MOJiexyji penpeccopa cjihiiikom mho- 
ro. Ebuin npoBeAeHbi sxcnepnMeHTbi, b xoAe KOTopbix 
cncTeMy toc-penpeccop-onepaTop bboahjih MbirnaM. Kor- 
Aa onepaTop lac CBjmH c penopTepHbiM reHOM Tnpo3n- 
Ha3bi, npoAyKuna (})epMeHTa HHAyu,HpyeTca AOÔaBjíeHH- 
eM HľlTr. 3 to 03HanaeT, hto rjib noncxa b reHOMe Mbirnn 
CBoeň MHineHH penpeccopy noTpeôyeTca BpeMeHn b 10 3 
pa3 óojibme, neM b reHOMe E. coli. npn stom HHAyxijHfl 
ocyiAecTBjíaeTca npnMepHO tcmh xce xoHueHTpauHHMH 
HnTľ, hto n HHAyKu,HB b ôaxTepnajibHOH mieTKe. 3(j> 
(J)eKTHBHOCTH, C XOTOpOH npOHCXOAHT HHAyXIJHfl, 2 T2K- 

>xe TpeôyeMbix KOHueHTpaunn Lac-penpeccopa Mbi, TeM 
He MeHee, He 3HaeM. 

Rnn toto HTOóbi AaHHbie, nojiyneHHbie npn H3yneHHH 
a(j)<f>HHHOCTH flHK-ÔeJIKOBblX B3aHMOACHCTBHH in VÍtľO , 
SKcrpanojinpoBaTb Ha npoueccbi, npoTeKaiomne in vivo , 
HaM HeOÔXOAHMO 3HaTb S(f>(f>eKTHBHbie KOHUeHTpaunn 
flHK in vivo. 3HaneHne «s(]x})eKTHBHOň xoHueHTpaijHH» 
OTjinnaeTca ot OTHOineHna Macca/o6T>eM H3-3a Hecxojib- 
khx (J>aKTopoB. 3(})(})eKTHBHaa KOHueHTpauna yBejinnn- 
BaeTca npn MOJiexyjiapHOH arperaqnn, KorAa no;iHBa;ieH- 
THbie KaTHOHbi HeňTpajiH3yiOT ~90% 3apKAOB Ha flHK, n 
HyKJienHOBbie khcjioth KOHACHcnpyioTca c oôpa30BaHneM 
MaxpoMOJiexyjiapHbix CTpyxTyp. ľjiaBHbiM cjDaxTopoM, chh- 
)KaiOIAHM 3({)(J)eKTHBHyiO KOHqeHTpauniO, KBjmtTCn HeAO- 
CTynHOCTb Ä HK BCJieACTBne ee KOHAeHcaunn hjih cBa3bi- 
BaHHH C ÔeJIKaMH. 

Oahhm h 3 cnocoóoB onpeAejíHTb scjDcjDeKTHBHyio koh- 
AeHTpauHio rbjirctcr cpaBHeHHe 3aBHcaiAen ot xoHu,eH- 
Tpaunn J\ HK cKopocTn peaxijHH in vitro n in vivo. 3to 
6bmo CAejiaHO c ncno;ib30BaHHeM MaxMOJiexyjiflpHoň 
peKOMÔHHaunn AByx MOJiexyji J\ HK. B xanecTBe xompojia 
npoBOAHJín peaxijHK) BHyTpHMOJiexyjiapHOH pexoMÔHHa- 
Ann, to ecTb peaKunio peKOMÔHHaunn MOKAy canTaMH, 
pacno^oxceHHbiMH b npeAejiax oahoh MO^exy^bi J\ HK. Mbi 
npeAno^araeM, hto MeMMOJieKympHm peaKijna in vivo n 
in vitro npoTexaeT npn oahhx h Tex xce KOHn,eHTpaqnax 
Jl HK, a noTOMy jnoóaa pa3Hnua b cxopocra peaKunn BHyT- 
pn-/MexcMOJieKy^apHOH peKOMÔHHaunn 6yj\tT oôyc^OB- 
^eHa H3MeHeHneM s^cktobhoh KOHn,eHTpaunn J\ HK in 


vivo. Pe3y;ibTaTbi Taxnx sxcnepHMeHTOB no3BOJiaiOT npeA- 
nOJIOXCHTb, HTO 3({)(J)eKTHBHaH KOHU,eHTpaUHH RHK in vivo 
CHHxcaeTca ôo^ee neM b 10 pa3. 

PeaKu,nn peKOM6nHan,HH JX HK, a Taioxe flHK-ôejixoBbix 
B3aHMOACHCTBHH 3aBHCHT OT KOHU,eHTpaU,HH flHK, 2 CJltRO- 
BaTe^bHO, nyBCTBHTejibHbi k npoueccaM, npnBOAflmnM k ee 
CHHxceHHio. 3Ta npoÔJieMa BCTaeT nepeA bccmh AHK-cbh- 
3biBaioiAHMH óejixaMH b npouecce óbicTporo noncxa hmh 
MH ineHH. KpoMe toto, cyin,ecTBOBaHHe Taxoro hb^chhh hc- 
KnonaeT B03M0xcH0CTb noHcxa MHineHen jym CBH3biBaHHa 
nyreM c^ynaHHOH nučpdpysmi (cm. pne. 11.22). 


12.19 


Penpecciifl MomeT npoMcxoflmb 
cpa 3 y b HecKOiibKux jioKycax 


fOnoneBbie noH^TMB: 


• Penpeccop Mo>KeT AeňcTBOBaTb Ha Bce yHacTKM 
flHK, nocrieAOBaTeJibHocTb KOTopbix coBnaAaeT c 
noc^eAOBaie^bHocTbK) onepaTopa. 


Penpeccop Lac AencTByeT TOAbxo Ha onepaTop tchob 
xnacTepa lacZYA. Ho HexoTopbie penpeccopbi MoryT koh- 
TpojinpoBaTb AH(J)(J)y3HO pacnoAOxceHHbie CTpyKTypHbie 
reHbi, B3anMOACHCTBya cpa3y c HecxojibKHMH onepaTopa- 
mh. ľlpHMepoM MOxceT cjiy^cHTb penpeccop trp , kohtpojih- 
pyiomHH Tpn (f)H3HnecKH He CBH3aHHbix rpynnbi reHOB: 

• OnepaTop miacrepa cTpyKTypHbix reHOB tipEDBCA 
KOHTpojinpyeT KOopAnpoBaHHbin chhtc3 (J)epMeHTOB, 
ynacTByiouj.Hx b CHHTe3e TpnnTO({)aHa H3 xoph3moboh 
KHCJIOTbl. 

• OnepaTop Apyroro Jioxyca KOHTpoJinpyeT SKcnpeccnio 
reHa aroH. 3tot reH KOAnpyeT oahh h 3 Tpex (J>epMeH- 
tob, KaTa^H3npymnx Hana^bHyio craAHio b oómeM nym 
6nocHHTe3a apoMaranecKHx aMHHOKHCJioT. 

• PeryjiaTopHbin reH trpR penpeccnpyeTca cbohm xce 
coôcTBeHHbiM npoAyKTOM — ŕrp-penpeccopoM. Cjicao- 
BaTejibHO, penpeccopHbiH ôe^ox A^HCTByeT, cHrDKaa h 
CBOH COÔCTBeHHblH CHHTC3. TaKOH qHKJI MOXCCT OiyXCHTb 
npnMepoM ayroreHHoro kohtpojih (caMOKOHTpojm). 
noAOÔHoe aBjíeHne BecbMa pacnpocTpaHeHO b peryjia- 
TopHbix reHax, sthm cnocoôoM MOxceT ocymecTBjíaTb- 
ca xax HeraTHBHbiH, Tax h no3HTHBHbiň xoHTpojib (cm. 
pa3A. 12.23 «Chhtc3 r-ôe^xa xoHTpojinpyeTca c noMO- 
mbio ayroreHHOH pery;raijHH» h pa3A. 14.15 «Penpeccop 
noAAep>XHBaeT qnxn ayroreHHOH peryjiauHH»). 
PoACTBeHHaa nooieAOBaTejibHOCTb onepaTopa npoTa- 

xceHHOCTbio 21 nH HMeeTca b xaxcAOM H3 Tpex jioxycoB, b 
xoTopbix ACHCTByeT frp-penpeccop. CTeneHb xoHcepBaTHB- 
hocth sthx nooieAOBaTejibHOCTeH npHBeAeHa HaP^sc. 12 . 25 . 
Ka^cAOMy onepaTopy CBOHCTBeHHa cymecTBeHHaa (ho He 
HAeHTHHHaa) ABOHHaa chmmctphh. KoHcepBaTHBHbie oco- 
ôeHHOCTH cTpyxTypbi, cBOHCTBeHHbie a^íb Bcex Tpex onepa- 
TopoB, yxa3biBaiOT Ha tohxh, cyin,ecTBeHHbie aa^ xoHTaxTa c 
frp-penpeccopoM. 3 to oOTHCHneT, xax oahh penpeccopHbíň 
6eAOX ACHCTByeT b Hecxojibxnx jioxycax: mucduu JiOKyc 
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Onepaľopbi, y 3 HaBaeMbie oahmm penpeccopoM, mmciot cxo>KMe n oc ji e AOBate/i b h octu 


< . 06/iacTb onepaiopa .> 

aroH • CC&AATGTACTAGAGAACTAGTGC ATT a, i-CTTAT i TTTT6-TT AT€ AT< 1 T^A 

m PH 

trp AATCATCGAACTAGTTAACTAGTACwC a 


mPHK 


trpR T G C TATCGTACTCTTTAGCGAGTAC 


mPHK 


1 Penpeccop trp pacno3HaeT onepaiopbi cpa3y b Tpex aoKycax. KoHcepBamBHbie HyK- 

jieoTMflbi noKa3aHbi KpacHbiM i^BeTOM. ľlojiOKeHiie CTapTOBoií tohkm BapbMpyeT, hto noKa3aHo c no- 
MOlUbtO CTpe/lOK 


imeem Koňmo cnei^wpmecKOú nymeomudnoú nocnedoea- 
mejibuocmu, y3naeaeMOú penpeccopOM (tohho TaK ace, KaK 
Ka)KAbiH npoMOTop coflep^cHT KOHceHcycHyio nocneAOBa- 
Te^bHOCTb, xapaKTepHyio /y m Apyrnx npoMOTopoB). 

Ha p n c. 12 . 21 npHBefleHbi pa 3 JiHHHbie BapnaHTbi B 3 a- 
HMHoro pacnojioaceHna onepaTopoB h npoMOTopoB. Ot- 
JlHHHTCJIbHOH HCpTOH T 3 KHX «pa 3 ÔpOCaHHbIX» OnepaTOpOB 
RBJlÄCľCR HX pa 3 JIHHHaa ^OKa^H 3 aU,Ha OTHOCHTeJIbHO npo- 
MOTopa b kxkjiom Jioxyce. B reHe trpR onepaTop pacnojio- 
ikzh MOKAy no3HyraMH -12 h +9*, Tor^a xax b trp-ompom 
oh jiokht MtiKffy HymieoTH^aMH -23 h -3. B /ioxyce aroH 
onepaTop HaxoAHTca Ranbuie ot Hana^a TpaHCKpnnijHH, 
pacnojiaraacb MOKAy HyKjieoraAaMH -49 h -29. B Apyrnx 
cjiynaax onepaTop pacnojioaceH nooie npoMOTopa (KaK b 
lac-zwcvzuz) hjih npaMO nepeA hhm (xax b gal-zwcizuz, 
Pflsi KOTopoň npnpoAa s^eKTa penpeccHH ao KOHija He 


Onepaľopbi pacnojiomeHbi paaom c npoMOTopoM 


CľapTOBafl T0HK3 


90i y\y\y\y\y\/\>\y\y\ 

aroH , y\/\/\y\/\/\ >\y\y\ 
trp dBBBBBú\/\/\>\j\/\ 
trpR >\/\>\/V>\y\y\>\>\ 
tac >\>\>\/\y\>\J»\y\/\ 

— npOMOTOp^ 

< 06/iacTb onepaiopa ■ ■■ > 


P H C. í Onepaľopbi MoryT pacno/iaraTbca b pa3/iMHHbix no/io>Ke- 

hmhx OTHocme^bHO npoMOTopa 


BbiHCHCHa). CnocoóHOCTb penpeccopoB AeňcTBOBaTb Ha 
onepaTopbi, pa3;iHHHO pacnojioaceHHbie b npeAejiax npoMO- 
TopoB, yKa3bmaeT Ha to, hto b KaacAOM kohkpcthom cjiynae 
penpeccHH nponcxoAHT no cbohm MexaHH3MaM. OAHaxo 
oĎmeň nepTon npoyecca flBJíaeToi ÔJiOKnpoBaHHe HHHuna- 
Uhh TpaHCKpnnuHH PHK-noJiHMepa3on Ha npoMOTope. 


12.20 


UmKJ 10 -AM<D — 3 í} 3 CjjeKTOp, 
aKTMBMpytOLMMM SP\\ 

m onocpeAyioiAMM ero achctbmb 
H a MHome onepoHbi 


K-moneBbie noHHTMa: 


• BPI4 — aKTMBaiopHbm 6e/iOK, HeoóxoAMMbm flaa MHMUMauMM 
TpaHCKpMnLimi Ha 3aBMCMMbix ot Hero npoMOTopax. 

• fl/ia aKTMBau m AMMepa BPI4 HeoóxoAHMa OAHa Mo/ieKy/ia yAMO. 


A o chx nop m bi roBopnjiH o npoMOTopax xax o noc/ie- 

AOBaTCJIbHOCTHX AHK, KOTOpbie AOJDKHbl ôbITb y 3 HaHbI 

PHK-noAHMepa30H rjw toto, hto6m BnocneACTBHH (J)ep- 
MeHT cmot HanaTb TpaHCKpnnijHio. OAHaKO cymecTByioT 
npoMOTopbi, Ha KOTopbix PHK-noAHMepa3a He MoaceT Ha- 
naTb TpaHCKpHnyHio 6e3 noMOiyn AonojiHHTejibHbix pe- 
ryjíHTopHbix óejiKOB. Taxne óejiKH cjiy^caT no3HTHBHbiMH 
peryjiaTopaMH, npncyTCTBHe KOTopbix hcoóxoahmo j\m 
nepeiaiiOHeHHa TpaHCKpHnu,HOHHbix eAHHny. Kax npa- 
bhjio, aKTHBaTop KOMneHCHpyeT cjiaóocTb npoMOTopa, k 
npHMepy HeAOCTaTOK KOHceHcycHbix nocjieAOBaTejibHoe- 
Teň -35 h -10. 

Oahhm h 3 Hanôojiee nacTO BCTpenaiomHxcH npnMepoB 
TaKHx aKTHBaTopoB cjiy^cHT óejioK, Ha 3 BaHHbin BPI| ano- 
HHAyKTOp (óeAOK-peuenTop uAMO, CRP), KOTopbíň koht- 
pojinpyeT ôojibiuyio rpynny onepoHOB b KJieTKaxE coli. 3 tot 
Ô eJIOK RBURZTCR ({)aKTOpOM n 03 HTHBH 0 T 0 KOHTpOJIH, ero 
npHcyTCTBHe hcoôxoahmo Rjm HHHynauHH TpaHCKpnnuHH 
Ha 3 aBHCHMbIX OT HeľO npoMOTopax. BPLJ, aKTHBeH TOJIbKO 
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MHAyKMMfi m penpeccMfl noABepraiOTai HeraTMBHOMy m no3MTMBHOMy kohtpojiio 


HEľATMBHblM KOHTPO/lb 
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y\/*\ u\/\ 


I 

l 


Penpeccop 


PEľlPECCMPOBAH 


i 

I HeaKi 


HeaKTMBHbiŕí 
^penpeccop 

1/lHflyKTOp 

MHflyUMPOBAH 


n03MTMBHb!M KOHTPOJlb 



y\y\ y"\> 

^ PHK-no/iMMepa3a 


-ä 


HeaKTMBHblíí I AKTMBHblM 

anoMHflyKTop ^ anouHflyKTop 

M H fly KTO p 

PEnPECCl/lPOBAH MHflyUMPOBAH 


/\/\ /Y/ 




f\y\ 


y\y\ y\y 


A_ 


1 




HeaKTMBHblŕi 1 AKTMBHblíí 
penpeccop penpeccop 
Kopenpeccop 

MHAyUMPOBAH PEľlPECCMPOBAH 


Aktu b h bi íí 
anouHflyKTop 


r 


HeaKTMBHblíí 
^anouHflyKTop 


Kopenpeccop 


HHflyAHPOBAH^ PEnPECCMPOBAH 


P M C. 12.27 KoHTpoAMpytoiUMe CMCTeMbi OTAMnatoTCA rMÓKOCTbio m npeAHa3HaneHbi ajia ocymecr- 
BJieHMfl HeraTMBHoro mam no3MTMBHoro kohtpoaa MHAyKUMM mam penpeccMM 


b npncyTCTBHH uAMO, KOTopbíň bcact ce6a KaK Knaccmec- 
KHH HH3KOMOJieKyjiapHbIH HH/iyKTOp (CM. P M C. 12.27; Bepx- 
mn npaBaa nacTb). 

uAMO CHHTe3npyeTCH (Jdcpmchtom — a#eHiuiaTij,HK- 
jia3oň CyôcTpaTOM pjm peaKijHH cnyacHT ATO, b kotopmh 
c noMombio ({)0C({)0AH3(j)HpH0H rpynnbi bboahtch CBii3b 
MOK^y y h 5'-aTOMaMH yrnepoaa, b pe3y;ibTaTe o6pa3yeTca 
CTpyKTypa, H3o6paaceHHaa Ha P M c. 12.28. MyTaHTbi no reHy, 
KOAnpyiomeMy aACHHjiaTiiHKjia3y (cya~), He OTBenaiOT Ha 
H3MeHeHHH ypOBHtf I7II0K03bI B KJICTKC. 

YpoBeHb uAMO oôpaTHO nponopunoHa^eH ypoBHio 
rAi0K03bi. B ocHOBe 3Toro scjxjieKTa jie^caT Te ace KOMno- 
HeHTbl PtS-CHCTeMbI, KOTOpbie OTBeTCTBeHHbl 3a KOHTpOJIb 
noTpeÔJieHHa ;iaKT03bi. OoccjDopHJiHpoBaHHaa cf)opMa 6e;i- 
Ka IIA Glc cTHMyAHpyeT aACHHJiaTUHKJia3y. npn nocrymieHHH 
B KJieTKy I7II0K03bI Ae(J)OC({)OpHAHpOBaHHe IIA Glc npHBOAHT K 
CHH)KeHHK) aKTHBHOCTH (JiepMeHTa. 

KaK noKa3aHO Ha p n c. 12 . 29 , hh3khh ypoBeHb uAMO 
npnBOAHT k HecnocoÔHOCTH 6eAKa A^Koro Tnna CBH3bi- 
BaTbCfl C KOHTpOJlHpyCMblM ynaCTKOM, HTO, B CBOK) one- 



PMC 12.28 OoccjDaTHaA rpynna AMKAMHecKoro AMO coeAMHeHa c 3'- 
m ô'-aTOMaMM yrAepoAa pM6o3Horo KOAbija 


peAb, npoHBAaeTca b HecnocoÔHOcra PHK-noAHMepa3bi 
HHHllHHpOBaTb TpaHCKpHmjHK). OieAOBaTCJIbHO, CHHacaa 
ypoBeHb 11 AMO, nnoK03a jinmaeT cooTBcrcTByiomHe one- 
poHbi peryjíHTopHoro (JiaKTopa, HeoôxoAHMoro jyw hx 
SK cnpeccHH. 
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rjlK)K03a CHHJKaet aKTHBHOCTb EPL| 


12.21 



ľnK)K03a 

<r 

\ 

\ 

CHM>KeHMe ypoBHfi uAMO 

1 

h 

\ 

AKTMBHbm BPLl 

1 

HeaKTMBHbm BPLl 

1 

/ h 

sWWWW?,. 

\ 

BnoKMpoBaHMe 

TpaHCKpMnLIMM 


Ĺmman ypoBeHb uAM<t>, r/iK)K03a MHrn6npyeT TpaHc- 
KpwnUMK) BPLl-3aBMCMMblX OnepOHOB 


EAK CBB3biBaeTCfi 

c KOHceHcycHoň nociieAOBaTeiibHocTbio AH K 


TpaHCKpUnLlMB 

> 


N T G Td 
k N AC A- 

BbicoKOKOHcepBa- 
TMBHbm neHTaMep 


MeHee KOHcepBa- 

TMBHbiŕí neHTaMep 


PH C. 12.30 5PI_l-CBfl3biBaK)mafl o6/iacTb coflepwm b CBoeM cociaBe 
BbicoKOKOHcepBaTMBHbiíí neHTaMep TGTGA m (MHorfla) MHBepTMpo- 
BdHHbiM noBTop 3TOÍÍ nocjieflOBaTejibHOCTM (TCANA) 



P i 12.3 i CB5i3biBaHMe c BPLl npMBOflMT k M3rn6y Mo/ieKy/ibi flHK 
BOKpyr ueHTpa cwMMeipMM óo/ibwe neM Ha 90° 


EPU (|)yHK 4 MOHMpyeT 
Ha OCHOBe pa3J1MHHblX 
MexaHM3MOB, AeíiCTByB npM 3TOM 
Ha pa3Hbie onepoHbi 


KjuoneBbie noHHTMa: 


• CBa3biBaacb c BPLl, flHK M3rn6aeTca Ha 90°. 

• CaŕíTbi CBa3biBaHna c BPLl b pa3Hbix onepoHax-MMweHax 
xapaKTepM3yiOTca pa3/iMHHoŕí jioKajiM3ai4neŕí oTHOcmejibHO 
npoMOTopa. 

• BPLl B3aMMOfleŕícTByeT c PHK-nojiMMepa30M, oflHaKO Aeia/iM 
3Toro npouecca 3aBMcaT ot nojioxíeHMa caíiTa CBa3biBaHna BPLl 
0TH0CMTe/ibH0 npoMOTopa. 


OaKTop BPU, CBH 3 biBaeTca c flHK, h KOMmieKC AMO-BPU,- 
flHK MO)KHO OÓHapy^KHTb Ha Ka}KflOM BPU,- 3 aBHCHMOM 
npoMOTope. OaKTop npeACTaBjmeT coóoh AHMep, cocto- 
amHH H 3 AByX H^eHTHHHblX CyÓ'beAHHHU, C MOJieKyjmpHOH 
Maccoň 22,5 Kfla. flna aKTOBaunn BPU, Heoóxo/jHMa o/jHa 
MoneKyjia ijAMO. MoHOMep BPU, coAep^CHT b cbocm cocTa- 
Be flHK-cBa 3 biBaioiij,HH ynacTOK h ynacTOK, oTBecTBeHHbíň 
3a aKTHBaUHIO TpaHCKpHmj,HH. 

flHMep BPU, CBa3bmaeT ynacTOK flHK, npoTJDKeHHOCTbio 
~22 nH. Bo3MO^CHbie BapHau,HH b KOHceHcycHOH uocncpp- 
BaTejibHocTH caňTa cBfl3biBaHHa npnBeAeHbi Ha p h c. 12 . 30 . 
MyrauHH, npenaTCTByioiij,He ocymecTBjíeHHio BPU CBoen 
4)yHKu,HH, Kax npaBrao, 3aTparaBaiOT BbicoKOKOHcepBaTHB- 


TGTGA 

Hyio neHTaMepHyio noejieAOBaTeJibHOCTb ^q\CT ’ 


KOTopaa, 


cyflfl no BceMy, oóecnenHBaeT y3HaBaHne 6e;iKOM ynacTKa-MH- 
ineHH. npoHHee Bcero BPU cBfl3biBaeT caň™, co/jep^amne ABa 
(HHBepTnpoBaHHbix) neHTaMepHbix noBTopa, nocKoiibKy sto 
AaeT B03M0)KH0CTb CBfl3aTbCfl C flHK OÓeHM CyÓ'beAHHHU.aM 
AHMepa. Bo MHornx caňTax cBa3biBaHna BTopoň neHTaMep 
OTcyTCTByeT, oflHaKo CBH3aTbea c flHK Bce paBHO aojdkhm o6e 
cyó'beAHHHiibi, BTopaa npn stom cBfl3biBaeTca co cjiynaHHOň 
noe^eAOBaTe^bHOCTbio (ec™ OHa Booóme cnocoÓHa CBA3bi- 
BaTbca c flHK). Hepapxna noe^eAOBaTejibHOCTeH coniacHO 
hx acjxj)HHHOCTH cBa3bmaHHa c BPU noMoraeT oó^acHnTb, 
noneMy pa3HbiM reHaM aaa aKTHBau,HH in vivo hcoóxoahmo 
pa3Hoe KOJinnecTBo uAMO. 

CBa3bmaacb c flHK, BPU bhocht b ee CTpyKTypy cymecT- 
BeHHbíň H3rn6. B npoMOTope lac TOHKa neperaóa pacnono- 
>KeHa b ijempe abohhoh CHMMeTpnH. Kax AeMOHCTpnpyeT 
Mo^e^b, npnBeAeHHaa Ha p ne. 12 . 31 , MoneKyjia craóaeTca 
nofl AOCTaTOHHO ôojibiiiHM ynioM (> 90 °). OpraHH3auna 
abohhoh cnnpa^H flHK npn stom npeTepneBaeT cymec- 
TBeHHbie H3MeHeHHa. Pe3KHH H 3 ITí 6 B03HHKaeT B OÓJiaCTH 
KOHceHcycHOH noaieAOBaTejibHOCTH TGTGA. npn cBfl3brca- 
HHH BPU C AByMfl HHBepTHpOBaHHbIMH nOBTOpaMH KOHCCH- 
cycHOH noejieAOBaTejibHOCTH o 6 iij,hh yro^ H3rn6a cocTaB- 
^aeT 90 °. Bo 3 mo^cho, TaKoň H3rn6 Mo^eKy^bi HanpaMyio 
BjinaeT Ha npouecc TpaHCKpnniiHH, OAHaxo oh mo^cct 6biTb 
HeoóxoAHM ToiibKo flHH oóecneneHHfl KOHTaicra BPU h PHK- 
nojiHMepa3bi b npoMOTope. 

JIioóonbiTHaa oeoóeHHOCTb MexaHH 3 Ma AOHCTBHa BPU 
3 aioiiOHaeTca b tom, hto ero caHTbi-MHineHH b pa 3 JiHHHbix 
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onepoHax hmoot pa3Hyio jiOKaaH3aijHio oraocHTejibHO 
CTapTOBOH TOHKH TpaHCKpHnU,HH. IleHTaMep TGTGA MO>KeT 
pacnojiaraTbca b jiioóoh opHeHTau,HH. Ha pmc. 12.32 npnBe- 
fleHbi Tpn npHMepa, onHCbiBaiomne MecTonojioaceHne bo 3- 
MO>KHbix y^acTKOB CBa3bmaHHa BPU,: 

• BPU,-cBa3biBaioiiJ 1 HH caňT npHMbiKaeT k npoMOTopy, Kax 
b tec-onepoHe, b kotopom ijemp ynacTKa, SKpaHHpye- 
Moro BPU,, HaxoAHTca b no3Hu,HH -61. Bo3mo>kho, b lac- 
onepoHe CBa3brcaiOTca ABa AHMepa BPU,. CBa3aBiiiHHca 
BPU, pacnoaoaceH niaBHbiM o6pa30M c oahoh CTopoHbi 
MOJieKyjibi flHK, c toh >Ke, c KOTopoň CBa3breaeTca h 
PHK- no;iHMepa3a. TaKOH xapaKTep CBa3brcaHHa Aae t 
óejiKaM B03M0)KH0CTb óecnpenaTCTBeHHO B3aHMOAenc- 
TBOBaTb Apyr c ApyroM. 

• HHorAa BPU,-cBa3biBaioiij 1 HH caňT pacnoaoaceH BHyrpn 
npoMOTopa, Kax b aoKyceg^/, b kotopom ijemp ynacTKa 
CBa3bmaHHa BPU HaxoAHTca b no3HijHH -41. BepoaT- 
ho, b stom peraoHe cBa3bmaeTca TOJibKo oahh AHMep 
BPU. nocKO^bKy BPU-cBa3bmaioiAHH peraoH nacTHHHO 
jiokht b oójiac™ npoMOTopa, oóhhho SKpaHupyeMOH 
PHK-no;iHMepa30H, moxcho npeAnojioaoiTb, hto ócjikh 
H axoAATca b oneHb tcchom KOHTaKTe. 

• B Apyrux onepoHax BPU-cBa3biBaiomHH caňT pacnojio- 
>KeH nepeA npoMOTopoM. Uemp ynacTKa CBa3brcaHHa 
c eAHHCTBeHHbiM AHMepoM BPU b pernoHe ara pacno- 
jioaceH Aa^bine Bcero ot CTapTOBOH tohkh TpaHCKpnn- 
U.HH — B n03HU,HH -92. 

CTeneHb 3aBHCHMOCTH ot peryjiaTopHoro óejiKa BPU 
onpeAejiaeTca coóctbchhoh 3(}x})eKTHBHOCTbio npoMOTo- 
pa. npoMOTopbi, He3aBHCHMbie ot BPU, oóJiaAaiOT bhcoko- 
KOHcepBaTHBHOH -35 noaieAOBaTejibHOCTbio h b MeHbmeH 
CTeneHH, ho tcm He MeHee KOHcepBaTHBHOH -10 noaieAO- 
BaTeJIbHOCTblO. fleHCTBHTCJIbHO, npOMOTOpbl C 3(J)(J)CKTHB- 

HbiMH -35 h -10 peraoHaMH Moryr B3aHMOAencTBOBaTb c 
PHK-no^HMepa30H He3aBHCHMO ot peryjiaTopHbix (J)aKTo- 
POB. KompOJIb TaKHX npOMOTOpOB C nOMOIAbK) BPU TpyA- 
ho ocymecTBHM. 

Pa3JiHnaiOT ABa npHHu.HriHajibHO pa3Hbix MexaHH3Ma, 
noepeACTBOM KOTOpblX BPU MO^CeT aKTHBHpOBaTb TpaHC- 
KpnnuHio: oh MoaceT HanpaMyio B3aHMOACHCTBOBaTb c PHK- 
no^HMepa3oň hjih oh MoaceT, AencTBya Ha flHK, MeHaTb ee 
CTpyKTypy TaKHM o6pa30M, htoóh oóJiernaTb cBa3brcaHHe c 
(J)epMeHTOM. B AeHCTBHTe/IbHOCTH >Ke BPU B3aHMOACHCTBy- 
eT Kax c PHK-no^HMepa30H, Tax h c flHK. 

CaHTbl CBa3bIBaHHB C BPU BO MHOľHX npOMOTOpaX 
HanoMHHaiOT jihóo EPU-cBa3biBaiomHH caňT toc-onepo- 
Ha (uemp nocjieAOBaTejibHOCTH pacnoaoaceH b noiioace- 
hhh -61), jihóo BPU-cBaabiBaioiAHH caňT g^/-onepoHa 
(u,eHTp nocjieAOBaTejibHOCTH pacnoaoaceH b nojioaceHHH 
-41). OcHOBHoe pa3JiHHne MexcAy hhmh 3amnonaeTca b 
tom, hto caňTbi CBa3biBaHna nepBoro rana (Ha3BaHHbie 
icnacc I) pacnojioaceHbi Bbirne npoMOTopa, TorAa Kax BPU- 
CBaabiBaioiAHe caňTbi BToporo Tnna (Knacc II) nacTHHHO 
nepeKpbiBaiOTca c ynacTKOM CBa3biBaHra PHK-nojiHMe- 
pa3bi. (XapaKTep B3aHMOAeHCTBHH b ^m-onepoHe mo^cct 
Ó bITb pa3JIHHHbIM.) 

H b tom, h b ApyroM cjiy^ae uemp BPU-cBaabmaioiAeH 
nocjieAOBaTejibHOCTH otctoht ot crapTOBOH tohkh TpaHC- 


EPL|-CBii3biBaioi4Me caim>i pacnojio>KeHbi 
b HenocpeflCTBeHHOM 6 jim 30 ctm ot npoMOTopa 


CiapTOBaB TOHKa 

i > 

gal 

lac VW - 

ara 

— ľlpOMOTOp^ 

^ Oô^acTb BPI4- ^ 

CBB3blBaK)lMMX ynacTKOB 


PMC. 12.32 CaŕÍTbi-MMiiieHM BPLl b pa3/iMHHbix onepoHax MMeKDT pa3- 
HyK) J10Ka/lM3ai4MK) OTHOCMTe/lbHO CTapTOBOÍÍ TOHKM TpaHCKpMni4MM 


KpnniiHH Ha ueiioe hhcjio bhtkob abohhoh cnnpa^H J\ HK. 
H 3 3Toro c^eAyeT, hto BPU cBfl3biBaeTca Ha toh ^ce CTopoHe 
MOJieKyjibi flHK, hto h PHK-no;iHMepa3a. OAHaxo npnpoAa 
B3aHMOACHCTBHH MOKAy BPU H PHK-nojiHMepa30H AH« AByX 
THnoB npoMOTopoB pa3^HHaeTca. 

m b C-kohucboh nacTH a-cyó'beAHHHiibi PHK- 
no^HMepa3bi npHBOAHT k noTepe bochphhmhhbocth TpaHC- 
KpHmj.HH K aKTHBailHH Óe^KOM BPU. BPU HMeeT «aKTHBHpy- 
lOIAHH AOMeH», HeOÓXOAHMblH flJ m aKTHBailHH npoMOTopoB 
OÓOHX THÍIOB. 3TOT aKTHBHpyiOIAHH aomch npeACTaBjífleT 
coóoh neTJiio, cocToaiAyio H3 ~ 10 aMHHOKHCJiOT. Oh Hanpa- 
Myio B3aHMOACHCTByeT c a-cyó'beAHHHiien PHK-no^HMepa- 
3bi, aKTHBnpya (J)epMeHT. Jlnn aKTHBau,HH TpaHCKpnniiHH Ha 
npoMOTopax I Knacca 3Toro B3aHMOACHCTBHa AOCTaTOHHO. 
npoMOTopbi II Knacca TpeóyiOT eme OAHoro coóbiTna, b ko¬ 
topom ynacTByioT Apyroň peraoH BPU h N-kohucboh (J)par- 
MeHT a-cyô'beAHHHiibi PHK-noAHMepa3bi. 

OKCnepHMeHTbl C AHMepaMH BPU, B KOTOpblX TO^bKO 
o ah a cyó'beAHHHija oó^aAa^a aKTHBnpyioiAHM aomchom, 
noKa3ajiH, hto HenocpeACTBeHHO b aKTHBaiiHH TpaHCKpnn- 
u,hh ynacTByeT OAHa cyô'beRmmuč óe/iKa, pacno^oxceHHaa 
ÓJiH^ce k CTapTOBOH TOHKe h nosTOMy KOHTaKTHpyiomaa c 
PHK-nojiHMepa30H. Oó^acHeHne 3Toro aBjíeHHa MoaceT 
6biTb caeAyioiAHM: AHMepHaa CTpyKTypa BPU AaeT rapaH- 
thk) Toro, hto OAHa cyó'beAHHHija 6yAeT BcerAa AOCTynHa 

AJia B3aHMOACHCTBHB C PHK-noaHMepa30H, He3aBHCHMO 
ot Toro, Kaxaa cy6 r btm™u,^ CBa3aaacb c flHK h b KaKOH 
opneHTaijHH. 

3cJ)(J)eKT, 0Ka3bmaeMbiH peryaaTopHbiM óeaKOM BPU Ha 
PHK-nojiHMepa3y, 3aBHCHT ot B3anMHoro pacnoaoaceHHa 
AByx óeaKOB. B npoMOTopax I miacca, rAe ynacTOK CBa3bma- 
HHa c BPU npHMbiKaeT k npoMOTopy, B3aHMOACHCTBHe BPU 
C (J)epMeHTOM npHBOAHT K yBeJIHHCHHK) CKOpOCTH nepBHH- 
Horo CBa3bIBaHHa H CKOpOCTH (})OpMHpOBaHHa 3aKpbITOrO 
KOMnaeKca. B npoMOTopax II Kjiacca, rAe ynacTOK cBa3bma- 
HHa c BPU pacnoaoaceH BHyrpn npoMOTopa, B3aHMOAenc- 
TBHe BPU C (J)epMeHTOM npHBOAHT K B03paCTaHHI0 CKOpO- 
cth nepexoAa ot 3aKpbiToro KOMnaeKca k oTKpbiTOMy. 
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12.22 


TpaHCJlflUM5l 
MOJKeT peryimpoBaTboí 


KjwoweBbie noHBTMfli 


• Be/ioK-penpeccop Mo>KeT peryjiMpoBaTb TpacnímMK), 
npen51TCTByB CB513blBaHMK) pMÔOCOMbl C MHMUMMpyKDLUMM 
KOflOHOM. 

• C nOMOLflbK) M3MeHeHMÍÍ B CTpyKType nOJlMUMCTpOHHOÍÍ mPHK, 
B03HMKaK)lHMX B ľipOUeCCe TpaHC/lBUMM, MO>KHO KOHTpOJIMpOBaTb 
flOCTynHOCTb MHMUMMpyJOmMX KOflOHOB. 


TpaHCJIfllJHOHHblň KOHTpOJIb CBOHCTBCHCH OnepOHaM, 
KOAHpywmHM KOMnoHeHTbi annapaTa óejiKOBoro chhtc- 
3a. B onepoHe npoHcxo/mT nepecTpoňKH, oóecneHHBa- 
lOiu.He KoopduHUpoeannyTO peryjiau,Hio rpynnbi cTpyK- 
TypHblX reHOB. flaJIbHeňlIIHň KOHTpOJIb Taioxe B03JI0)KeH 
Ha onepoH. O^HaKo ypoBeHb TpaHCJiau.HH To^ce moikct 
OK a3biBaTb BjiHaHHe Ha creneHb SKcnpeccHH oT/jejibHbix 
reHOB. 

B HecKOJibKHx CHCTeMax /yia TpaHCJiau.HOHHoro koh- 
Tpojm Hcnojib3yiOTca cxo^cne MexaHH3Mbi. Penpeccm 
mpancjim^uu npoucxodum npu C6H3ueanuu mPHK c 6eji- 
kom, npemmcmeywui l UMy3HaeaHU70puôocoMou uhu'huu- 
pyTOu^eu nocjiedoeamejibHocmu . 3to aBJíeHHe aKBHBajieH- 
tho CBa3bmaHHio óejiKa-penpeccopa c flHK, b pe3yjibTaTe 
nero PHK-no;iHMepa3a He moikct B3aHMO/j,eHCTBOBaTb c 
npoMOTopoM. Ha pmc. 12.33 npHBe/jeH Hanóojiee o6mHň 
MexaHH3M TaKoro B3aHMOAeňcTBHa, b KOTopoM peryjia- 
TopHbíň 6e;iOK cBA3biBaeT noc^eAOBaTe^bHOCTb mPHK, co- 
Aepxcamyio HHHijHHpyiom™ AUG ko/joh, SKpaHHpya ee ot 

B3aHMO/J,eHCTBHH C pHÓOCOMOH. 

HeKOTopbie npnMepbi penpeccopoB TpaHCJiau,HH h hx 
MHineHeň npHBeAeHbi Ha pmc. 12 . 34 . lOiaccHqecKHM npHMe- 
poM aBjmeTca noBepxHOCTHbíň 6e;iOK cjiara R17; oh CBH3bi- 
BaeTca co innHJibKOH, o6pa30BaHHoň noejieAOBaTejibHOCTbio 
mPHK cjiara, KOTopaa BKjnonaeT b ce6a ynacTOK cBa3biBaHHa 
c pnôocoMOH. noxo)KHM o6pa30M 6e;iOK RegA cjiara T4 cba- 
3bmaeTca c KOHceHcycHoň noejieAOBaTejibHOCTbio hckoto- 
pbix paHHHX mPHK cjiara, BKJiKraiomeň HHHijHHpyKimHň 
koaoh AUG. T4 ,fl,HK-nojiHMepa3a B 3 aHMO/jeňcTByeT c noc- 
jie^OBaTejibHOCTbK) CBoeň coóctbchhoh mPHK, co/jepiKa- 


Pery/iflTopHbiŕi . e /10 k cnocoóeH 6/iOKnpoBaTb 
cBA3biBaHne mPHK c ph6ocomom 


^■ynaCTOK B3aHM0fleMCTBMB-^ 
c pery/i/iTopoM 

NNNNNNNNNNNNNNNAUGMNNNNNNNNNNNNNNN 


■ynaCTOK B3aMM0fleMCTBMB- 
C pnÓOCOMOM 


PMC. 12.33 Pery^BTopHbiíí 6e/ioK cnoco6eH B3anMOfleíícTBOBaTb c 
ywacTKOM mPHK, nepeKpbiBatoiflMMCfl c ynacTKOM cBfl3biBaHM5i pn6o- 
COMbl B o6/iaCTM MHMI4MMpyK)lUerO KOflOHa, M TeM CaMbIM 6/lOKMpOBaTb 
TpaHcriflUMK) 


uieň HeoóxoAHMbíň jyw CBa3breaHHa pnóocoMbi ajieMeHT 
UlaňHa-fla^brapHo. 

flpyraa cjiopMa TpaHCJiau,HOHHoro Kompojia Haójno- 
AaeTca b tom cjiynae, Kor/ja TpaHCJiaijHa o/jHoro ijHCTpoHa 
TpeóyeT H3MeHeHHň bo btophhhoh CTpyKType, 3aBHcameň 
ot TpaHCJiaiiHH npeflbiflymero uncTpoHa. 3to aBjíeHne 
CBoňcTBeHHO TpaHCJiaijHH cjiaroB c PHK-reHOMOM, HbH 
UHCTpoHbi Bcer/ja TpaHCJinpyiOTca b onpeflejieHHOM no- 
pa/jKe. Kax noKa3aHO Ha pmc. 12 . 35 , PHK cjiara cjiopMHpyeT 
Taxyio BTopHHHyio CTpyKTypy, b KOTopoň flocTynHoň jjjir 
y3HaBaHHH OCTaeTCa TOJIbKO OflHa H3 HHHU.HHpyiOIIJ.HX noc- 
jieAOBaTeabHOCTeň; BTopaa He MoaceT 6biTb y3HaHa pnóoco- 
MaMH, nocKOJibKy cnapeHa c ap>thm ynacTKOM PHK. B xone 
TpaHCJiaiiHH nepBoro uncTpoHa Taxaa BTopHHHaa CTpyx- 
Typa HapyniaeTca, h HHHu.HHpyiomHň caňT cjie/jyiomero 

UHCTpoHa CTaHOBHTca /cocTynHbiM jyui B3aHMO/j,eňcTBHa c 
pnóocoMaMH. B AäHHOM cjiynae enoeoÓHOCTb mPHK TpaHC- 
anpoBaTbca KOHTpojiHpyeTca ee btophhhoh CTpyKTypoň. 


Penpeccopbi Tpanc/iflunu CBH3biBaiOTOi c mPHK 

Penpeccop 

reH-MMiueHb 

CaíÍT CBB3blBaHMB 

riOBepXHOCTHbm 

6e/iOK R17 

R17 pen/iMKa3a 

ĽJnu/ibKa, BK/iiOHaioiMa/i b ceÓB ynacTOK 
CBfl3blBaHMfl C pnÓOCOMOÍÍ 

T4 RegA 

PaHHne mPHK T4 

Pa3/iMHHbie noc/ieflOBaie/ibHocTM, b tom nnc/ie 

M OÓ/iaCTb MHMLlMMpyiOmerO KOflOHa 

T4 flHK-no/iMNiepa3a 

T4 flHK-no/iMMepa3a 

ľloc^eflOBaTe/ibHOCTb lilaňHa-fla/ibrapHO 

T4 p32 

feH 32 

OflHOLienoHeHHaB 5'-/inflnpyiOLflafl 
noc/ieflOBaie/ibHOCTb 


P : .3 4 BeaKM, CBB3biBaK)L4MecB c noaieflOBaTejibHocTflMM mPHK, pacnoao>KeHHbiMM b oóaacTM, 

MHMUMa \\m TpaHc/iBUMM, MoryT BbiciynaTb b po/in penpeccopoB TpaHC/iBUMM 
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flBMJKeHHe pMOOCOMbl 
MOmeT KOHTpOXIMpOBdTb TpaHCJl JUJM K) 



Pi/IC. 12.35 PeaKI4M51 MHMUMaUMM MO>KeT KOHTpOJIMpOBaTbCfl BTOpMH- 
hoíí cTpyKTypoŕí. CHana/ia (b pe3y/ibTaie onpeAe/ieHHoŕí btopmhhom 
apyKTypbi MO/ieKy/ibi m PH K) nnn y3HaBaHM5i pmóocomoíí AOcrynHa 
TO/ibKO OflHa MHMi4MMpyK)L4a5i nocneAOBaTe/ibHOCTb. B xoAe TpaHc- 
nepBoro uMcrpoHa BľopMHHafl CTpyKTypa HapywaeTCfl n rj\s\ 
B3anMOAeŕícTBM5i c pn6ocoMaMM craHOBmcfl AocryneH Apyroŕí MHM- 
UMMpyKDiAMŕí caŕÍT (caŕÍTbi) 


12.23 


TpaHCilBUMB pilÓOCOMailbHblX 
ôeiiKOB KOHTpojmpyeTCfl ayToreHHo 


KmoweBbie noHATMa: 


• TpaHcriflAMfl pn6ocoMajibHbix 6e/iKOB KOHTpojiwpyeTCfl oahmm 
M 3 npOAyKTOB COÓCTBeHHOrO OnepOHa. CBfl3blBaK)lAMMCfl c 
nOJlMAMCTpOHHOM mPHK. 


AnnapaT, oTBeTCTBeHHbíň 3a aKcnpeccnio óaKTepnaabHbix 
reHOB, BKjiiOHaeT b ce6a okojio 70 6e;iKOB. DiaBHbiMH ero 
KOMnoHeHTaMH aBjíaiOTca pnóocoMaabHbie ócjikh (Hapa^y 
C AOnOJIHHTeJIbHbIMH ÓeJIKaMH, y^aCTByiOIIlHMH B ÓeJIKOBOM 
CHHTe3e). OcTajibHaa nacTb SToro annapaTa npeACTaBjíeHa 
cyó'be/i.HHHiiaMH PHK-nojiHMepa3bi h ee BcnoMoraTjibeHbiMH 
(J)aKTopaMH. Bce rem, Ko/jnpyiomHe pnóocoMaabHbie 6en kh, 
(J)aKTopbi óeaKOBoro CHHTe3a h cyó'beAHHnu.bi PHK-nojiHMe- 


pa3bi pacnoaoaceHbi BnepeMOKKy h opraHH30BaHbi b He6o;ib- 
moe HHGJIO OnepOHOB. BOJIblIIHHCTBO 3THX ÓeJIKOB KOAHpyeT- 
CH TOJIbKO OAHHM TCHOM B XpOMOCOMe E. COll 

KoopAHHHpOBaHHblH KOHTpOJIb cnocoócTByeT CHH- 
Te3y pHÓocoMajibHbix óejiKOB b KOJinnecTBax, cootbctc- 
TByiOIIJ.HX yCJIOBHflM pOCTa: npH ÓOAbllieH CKOpOCTH poc- 
Ta óaKTepHH TpaTaT óojibine ycHjinn Ha (jiopMHpoBaHne 
annapaTa SKcnpeccnn reHOB. Jfjm KOHTpojia SKcnpeccnn 
reHOB, Ko/jnpyiomHx ôejiKH 3Toro annapaTa, a Taoce /yia 
Toro, HTOÓbi ypoBeHb cnHTe3a pnóocoMajibHbix ócjikob co- 
OTBeTCTBOBaji ypoBHio CHHTe3a pPHK, ncnoAb3yeTca mho- 
aceCTBO MexaHH3MOB. 

flaHHbie 06 opraHH3au,HH meč™ onepoHOB npeACTaB- 
jieHbi Ha p M c. 12.36. npnMepHO noiioBHHa reHOB pnóoco- 
MajibHbix óejiKOB (r-6ejiKOB) KaprapyeTca b neTbipex one- 
poHax, TecHo cuenjieHHbix Apyr c ApyroM (nx o6o3HanaioT 
KZKStr, spc, S10 na, Kax^bin Ha 3 BaH no nepBoň H3 hachth- 
(Jmu.npoBaHHbix (J}yHKu,HH). OnepoHbi rífu L11 Toace cijen- 
jieHbi, ho HaxoAflTca b Apyron oójiac™ reHOMa. 

Kax^bin onepoH Ko/mpyeT pa# (JiyHKíj.HH. sŕr-onepoH 
HeceT reHbi pHôocoMaabHbix óeaKOB Maaon cyó'beAHHnu.bi, 
a Taxace (JiaKTopoB EF-Tu h EF-G. B RByx onepoHax, spc n 
S10, nepeMeacaiOTca reHbi ócjikob KaK éojibmon, Tax n Ma- 
jioh pnéocoMaabHbix cyó'beAHHHij. B a-onepoHe Haxo/jaTca 
reHbi óeiiKOB oóenx cyó'beAHHnu, pnóocoMbi n reH a-cyóv 
eAHHHiibi PHK-nojinMepa3bi. B cocTaB ríf- onepoHa BxoAaT 
reHbi óeiiKOB óojibinon cyó'beAHHHu.bi pnóocoMbi n reHbi p- 
n p'-cyó'be.anHHu PHK-noJiHMepa3bi. 


TpaHCiiBAMB onepoHOB, koahpyioiahx r-6enm, caMopery/iMpye-roi 



'v;t. ľeHbi pn6ocoMajibHbix ôeaKOB, cfiaKTopoB 6eaKOBoro 

CMHTe3a m cy6-beAHHMi4 PHK-noanMepa3bi opraHM30BaHbi b He6o/ib- 
iiioe hmc /10 caMoperyaMpyioiAMxcíi onepoHOB. Pery/iflľopbi o6o3Hane- 
Hbi cmhmm ABeTOM; pery/iMpyeMbie 6eaKM Aanbi Ha p030B0M cf>OHe 
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Bce pnóocoMajibHbie ócjikh, 3a HCKJiioqeHHeM OAHoro, 
TpeÔyiOTCH B SKBHMOJIHpHblX KOJIHHCCTBaX, HTO M02CH0 KO- 
opAHHHpoBaTb ypoBHeM pPHK. Pa3Ópoc reHOB, npojiyKTbi 
KOTOpblX /JOJDKHbl 6bITb npeACTaBJICHbl B SKBHMOJiapHblX 

KOJiHnecTBax, h hx nepeMOKaeMocTb c reHaMH, npoAyKTbi 
KOTOpblX HeOÓXOAHMbI B pa3HbIX KOJIHHCCTBaX, nopOXC/liaiOT 
onpeAcneHHbie npoóJieMbi b peajiH3aijHH KoopAHHnpoBaH- 
hoh peryjiflijHH. 

Oóuj.hm cbohctbom Bcex onepoHOB, yKa3aHHbix Ha 
PHC. 12.36, flBJIfleTCfl peryJWIJHfl HeKOTOpblX reHOB OAHHM 
H3 npoAyKTOB. ľeH, KOAHpyiomHH peryjMTopHbiH óejiOK, 
Bcer^a caM flBjmeTCfl MHineHbio pjín CBoero npo/jyKTa. 
AyToreHHoň Ha3biBaiOT ™n TaKOH peryjiflu,HH, npn ko- 
Topoň óejiOK (hjih PHK) peryjinpyeT cboio coócTBeHHyio 
npoAyKUHio. PeryjiaTopHbíň óejiOK HHrHÓnpyeT aKcnpec- 
chk) rpynnbi reHOB, pacnojio>KeHHbix b npe/jejiax onepoHa, 
KOAHpyiomero o6pa30BaHHe pnóoeoMajibHbix ócjikob. Ta- 
koh ™n peryjiflijHH nojiyqnji Ha3BaHHe HeraTHBHoň ayro- 
reHHOH peryjiflUHH. 

B Ka^qoM cjiynae HMeeT mccto naKonnenue ôejim , 
npueodmi^ee k umuôupoeanwo cunme3a kok cclmozo 
ôejiKa, maK u npodyKmoe HeKomopux dpyzux zenoe. 3cJ)- 
(J)eKT penpeccHH qacTO npoflBjíaeTCfl Ha ypoBHe TpaHC- 
jiflU.HH nojiHu.HCTpoHHOH mPHK. Bce peryjiaTopbi flBJía- 
lOTCfl pHÓOCOMaJIbHbIMH ÓeJIKaMH, KOTOpbie CBfl3bIBaiOTCfl 
HenocpeACTBeHHO c pPHK. Hx ejimnue na mpancnm^uK) 
oôycjioejieno maKMe cnocoônocmbw ceR3ueambCR c 
coôcmeennoú mPHK. CaňTbi CBfl3biBaHm peryjiaTopHbix 
ócjikob c mPHK jihóo nepeKpbiBaiOTca c nocjieAOBaTejib- 
HOCTblO, rAe npOHCXOAHT HHHU.HaU.HH TpaHCJlfllJHH, jihóo 
pacnojio^ceHbi noóJiH30CTH ot Hee. Bo3mo>kho, Bbi3biBaa 


ypoBeHb pPHK KOHTpo/iMpyeT ypoBeHb cboóoahmx r>6e/iKOB 

Ao Tex nop, noKa MMeeTcn CBOÓOflHan pPHK, r-6e/iKM 6yflyT 
accoLinupoBaTbcn c Heň. TpaHc^nunn mPHK npoflo^>KaeTCB 

^ \ 

w 

\ 

. mPHK 

T 

* J * * -► 

pPHK 

r-6e^KM 

9 

B OTcyTCTBue cboóoahoíí pPHK r-6e^KM 6yflyT HaKan/iMBaTbca. 
3 to b cboio onepeAb npuBeAeT k cBfl3biBaHmo r-6e^KOB 
c mPHK m 6/iOKnpoBaHmo TpaHC^BLinn 
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j .''í . 12.37 TpaHc^flUMfl onepoHOB, KOAMpyK>mnx r- 6 e/iKM, pery/iM- 
pyera ayľoreHHO m 3 aBncm ot ypoBHB pPHK 


KOHcJiopMaij.HOHHbie H3MeHeHra b cTpyKType PHK, ohh 
BJIH flIOT Ha AOCTynHOCTb HHHlJHHpyiOmHX KOAOHOB Rím 

CBfl3biBaHHfl. K npHMepy, óejiOK L4 AeňcTByeT Ha TOHKy 
CTapTa TpaHCJiau,HH b onepoHe S10, HHrHÓHpya TpaHCJia- 
ijhk) mPHK S10 h cjieAyiomHx 3 a hhm reHOB. HHrnÓHpo- 
BaHHe Mo^ceT óbiTb pe3yjibTaTOM npocToro ÓJiOKHpoBa- 
hha AOCTyna pnóocoMbi, K2K sto noKa3aHO Ha pne. 12.34, 
jihóo 3(J)(J)eKT MO>KeT cKa3biBaTbca Ha nocjieAyiomHx 
CTaAHax TpaHCJiflijHH. B AByx cjiyqaax (onncaHHbix /y m 
onepoHOB S4 h a) peryjiflTopHbiH óejiOK CTaÓHjiH3Hpy- 
eT onpeAejieHHyio BTopnqHyio CTpyKTypy mPHK, KOTopaa 
AejiaeT hcbo3mo>khoh npoAOJDKeHHe peaKijHH HHHijHa- 
ijhh noejie CBa3biBaHra mPHK c 30S cyó'beAHHHijeH pn- 

ÓOCOMbl. 

OaKT CBfl3brcaHHfl r-óejiKOB c pPHK jyw ycTaHOBjíeHHfl 
ayToreHHOH peryjiflii.HH no3BOJiaeT npeAnojio>KHTb Mexa- 
hh3m CBH3H CHHTe3a r-óejiKOB h pPHK. OóoómeHHaa MO- 
Aejib npHBe/jeHa Ha p m í . *:p .1 *•. flonycTHM, hto CBa3b, oópa- 
3yioma5ica MexcAy peryjmTopHbiM r-óejiKOM h pPHK, ropa3AO 
óojiee npoHHaa, neM CBa3b MOK/jy r-óejiKOM h mPHK. B stom 
cjiyqae HOBOCHHTe3npyeMbie r-óejiKH óy^yr CBfl3biBaTbca c 
pPHK ao Tex nop, noKa óyAeT HMeTbca CBOóoAHaa pPHK, 
hto, b cboio onepeAb, ÓyAeT npnBOAHTb k cóopKe phóocom. 
CBoóoAHoro r-óejixa, cnocoÓHoro CBa3aTbca c mPHK, He 
óyAeT, b pe3y;ibTaTe TpaHCJiau.HH óyAeT npoAOJDKaTbca. Oa- 
HaKO KaK TOJIbKO CHHTC3 pPHK 3aMeAJIHTCfl HJIH OCTaHOBHT- 
ch, CBOÓOAHbie r-óejiKH HanHyT HaKanjiHBaTbca. Ohh cmo- 
ryr CBH3biBaTbea c mPHK h penpeccnpoBaTb A^Ji^Heniuyio 
TpaHCJi5iyHio. TaKOH ľíhkji rapaHTHpyeT OAHHaKOBbin otbct 
K axcAoro onepoHa, AeTepMHHnpyioiAero chhtc 3 r-óejixa, Ha 
coAep^caHHe pPHK. B cjiyqae H3ÓbiTKa r-óejixa HaA pPHK, 
CHHTe3 óejixa ÓyAeT noAaBjíeH. 


12.24 


CiiHTe3 éeiiKa p32 c|)ara T4 
KOHTpo/mpyeTCfl ayioreHHO 


K^KDHeBbie noHBTMfl: 


• p32 CBB3biBaeTCB co CBoeíí co6cTBeHHoíí mPHK, ÓJioKwpyB 
MHMUMaUMK) TpaHCTlflUMM. 


nepBbiM npHMepoM ayToreHHOH peryjiaunn flBHjincb ash- 
Hbie, nojiyneHHbie npn H3yneHHH reHa, KOAMpyioiyero 6e- 
jiok p32 cjiara T4. 3tot óejiox nrpaeT yeHTpajibHyio pojib 
b npou.eccax reHeTHqecKoň peKOMÓHHau,HH, penapayHH h 
penjíHKayHH flHK, b KOTopbix ero (JjyHKu.Ha peajiH3yeTca 
3 a cneT ero cnocoÓHocTH cBfl3biBaTbca c OAHoyenoqeHHOH 
flHK. HoHceHC-MyTayHH b reHe 32 BeAyT k nepenpoH3- 
BOACTBy HeaKTHBHoro óejixa. 3mo 03nmaem y nmo e mex 
cjiyncmx, Kozda (fiynKiyuR ôejim napyiuena , oh cunme3u- 
pyemcR e ôojibiuux Kojimecmeax. flaHHbin acJxjieKT npo- 
aBjíaeTca Ha ypoBHe TpaHCJiayHH; mPHK reHa 32 CTaónjib- 
Ha h coxpaHaeTca He3aBHCHMo ot noBeAeHra óejiKOBoro 
npoAyKTa. 

Ha p^c. npeACTaBjíeHa MOAejib, corjiacHO koto- 
poň ocymecTBJíHeTca Kompojib paóoTbi reHa 32. Ecjih b 
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>32 KOHTpo/mpyeT cboio co6cTBeHHyio TpaHCJiniiMio 



* k p32 CBfl3biBaera 
npeMMymecTBeHHO 
c oflHOuenoHeHHoíí A H K, 
noKa b K/ieTKe npncyTCT- 
ByiOT MMLUeHM /yifl CBfl3bl- 

BaHMfl óe/ixa, ero cMHTe3 
npoflo/UKaeTCfl 


B OTcyTCTBue oflHOLienoHeHHOM AH K, 
p32 CBfl3biBaeTCB c A-T-6oraioíí 
noc^eAOBaTe^bHocTbio b oó/iacm 
MHMLiMMpyiomero KOflOHa, npenflTCT- 
Bya TeM caMbiM nHnunaunu 
TpaHC/IflUMM 




-HL. 12.38 M36biTOK 6e/iKOBoro npoflyKTa reHa 32 (p32) CBB3biBa- 
eTCB CO CBOeíí COÔCTBeHHOM mPHK M 6/lOKMpyeT MHMLJMaUMK) TpaHC- 
/151 UHM pMÔOCOMOM 


HH(J)HiiHpoBaHHOH (f>aroM KJieTKe npHcyrcTByeT OAHOije- 
nonenHaa flHK, 0 Ha 6yaer cBa3brcaTb 6e;iOK p32. Ojxmxo b 
OTcyTCTBHe OAHOIjenOHeHHOH flHK HJIH, nO KpaňHeH Mepe, 
b yaiOBHflx H36biTKa p32 6e;ioK npeAOTBpamaeT TpaHorn- 
u,Hio CBoeň coócTBeHHoň mPHK. Penpeccna pea;iH3yeTca b 
pe3y^bTaTe npaMoro CBa3breaHHa p32 c mPHK, hto Memacr 
HHHllHailHH TpaHCJiailHM. Ho BCeň BepOflTHOCTH, 3TO npOH- 
xoaht b A-T-6oraTOM pernoHe, OKpyacaiomeM caňT cBa3brea- 
HHfl C pHÓOCOMOH Ha mPHK. 

JIbc ocoóchhocth npou,ecca CBa3brcaHHa p32 c mPHK 

BJIH5HOT Ha 3(J)(J)CKTHBHOCTb CHCTCMbl KOHTpOJia: 


p32 CBB3biBaeTCii c pa3Hoo6pa3HbiMM cy6crpaiaMn 
C pa3HOM a$(|)MHHOCTblO 



l 'V\ C. 12, ■) BeAKOBbiŕí npoflyKT reHa 32 CB5i3biBaeTC5i c pa3HbiMM 
CyÓCTpaTaMM C pa3HOM a(J)(t)MHHOCTbK). COMaCHO ľipOHHOCTM CB513bl- 
B3HM51 c 6e/i kom, 3tm cy6cTpaTbi mo>kho pacno/io>KMTb b c/ieAyiomeM 
nop5iAKe: oflHouenoHeHHa5i flHK, mPHK p32, cnyHaíÍHa5i mPHK. Cb5i- 
3biBaHMe co CBoeŕí co6cTBeHHoŕí mPHK He flaeT KOHuempaL^M 6e/i- 
Ka npeBbimaTb 10 _6 M 


• A(J)(J)HHHOCTb p32 k mPHK /jojDKHa 6biTb cymecTBeHHO 
HLDKe, HeM K OAHOUenOHCHHOH ,H,HK. KOHCTaHTa paBHO- 
Becna j\im peaKijHH CBa3brcaHHa c PHK non™ Ha ABa 
nopa^Ka Hnace BejiHHHHbi SToro ace napaMcrpa wn pe- 
aKUHH CBfl3bIBaHHH C OAHOIjenOHeHHOH flHK. 

• A(j)(j)HHHOCTb p32 k mPHK, OAHaxo, AOJDKHa 6biTb cy- 
m,ecTBeHHo Bbirne ero acjxjiHHHOCTH k ApyrHM PHK- 
nocjieAOBaTejibHOCTaM. 3 to 3aBHCHT ot HyKJieoTHAHoro 
COCTaBa H BTOpHHHOH CTpyKTypbl PHK; BaaCHOH OCOÓeH- 
HOCTbio peraoHa mPHK, eooTBeTCTByiomero rmy 32, aB- 
jiaeTca OTcyTCTBHe btophhhoh CTpyKTypbl Ha AOBOJibHO 
npoTaaceHHOM ynacTKe. 

C nOMOIAblO H3BeCTHbIX KOHCTaHT paBHOBCCHa Mbl 
MoaceM npeACTaBHTb cBa3biBaHHe p32 c pa3JiHHHbiMH mh- 
ineHaMH KaK (jjyHKíjHio, 3aBHcamyio ot KOtmeHTpau,HH 
óejiKa. Kax noKa3aHO Ha p n c 12 ,39, npn KOHu,eHTpau,H- 
ax p32 HHace 10 _6 M oh CBa3biBaeTca c OAHOijenoHeHHOH 
flHK. npn KOHu.eHTpau.Hax >10~ 6 M p32 cBa3biBaeTca c 
mPHK. npn AäJibHeHmeM yBejinneHHH KOHueHTpaunn 6e- 
jiok CBa3biBaeTca c Apyr^MH PHK c pa3JiHHHoň CTeneHbio 
a(J)(J)HHHOCTH. 

Ha ocHOBe sthx AäHHbix moxcho cKa3aTb, hto ypo- 
BeHb p32 AOJiaceH caMoperyjiHpoBaTbca TaKHM o6pa30M, 
hto6h He npeBbimaTb 10~ 6 M, hto eooTBeTCTByeT ~ 2000 
MoaexyaaM Ha óaKTepnaabHyio KaeTKy. 3TOMy ycaoBHio 
yAOBJíeTBopaeT ypoBeHb óeiiKa ot 1000 a o 2000 MOJiexy j\ 
Ha KaeTKy. 

OeoôeHHOCTb ayToreHHoro KOHTpojia 3aKniOHaeTca b 
tom, hto KaacAoe peryjiaTopHoe B3aHMOAeHCTBHe yHHKaab- 
ho: óeaoK AeňcTByeT ToabKO Ha cboio coócTBeHHyio mPHK. 
flpyrHM npHMepoM ayroreHHOH peryjiau.HH aBJíaeTca euie 
oahh, óojiee oóiahh, peryjiaTop TpaHCJiai^HH (Jiara T4. Be- 
jiok, KOAHpyeMbíň reHOM regA, yrHeTaeT 3KcnpeccHio He- 
cKOJibKHx reHOB, TpaHCKpHÓnpyeMbix Ha paHHHx cTaAHax 
HH(J)eKUHH. RegA ójiOKHpyeT TpaHCJiaiiHio sthx reHOB, koh- 
Kypnpya c 30S cyô'beAHHHu.eH pnóocoMbi 3a CBa3biBaHne c 
mPHK. fleHCTBHe RegA aBJíaeTca npaMbiM aHaaoroM cpyHK- 
u,hh penpeccopHoro óejiKa, cnocoÔHoro cBa3biBaTbca c He- 
CKOJIbKHMH OnepaTOpaMH. 


AyroreHHbiíí KOHTpojib 
m cóopna MaKpOMO/ieny/i 


KaKDHeBbie noH5iTM5i: 


• npefliiiecTBeHHMK 6eaKa MMKpoipyóoHeK, cBo6oAHbiíí TyôyaMH, 
MHrMÔMpyeTTpaHca5ii4MK) Ty6yaMHOBOM mPHK. 


12.25 


AyTOreHHblH KOHTpOJIb — 3TO o6m,HH THn KOHTpOJia epeAH 
óeaKOB, yHacTByioiAHx b côopKe MaKpoMOJieicyjiapHbix aH- 
caMÓaeH. CaMH coónpaeMbie nacTHiibi b KanecTBe peryjia- 
Topa MOiyr 6biTb HenpnroAHbi, tak Kax ohh canuiKOM Kpyn- 
Hbie, cjihuikom MaaoHHCJieHHbi, hjih HMeioT orpaHHHeHHyio 
jiOKa;iH3auHio. OAHaKO noTpeÓHOCTb b CHHTe3e KOMnoHeH- 
tob KOMnaeKca MoaceT 6biTb OTpaaceHa nyjiOM cBOÓOAHbix 
cyô'beAHHHii-npeAiuecTBeHHHKOB. Ecan npou,ecc cóopKH no 
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KaKoň-TO npnHHHe 6aoKHpoBaH, to b pe3yabTaTe HaKonae- 
H m CyÓ'be/íHHHU AaabHCHIIIHH CHHTC3 KOMnOHeHTOB, CTaB- 
iiihh Tenepb HeHyacHbiM, npeKpamaeTca. 

3yKapHOTHHecKHe kjictkh oóaaAaiOT chctcmoh, ko- 
Topoň cBoňcTBeHHa ayroreHHaa peryaaijHa TaKoro rana. 
TyóyjiHH npeACTaBjmeT coóoh MOHOMep, m KOToporo 
COÓHpaiOTCfl MHKpOTpyÓOHKH — TJiaBHblH KOMÍIOHCHT 
CHCTeMbi i^HTocKejieTa Bcex ayKapHOTHnecKHx KaeTOK. 
06pa30BaHHe mPHK TyóyaHHa KOHTpoanpyeTca nyaoM 
CBoóoAHoro TyóyaHHa. npn aocthxcchhh onpeAeaeHHon 
KOHU.eHTpaiJ.HH ÔOIK2 RZJlbHCUWCC 0Ópa30BaHHe TyÓyjIH- 
hoboh mPHK npeKpamaeTca. CHOBa nenoab 3 yeTca tot ace 
npnHijHn: TyôyjiHH, 3aAencTBOBaHHbiH b npoijecce c 6 op- 
kh MaKpoMOJieKyji, He nrpaeT poan b peryaaijHH, oa^ko 
KOJ innecTBO cboóoahoto npeAiuecTBeHHHKa onpeAeaaeT, 
óy^eT an npoAoaacaTbea ero chhtc3. 

MHineHbio /yw acmctbhh peryaaTopoB aBaaeTca KopoT- 
Kaa HyioieoTHAHaa noeaeAOBaTeabHocTb b Hanaae KOAnpy- 
iomero peraoHa. Mbi noKa He 3HaeM tohhoh poan stoh 
nocjieAOBaTejibHOCTH. Ha P M c. 12.40 npnBeAeHbi ABe B03- 
MoxcHbie Mo/jem TyóyaHH MoaceT CBa3bmaTbca HenocpeAC- 
TBeHHO c mPHK um c pacTymen noannemriAHOH uenbio. 
He3aBHCHMO ot npHMeraeMOH MOAean, H36biTOK TyóyanHa 
npHBeAeT k AerpaAaunn paenoaoaceHHon Ha nojincoMax 
TyóyjiHHOBOH mPHK. CaeACTBneM a^hhoh peaKijHH cTaHo- 
BHTca noTepa CTaónabHOCTH mPHK. 

CncTeMa ayToreHHoň peryaaijHH aBaaeTca cncTe- 
moh BHyTpeHHero caMoorpaHHneHHa, b otjihhhc ot 


CBoéoAHbiM Ty 6 y ji m h penpeccwpyeT 
COÓCTBôHHyK) TpaHCJlflllMIO 


CBoóoflHbiŕí Ty6y/i m h cBfl3biBaeicfl jim6o # # 

. . » § 

• m 


c mPHK 


CMHTe3MpyK)l4MMCB 

nenTMflOM 


n 


Š 

Mo/ieKy/ibi Tyóy/iMHa 
B3anM0fleŕícTByK)T 
c o6pa30BaHneM 
MMKpOTpyÓOHeK 


mPHK 

flerpaflupyeT 


P M C. 12.40 TyóyjiMH npeflCTaBjífleT co6oíí MOHOMep, M3 KOToporo 
co6npaiOTCfl MMKpoTpy6oHKM. HaKon/iemie M36biTKa Ty6y/iMHa npw- 
boamt k CBfl3biBaHmo ero jim6o c co6cTBeHHoŕí mPHK b o6jiacrn Ha- 
Ha/ia paMKH CHMTbIBaHMfl, JIMÓO C CMHTe3MpyK)mMMCfl nenTMflOM, HTO, B 
cbok) onepeAb, BeaeT k HeciaÓM/ibHocTM Ty6yjiMHOBoŕí mPHK 


CHCTeM BHeuiHero KOHTpoaa, oócyacAaeMbix HäMH pa- 
Hee. CnocoÓHocTb penpeccopHoro 6eaKa CBa3biBaTbca 
c onepaTopoM MoaceT peryanpoBaTbca nocTynaiomHMH 
H3BHe MaabiMH MOJieKyaaMH, aKTHBnpyiomHMH nan hh- 
rnÓHpyioiij.HMH penpeccop. npn ayToreHHoň peryaaijHH 
KpHTHHeCKHM napaMCTpOM CTaHOBHTCa KOHU.eHTpaiJ.Ha 
caMoro peryaaTopHoro 6eaKa. 
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Pe3K>Me 


Peryaauna TpaHCKpnnijHH ocymecTBaaeTca 3a cneT B3an- 
MOAeňcTBHa mpanc- aKTHBHbix (JiaicropoB h i^uc- aKTHBHbix 
caňTOB. B pojiH mpanc- aKTHBHbix (JiaicropoB BbicTynaKiT 
npo/iyKTbi peryaaTopHbix reHOB. KaK npaBHjio, ohh npeA- 
CTaBjunoT co6oh óejiKH, b HeKOTopbix cay^ax — PHK. J\ h(J)- 
(JiyHAHpya b KneTKe, mpanc-aKmBHbie (JiaKTopbi cnocoÓHbi 
0Ka3bmaTb cboh 3(J)(f)eKT Ha reH-MHineHb jiioóoh jioKaaH3a- 
u,hh. Z/t/c-aKTHBHbie caHTbi Ha JX HK (hjih PHK) — sto noc- 
aeAOBaTeabHocTH, ocHOBHaa (JiyHKíiHa KOTopbix — 6biTb 
y3HaHHbiMH in situ peryjiaTopHbiMH (JiaKTopaMH. Ohh He 
KOAnpyiOT óejiKH h cnocoÓHbi peryjinpoBaTb ToabKo pac- 
noaoxceHHbie pa^OM reHbi. BaicrepHaabHbie reHbi, KOAHpyio- 
mne óejiKH c poactbchhoh (JiyHKíj.HeH (KaK, HanpHMep, noc- 
aeAOBaTeabHbie (JiepMeHTbi oahoto nyra MeTa6oaH3Ma), KaK 
npaBHJio, opraHH30BaHbi b KaacTepbi h TpaHCKpHÓnpyioTca 
c o/jHoro npoMOTopa b nojiHU,HCTpoHHyio mPHK. Kompo- 
anpya paóoTy oahoto npoMOTopa, mo)kho peryanpoBaTb 
SKcnpeccHio Bcex reHOB KaacTepa. PeryjiaTopHyio eAHHHiiy, 
coAcpacauiyK) b cbocm cocTaBe cTpyKTypHbie reHbi h u^c- aK- 
raBHbie ajieMeHTbi, Ha3bmaiOT onepoHOM. 

HHHu,HaiiHa TpaHCKpHnu.HH peryanpyeTca b pe3yjibTa- 
Te cepHH coóbiTHH, npoHcxoAaiKHx b odnacTH npoMOTopa. 
CnOCOÓHOCTb PHK-nOJIHMepa3bI HHHlJHHpOBaTb TpaHC- 
KpHnu,HK) Ha npoMOTope ójioKHpyeTca um ycHaHBaeTca 
c noMoiiibio Apyrnx óeaKOB. ľeHbi, aKTHBHbie a o Tex nop, 
noKa He 6yAyT BbiKaiOHeHbi c noMOiAbio peryaaTopHbix 
(JiaKTopoB, noABepaceHbi HeraTHBHOMy KOHTpoaio. ľeHbi, 
SKcnpeccHa KOTopbix BKjiK)HaeTca ToabKO noA achctbh- 
eM peryaaTopHbix c})aKTopoB, noABepaceHbi no3HTHBHOMy 
KOHTpoaio. Tnn KOHTpoaa MoaceT 6biTb onpeAeaeH nyreM 
aHaaH3a xapaKTepa B3aHMOAencTBHa MOKAy aaaeaaMH pe- 
ryaaTopHbix reHOB AHKoro rana u MyraHTHbiMH aaaejiaMH, 
KOTOpbie MOiyr npHBOAHTb K KOHCTHTyTHBHOH SKCnpeCCHH 
CTpyKTypHbix reHOB (AepenpeccHa, reHbi nocToaHHO bkjiio- 
neHbi) na h k hx HeHHAyijHÓejibHOCTH (cyneppenpeccHa, 
reHbi nocToaHHO BbiKJnoneHbi). 

BeaoK-penpeccop npenaTCTByeT an6o CBa3biBaHHio 
PHK-noanMepa3bi c npoMOTopoM, an6o aKTHBaijHH TpaHC- 
KpHnu.HH. Penpeccop CBa3biBaeTca c noeaeAOBaTeabHOCTbio- 
MHineHbio (onepaTopoM), KOTopaa pacnoaoaceHa, KaK npa- 
BHao, b panoHe um Bbirne CTapTOBOH tohkh TpaHCKpHnu,HH. 
OnepaTop npeACTaBaaeT coóoh KopoTKyio (h nacTo naanH- 
ApoMHyio) noeaeAOBaTeabHOCTb. Penpeccop — roMOMyab- 
THMep, Mba cHMMeTpna oTpaacaeT ocoóchhocth CTpyicrypbi 
noeaeAOBaTeabHocTH-MHuieHH. 
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CnocoÓHOCTb penpeccopa CBfl3biBaTbca c onepaTopoM 
KOHTpojiHpyeTca MajibiMH MOJieKyjiaMH. HHAyKTop npe- 
mrrcTByeT cBfl3brcaHHio penpeccopa c onepaTopoM; ko- 
penpeccop — cnocoócTByeT. B3anMOAencTBHe HH/jyKTopa 
n Kopenpeccopa c penpeccopoM npnBOAHT k H3MeHeHHio 
CTpyKTypbi ero /],HK-CBa3biBaioiij 1 ero cama. TaKon a^jiocre- 
pHHeCKHH KOHTpOJIb B03M0)KeH KaK B CBOÓOAHblX MOJICKy- 

jiax penpeccopa, Tax n b yxce CBA3aHHbix e AHK. 

MeTa6ojiH3M jiaKT03bi 3anycKaeTca b pe3yjibTaTe hh- 
AyKu,HH. HHAyKTop — |3-ra^raKT03HA, CBfl3biBaacb e penpee- 
eopoM, MemaeT ero B3anMOAeňcTBnio e toc-onepaTopoM, 
b pe3yjibTaTe nero 3anycKaeTca TpaHCKpnnuna n TpaHc- 
jiauna reHa lacZ, KOAHpyiomero p-rajiaKT03n/ja3y — cf>ep- 
Mem, MeTa6o^H3npyioiij 1 nH p-rajiaKT03H/jbi. MeTa6o;in3M 
TpnnTO(J)aHa KOHTpojiHpyeTca e noMombio penpecenn. 
Kopenpeeeop (TpnnTOC^aH) aKTHBnpyeT penpeeeopHbin 
6e;iOK, b pe3y^bTaTe nero tot CBfl3biBaeTca e ŕrp-onepa- 
TopoM n ójiOKnpyeT sKcnpeccnio reHOB, KOAHpyiomHx 
(J)epMeHTbi 6nocHHTe3a TpnnTocJ)aHa. Penpeeeop mo^cct 
0Ka3biBaTb CBoe BjiHAHne epa3y Ha HecKOJibKo MnmeHen, 
eain ohh eo^epacaT b cbocm eocTaBe Konnio KOHceHcye- 
hoh noejieAOBaTeabHOCTH onepaTopa. 

EejioK, o6;iaAaK)iij 1 HH bmcokoh acjxj)HHHOCTbio k on- 
peAeaeHHbiM noaieAOBaTejibHOCTflM ÄHK, oóJiaAaeT n 
cjiaóbiM cpoactbom ko bccm ocTaabHbiM nooieAOBaTejib- 
hoctam JX HK. OTHomeHne sthx aB yx noKa3aTeaeň onpe- 
Ae/me t eneun(J)HHHOCTb 6oik a. HecneuH(j)HHHbix caňTOB 
CBa3biBaHna (eaynaňHbix nocJieAOBaTejibHocreH flHK) 
b reHOMe 3HannTeabHO óojibine, neM cneijH(j)HHHbix. B 
CBB3H e 3thm flHK-CBa3biBaioii] 1 He óejiKH, Taxne xax pen- 
peeeop hjih PHK noanMepa3a, <<xpaHaTca>> aceounnpo- 
BaHHbiMH e Heeneu,H(J)HHHbiMn nooieAOBaTejibHOCTflMH 
A HK. (no Bcen bhahmocth, cboóoahmx MOJieKyji Taxnx 
óejiKOB b loieTKe non™ hct.) Cneuncj)HHHOCTb 6e;iKa no 
OTHomeHHio k ero MnmeHn a ojDKHa 6biTb oneHb BbieoKa 
AJia Toro, HToóbi KOMneHcnpoBaTb H36biTOK cjiynaňHbix 
canTOB. KojinnecTBo ócjikob b óaKTepnaJibHon KneTKe n 
nx eneu,H(J)HHHOCTb oTperyjinpoBaHbi TaKHM o6pa30M, 
HTOÓbi reH bo BiononeHHOM coctoahhh oóecneHHBaji y3- 
HaBaHne n CBa3biBaHne eo eneu,H(J)HMHOH MnmeHbio, a b 
BbiKjnoneHHOM — nojmoe ocBoóoacAeHne MnmeHn ot pe- 
ryjurropHoro cjmTopa. 
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PeryjuiTopHafl PH K 


KPATKOE COflEPWAHME TJlABbl 


EU BBe^eHMe 

• OopMMpya ynacTKH onpeAe/ieHHoíí btopmhhom crpyKTypbi, 
PHK pea^M 3 yeTCBOK) pery/iBTopHyio cjDy hK 141 Íkd. ľlpu 
B3aMMOfleMCTBMM C ľlOC/ieAOBaTe/lbHOCTblO-MMLlJeHbK) 

3TM ynaCTKM M3M6H5UOT ee CBOMCTBa. BTOpMHHaB 
CTpyKTypa mo/kct 6biTb c/ieflCTBMeM KaK BHyTpM-, TaK m 
Me>KMO/ieKy/lBpHblX B3aMMOAGMCTBMÍÍ. 

BES AueHyaLjMfl KOHTpo/iMpyeTca c noMombio 

a/l bTepHaTMBHblX BTOpMHHblX CTpyKTyp 

• TepMMHauMB TpaHCKpMnuMM MO>KeT 6biTb aneHyMpoBaHa 
nyTeM (J)OpMMpOBaHM5i ĽJľlM/lbKM BO BTOpMHHOÍÍ 
CTpyKType PHK. 

• B MexaHM3Max arreHyauMM 3afleŕícTBOBaHbi 6e/iKM, 
CTa6M/iM3npyK)L4Me m/im flecia6M/iM3MpyK)iuMe lunM/ibKy 
bo btopmhhom CTpyKType PHK. 

KSS TepMMHauMfl ŕrp-reHOB y BaciLLus subtitis 

KOHTpo/iMpyeTca ypoBHBMM TpMľiTOcfjaHa M TPHK Trp 

• TepMMHaTopHbiŕí 6e/ioK, Ha3biBaeMbiŕí TRAP, 
aKTMBMpyeTCB TpMľlTO(J)aHOM M 6/lOKMpyeT 
TpaHCKpMnuMK) reHOB trp. 

• AKTMBHOCTb TRAP (onOCpeflOBaHHO) MHTMÓMpyeTCíl 
TPHK Trp , He Hecymeŕí aMMHOKMc/iOTHoro ocTaTKa. 

IBS TpMnTOcf)aHOBbm onepoH E. coíi KOHTpo/iMpyeTCB c 

noMombto aTTeHyauMM 

• ArreHyaTop (p-He3aBMCMMbiíí TepMMHaTop) 
pacno/iaraeTCB Me>Kfly npoMOTopoM m nepBbiM reHOM 
K/iacTepa trp. 

• B OTcyTCTBMe TpMnTOcfiaHa TepMMHaijMfl cynpeccMpyerai, 
a 3Cj)(j)eKTMBHOCTb TpaHCKpMľlLlMM B03pacTaeT B 10 pa3. 

KSS ATTeHyauMB KOHTpo/iMpyeTCB c noMombto 

TpaHC/lBUMM 

• JlMflepHaB noc/ieflOBaTe/ibHocTb ŕrp-onepoHa 
npeflCTaB/ieHa OTKpbITOM paMKOÍÍ CHMTbIBaHMfl, 
COCTOfllUeíí M3 14 KOflOHOB, ABa M3 KOTOpblX BB/IBKDTCB 
KOAOH3MM TpMnTO(|)aHa. 

• CTpyKTypa PHK b aireHyaTope 33bmcmt otT oro, 

Tpa H C/l M pyeT C51 /IM 3Ta paMKa CHMTbIBaHMfl. 

• B npMcyTCTBMM TpMnTocfiaHa /íMAepHa/i 
noc/ieAOBaTe/ibHOCTb Tpa h c/i m pyeT cb b 6e/iOK, b 06/iacTM 
arreHyaTopa cfiopMMpyeTCfl wnM/ibKa, m TpaHCKpMrmMB 
TepMMHMpyeTCB. 


13.6 


13.7 


13.9 


tWM 


• B OTcyTCTBMe TpMriTocJjaHa pM6ocoMa ocTaHaB/iMBaeT 

Tpa H C/l B AM K), AOCTMTHyB TpMnTOCfiaHOBblX KOAOHOB, a 
cfiopMMpyioiAaBCíi npM stom a/ibTepHaTMBHafl btopmhh3íi 
CTpyKTypa mPHK npenBTCTByeT o6pa30BaHMio mnM/ibKM 
M TpaHCKpMnUMB ľipOAO/DKaeTCfl. 

l/lHaKTHBaUMB 3KCnpeCCMM reHOB C nOMOlUbK) 

aHTMCMbl C/l OBOM PHK 

• AHTMCMbic/iOBbie reHbi npM BBeAeHMM mx b 
ayKapMOTMHecKMe k/ictkm 6/ioKMpyK)T 3KcnpeccMio 
reHOB-MMiueHeM. 

Pery/iflLjMfl TpaHC/iflLjMM c noMombio MO/ieKy/i 
Ma/ibix PHK 

• Pery/iBTopHaB PHK pea/iM3yeT cbom cfiyHKUMM, 
cJjopMMpyíi Ayn/ieKC c PHK-MMweHbio. 

• flyn/ieKC Mo>KeT 6/ioKMpoBaTb MHMAMaqmo 
TpaHCKpMnLiMM, Bbl3blBaTb TepMMHaiJMK) TpaHCKpMľlUMM, 

M/IM C/iy>KMTb MMliieHbK) PJ\5\ AeMCTBMfl 3HAOHyK/ie33. 

Pery/iBTopHbie PHK óaKTepMíí 

• BaKTepMa/ibHbie pery/i/iTopHbie PHK Ha3biBaK)T 
M a/i bl M M PHK. 

• HeKOTopbie M3 6aKTepMa/ibHbix Ma/ibix PHK HaxoAflTca b 
CBB 3aHHOM c 6e/iKOM Hfq coctobhmm, hto noBbiiuaeT MX 
3Cj)(})eKTMBHOCTb. 

• OxyS sPHK Ha nocrrpaHC/iíiuMOHHOM ypoBHe aKTMBMpyeT 
m/im penpeccMpyeT 3KcnpeccMio 6o/iee neM 10 /íoKycoB. 

MmkpoPHK bb/iíuotcíi pery/iíiTopaMM bo mhotmx 

3yKapM0TMnecKMx opraHM3Max 

• ľeHOMbl >KMBOTHblX M paCTeHMM KOAMpyiOT 6o/lblUOe 
KO/iMHecTBO kopotkmx (~22 HyK/ieoTMAa) Mo/ieKy/i PHK, 
Ha3BaHHblX MMKpOPHK. 

• MmkpoPHK pery/iMpyiOT 3KcnpeccMK) reHOB, CBfl3biBaflCb 
c KOMn/ieMeHTapHbiMM noc/ieAOBaTe/ibHocTBMM mPHK- 
MMiueHeM. 

PHK-MHTepcf)epeHUMíi — npMHMHa MO/inaHM/i reHOB 

• B pe3y/ibTaTe PHK-MHTep(()epeHuMM 3anycKaeTCB 
npouecc AerpaAaqMM mPHK, KOMn/ieMeHTapHOM /ik>6om 
M3 ueneíí kopotkom AByxqenoHeHHOM pery/iíiTopHOM 
PHK(auPHK). 

• flByxqenoHeHHaíi PHK cnoco6Ha noAaB/i/iTb 
3KcnpeccMK) reHOB, npMBOAfl k mx mo/ih3hmk). 

Pe3K)Me 





13.1 


BBeAeHue 


KniOHeBbie noHama: 


• d>opMnpya yMacTKM onpeAe/ieHHOM btopmmhoíí CTpyKTypbl, 

PHK pea/iM3yei cbokd pery/iaľopHyK) cjDy hK 14M10. ľlpn 
B3aMMOAeMCTBMM C nOCJieAOBaTeJlbHOCTbtO-MMliJeHbK) 3TM 
yMaCTKM M3MeH51K)T ee CBOÍÍCTBa. BľOpMHHafl CTpyKTypa MO>KeT 
6bUb C/ieACTBMeM KaK BHyTpM-, T3 K M Me>KMO/ieKy/15ipHblX 
B3aMMOA6MCTBMM. 


KoHTpojib sxcnpeecHH reHOB ocymecTBjíaeTCfl npn B3an- 
moachctbhh peryjiaTopHbix (JjaxTopoB co eneuH(J)HHecKH- 
mh nocjieAOBaTejibHOCTaMH RHK hjih mPHK Ha cTaAHax, 
npeAiuecTByiomHx CHHTe3y 6ejixa. B stom 3aKJHOHaeTca 

OCHOBHOH npHHIJHn MexaHH3MOB KOHTpOJIfl y ôaKTepnH. 
PeryjiHpyeMoň cTaAnen moxcct 6biTb TpaHCRpurmna (npn 
stom MHineHbio pjm Aene tbha perymiTopa 6yo,eT cjiyjKHTb 
nocjieAOBaTejibHOCTb J\ HK) hjih TpaHCJumna (b stom cjiy- 
nae b pojih MHineHH 6yo,eT BbicTynaTb PHK). Kompojib 
TpaHCKpnnuHH MO)xeT ocymecTBJíflTbCfl Ha AByx ee CTa- 
AHflX — HHHH,HaiJ,HH H TepMHHaU,HH. PeryjIflTOpHblM (J)aK- 
TopoM MO)KeT 6biTb ôejioK hjih PHK. PeryjiaTop cnocoôeH 
BblKJIIOHaTb (penpeCCHpOBaTb) JIh6o BKJIIOHaTb (aKTHBH- 
poBaTb) SKcnpeccHio noejieAOBaTejibHOCTH-MHineHH. 3xe- 
npeccHa mhothx reHOB KoopAHHHpoBaHHO peryjinpyeTca 
oahhm peryjiaTopHbiM reHOM. Taxoň MexaHH3M Kompojia 
npeAnojiaraeT, hto Bce KOHTpojinpyeMbie reHbi hmciot xa- 
xyio-To OAHHaKOByio noejieAOBaTejibHOCTb hjih cTpyiorypy, 
pacno3HaBaeMyio peryjurropoM. 3xcnpeecHfl caMHx pery- 
jiaTopoB TO)xe KOHTpojinpyeTca. Kax npaBHjio, ee ypoBeHb 
MeraeTca b 3aBHCHMOcra ot npHcyrcTBHa Majibix MOJiexyji, 
cocTaB KOTopbix 0Tpa)xaeT ycjiOBHa oxpyjKaiomeH cpe/jbi. 
KpoMe toto, peryjiaTopbi Moryr HaxoAHTbca noA koht- 
pojieM Apyrnx peryjuiTopoB, (jjopMHpya TaxHM o6pa30M 
cjio)KHbie peryjMTopHbie ceTH. 



PH C. 13.1 Pery/iaTop— Mažiar MO/ieKy/ia PHK, coAepwamaa b CBoeM 
cociaBe OAHOLienoMeHHbm yMacroK, KOMn/ieMemapHbiM OAHOLieno- 
MeMHOMy yqacTKy Ha PHK-MMiueHM 


nonbiTaeMca cpaBHHTb MexaHH3M paôoTbi peryjurropoB 
pa3Hbix THnOB. 

flencTBHe ôejiKOBbix peryjiaTopoB ocHOBaHO Ha npn- 
Hiinne ajuiocTepHHecKOH peryjunjHH. Bejiox HMeeT ABa 
caňTa CBa3biBaHHa: oahh — j\m HyxjieoTHAHOH noejieAO- 
BaTeJIbHOCTH-MHineHH, APyrOH — J1J1R MaJIOH MOJieKyJIbl. 
CBH3biBaHHe Majioň MOJiexyjibi b npeAHa3HaneHHOM 
stoto ynacTxe H3MeraeT KOH(f)opMaiiHio peiyjurropa, a 
sto, b cbok) onepeAb, BJinaeT Ha a(J)(f)HHHOCTb CBa3biBaHHa 
HyioieHHOBOH khcjioth b ApyroM came. flaHHbíň npoijecc 
AeTajibHO onncaH j\m penpeccopa Lac. BejiKOBbie peryjia- 
Topbi nacTO HMeiOT MyjibTHMepHyio CTpyKTypy c chmmct- 
Phhhoh opraHH3ai;HeH, hto no3BOJiaeT AByM cyô'beAHHH- 
liaM OAHOBpeMeHHO KOHTaKTHpOBaTb C naJIHHApOMHOH 
noejieAOBaTejibHOCTbio-MHmeHbio Ha JX HK. CyMMapHbin 
s(fxf)eKT CBa3biBaHHa noBbimaeT nyBCTBHTejibHOCTb k pery- 
JIHTOpHblM BJIHflHHflM. 

ľjiaBHbiM npHHiiHnoM PHK-onocpeAOBaHHOH peryjm- 
Uhh HBjíaeTca H3MeHeHHe btophhhoh cTpyKTypbi. Cnocoô- 
HOCTb PHK MCHflTb CBOH peryjIflTOpHbie CBOHCTBa, MeHM 
KOH(J)opMaij,Hio, aBjíaeTca ajibTepHaTHBOH ajuiocTepHHec- 
KOH peryJiailHH aKTHBHOCTH ÔeJIKOB. H3MeHeHH5I b CTpyKTy- 
pe Moryr 6biTb cjieACTBHeM xax mok-, Tax h BHyrpHMOJiexy- 
JiapHblX B3aHMOACHCTBHH. 

ĽHyTpHMOJieKyjiapHbie B3aHMOACHCTBHa, npHBOA^- 
IAHe K nOJIBJíeHHIO HOBOH BTOpHHHOH CTpyKTypbl, npeA" 
CTaBjíaioT coôoh pa3JiHHHbie BapnaHTbi cnapHBaHHa 
ocHOBaHHH b MOJiexyjie PHK. CBOHCTBa ajibTepHaTHB- 
HblX KOH(J)OpMaiJ,HH MOTyT OTJIHHaTbCa. H3MCHeHHfl BO 
btophhhoh cTpyKType MOJiexyjibi mPHK MoryT BjinaTb 
Ha ee enoeoÔHOCTb TpaHCJinpoBaTbea. fljia ocyiAecTBjíe- 
hhh TepMHHaijHH TpaHcxpHniiHH HeoôxoAHMO ynac- 
Tne sjieMeHTOB btophhhoh CTpyKTypbl mPHK, nosTOMy 
KOH(f}opMaijHOHHbie H3MeHeHHa MOJiexyjibi mPHK MoryT 
cxa3biBaTbca Ha npoiiecce TepMHHau,HH. 

npn MOKMOJiexyjiapHbix B3aHMOACHCTBHax PHK-pery- 
jiaTop pacno3HaeT cboio MHineHb no TOMy >xe npnHijHny 
KOMnjieMeHTapHoro cnapHBaHHa ocHOBaHHH. Kax noxa- 
3aHO Ha pmc. 13.1, peryjiaTopoM oôhhho aBjíaeTca Majiaa 
MOJiexyjia PHK c onpeAejieHHoň btophhhoh cTpyxTypon 
h OAHOijenoHeHHbiM ynacTKOM, KOMnjieMeHTapHbiM oa- 
HOijenoHeHHOMy ynacTxy PHK-MHineHH. OopMHpoBaHHe 
Aynjiexca MOKAy peryjiaTopHOH PHK h PHK-MHineHbio 
npHBOAHT k cjieAyioiAHM nocjieACTBHaM: 

• OopMnpoBaHHe ABycnnpajibHOH CTpyKTypbl caMO no 
ce6e MO)xeT 6biTb AOCTaTOHHbiM peryjiaTopHbiM co- 
ôbiTneM. B oahhx cjiynaax ôejiox (ôejixn) MoryT B3a- 
HMOACHCTBOBaTb TOJIbKO C OAHOIienOHCHHOH PHK, 
nosTOMy (JiopMHpoBaHHe Aynjiexca ôjioxnpyeT hx 
(}) yHKiiHio. B Apyrnx cjiynaax, HaoôopoT, MHiueHbio 
AJifl CBa3biBaHna cjiy)KHT ynacTox AByxiienoneHHon 
CTpyKTypbl; CnOCOÔHOCTbK) CBa3bIBaTbCa C TaKHMH 
pernoHaMH oĎJiaAaiOT, HanpnMep, Hyxjiea3bi, ocy- 
mecTBjunomHe AerpaAaiinio mPHK h npenaTCTByio- 
mne ee TpaHCJiaiinn. 

• flynjiexc MOKAy MHineHbio h peryjiaTopoM MO)xeT 
HMeTb 3HaneHHe npn (J)opMHpoBaHHH ajibTepHaTHB- 
HOH BTOPHHHOH CTpyKTypbl MOJieKyjIbl. 


344 ľJlABA 13 Pery/iBTopHaB PHK 

















13.2 


ArreHyauMfl KOHTpo/wpyeTCfl 
C nOMOlUblO a/IbTepHdTMBHblX 
BTOpMMHblX CTpyKTyp 


KniOHeBbie uoHsnm: 


• TepMMHai4M5i TpaHCKpnni4HM MOweT 6biTb arreHynpoBaHa nyieM 
C|)OpMMpOBaHMfl UinM/lbKM BO BTOpMMHOM CTpyKType PHK. 

• B MexaHM3Max aTTeHyai4MM 3afleMCTBOBaHbi 6e/iKn, 
CTa6n/iM3npyK)iHMe min flecTa6n/iM3npyK)inMe wnmibKy bo 
BTO pMMHOM CTpyKType PHK. 


PeryjwijHfl, onocpe/jOBaHHaa H3MeHeHHeM btophhhoh crpyK- 
Typbi PHK, npoHCxoAHT xax y syKapnoT, TaK h npoxapnoT. 
PeajiH3ya pa3JiHHHbie BapnaHTbi cnapHBaHHa ocHOBaHHH b 
MQjieKyjie, PHK mo)kct (JjopMnpoBaTb ajibTepHaTHBHbie bto- 
pHMHbie CTpyKTypbL CBOHCTBa aJIbTepHaTHBHblX KOHCjjOp- 
Mau,HH Moryr oTjiHnaTbca. TaKoň ran peryjunjHH xapaKTe- 
peH /yia KOHTpojia TepMHHai/HH TpaHCKpnnuHH, nocKOJibicy 
pa3Hbie BTopHHHbie crpyKTypbi mPHK OTJiHHaiOTca no CBoen 
CnOCOÔHOCTH BbI3bIBaTb TepMHHaijHio. flpyraM CnOCOÔOM 
KOHTpOJia KOH(f)OpMai];HOHHOrO COCTOflHHa (a 3HaHHT H čpyu- 

kljhh) aBjíaeTca pacmermeHne PHK; npn oTmemieHHH ot- 
AejibHbix cerMemoB PHK KOH(f)opMaijna ocTajibHbix MO)xeT 
MQiaTbca. OcyivecTBJíeHne Kompojia aKTHBHOCTH PHK-mh- 
rneHH bo3moxcho npn cnapHBaHHH no npnHi/nny komi me- 
MeHTapHocm c Majioň peryjiaTopHoň MOJiexyjion PHK; pojib 
Majibix MOJieKyji PHK b stom cjiynae aHajiorHHHa pojín pery- 
jíHTopHbix óejiKOB (cm. pa3/j. 13.7 «Peryjian;na TpaHCJun/HH c 
noMOLU,bio Majibix MOJieKyji PHK»). CnocoÔHOCTb PHK, H3Me- 
em KOHC^opMaunio, MeHaTb h cboh peiyjurropHbie CBoncTBa 
HBJíaeTca ajibTepHaTHBOH ajuiocTepnnecKOMy Kompojno ax- 
thbhocth peryjmTopHbix ôejiKOB. B3anMOAencTBHa b o/jhom 
yaacTKe MOJiexyjibi bjihaiot Ha crpyxTypy /jpyrnx pernoHOB c 
nOMOII/bK) AByX 3THX MexaHH3MOB. 


HexoTopbie onepoHbi peryjinpyioTCfl c noMon/bio arreHy- 
au/HH — HBJíeHna, b xo/je xoToporo peajiH3yeTca cnocoÓHOCTb 
PHK noanMepa3bi npoHHTbiBaTb cKB03b arreHyaTopw. Arce- 
HyaTopbi npeAcraBjíaiOT coóon ncmHHbie TepMHHaTopHbie 
noDieAOBaTeabHOCTn, pacnojio)xeHHbie b Hanajie TpaHCxpnn- 
i/hohhoh eAHHHVbi. npunu,un ammenyai^uu 3aKmonaemcR 
e Konmpojie (popMUpoeanm umwibKu, neoóxodimoú dm 
ocyii^ecmejienuR p-ne3aeucimoú mepMUHaiyuu, c noMompK) 
enemnux (pamiopoe. npn o6pa30BaHnn b crpyicrype mPHK 
mmwbKH PHK-nojiHMepa3a He mokct ocyiveciwiaTb TpaHC- 
Kpnnvnio cipyKrypHbix reHOB. B OTcyrcTBne mnHjibXH nojín- 
Mepa3a npo/jojDxaeT TpaHCKpnnu,nio 3a npe/jejibi TepMHHaTo- 
pa, n reHbi SKcnpeccnpyiOTca. B pa3Hbix cncreMax xompona 
crpyKrypbi PHK ncnoab3yiOTca pa3Hbie MexaHH3Mbi. 

ATTeHyavna MO)xeT KOHTpojinpoBaTbca óejixaMH, cbh- 
3biBaioivHMHca c PHK n cra6HjiH3HpyiomHMH hjih /jecra- 
6njiH3HpyioiVHMH ee BTopnHHyio CTpyxTypy. Ha p H c. i - 
noxa3aHa CHTyaijHfl, b xoTopon 6ejiox npenaTCTByer <f>op- 
MnpoBaHHio TepMHHnpyioiveH mnnjibKH. Eejiox mokct caM 
no ce6e oôJia/jaTb Taxoň aKTHBHocTbio, a MO)xeT 3aBHceTb 
ot Majibix peryjiaTopHbix MOJiexyji TeM >xe o6pa30M, xaxHM 
penpeccopHbin 6ejiox 3aBHCHT ot Kopenpeccopa. 


13.3 


TepMMHai^MB ŕrp-reHOB 
y Bacillus subtilis Kompo/iMpyeTCfl 
TpMnTOtjDaHOM II TPHK Trp 


KaioneBbie noHBTMB: 


• TepMMHaTopHbiŕí óe/iOK, Ha3biBaeMbiíí TRAP, aKTHBkipyera 
TpnnTO(J)aHOM m 6/iOKnpyeTTpaHCKpnni4MK) reHOB trp. 

• AKTMBHOCTb TRAP (onocpeflOBaHHo) MHrMÓwpyeTCB TPHK Tr P, He 
Hecymeŕí aMMHOKMC/iOTHoro ocTaTKa. 


E C/l M UinHilbKa ((jOpMHpyeTCfl, npOHCXOAHT TepMHHai4HH 



Eoih uinn^bKa He ({íopMMpyeTOi, TepMHHaAHH He npOHCXOAHT 



Be/iOK. CBíi3biBaíicb c mPHK, 
npeníiTCTByeT c()opMMpoBaHMK) LunmibKM 


PHC. 13.2 ArreHyaLjMfl Ha6/iK)flaeTC5i b tom c/iyMae, Korfla TepMMHM- 
pyiomaB ujnM/ibKa Ha PHK no okhm-to npMMMHaM He o6pa3yeTCB 


PeryjiaTopHaa ceTb, KOHTpojinpyioivaa TpaHCKpnnumo Ha 
CTaflHH TepMHHaVHH, MO)KeT 3aAeHCTBOBaTb MexaHH3MbI 
xax npaMoro, Tax h xocBeHHoro BJiHaHHa Majibix MOJiexyji 
npoAyxTOB hjih cyôcTpaTOB. 

y Bacillus subtilis 6e/ioK, Ha3BaHHbiň aTTeHynpyioiVHM 
ôejixoM, CBa3biBaioiij 1 HM mPHK TpnnTO(})aHa (TRAP, paHee 
MtrB), aKTHBnpyacb TpnnTO(J)aHOM (Trp), CBa3biBaeTca c 
jiH/jHpyiomeH nocjieAOBaTejibHOCTbio CHHTe3npyeMoro 
TpaHCKpnnTa. TRAP (JjopMHpyeT MyjibTHMep H3 ABeHaAVaTH 
cyô'be/jHHHív KaJK//aa CBa3biBaeT o^Hy aMHHO- 

KHCJioiy (TpnnToejDaH) h TpnnjieTHyio nocjieAOBaTejibHocTb 
Ha mPHK (GAG hjih UAG). PHK b MecTe CBa3bmaHHa c 6 cji- 
kom CBopanHBaeTca b nerjiio. Kax noKa3aHO Ha 13.3, 
3TOT npoi/ecc rapaHTHpyeT AoaynHOCTb ynacTKOB mPHK, 
ynacTByiou/Hx b (j)opMHpoBaHHH TepMHHHpyiomen rnnnjib- 
kh. B pe3yjibTaTe TepMHHaijHH TpaHCxpnniAHH npeKpaiu,a- 
eTca npoAyKi/Ha (jjepMema, OTBercTBeHHoro 3a chhtc 3 
TpnnTocfiaHa. B AencTBHTejibHOCTH TRAP cjiyacHT TepMHHa- 
TOpHblM ÔeJIKOM, aKTHBHOCTb KOTOpOTO 3aBHCHT OT ypOBHa 
TpnnTO(})aHa. B OTcyTCTBHe TRAP mPHK CBopaHHBaeTca b 
ajibTepHaTHBHyio BTopnHHyio CTpyKTypy, npemiTCTByioiij,yio 
({)OpMHpOBaHHIO TepMHHHpyiOII/eH mnHJIbKH. 


13.3 TepMMHauMa ŕrp-reHOB y Bacillus subtilis KOHTpo/inpyeTCfl TpMnTO^aHOM m TPHK Trp 345 
















TRAP KOHTpojiupyeT ŕrp-onepoH su ti is 


B npncyTCTBMM TpnnTocj)aHa 



TepMMHMpyiomaíi wnmibKa 



lilnmibKa 
He cJjopMMpyeTCíi 


AjibTepHaTMBHaíi 

crpyKTypa 


p MC. 1.3,3 AKTMBMpyflCb TpMľlTOCfjaHOM, TRAP CB513blBaeT mPHK. ľlpn 
3 tom cfjopMMpyeTCfl TepMMHMpytoiuaíi wnM/ibKa, c noMombio KOTopoň 
PHK-no/iMMepa3a TepMMHMpyeT TpaHCKpMľiUMio (n reHbi He 3Kcnpec- 
CMpytoTCfl). B OTcyTCTBMe Tp m nToefja h a TRAP He CB5i3biBaeTC5i c mPHK, 
m mPHK npMOÓpeiaeT ajibTepHaTMBHyio BTopMHHyio crpyKTypy, koto- 
pa5i npeníiTCTByeT (J)opMMpoBaHMio TepMMHMpytoineií wriMjibKM 


TRAP, b cbok) onepe/jb, KOHTpojiHpyeTca tPHK^p. Ha 
p ne j 3 4 noKa3aHo, KaK tPHKT cBa3biBaeTca c mPHK 6cnKa, 
Ha3BaHHoro ai-rm-TRAP (AT). CBa3biBaacb c TRAP, otot 6e- 
jiok MernaeT (f)opMHpoBaHHio TepMHHHpyK}nj,eH mnmibKH Ha 
mPHK CBOÔOAHaa tPHKT TaiOKe noBbimaeT 3(j3(f)eKTHBHOCTb 
TpaHCJiaijHH #£>-mPHK CyMMapHbiM pe3y^bTaTOM sthx /jbyx 
npoijeccoB aBJíaeTca yBejimeHHe ypoBHa CHHTe3a 6e;iKa aHTH- 
TRAP, KoropbiH, CBfl3biBaacb c TRAP, He AaeT eMy penpeccH- 
poBaTb TpHnTcx})aHOBbiH onepoH. B oTcyrcTBHe TpHnTO(j)aHa 
o 6 pa 3 yeTca H 36 biTOK cboďo/jhoh tPHK 7 ^, hto cnocoôcTByeT 
CHHTe3y aHTH-TRAP, KOTopbin, b cbok) onepe^b, ÔJioKnpya (J)yH- 
KIJHK) TRAP, npHBOAHT K SKCnpeCCHH TpHnTO(j)aHOBbIX reHOB. 

3KcnpeccHa trp reHOByitaa'/fe/s subtilis KompojiHpyeT- 
ca KaK ypoBHeM TpnnTo^aHa, TaK h ypoBHeM tPHK Tf p. Ecjih 
T pHnTocj)aH npHcyTCTByeT b KaeTKe h CHHTe3npoBaTb ero 
He Hy)KHO, aKTHBHpyeTca TRAP h SKcnpeccHa ^epMemoB 
CHHTe3a TpnnTO({)aHa HHraÔHpyeTca. HajiHnne cboôoahoh 
T pHK Tr P cBH^eTejibCTByeT o He/jocTaTKe TpnnTO({)aHa. Cbo- 
ĎOAHaa tPHK Tf p aKTHBHpyeT aHTH-TRAP h cnocoôcTByeT 
TeM caMbiM TpaHCKpnnLi.HH reHOB trp. 


TpMnTO(|)aHOBbiíí onepoH 
E. COli KOHTpOilMpyeTCfl 
c fiOMOuibio aiTeHyaiAMM 


KmoMeBbie noHBTMB: 


• AueHyaTop (He3aBMCMMbiŕí TepMMHaTop) pacno/iaraeTCfl Me)Kfly 
npoMOTopoM m nepBbiM reHOM K/iacrepa trp . 

• B OTcyTCTBMe TpnriTo4)aHa TepMMHaLíMB cynpeccMpyeTOi, a 
3cf)4)eKTMBHOCTb TpaHCKpMnuMM B03paciaeT B 10 pa3. 


13.4 


3Kcnpeccna reHa aHTH-TRAP KOHTpojiHpyeTCfl tPHK 1 '- 


B npMcyTCTBMM TpnnTocj)aHa 



TeH aHTM-TRAP 


ľlpn oTcyTCTBMM TpMľiTocJjaHa 


CBočoAHaa TPHK^ rp 



I 


4 

Ahtm-TRAP 



w B HOpMa/lbHblX yCJlOBMflX (b ľipMCyTCTBMM TpMnTOCt)aHa) 

TepMMHai4Míi TpaHCKpMni4MM npoMCxoflMT nepefl reHOM aHTM-TRAP. 
B OTcyTCTBMe TpMnTO(t)aHa, CBOÓOflHafl TPHK Trp CB513blBaeTCfl C 3HTM- 
TRAP-mPHK, 6/lOKMpyfl (J)OpMMpOBaHMe TepMMHMpytOlHeM UiriM/lbKM M 
cnocoócTBya 3KcnpeccMM aHTM-TRAP 


JJjm Kompojia paôoTbi reHOB b mieTKax E. coli (r/je Bnep- 
Bbie 6buio oÔHapyaceHO aBaeHHe aTTeHyaijHH) HcnoJib3yeTca 
caoacHaa peiy/iaTopHaa CHCTeMa. PtoMeHeHHa btophhhoh 
CTpyKTypbi mPHK 3aBHcaT ot nojioaceHHa pHÔocoMbi Ha mPHK 
KaK noKa3aHO Ha ° Vi ľ. f i, /yia ocymecTBJíeHHa TepMHHaijHH 
HeoôxoAHMO, HTOôbi puôocoMa mpancjiupoGcma ynacmoK 
mPHK\ pacnojiojtcennuu neped zencmu trp (coomeemcmey- 
íoiupú Jiudupyvymeú nocjiedoeamejibnocmu nenmuda). Kor- 
Aa pnôocoMa TpaHCJinpyeT jiH/i.Hpyioiij.HH pernoH, b oôJiacTH 
TepMHHaTopa 1 (})opMHpyeTca TepMHHHpyiomaa mnrabKa. 
B tom cjiynae, Kor/ja pnôocoMa no KaKHM-To npnHHHaM He 
MO)KeT TpaHCJiHpoBaTb jiHAHpyioiij,yK) nocjieAOBaTeabHOCTb, 
ummibKa He o6pa3yeTca, TepMHHaqHH He npoHcxoAHT h 
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TepMMHdUMH TpdHCKpmiLlMM M0)K6T KOHTpOJIMpOBaTbCfl C nOMOUJblO TpaHCflflUMM 


TPAHCnfll4MB + TEPMHHAI4I/151 TpaHCKpMônpyeTCä toabko 

jiMfiepHaíi noc/ieAOBaTe^bHocTb 


< JlMflep > < KoAMpyioiAMÍí 

perMOH 

ľlpOMOTOp —► TepMMHaTOp 1 



TepMMHaiop 2 


HET TPAHCJIflUMM. HET TEPMHHAUMM TpaHCKpn6npyeTCíi KOAMpyioiAMM perMOH 



PH(. í BTopMHHaa dpyKTypa PHK, bjimaji Ha ABMweHMe BAO/ib mPHK pm6ocom, ynacTByeT TeM 
CaMbIM B pery/lflLJMM TepMMHaLJMM TpaHCKpMni4MM 


Pery/iflTopHbm perMOH onepOHa trp KOAupyeľ jiMAepHbin nermiA 


HHAOJi-rjiMAepoji-TpnnToct)aH-CMHTeTa3a 
EejiOK AHTpaHM^aT-CMHTeia3a CMHTeia3a b Aenb A Aenb 

TeH trpE trpD trpC trpB trvA t ť 


PeryjiflTopHbiií perMOH 



ľlpoMOTop OnepaTop JlMAep AneHyaiop 


pppN^AUGAAAGCAAUUUUCGUACUGAAAGGUUGGUGGCGCACUUCCUGAN ,AUUUUUUUU 


JlMAepHbiíí nenTMA 


T 


Met Lys Ala Ite Phe Val Leu Lys Gty Trp Trp Arg Thr Ser 


CG 
CG 
CG 

cg a TepMMHaiop 


G-C-6oraiafl wnmibKa/ 
U-6oraTbiíí OAHOLienoHeHHbiM ynacTOK 


í n K OnepoH trp coctomt M3 tiath npoT 5 i>KeHHbix CTpyKTypHbix reHOB, KOTopoMy npeAiuecTBy- 

ei perMOH, BK/itOMatoiHMM b ce6a peryjurropHbie yqacTKM (npoMOľop, onepaľop, yqacTOK iiMAepHoro 
nenTMAa, aTTeHyaiop) 


PHK-nojiHMepa3a TpaHCKpnÔHpyeT KOAHpyKDU],™ peraoH. 
ílarnuu Mexanum anmumepMunai^uu 3aeucum om ene- 
iuhux (fioKmopoe, cnocoômix ejiunmb na mpancnm^uK) pu- 
ôocqmoú nudupyKaupii nocjiedoeamejibHocmu. 


riflTb CTpyKTypHbix reHOB onepoHa trp pacnojicoKeHbi 
pa/jOM Apyr c ApyroM h Ko/jupyioT Tpn (f)epMeHTa, npeBpa- 
maiomnx xopH3MOByio KHCJiOTy b TpHiiTO(^aH. Kax noKa3a- 
ho Ha , TpaHCKpHnij,Ha HaHHHaeTca c npoMOTopa, 
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pacno/io>KeHHoro c /ieBoro kohuč KnacTepa. SKcnpeccHa 
írp-onepoHa peryjiHpyeTca npn noMomn AByx He3aBHCH- 
Mbix MexaHH3MOB. PenpeccHa TpnnTO(})aHOBbix reHOB ocy- 
mecTBJíaeTca penpeccopHbiM 6e/iKOM (KOflHpyeMbiM reHOM 
trpR), KOTopbíň CBH3biBaeTca c npraeraioiii.HM k npoMOTopy 
onepaTopoM. ATTeHyau,Hfl KOHTpojinpyeT paóoTy PHK-no- 
/iHMepa3bi, onpeflejiafl, npoH3oňfleT jih TepMHHau,Ha b ynac- 
TKe, npeflmecTByiomeM nepBOMy crpyKTypHOMy reHy. 


TpaHCKpMHUHil KOHTpO/IHpyeTOl TpaHC/IflUMeM 



TPAHCKPHnUHB JIHflEPHOrO PEľHOHA 

flay3a AireHyaTop trp E 


\Ami\v\ai\v\i\ TpaHCKpununn 





ľlay3a b paóoie nojiMMepa3bi 


B OTCyTCTBHE TPHľlTOOAHA: TPAHCKPHľlUHB OnEPOHA ľlPOAOJDKAETCB 



B llPHCyTCTBHH TPHľlTOOAHA: 
TPAHCKPHnUHB TEPMHHHPyETCB B ATTEHyATOPE 



OopMMpyeTCB TepMMHMpyiomafl lunMJibKa 







TepMMHaunB 

TpaHCKpununn 


ATTeHyaTop KOHTpojinpyeT ABHweHHe PHK-no/iHMepa3bi 
BAOJib noc^eflOBaie^bHOCTM reHOB onepoHa trp. TpaHCKpHnuHfi hhh- 
UMMpyeTCfl Ha npoMOTope n npoAOJDKaeTCfi ao no/ioweHHfi 90, rAe 
(J)epM6HT, nepeA TeM KaK npoŕíTH aTTeHyaiop, penaei nay3y b no/io- 
>KeHMM 140. B oTcyTCTBMe TpMnToct)aHa no/iMMepa3a TpaHCKpn6npyeT 
CTpyKTypHbie reHbi (trpE HaHi/iHaeTCB b no/ioweHHH +163). ľlpn OTcyic- 
TBHH TpnnTO(t)aHa BepOBTHOCTbTepMMHaUMM C BblCBo6o>KAeHMeM 140- 
HyK^eoTMAHoŕí jiMAepHOÍí noaieAOBaTe/ibHOCTH PHK AOCTnraeT-90% 


BnepBbie BB/ieHHe aTTeHyau,HH 6buio oTMeneHO b skc- 
nepHMeHTax, noKa3aBiiiHx, hto yaajieHHe noc/ieAOBaTe/ib- 
hocth, pacnoAOxceHHoň MOtysy onepaTopoM h KOAnpyio- 
meň oÓJiacTbio trpE , npHBOflHT k noBbimeHHoň 3KcnpeccHH 
CTpyKTypHbix reHOB. 3 tot 3(}x})eKT He 3aBHce;i ot penpec- 
chh: yBe/iHHHBajiHCb KaK (jx)HOBbiH, TaK h Aepenpeccnpo- 
BaHHbíň ypoBeHb 3KcnpeccHH. OieAOBaTenbHO, stot caňT 
OKa3biBaji BJiHBHHe Ha coóbiTHa, npoHCxoAamne yKC nocjie 
Toro, KaK PHK-no/iHMepa3a cflBHrajiacb c npoMOTopa h Ha- 
HHHaJia TpaHCKpHmiHIO (He3aBHCHMO OT yCJIOBHH, B KOTO- 
pbix npoHCxoAHJia HHHUHauna). 

ArreHyaTop (p-He3aBHCHMbiň TepMHHaTop) pacnorio- 
tkcu MOK^y npoMOTopoM h reHOM trpE. Oh BbicTynaeT b 
po jih óapbepa, npenaTCTByiomero TpaHCKpHnu.HH cTpyx- 
TypHbix reHOB. PHK-no/iHMepa3a TepMHHHpyeT TpaHCKpnn- 
u,Hio b oÓJiacTH arreHyaTopa in vivo h in vitro, o6pa3ya npn 
3TOM TpaHCKpnnT AJIHHOH 140 nH. 

KaK noKa3aHO Ha p M c. 13.7, TepMHHau,Ha TpaHCKpHnu,HH 
Ha arreHyaTope 3aBHCHT ot ypoBHH TpHrrro(})aHa b kjicvkc. B 
npHCyTCTBHH AOCTaTOHHblX KOJIHHeCTB TpHnTO(f>aHa, TepMH- 
Hau,Ha TpaHCKpHnu,HH TpHrrro(})aHOBbix reHOB nponcxoAHT 
3(})(})eKTHBHO. B OTcyTCTBHe vpumo^m PHK-no/iHMepa3a 
npeoAOJieBaeT arreHyaTop h TpaHCKpnÓHpyeT CTpyKTypHbie 
reHbi. 

PenpeccHa h aTTeHyau,Ha Toxce 3aBHcaT ot coflepxcaHHa 
TpnnTo^aHa b KneTKe. B npHCyTCTBHH TpHmro(})aHa onepoH 
penpeccHpoBaH, h óojibmaa nacTb MO/ieKy/i PHK-no;iHMepa- 
3bi, yxe nepeMecTHBmHxca c npoMOTopa, TepMHHHpyeTca b 
arreHyaTope. npn yflajieHHH TpnnTO(})aHa PHK-no;iHMepa- 
3a nojiynaeT cboóoahhh AOCTyn k npoMOTopy, h npoqecc 
TpaHCKpHmiHH He npepbiBaeTca npoKAeBpeMeHHO. 

ATTeHyaU,HB MOXCeT H3MCHflTb 3(})(})eKTHBHOCTb TpaHC- 
KpHnu,HH npHMepHO b 10 pa3. npn scJxJjckthbhoh TepMHHa- 
u,HH okojio 10% MOJieKyn PHK-noAHMepa3bi, AocraraiomHX 
arreHyaTopa, cnocoÓHbi npeoAOJieTb ero. B ycjiOBHax arre- 
HyauHH non™ Bce MOJieKym PHK-noAHMepa3bi cnocoÓHbi 
npoAOAxeaTb TpaHCKpHnu.Hio. Hapa^y c 70-KparabiM yBe^H- 
HeHHeM 3(]xj)eKTHBHOCTH HHHU.HaU.HH B pe3yAbTaTe CHBTHB 
penpeccHH aTTeHyau,Ha Ae^aeT bo3moxchhm 700-KpaTHoe 
H3MeHeHHe ypoBra aKTHBHOcra onepoHa. 


13.5 


AireHyaunfl KOHTpo/iupyeTCB 
C nOMOlUbK) TpaHCilfll^MM 


K/itoneBbie noHfiTMfi: 


• ZlMAepHaB noc/ieAOBaie/ibHOCTb trp- onepoHa npeACTaB/ieHa 
OTKpblTOÍÍ paMKOÍÍ CHMTblBaHMfl, COCTOfUAeŕí M3 14 KOAOHOB, ABa 
M3 KOTOpblX BB/lfltOTCB KOAOHaMM TpnnTO(t)aHa. 

• CipyKTypa PHK b arreHyaTope 3aBncm ouoro, rpaHCJiMpyeTCB 
/in 3Ta paMKa cnmbiBaHMfi. 

• B npHCyTCTBHH TpnnTO(J)aHa /íHAepHaji nocneAOBaTe/ibHOCTb 
TpaHc/inpyeTCB b 6 e/iOK, b 06 /iacTH arreHyaTopa (J)opMHpyeTCB 
Lunn/ibKa, h TpaHCKpnnuHB TepMHHnpyeTCfl. 

• B OTcyTCTBHe TpnnToefjaHa pnôocoMa ocTaHaB/iHBaeT TpaHc/iBunto. 
AOCTHľHyB TpHnToc()aHOBbix koaohob, a c()opMHpyK)iAaflai npn 
3tom a/ibTepHaTHBH3B BTopHHHaíi CTpyKTypa mPHK npenBTCTByeT 
o6pa30BaHHto LunHJibKH h TpaHCKpnnuHfl npoAO/DKaeTCB. 
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TepMMHaMMfl KOHTpO/IHpyeTCa C nOMOiMblO a/lbTepHaTHBHblX BTOpMHHblX CTpyKTyp 
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C 6a 


Oóiiacm 3 m 4. 

B3anMOAeŕíCTByíi 

Me>KAy coóoíí, 

4)opMMpyioT 

TepMMHupyioiAyio 

lununbKy 



AJlbTEPHATHBHblE CTPyKTyPbl 
Oó/iacrb 2 KOMľuieMeHTapHa 
oó/iacraM 1 m 3, oójiacľb 3 - 
oóJiacrflM 2 m 4 


Oójiacm 2 m 3 

B3aMMOAeííCTByiOT 

Me>KAy coóoŕí; oó/iacrb 
TepMMHaunu ocraeTCfl 
oAHOuenoMeHHoŕí 


P M C. 13.8 /lMflepHafl 06/iacTb trp- onepoHa mo>K 6 t cymecTBOBaib b pa3JiMMHbix KOH(|)opMauMflx, 
o6pa3ytOLAMxcíi npn cnapi/iBaHw/i onpeAe/ieHHbix ocHOBam/iŕí. B uempe cxeMaTMHHo M3o6pa>KeHbi 
neTbipe 06/iacTM, KOTopbie MoryT B3anMOAeŕícTBOBaTb Me>KAy coóoŕí. 06/iacTb 1 KOMn/ieMeHTapHa 
06/iacT m 2, 06/iacTb 2 — 06/iacTM 3, a 06/iacTb 3, b cBoto oHepeflb, — oó/iacm 4. C/ieBa ripeflCTaB/ieHa 
KOHcfjopMauMíi, o6pa3ytomaflCfl npn cnapi/iBam/ii/i 06/iacTM 1 c oó/iacTbto 2, a oó/iacm 3 — c oó/iacTbto 
4. CnpaBa — KOH(()opMauMfl, o6pa3ytomaflCfl npn B3anMOAeŕícTBMM oó/iacreŕí 2 m 3, npn 3 tom 06/iac- 
tm 1 m 4 ocTatcrrai HecnapeHHbiMM 


KaKHM o 6 pa 30 M eoflepacaHne TpnnTO(})aHa b mieTKe BJinaeT 
m TepMHHaijHK) TpaHCKpHnijHH b aTTeHyaTope? flaHHbie 
o HymieoTHAHoň noejieAOBaTejibHoera jiHflepHOH o 6 ;iac- 
th no 3 BOJiaioT npeAnonoacHTb MexaHH 3 M 3 Toro npoijecca. 
KopoTKaa KOAHpyiomaa noe/ieAOBaTejibHOCTb sToro pera- 
OHa TpaHCJiHpycTca b ji H^epHbíň neirm#, eocToamHH 
H 3 14 aMHHOKHC/IOT. Kax noKa 3 aHO Ha pHC. 13 . 6 , B 3 Ty 06 - 
JiaCTb BXOflHT CaňT CBB 3 bIBaHHa C PHÓOCOMOH, B KOTOpOM 

3a AUG-koaohom c/ieflyeT ynacTOK H3 13 koaohob, eoflep- 
acaujHH flBa ocTaTKa TpnnTO(})aHa. ľlpH HCTonjeHHH 3anacoB 
TpHIITO(})aHa B KJieTKe pHÓOCOMbl HHHUHHpyiOT TpaHOIB- 
uyiK) jiHflepHoro nenrafla, ho ocTaHaBjíHBaiOT ee, Kor^a ro- 

CTHľaiOT TpHnTO(})aHOBbIX KOflOHOB. PiCXOAfl H3 HyKJieOTHfl- 
hoh nocaeAOBaTeabHOCTH mPHK, mo>kho npe,ano;io>KHTb, 
hto Taxaa 3a^epmca phóocom, b cboio onepeAb, MoaceT 
BanaTb Ha TepMHHau,Hio b arreHyaTope. 

JlnflepHaa noeaeflOBaTeabHOCTb MoaceT 6biTb npefl- 
CTaBaeHa b BHfle CTpyKTyp, o6pa3yiomHxca npn aabTepHa- 
thbhhx Bapnamax cnapHBaHHa ocHOBaHHH. CnoeoÓHOCTb 
pnóocoMbi npoxoflHTb nepe3 anflepHyio oóaacTb MoaceT pe- 
ryjinpoBaTbca c noMombio nepexofla H3 oahoh cTpyKTypbi 
b Apyryío. Hmchho ot stoh cTpyioypbi 3aBHCHT, oóeenenHT 
m mPHK ycaoBHa, HeoóxoAHMbie /yia TepMHHau,HH. 

Ha P m c. 13.8 H 3 o 6 paaceHbi sth cTpyKTypbi. Y nepBOH 06 - 
jiacTb 1 cnapeHa c oóaacTbio 2 , h 06 /iacTb 3 — c oóaacTbio 4 . 
CnapHBaHHe oóaacTeň 2 h 4 npnBOAHT k (J)opMHpoBaHHio 
innHabKH, npeflinecTByiomeH noejieflOBaTejibHOCTH U 8 , hto 
aBaaeTca HeoóxoflHMbiM cHraanoM rji a TepMHHau,HH. Bepo- 


arao, PHK npnoópeTaeT Taxyio cTpyKTypy 6e3 KaKoro-anóo 
BHeniHero Bjmmm. 

B tom cjiynae, ecjín cnapHBaHHe oóaacTeň 1 h 2 HeB03- 
MoacHO, o6pa3yeTca Apyraa CTpyKTypa. OHa B03HHKaeT npn 
B3aHMOfleHCTBHH oóaacTH 2 c oóaacTbio 3. OÓJiacTb 4 npn 
stom TepaeT napTHepa ^Jia cnapHBaHHa h ocTaeTca oaho- 
iienonenHOH. B pe3yabTaTe o6pa30BaHHe TepMHHHpyiomeH 

HinHJIbKH HeB03M0aCH0. 

Kax noKa3aHO Ha pmc. 13.9, noaoaceHHe pnóocoMbi 
MoaceT onpefleaaTb, xaxaa H3 CTpyKTyp óy^eT o6pa30BaHa, 
npnneM TaKHM o6pa30M, htoóh TepMHHau,Ha aTTeHynpo- 
Baaacb To/ibKo b oTeyTCTBHe TpnnTO(J)aHa. Kphthhcckhm 
napaMeTpoM b stom caynae óy^eT no/ioaceHHe TpnnTO(})a- 
hobhx koaohob b Ko/jHpyiomeH nocaeAOBaTeabHOCTH ji h- 
AepHoro nenrafla. 

B npHcyTCTBHH TpnnTOíjiaHa pnóocoMbi cnocoÓHbi 
CHHTe3HpoBaTbaHflepHbiH nenTHfl. Ohh npoAoaacaioT nepe- 
ABHraTbca brojil nuRcpnoPí oóaacTH mPHK k KOflOHy UGA, 
pacnoaoaceHHOMy MOK^y pernoHaMH 1 h 2. Kax noKa3aHO b 
HH acHen nacTH pncyHKa, npoABHraacb k stoh tohkc, pn6o- 
coMbi 3axBaTbiBaiOT pernoH 2 h npeflOTBpamaiOT ero cna¬ 
pHBaHHe. B pe3y/ibTaTe, pernoH 3 noaynaeT B03MoacHOCTb 
cnapnTbca e pernoHOM 4 h o6pa30BaTb TepMHHHpyiomyio 
mnnabKy. npn Taxnx yeaoBHax PHK noaHMepa3a TepMHHH- 
pyeT TpaHCKpHnu,Hio b arreHyaTope. 

Kax noKa3aHO b BepxHeň nacra pncyHKa, b OTeyTCTBHe 
TpnnTO(})aHa pnóoeoMa 3aAepacHBaeTca Ha trp-KOAOHax, 
BxoAamnx b eocTaB oójiacTH 1. npn stom oóaacTb 1 H30- 
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no/io>KeHHe pMÔocoMbi KOHTpo/mpyeTCii coAepwaHMeM 
b (oieTKe Tpnnio(j)aHa 



* « 9 To, Kana s\ mmohho BTopMHHa/i cipyKTypa o6pa3yeic/i b aT- 
TeHyaTope, 3aBncm ot no/io>K6HMB pn6ocoMbi, KOTopaa onpeAe/i/ieT, 
npoB3anMOfleŕícTByK)T /im perMOHbi 3 m 4 c o6pa30BaHMeM TepMMHa- 
TOpHOÍÍ LLinM/lbKM 


JIHpyeTCfl pHÓOCOMOH H He MO)KeT npOB 3 aHMOAeHCTBOBaTb 
c oóJiacTbio 2 . 3 to 03 HanaeT, hto oó/iacTH 2 h 3 aojdkhh 
cnapHTbca paHbiue, hcm 06 /iacTb 4 HanHeT TpaHCKpnón- 
poBaTbca. B pe 3 y;ibTaTe o 6 /iacrb 4 ocTaeTca b oflHOijeno- 
neHHoň (fiopMe. B oTcyTCTBne TepMHHnpyiomeH iunHJibKH 
PHK-no;iHMepa 3 a npoflOJDKaeT TpaHCKpHnu,Hio, MHHya aT- 
TeHyaTop. 

HeTKaa KoopflHHau.Ha nocjieAOBaTe/ibHOcra peryna- 
TopHbix coóbiTHH — HeoóxoAHMoe yc/iOBne aTTeHyau,HH. 
fljia TOTO HTOÓbl pHÓOCOMa MOTJia KOHTpOJIHpOBaTb (})Op- 
MHpOBaHHe HeOÓXOflHMOH RJW TepMHHaiJHH BTOpHHHOH 
cTpyxTypbi mPHK, PHK-nojiUMepa 3 a dojiMna docmuzamb 
caúma mepMunai^uu e MOMenm mpanc/im^uu Jiudepnou 
nooiedoeamejibHOcmu. Ztrra npaBHJibHoro coniacoBaHHa 
Bcex COÓbITHH HeOÓXOflHM CaHT, BbI 3 bIBaiOmHH OCTaHOBKy 
PHK-no/iHMepa 3 bi b nojio)KeHHH, eooTBeTCTByiomeM 90 -My 
ocHOBaHHio JiuRcpuou nocaeflOBaTeabHOCTH. PHK-nojín- 
Mepa 3 a He B 03 o 6 HOBJiaeT cBoen paóoTbi j\o Tex nop, nona 
pHÓocoMa He 3 aKOHHHT TpaHCJiau.Hio anflepHoro nemm/ja. 
Tlocjie 3 Toro (fiepMeHT BbicBoóoxc/jaeTca h CABnraeTca k 


camy aTTeHyaqnH. K TOMy BpeMeHH, Kax no/MMepa3a oxa- 
xceTca TaM, BTopnHHaa CTpyKTypa o6/iacra arreHyaqHH yace 
6yaeT c(j)opMHpoBaHa. 

Ha noKa3aHO, Kanyio po/ib b pery/iaijHH 

SKcnpeccHH TpnnTO(})aHOBoro onepoHa nrpaeT Trp- 
TPHK. OôecneHuean Mexanum , peazupywu^uu na nea- 
deKeamnocmb cnapMenun Trp-mPHK, ammenyai^un om- 
eenaem nenocpedcmeeuHO na nompeônocmb KJiemKU e 
mpunmo0aue. 

HacKo/ibKo niHpoKo Hcnojib 3 yeTca HBjíeHne arreHy- 
auHH b KanecTBe pery/mTopHoro MexaHH 3 Ma SKcnpec- 
chh óaKTepnajibHbix onepoHOB? Oho ncno/ib 3 yeTca no 
KpaňHen Mepe b rnecTH onepoHax, KOflHpyiomnx čpcp- 
MeHTbl, 3 aAeHCTBOBaHHbie B 6 HOCHHTe 3 e aMHHOKHCJIOT. 
CjieAOBaTeabHO, MexaHH 3 M oóparaoň cbb3h mokrý co- 
flep>KaHHeM aMHHOKHCJIOT, HeOÓXOflHMblX Óe/IKOBO- 
ro CHHTe 3 a (hto OTpaxcaeTca b Ko/innecTBe AOCTynHbix 
aMHHoau.HJi-TPHK), h o 6 pa 30 BaHneM (})epMeHTOB, bo3- 
mo>kho, HMeeT oóiijhh xapaKTep. 

Ilpn BK/noneHHH pnóocoMbi b Kompo/ib btophhhoh 
cTpyKTypbi PHK b otbct Ha ypoBeHb flocTynHon aMHHoaunji- 
tPHK ycTaHaBJíHBaeTca oóparaaa CBa3b MOK/jy npncyTCTBH- 
eM aMHHoau.nji-TPHK h ypOBHeM TpaHCKpnnijHH onepoHa. 
MoacHO CKa3aTb, hto aMHHoaijH/i-TPHK BbicTynaeT b po/in 
Kopenpeccopa TpaHCKpnnĽi.HH. PeryjurropHbiH MexaHH3M 
onocpeflyeTca H3MeHeHnaMH b KOH^opMau.HH flyn/ieKCHbix 
pernoHOB mPHK; aBjíeHne arreHyauHH aB/meTca apKHM cbh- 



OC 10 B ľipMCyTCTBMM trp-TPHK pMÔOCOMa TpaHCJlMpyeT/IMflMp- 
Hyio noc/ieflOBaTe/ibHOCTb m BbicBo6o>KAaeTai. ľlpM 3 tom c()opMMpy- 
6 tcb TepMMHMpyioiMafi wnMJibKa, b 06/iacTM KOTopoŕí PHK-noaMMepa- 
3a TepMMHMpyeT rpaHCKpMnuMio. B oTcyTCTBMe trp-TPHK pMÓocoMa 
6 aoKMpyeTCB, TepMMHMpy 10143/1 ujnM/ibKa He o6pa3yeTC/i m PHK-no- 
/iMMepa3a npoflo/DKaeT TpaHCKpMnuMio 
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ACre/IbCTBOM Bä>KHOCTH BTOpHHHOH CTpyKTypbl MOJieKyjIbl 

PHK pjm ocymecTBjíeHHB TepMHHaijHH. 

B KJieTKax E. coli h B. subtilis Hcnojib3yiOTCfl oahh h Te 
)Ke THnbi peryjiBTopHbix MexaHH3MOB, b KOTopbix CTpyKTy- 
pa mPHK 3 aBHCHT ot npHcyTCTBHa hjih OTcyTCTBHa tPHK. 
TOHHbie MexaHH3MbI HHAHBHAya^bHblX B3aHMOfleHCTBHH, 
OAHaKO, MOiyr pa3JiHnaTbca. KoHenHbiH pe3yjibTaT OAHHa- 
KOB: HHľHÓHpOBaHHe npOAyKIJHH (j)epMeHTOB CHHTe3a npH 
H36biTKe TpHnTO(})aHa h aKTHBau,HB npn ero AecJJHijHTe, ko- 
Topbíň npoflB/meTca b HaKonjieHHH cboóoahoh tPHK Ti 'p. 


13.6 


liHaKTMBauMfl 3KcnpeccnM reHOB 
C ľlOMOmbfO aHTHCMblCJIOBOH PHK 


lOnoHeBbie noHjmifl: 


• AHTMCMblC/IOBbie reHbl, npH BB6A6HMM MX B 3yKapMOTMHeCKMe 
K/ieTKM, 6/iOKnpyiOT 3Kcnpeccmo reHOB-MmueHeŕí 


HeKOTopbie PHK MOiyr Kompo/mpoBaTb aKTHBHOCTb Apy- 
rax PHK c noMombio MexaHH3Ma KOMruieMeHTapHoro ena- 
pHBaHHfl OCHOBaHHH. KaK AJIH npO, TaK H RJIR ayKapHOT 
onucaHO MHOxcecTBO npHMepoB, b KOTopbix OAHOuenoneH- 
Haa PHK (oóhhho oneHb KopoTKaa), CBB3biBaacb c KOMiuie- 
MeHTapHbiM ynacTKOM mPHK, ÓJioKnpyeT ee 3KcnpeccHio. 
Oahhmh H3 caMbix nepBbix HJunocTpaijHH 3Toro scfxjjeicra 
CTaJIH SKCnepHMeHTbl, B KOTOpblX B ayKapHOTHHeCKHe KJieT- 
KM HCKyCCTBeHHO BBOAHJIH aHTHCMblCJIOBbie reHbl. 

AHTHCMbiaioBbie reHbi ómjih CKOHCTpynpoBaHbi ny- 
TeM H3MeHeHHB opHeHTan,HH reHa no OTHOiueHHio k ero 
npoMOTopy. Kax H3o6paxceHO Ha p h c. 13.11, b pe3y;ibTaTe 
TpaHCKpHÓnpoBajiacb aHTHCMbiejiOBaa u,enb PHK-MaTpnijbi. 
AHTHCMbie^OBaa PHK, CBB3biBaaeb c PHK-MHiueHbio, HHa- 


KTHBHpoBajia ee. 3 to BBJíeHHe xapaKTepHO KaK j\m npo-, 
TaK H JSJIR SyKapHOTHHeCKHX KJieTOK. AHTHCMblCJIOBaa PHK 
CJIVXCHT HCKyCCTBeHHbIM peryjIBTOpOM aKTHBHOCTH TpaHC- 
KpHnTOB-MHIIieHeH. AHTHCMblCJIOBOH reH THMHAHHKHHa3bI 
HHrnÓHpyeT 3KcnpeccHio ncxoAHoro reHa THMHAHHKHHa- 
3bi. flocTOBepHaa KOJiHHecTBeHHaa oijeHKa 3TOMy 3(})(})eKTy 
He A^Ha, OAHaKo npeAnojiaraeTea, hto j\m ero npoaBJíeHHa 

HeOÓXOAHM H3ÓbITOK aHTHCMblCJIOBOH PHK (B03M0)KH0, Cy- 
meCTBeHHblH H36bITOK). 

Ha KaKOM ypoBHe aHTHCMbicjiOBaa PHK HHraÓHpyeT 
3KcnpeccHio reHOB? Cboh scfxjjeKT aHTHCMbicjiOBaa PHK mo- 
7KCT npOBBJIBTb Ha CTaAHH TpaHCKpHnU.HH HCXOAHOrO reHa, 
npou,eccHHra PHK-npoAyKTa, hjih TpaHCJiaijHH TpaHCKpnn- 
TOB. 3KCnepHMeHTbI C pa3HbIMH MOAeJIbHbIMH CHCTeMaMH 
noKa3a;iH, hto HHrHÓnpoBaHHe 3KcnpeccHH rcm-Muuimu 
3aBHCHT ot npouecca (JjopMHpoBaHHa PHK-PHK AynjieKca, 
OAHaKo MO>KeT nponcxoAHTb KaK b BApe, TaK h b u,HTon/ia3- 
Me. B cjiynae KorAa aHTHCMblCJIOBOH reH craÓHJibHO npn- 
eyTCTByeT b KyjibType kjictok, PHK-AynjieKc, coctohiahh h3 
CMbiejiOBOH h aHTHCMblCJIOBOH ijeneH, (JjopMHpyeTca b BApe. 
B cjiynae hhTdCkuhh aHTHCMblCJIOBOH PHK b u,HTonjia3My, 
TpaHCJiauna HHrHÓHpyeTca b pe3yjibTaTe (JjopMHpoBa- 
hhb AynjieKca Me>KAy aHTHCMblCJIOBOH PHK h ý-peraoHOM 
mPHK-mhiuchh. 

flaHHblH 3 (})(J)eKT JIQKHT B OCHOBe MeTOAa «BbIKJIIO- 
neHHa» reHOB; k npHMepy, (JjyHKu.Ha peryjiaTopHoro reHa 
MoxceT 6 biTb H 3 yneHa c noMombio BBeAeHHa b KJieTKy ero 
aHTHCMbiejiOBoro Bapnama. PacmnpHTb bo3moxchocth 
AaHHOH TeXHHKH MO^CHO, nOMCCTHB aHTHCMblCJIOBOH reH 
noA KOHTpojib npoMOTopa, KOTopbíň eaM no ee 6 e BBJíaeT- 
ca peryjinpyeMbiM sjicmchtom. Bo 3 AeHCTBya Ha npoMOTop 
H KOHTpOJIHpya TeM eaMblM npOAyKUHIO aHTHCMblCJIOBOH 
PHK, moxcho BKJiionaTb h BbiKjnonaTb reH-MHmeHb. flaHHbíň 
noAxoA no 3 BOjmeT oueHHTb 3 HaneHHe npoAOJDKHTejibHoe- 
th 3 KcnpeecHH reHa-MHiueHH. 


TpaHCKpMm^Hfl aHTHCMblCJIOBOH PHK npHBOAMT K (|)OpMHpOBaHMK) PHK-PHK Ayn/ieKCOB 


ľlpoMOTop ľeH flMKoro Tuná ^ 

5'W\AAAAAAAA/3' —i 

TpaHCKpunT ^ 

ľlpoMOTop AHTMCMblC^OBOÍÍ reH 

5VWWWWW3 — 

AHTMCMblC^OBOÍÍ TpaHCKpMľlT 

PHK-PHK flyn^eKC 


ľ h C AHTMCMbicjiOBaji PHK o6pa3yeiai b pe3y/ibTaTe M3MeHeHMB opMeHTaunn reHa no otho- 

ujeHi/iK) k npoMOTopy n cnocoÔHa B3anMOAeŕícTBOBaTb c TpaHCRpi/inTaMM amkoto Tuná c o6pa30BaHM- 
eM AByxuenoHeHHOÍí CTpyKTypbl 
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13.7 


Pery/iflTopHa*! PH K npenaTCTByeT CB»3biBaHiiio 
PHK-MHiueHM c 6e/iKOM 


PeryiiBUMB TpaHC/iíiuMM 

c noMOUjbK) MO/ieKy/i Ma/ibix PH K 


K/HoneBbie nommifl: 


• Pery/ifrropHafl PH K ocymecTB/ifieT cbom cJjyHKum/i, c()opMMpyfi 
Ayn/ieKc c PHK-MmueHbto. 

• flyn/ieKC mo>k6t 6 /iOKnpoBaTb MHMUMaumo TpaHCKpi/i n 141 / 11 / 1 , 
Bbl3blBdTb TepMMHaumO TpaHCKpi/ini 4 W/!, 1 / 1/1 l/l CJiy/KMTb MMUJeHblO 
f\nf I AGMCTBI/Ifl 3HAOHyK/iea3. 

Penpeccopbi h aKTHBaTopbi HBJíaioTca mpaHC-^KTUBUbmn 
ÓeJIKaMH, OflHaKO B (JlOpMHpOBaHHH peryjIBTOpHOH ee™, 
noMHMO óejiKOB, MoryT ynacTBOBaTb h MOJieKyjibi PHK. 
ľlepBOHaHajibHaa MOAejib opraHH3au,HH onepoHa He A^Ba- 
jia OTBeTa Ha Bonpoc o npnpoAe peryjiaTopHbix MOJieKyji. 
Jljm TOľO HTOÓbl HMHTHpOBaTb ACHCTBHe npnpOAHblX pe- 
ryjiaTopHbix MOJieKyji PHK, KOTopbiM b MexaHH3Max koht- 
pojia npHflaeTca Bce óojibiuee 3HaneHHe, óbuin cKOHcrpyu- 
pOBaHbl CHHTeTHHeCKHe aHTHCMblCJIOBbie PHK. 

Kax h óejiKOBbíň peryjiaTop, Majiaa peryjurropHaa mo- 
jieKyjia PHK npeACTaBjíaeT coóoh He3aBHCHMO CHHTe3npye- 
Myio MOJieKyjiy, KOTopaa AHíJx^yHAHpyeT k cneu,H(})HHecKOH 
nocjieAOBaTejibHOCTH-MHiueHH. MHmeHbio rjuí achctb™ 
peryjiaTopHOH PHK BBJíaeTca 0 flH 0 u,en 0 HeHHaa HyioieoTHA- 
Haa nocjieAOBaTejibHOCTb. Cboh 3(}x})eKT peryjmTopHaa PHK 
pea;iH3yeT, CBB3biBaacb c KOMiuieMeHTapHOH en noc;ieAO- 
BaTejibHOCTbio-MHmeHbio h (JjopMHpya AByxu,enoHeHHyio 
CTpyKTypy. 

Mbi mokcm npe^oxoiTb ABa ochobhhx MexaHH3Ma 
AeňcTBHa peryjiaTopHoň PHK: 

• 06pa30BaHHe AynJieKca c noejieAOBaTejibHOCTbio-MH- 
iueHbio jihóo ójiOKHpycr ee cnocoÓHoeTb BbicTynaTb b 
po/iH cneu,H(})HHecKoro cama CBB3biBaHHB /yia Apyrnx 
peryjurropoB, jihóo, HanpoTHB, cnocoócTByeT (})op- 
MHpOBaHHIO HOBOľO CaHTa CBB3bIBaHH5I. Ha P M C. 13.12 
H30Ópa>KeHa cHTyayHa, b kotopoh óejioK, CBH3biBaio- 
iahhoi c OAHOu,enoHeHHOH PHK, He MoxceT ocymecTBHTb 
cbok) (JjyHKíiHio b cjiyHae (JjopMHpoBaHHa AynneKca mok- 
Ay nocjieAOBaTeAbHOCTbio-MHmeHbio h peiyjMTopHOH 
PHK Ha p H c, , i H30Ópa>KeHa npoTHBonojioxcHaa 
CHTyau,Ha, KorAa b pe3y;ibTaTe oópa30BaHHa AByxyeno- 
HenHOH CTpyKTypbi (JjopMHpyeTca caňT, y3HaBaeMbiň 
3HA0HyKjiea30H, pa3pymaiomeH PHK-MHineHb. 

• OopMnpoBaHHe AynJieKca b oahoh nacTH MOJieKyjibi- 
MHHieHH H3MeHHeT KOH(})OpMaUHIO APyTHX peľHOHOB, 
onocpeAOBaHHO bjihjw Ha hx (JjyHKíiHio. Ha P M c. 13.14 
npHBeAeH npHMep Tanoro Bmvmm. MexaHH3Mbi sto- 
ro B3aHMOAeHCTBHB nOXOXCH Ha MexaHH3MbI, KOTOpbie 
oóycjiOBJíHBaiOT ynacTne btophhhoh CTpyicrypbi PHK b 
aTTeHyau,HH (cm. pa3A. 13.2 «ATTeHyau,Ha KOHTpojinpyeT- 
ca c noMoiybio ajibTepHaTHBHbix btophhhmx CTpyicryp»). 
Pa3HHU,a 3aioiiOMaeTCH jinnib b tom, hto B3aHMOAeňcTBy- 
lomne pernoHbi pacno;io)KeHbi Ha pa3Hbix MOJiexyiiax 
PHK, a He aBjunoTca HacTBMH oahoh MOJieKyjibi. 

Oôu^an nepma deyx munoe PHK-onocpedoeannoú 

pezymi^uu zaKmonaerncn e moM, nmo arniuenocmb noc- 
nedoeamenbHocmu-Mumenu 3aeucum om ee emopmnoú 
cmpyKmypu. 



PMC. 13.12 CBfi3biBaHMe pery/ifuopHoŕí PHK c PHK-MmueHbio npe- 
n/iTCTByeT ee B3ai/iMOfleíícTBi/iio c óe/iKOM 


3HAOHyKJiea3bi pacnien/iBiOT yMacTKH 
AByxi4enoMeMHOM CTpyKtypbi 



PMC. 13.13 B pe3y/ibTaie CBfi3biBaHi/ifi pery/ifuopHOÍí PHK m PHK- 
MMweHM c()opMMpyeTCfi AByxuenoneHHafi CTpyKTypa, npeACTaB/i/iio- 
ma/i coóoŕí caŇTAJifl aiaKM HyKJiea3aMM 


PHK-MMUieHb npMoópeTaeT a/ibTepHamBHyio KOHc|)opMa 4 mo 



B OTcyTCTBue peryn/rropa 
4)opMnpyeTCfl onpeAe/ieHHa/i 
BTopnHHa/i dpyKTypa 


PMC, 13,14 BTopMHHafi cipyKTypa, o6pa3yioiAaficfi npw cnapi/iBdHi/iM 
OCHOBaHMM Me>KAy AByMfl perMOHaMM PHK-MMUJeHM, He MO>KeT C(J)Op- 
MMpoBaTbCfi npw B3anMOAeŕícTBMM 3Toŕí PHK c pery/iflTopHoŕí PHK. 
B oni/icaHHOM npMMepe pery/i/uopHa/i PHK 6/iOKnpyeT cnocoÓHOdb 
3'-KOHueBoro ynacTKa MO/ieKy/ibi PHK-MmueHM B3aMMOAeŕícTBOBaTb 
c 5'-KOHueBbiM ynacTKOM 
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GlcN6P aKTHBMpyeT pn6o3MM, pacuten/HnouLiHH mPHK 


Pm6o3MM 


glmS mPHK Koflupyioiunŕí pernoH 


^ TpdHCJUlL{LW 

GlmS 4)epMeHT 

0epMeHmamuBHOfj 
OKmuBHOcmb 

FruôP GlcNôP 





PociueruieHue^ ~ ^ PlHOKmuBOu,UB mPHK 


PUC 13.15 S'-HeipaHCJiMpyeMbm perMOH mPHK c|)epMeHTa, otbbtc- 
TBeHHoro 3a CMHTe3 GlcNóP, coflepwm b cbobm codaBe pm6o3mm, 
aKTMBMpyeMbm npoflyKTOM Meia6o/iM3Ma. Pacmen/iBB cbokd co6c- 
TBeHHyto mPHK, pn6o3MM MHaKTMBMpyeT ee 


Coflep^caHHe Ma^bix peryjwTopHbix PHK motkct óbiTb 
yBejiHHeHO b pe3y;ibTaTe CTHMyjiaij.HH TpaHCKpunuHH xo- 
flnpyiomero ee reHa h CHH>xeHO c noMombio (})epMeHTOB, 
ocyniecTBJíaioiiiHx flerpa/jauHK) PHK-npoAyxTa. Kompo- 
JIHpOBaTb aKTHBHOCTb MaJIblX peryjIflTOpHblX PHK ApyTHMH 
... cnocoóaMH oóhhho He npeflCTaBjíaeTCfl B03M0>XHbiM. fleňc- 
TBHTeiibHO, CHHTajiocb, 4T0 PHK He oóJia/jaeT cnocoÓHoe- 
TbK) K aiUIOCTepHHeCKHM B3aHMOAeHCTBHHM; B OTJIHHHe OT 
penpeccopHbix 6e;ixoB, xoHTpojiHpyiomHx onepoHbi, PHK 
He MO>KeT OTBenaTb Ha flencTBHe Majibix MOJiexyn H3MeHe- 
HHeM cBoen cnocoÓHoe™ pacno3HaBaTb MHiueHb. 

OTKpbiTne PHK-nepeioiiOHaTejieH (riboswitch) cbh- 
AeTejibCTByeT o tom, hto cymecTByiOT HCXJixweHHfl H3 ototo 
npaBHJia. Ha p n c. 13.15 npeACTaBjíeHa CHCTeMa peryjiaLjHH 
npoflyKU,HH MeTaôojíHTa — GlcNóP. YtnglmS xoflHpyeT cj)ep- 
MeHT, CHHTe3HpyK)II],HH GlcNÓP (TJIK)K03aMHH-6-4)OC4)aT) 
H3 4)pyKT030-6-(j)oc4)aTa h niyTaMHHa. nepe^ xoflHpyiomeH 
oÔJiacTbio b mPHK pacnojio>xeH npoTíDxeHHbiH 5'-HeTpaH- 
cjiHpyeMbiH perHOH. BHyTpn UTR HaxoflHTca noc^eflOBa- 
TejibHOCTb PHK, oójiaflaiomafl xaTajíHTHHecxoň axTHBHoe- 
TbK), — PHÔ03HM (CM. pa3£. 27.4 «Ph 603HMM C pa3JIHHHOH 
KaTajíHTHHecKOH aKTHBHOCTbio»). B a^hhom oiyqae, o6na- 
Aaa 3HflOHyKJiea3HOH aKTHBHOCTbio, ph6o3hm AeňcTByeT Ha 
cbokd coócTBeHHyio MOJieKyny PHK Oh axTHBHpyeTca npn 
CBH3biBaHHH c npoAyxTOM MeTa6ojiH3Ma — GlcNóP. Cxe- 
Ma npoijecca cjie^yioman: axmBHpyacb npn HaxomieHHH 
GlcNóP, pn6o3HM pacmemweT mPHK, rzj\ aa HeB03M0xcHbi- 
mh nocjie.iryíomHe npoueccbi TpaHCJiauHH. npoc;ie>KHBaeT- 
ca neTxaa napa^jiejib c aiuiocTepHHecxHM xompojieM ax- 



PHC. 13.1 d TpaHCKpnnunfi,HanaBUjaBCB b npoMOTope,pacno/io>KeHHOM Bbirne noxoAyTpaHCKpnnunn, 
MHrMÓMpyeTMHMUMaUMKDTpaHCKpMnUMM B npOMOTOpe, paCľlOJlODKeHHOM HM>Ke. ľlpOMMTblBafl p-He 3 aBM- 
CMMbiM npoMOTop, PHK-no/iMMepa 3 a He flaeT HeoóxoflMMbiM ((DaKTopaM TepMMHauMM CBB 3 aTbCB c hmm. 
PHK, TpaHCKpMÓMpyeMaB c Bbiwejie>Kamero npoMOTopa, He Bbino/iHfieT KOflMpyiomeM cJjyHKUMM 
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thbhocth penpeccopHoro óejiKa KOHenHbiMH npoAyKTaMH 
MeTaóojiHHecKoro nym /hia óaicrepHH onncaHO HecKOJibKo 
npHMepoB TaKHx PHK-nepeioiioHaTe^eH. 

Eme oahh peryjiBTopHbíň MexaHH 3 M 3 aioiioHaeTca 
b TpaHCKpHrmHH HeKOAnpyiomeH nocjieflOBaTejibHOCTH 
PHK HHHu.Hau,™ b He 3 aBHCHMOM npoMOTope cynpec- 
CHpyeTca b pe 3 y;ibTaTe TpaHCKpHnu,HH, HanaBiueHca Ha 
ApyroM npoMOTope, pacno;io>KeHHOM Bbirne (npoTHB xo^a 
TpaHCKpHmj,HH). npHMep TaKOH CHTyaU,HH H 306 pa>KeH Ha 
PMC. 13 . 16 . HHHU,HHpya TpaHCKpnnUHK) Ha npoMOTope, 
pacnojio>KeHHOM Bbirne, PHK-nojiHMepa 3 a npoHHTbiBa- 
eT He 3 aBHCHMbIH npOMOTOp, He CBB 3 bIBaaCb C HHM H He 
flaBaa CBa 3 aTbea c hhm TpaHCKpHmjHOHHbiM (})aKTopaM. 
3 tot 3 (})(})eKT 6 bui onHcaH b syKapnoTHHecKHx CHCTeMax 
H MO)KeT BBJíaTbCB CJieACTBHeM HapymeHHB xpOMOCOMHOH 
CTpyioypbi b oójiacTH He 3 aBHCHMoro npoMOTopa. PHK, 
TpaHCKpnÓHpyeMaa c Apyroro (peryjiaTopHoro) npoMOTO- 
pa, He BbinojiHaeT KOAnpyiomeH (^yHKíjHH. flaHHoe aBjíe- 
HHe MO)KeT OÓ'bflCHflTb npHCyTCTBHe B SyKapHOTHHeCKHX 

aflpax HeKOAnpyiomHx PHK-noejieAOBaTejibHOCTeH, ko- 
Topbie He BbinojiHBioT peryjiaTopHbix (})yHKĽi l HH, ho aBJía- 
lOTCfl nOÓOHHbIM npOAyKTOM (J)yHKĽI l HOHHpOBaHHa CHCTeM 
KOHTpOJIfl. 


KHC^opo^a ôaKTepna OTBenaeT BiononeHneM reHOB aHTH- 
OKCHflaHTHOH CHCTCMbl. HepOKCHA BOAOpOfla aKTHBHpyeT 
ÔeJIOK OxyR, aBJíaiOmHHCa aKTHBaTOpOM TpaHCKpHnqHH 
H KOHTpOJIHpyiOmHH SKCnpeCCHK) HeCKO/IbKHX HHflyqH- 
óejibHbix reHOB. Oahh H3 sthx reHOB — oxyS , KOflnpyeT 
Majiyio PHK. 

Ha pmc. 13. i ľ H3o6paxceHbi rbc ocHOBHbie ocoóchhoc- 
TH MexaHH3MOB KOHTpOJia 3KCnpeCCHH OXyS. B HOpMaJIbHblX 
ycaoBHax y óaKTepnn flHKoro THna stot reH He SKcnpeccH- 
pyeTca. Ha reaax, H3o6pa>KeHHbix b jicboh nacTH pncyHKa, 
noKa3aHO, hto y MyraHTHbix óaKTepnň c KOHCTHTyraBHO 
aKTHBHbiM reHOM oxyR reH oxyS 3KcnpeccHpyeTca Ha Bbico- 
kom ypoBHe. H3 3Toro c^e/iyeT, hto reH ary? aKTHBHpyeTca 
npoAyKTOM reHa oxyR. Ha reaax cnpaBa noKa3aHO, hto OxyS 
PHK HanHHaeT TpaHCKpnÓHpoBaTbca b TeneHHe MHHyTbi 
nocjie floóaBJíeHHa nepoKCHAa Bo^opofla. 

OxyS PHK npeACTaBJíaeT coóoh KopoTKyio (109 Hyx- 
jieoTHAOB) HeKOflnpyiomyK) noejieAOBaTeabHOCTb. OHa 
aBjíaeTca mpauc-aKTmiibm peryaaTopoM, BjinaiomHM 
Ha 3KcnpeccHio reHOB Ha nocTTpaHCJiaijHOHHbix ypoB- 
Hax. OxyS PHK cnocoÓHa B03fleHCTB0BaTb 6o;iee neM Ha 
10 JIOKyCOB-MHIIieHeH; 3KCnpeCCHK) HeKOTOpblX H3 HHX 


PeryjuuopHbie PHK óaicrepMií 


línKJHeBbie noH5mia: 


• EaKTepnaabHbie peryaaiopHbie PHK Ha3biBatOT Ma/ibiMM PHK. 

• HeKOTopbie m 6aKTepna/ibHbix Ma/ibix PHK Haxoflaica b 
CB a3aHHOM c óe/iKOM Hfq cocroaHMM, hto noBbimaei mx 
3(J)(J)eKTMBH0CTb. 

• OxyS PHK Ha nocTTpaHC/iauMOHHOM ypoBHe aKTMBMpyeT mjim 
penpeccMpyeT 3Kcnpeccnto 6o/iee neM 10 /íOKycoB. 

PeryjiaTopHbie PHK óaicrepHH npeACTaBJíaiOT coôoh ao- 

BOJIbHO KOpOTKHe MOJieKyJIbl H B CBa3H C 3THM nOJiyHHJIH 

oómee Ha3BaHne — Majibie PHK. B KaeTKax E. coli co^ep- 
>KHTca no KpanHeň Mepe 17 pa3Hbix Majibix PHK. Hckoto- 
pbie H3 sthx Majibix PHK aBjíaiOTca ochobhmmh peryjia- 
TOpaMH KJieTKH, B03AeHCTByK)mHMH Ha MHO)KeCTBO reHOB. 
Cboh 3(})(})eKT ohh ocymecTBjíaioT, CBa3biBaaeb c PHK-mh- 
rneHaMH (Kax npaBHJio, mPHK), KOHTpojinpya TeM caMbiM 
HX CTaÓHJIbHOCTb HJIH (})yHKĽI l HK). 

npnMepoM CHTyau.HH, b KOTopoň KOHTpoaHpyeTca 
CTaónjibHOCTb PHK-MHiueHH, aBJíaeTca B3anMO^eHCTBHe 
aHTHCMbiejiOBoro pery^aTopa RyhB c mecTbio mPHK, koah- 
pyiomHMn óejiKH, OTBenaiomHe 3a aKKyMyjiau,Hio ace;ie3a b 
KJieTKe E. coli RyhB CBa3biBaeTea c Kaamon H3 PHK-Mmue- 
Hen, (J)opMHpya npn stom flByxu,enoHeHHyio CTpyKTypy, aB- 
jiaiomyioca cyócTpaTOM j\jv\ rcPíctbub PHKa3bi E. OcoóeH- 
HOCTb flaHHoro peryjiaTopHoro MexHH3Ma 3aionoHaeTca b 
tom, hto peryaaTopHaa PHK npn stom pa3pymaeTca Tax >xe, 
Kax h mPHK. 

HHTepecHbíň MexaHH3M, b kotopom rjiaBHyio pe- 
ryjiaTopHyio poab nrpaeT PHK, BioiioHaeTca npn okch- 
AaTHBHOM cTpecce. Ha flencTBne peaKTHBHbix (f>opM 


oxyS HaxoAMTCfl noA KOHTpo/ieM oxyR n H 2 0 2 


Am km n oxyR- 
TMn MyraHT 

*• 

■ ■"' 


oxyS 

PHK 

(109 

HyKJieo- 

TMflOB) 



PMC. 13.17 Ha re/iax caeBa noKa 3 aHO, hto TpaHCKpMnuMa oxyS PHK 
MHflyuMpyeTca y oxyR- ko h crmyTM b h bi x MyiaHTOB. Ha reaax cnpaBa 
noKa 3 aHo, hto TpaHCKpMnuMa oxyS PHK MHflyuMpyeTca b TeneHMe oa- 
hom MMHyTbi noc/ie Ao 6 aBJieHna nepoKCMfla BOflopoAa k KyabType am- 
Koro Tuná. Bocnpon 3 BeAeHO M 3 Bbinycxa Celí, vol. 90 , Altuvia, S., et 
al., A small stable RNA..., pp. 44 - 53 . 3 ammAeHO aBTopcKMM npaBOM 
b 1997 c pa 3 pemeHMa Elsevier. OoTorpa(()Ma Jito 6 e 3 HO npeAOCTaBae- 
Ha Gisela Storz, National Institutes of Health 
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PM C. 13,18 oxyS PHK MHrn6npyeT TpaHcriflUMK) flhA mPHK, cnapMBaficb c nocneflOBaTejibHOCTbK), 
pacno/ioweHHOíí nepefl MHMLjMMpyiomMM koaohom AUG 


OHa aKTHBupyeT, sKcnpeccHio Apyrnx — penpeccHpyeT. 
Ha p n c. 13.18 noKa3aHbi MexaHH3Mbi penpeecHH oahoh 
H3 MHmeHeň — FlhA mPHK. BTopHHHaa CTpyKTypa OxyS 
PHK coAep>KHT TpH cTpyKTypbi rana «CTe6e;ib-neT^a». 
neTJia, pacnojio>KeHHaa 6;iH>Ke k 3'-KOHijy MOJieKyjibi, 
KOMnjieMeHTapHa nocneAOBaTejibHOCTH, npefliuecTByio- 
meň HHHu,HHpyiomeMy KOflOHy FlhA mPHK. CnapHBaHne 
OxyS PHK c FlhA mPHK npeflOTBpaiijaeT CBB3biBaHHe pn- 

ÓOCOMbl C HHHU,HHpyiOIAHM KOflOHOM H, T3KHM 0Ópa30M, 

penpeccHpyeT TpaHCJiaumo. KpoMe Toro, cboh BioiaA 
BHOCflT H BTOpHHHbie B3aHMOACHCTBHfl MOK/ty OxyS PHK 
h KOAMpyiomeň nocjieAOBaTejibHOCTbio FlhA. 

Eme oflHoň MHiueHbio Rím fleňcTBHfl oxyS BBjíaeTca 
rpoS — reH, Ko/jHpyiomHH aubTepHaTHBHbiH cHrMa-(})aK- 
TOp (aKTHBHpyiOmHHCfl B yCJIOBHflX CTpeCCa). HHľHÓHpya 
npoflyKu,Hio CHrMa-(})aKTopa, oxyS oéeeneHHBaeT ycjio- 
BHfl, B KOTOpblX CneU,HCj)HHeCKHH OTBeT Ha OKCH/jaTHB- 
Hbíň cTpecc HoononaeT 3anycK oTBeTa, eooTBeTCTByiome- 
ro ApyrHM cTpeccoBbiM yejiOBHBM. TeH rpoS peryjiHpyeTca 
eme AByMa MaJibiMH PHK (DsrA h RprA), aKTHBHpyiomuMH 
ero. Tpn peryjurropHbix PHK aBiunoTca peryjurropaMH c 

IĽHpOKHM CneKTpOM B03M0)KH0CTeH H KOOpflHHHpyiOT 
OTBeTbi Ha caMbie pa3Hbie BHeuiHHe B03fleHCTBHa. 

fleHCTBHe Bcex Tpex Maiibix PHK onocpeflOBaHO 
PHK-CBB3biBaiomHM óeiiKOM — Hfq. nepBOHananbHO stot 
6e;ioK 6bui H/jeHTH(})HĽi l HpoBaH Kax óaKTepnajibHbiH xo- 
3AHCKHH Cj)aKTOp, HeOÓXOflHMblH RJIH penJIHKailHH PHK 
6aKTepno(J)ara Qp. Hfq HanoMHHaeT syKapHOTHnecKHe 
6e;iKH Sm, KOTopbie CBB3biBaiOTca c mbPHK (Majibie a^ep- 
Hbie PHK), ynacTByiomHMH b peryjunjHH SKcnpeecHH 
reHOB y synapnoT (cm. pa3A. 26.5 «mbPHK ynacTByioT b 
cn^aHCHHre»). MyTaijHH b reHe 6e;iKa Hfq hmciot mho- 
^cecTBO npoaBjíeHHH, hto no3Bo;iaeT onpeACJíHTb stot 
óenoK Kax njieHOTponHbiH. Hfq B3aHMOAeHCTByeT co 
MHOľHMH MaJIbIMH PHK E. COli. YCHJIHBafl enOCOÓHOCTb 
OxyS PHK CBfl3biBaTbca c MPHK-MHiueHbio, Hfq noBbima- 
eT 3(})(})eKTHBHOCTb ee aghctbhb. Cboh 3(})(})eKT Hfq oxa- 
3biBaeT, Bbi3biBaa HeóojibiiiHe H3MeHeHHa bo btophhhoh 
CTpyKType OxyS PHK, hto cnocoócTByeT 6o;iee npoHHO- 
My B3aHMOAeHCTBHio oflHOijenoHeHHbix ynacTKOB OxyS 
PHK c MPHK-MHiueHbio. 
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MHKpoPHK BB/IfllOTCfl 
pery/iBTopaMM bo MHomx 
3yKapnoTMHecKMx opraHM3Max 


KjitoneBbie noHBTMfi: 


• ľeHOMbl >KMBOTHblX M paCTBHMM KOflMpytOT ÔOJlbUJOe K0/1MH6CTB0 
KopoTKMx (~22 HyKJieoTMfla) MOJieKy/i PHK, Ha3BaHHbix 
MMKpoPHK. 

• MmkpoPHK pery/iMpytOT 3Kcnpeccnto reHOB, CBfl3biBaflCb c 
KOMn/ieMeHTapHbIMM ľl 0 C/ 16 fl 0 BaT 6 /lbH 0 CTBMM MPHK-MMUJeHeŕí. 


B syKapnoTHHecKHx KJieTKax peiyjnrropaMH SKcnpeecHH 
reHOB cjiyxcaT oneHb KopoTKHe MOJieKyjibi PHK BnepBbie 
3to BBjíeHHe 6buio onHcaHO j\m HeMaTOA Caenorhdbditis 
elegans npn H3yneHHH B3aHMOAencTBHa Mexmy peryíwTop- 
hbim reHOM lin 4 h ero reHOM-MHineHbio linl 4 • Ha p m c. i 3.19 
H3o6paxceHa cxeMa (J)yHKijHOHHpoBaHHfl stoh perynaTop- 
hoh cHCTeMbi. ľeH linl 4 peryjiHpyeT pa3BHTne jihhhhkh. 
OKcnpeccHa reHa linl 4 KOHTpojiHpyeTca reHOM lin 4 , koto- 
pbifí TpaHCKpHÓHpyeTca c o6pa30BaHHeM kopotkhx PHK 
/yiHHOH ~ 22 HyKJieoTHflä. TpaHCKpHnTbi lin 4 KOMnueMeH- 

TapHbi lO-HyioieoTH/íHOH nocjie^OBaTenbHOCTH, ceMHKpaT- 
ho noBTopaiomeHca b 3 / -HeTpaHC^HpyeMOM pernoHe Unl 4 - 
AKTHBHOCTb reHa liľi 4 HHraÓHpyeT 3KcnpeccHio lin 14 Ha 
nOCTTpaHCKpHniJHOHHOM ypOBHe. B3aHMOfleHCTBHe Me>K- 
Ay peryjiaTopHOH PHK h mPHK Be^eT k AerpaAau,HH mPHK. 
HmepecHOH oeoóeHHOCTbio sToro MexaHH3Ma BB^aeTca 
Hcno;ib30BaHHe b KanecTBe cneqH^HHecKoro cama CBB3bi- 
BaHHB c pery^aTopoM 3'-KOHua MOJieKyjibi mPHK. 

PHK lin 4 HBJíaeT coóoh npHMep MHKpoPHK. B reHO- 
Me C. elegans npncyTCTByeT npHMepHO 80 reHOB, KOAnpy- 
ioiahx MHKpoPHK a^ihhoh 21-24 HyioieoTHAa. 3th reHbi 
MeHaioT npoíjmjib CBoeň sKcnpeccHH no Mepe pa3BHraa 
opraHH3Ma h, no Bcen bhahmocth, BBjíaioTai peryjiaTO- 
paMH SKcnpeccHH Apyrnx reHOB. MHorne H3 MHKpoPHK 
C. elegans bxoaat b cocTaB óojibmoH (15S) pnóoHyioienpo- 
TeHHOBOH naCTHLJbl. 

MHorne MHKpoPHK C. elegans hmciot roMOjioroB y 
MjieKonHTaioiAHx, a 3HanHT, TaKoň MexaHH3M Kompona 
SKcnpeccHH reHOB motkct 6biTb pacnpocTpaHeH AOBOJib- 
HO IUHpOKO. KpoMe Toro, OHH HaHACHbl y paCTeHHH. H3 
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ľeH linl4 KOAHpyeT o6pa30BaHne eAHHCTBeHHoro 6e/iKa 
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mPHK He TpaHCJiupyeTCB b óe/ioK * 


PMC. 13.19 //A74 PHK pery/inpyeT 3Kcnpeccmo reHa linl4, B3anMO- 
AeíícTByfi c 3'-HeTpaHcnnpyeMbiM ynacTKOM linl4 mPHK 

iuecTHaAu.a™ mhkpoPHK, oÓHapyaceHHbix y Arabidopsis, 
BOCeMb (nOJIHOCTbK) H/jeHTHHHblx) mÚRCHO y pHCa, HTO 
CBHAeTejibCTByeT o KOHcepBaTHBHOcra AaHHoro peryjia- 
TopHoro MexaHH3Ma. 

Bnpyc SV40 KOflnpyeT o6pa30BaHHe mhkpoPHK, KOMrnie- 
MeHTapHbix BHpycHbiM mPHK, npo/iyuHpyeMbiM Ha paHHHx 
CTa^HHX BHpyCHOH HHCjjeKIlHH. MHKpoPHK TpaHCKpHÓHpyiOT- 
ca b BHpycHOM nHK/ie no3ace. CBB3biBaacb c paHHHMH mPHK, 
mhkpoPHK cnocoócTByioT hx flerpa^aiiHH Ha toh cra/jHH pa3- 
bhthh Bnpyca, Kor/ja HeoóxoAHMocTb b hhx yace oTnajia. 

MexaHH3M npo/iyKij.HH mhkpoPHK Taxxce KOHcepBaTHBOH 
h niHpoKo pacnpocTpaHeH. B oiynae c lin4 reH TpaHCKpnÓH- 
pyeTca c o6pa30BaHneM TpaHCKpHnTOB, KOTopbie (})opMHpy- 
iot flByxuenoHeHHyio crpyicrypy, aBjíaiomyioca cyócTpaTOM 
/Via AeňcTBHa HyKjiea3bi flaňcep (Dicer). OepMeHT oÔJia/jaeT 
N-KOHU,eBOH XeJIHKa3HOH aKTHBHOCTbK), 3a CHCT KOTOpOH OH 
pacruieTaer PHK-/iyrLneKC, h AByMa HyKJiea3HbiMH AOMeHaMH, 
oóecnenHBaioivHMH cxo/jctbo c óaKTepnajibHOH pHÓOHyioie- 
a3oň III. noxoxcne (})epMeHTbi oÓHapyaceHbi y Myx, qepBeň h 
pacreHHH. B pe3y;ibTaTe pacmemieHHa nepBMHoro TpaHC- 
KpnnTa o6pa3yeTca aicrHBHaa mhkpoPHK HapymeHHa b pa- 
6oTe (J)epMeHTa Bcpyr k ójiokhpobkč npoAyKijHH mhkpoPHK 

H BbI3bIBaiOT ACCjieKTbl pa3BHTHa. 

Jl pyraa cTa/jna (JjopMnpoBaHHa mhkpoPHK 6buia oxa- 
paicrepH30BaHa y pacTOHHH. B opraHH3Me pacTOHHH 3'-koh- 
i/eBOH HyKJieoTH/i, mhkpoPHK MCTHJinpoBaH no pn6o3HOMy 
ocTaTKy M0THJiTpaHC(})epa3OH HEN1. MeTHJinpoBaHHe CTa- 
ÓHJIH3HpyeT MHKpoPHK. 


PHK-MHTept|)epeHLjMfl — 
npMMMHa MOimaHMfl reHOB 


KjitoneBbie noHama: 


• B pe3y^biaie PHK-MHTep4)epeHUMM 3anycKaeTca npouecc 
AerpaflavMM mPHK, KOMruieMeHTapHOM jnoóoií M3 ueneŕí 
KopoTKoŕí AByxuenoHeHHoŕí pery/iaTopHOM PHK (auPHK). 

• flByxuenoMeMHafi PHK cnocoÔHa noflaB/iaTb 3Kcnpeccnio reHOB, 
npMBOflB K MX MO/maHMK). 

Peryjiauna aKTHBHOCTH mPHK c noMombio MHKpoPHK HMe- 
eT oflHy npnpo/iy c cjJCHOMeiiOM PHK-HHTep(|)epeHij,HH. 
flBJíeHne HHTepc})epeHiiHH 6buio otkphto noaie Toro, KaK 
oÓHapyacnjiocb, hto CMbiejiOBaa h aHTHCMbiejiOBaa PHKoflu- 
HaKOBO 3(}x})eKTHBHbI B HHľHÓHpOBaHHH SKCnpeCCHH reHOB. 
DpHHHHa 3Toro 3aioiK)HaeTca b tom, hto KOHCTpynpoBaHne 
OAHOu,enoneHHOH PHK Jiioóoro Tnna (npeflnojioacHTejibHO) 
conpoBoacAaeTca KOHTaMHHauneH HeóojibiiiHMH KOJinnecT- 
BaMH AByxuenonenHOH PHK (/mPHK). 

PaóoTa c CHCTeMaMH in vitro noKa3a;ia, hto /mPHK fle- 
rpa/mpyeT npn ATO-3aBHCHMOM pacmemieHHH, o6pa3ya 
npn stom ojiHroHyioieoTHAbi /vihhoh 21-23 ocHOBaHHa, 
HHor/ja Ha3biBaeMbie MajibiMH HHTepcJjepnpyioiimMH PHK 
(mhPHK). KaK noKa3aHO Ha P M c. 13.20, pa3pbiBbi BHoeaTca c 
3'-KOHu,a /yiHHHOH AU.PHK, npn stom o6pa3yiOTca mhPHK- 
(})parMeHTbi c kopotkhmh (flBa ocHOBaHHa) BbicTynaiOLKH- 
mh 3 "KOHL/aMn. Tot tkc (})epMeHT (flancep), hto OTBenaeT 
3a o6pa30BaHne mhkpoPHK, ocynj,ecTBaaeT h pacmenjieHHe 
AU.PHK Ha mhPHK. 

PHK-HHTep^epeHiiHa npoaBjíaeTca Ha nocTTpaHCKpnn- 
iihohhom ypoBHe, Kor/ja mhPHK HHAyu,HpyiOT pa3pymeHHe 
KOMnaeMeHTapHOH mPHK. KaK noKa3aHO Ha P M c. 13.21 , 
mhPHK CBa3biBaeTca c mPHK, KOMnaeMeHTapHOH o/íhoh 
hjih oóeHM u,enaM mhhPHK, 3anycKaa TeM caMbiM npovecc 
ee flerpa/jaijHH c noMoivbio Hyioiea3. Bepoamo, ynacTne xe- 
aHKa3 b stom npouecce hcoóxoahmo. PacmernieHne mPHK 
npoHcxoAHT b u,eHTpe cnapeHHoro c mhPHK cerMema. Pe- 
aKi/na npoTeKaeT BHyTpH pnóoHyKjieonpoTeHHOBoro komľ- 
jieKca, Ha3BaHHoro RISC (RNA-induced silencing complex). 
BeaKH ceMencTBa AproHaBT (Argonaute) aBaaiOTca KOMno- 
HeHTaMH 3Toro KOMnaeKca h oóecnenHBaiOT pacmemieHHe 
mPHK. MeTranpoBaHHe S'-kohi/cboh pn6o3bi, bo3mo>kho, 
aBaaeTca HeoóxoAHMbiM ycjiOBHeM BCTpaHBaHHa b komii- 
aexc mhPHK. 

flo chx nop tohho He BbiacHeHO, KaKHM o6pa30M RISC- 
KOMnaexc BbnononaeT sKcnpeccHio reHa (cm. pa3fl. 31.1 
«ľeTepOXpOMaTHH 3aBHCHT OT B3aHMOAeHCTBHa HK c 
rHCTOHaMH»). Jljm pea^H3aiiHH PHK-HHTepc})epeHiiHH Tpe- 
óyeTca ynacTne PHK-nojiHMepa3bi. OflHaKo HenoHaTHO, 
BJinaeT 4>epMeHT Ha npou,ecc PHK-HHTep(f)epeHiiHH Hanpa- 
Myio (nocKOJibKy ynacTByeT b o6pa30BaHHH HeoóxoflHMbix 
TpaHCKpHnTOB) hjih onocpeflOBaHHO (nocKOJibKy (JjepMeHT 
ynacTByeT b CBa3biBaHHH HHTepcJjepnpyioiiiero KOMnjieKca 
c TpaHCKpnnTaMH, a TaKace b pacnjieTaHHH u,eneH J\ HK bo 
BpeMa TpaHCKpHnu,HH, cnocoócTBya TeM caMbiM B3aHMO- 
fleHCTBHIO c HHTepcJjepnpyiOIIlHM KOMIiaeKCOM). 

PHK-HHTepcJjepeHiiHa aBJíaeTca 3(})(})eKTHBHbiM noA- 
xoaom k BbiKjnoneHHio SKcnpeccHH cneiiH(})HHecKHx re- 
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mmPHK o6pa3yiOTCfl b pe3y/ibTaie oimen/iemifi <$)parMeHTOB a-hmhom 
b 21-23 HymieoTMAa ot 3^-KOHua Mo/ieny/ibi aaPHK 
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21-23 - 
HyK/ieoTMfla 

imrnim . 
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— 21-23 — 
HyK^eoTMfla 


mmPHK A-nnHoŕí 21-23 HymieoTMAa c BbicrynaiomMMM 3'-KOHuaMM 


PMC. 13.20 mmPHK, onocpeflyioiMafl AB/ieHMe PHK-MHTep4)epeHUMM, o6pa3yeTCfl b pe3y/ibTaie pac- 
men/ieHMfi auPHK Ha 6o/iee KopoTKMe c()parMeHTbi. B xofle peaKUMM c 3'-KOHua MO/ieKy/ibi crrmenjifl- 
\OTcs\ c()parMeHTbi aamhom 21-23 HyK/ieoTMfla. 06pa3ytomnecfi b pe3y/ibTaie mmPHK MMeiOT Bbicryna- 
tOlUMe 3'-KOHUbl 


PHK-MHTep(|)epeH4M5i onocpefloeaHa MO/ieny/iaMM mmPHK 


HyKJiea3a pacmen/ifleT auPHK Ha mmPHK 

auphk //Y/V/\O r V/V/Vŕ\ 
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mmPHK //W\ /SSfSX 


mmPHK B3aMMOAeMCTByeT c mPHK 
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PHC. 13.21 KopoTKMe (J)parMeHTbi, o6pa3ytoiAMeai b pe3y/ibiaie 
pacmen/ieHMfl 6o/iee AJinHHbix MOJieKy/i auPHK, ocymecTBjífltOT fle- 
rpaAauMto cooTBeTCTBytomeM mPHK, oóecneHMBaa TeM caMbiM fiB/ie- 
HMe PHK-MHTep(()epeHUMM 

HOB-MHiueHeň b KJieTKax 6ecno3BOHOHHbix (C. elegans h 
Drosophila melanogastef). Oamko npuMeHeHHe 3Toro 
MeTo^a b KJieTKax MjieKonHTaioiAHx orpaHHHCHO, me 3<J)- 
(J)eKT flqPHK hocht 6o;iee reHepa^H30BaHHbiň xapaicrep, 
npHBOAa k Aerpa^auHH mPHK h ocraHOBKe CHHTC3a ôoikx 
Ha pmc. 13.22 H3o6pa>KeHO, KaKne npoijeccbi 3anycKaiOTCfl 
b mieTKax ivuieKonHTaiomHx npn achctbhh auPHK. auPHK 
aKTHBHpyeT (JiepMem PKR, KOTopbíň HHaKTHBHpyeT (JiaKTop 
HHHU.Hau.HH TpaHCJifiu.HH eIF2a ((})oc(})opHJiHpya ero). Kpo- 
Me Toro, oh aKTHBHpyeT 2,5-ojiHroafleHH/iaTCHHTeTa3y, hto 
npHBOAHT k aKTHBau,HH PHKa3bi L, ocymecTBjmiomeH j\c- 
rpa^aunio bcčx mPHK kjictkh. 3th peaKijHH TpeóyiOT ynac- 


AAPHK oxa3biBaeT Ha KiieTKM M/ieKonMTaioiiiMx Kax reHepa/iM30BaHHbiw 
Ta K M Cnei4M(})MMHblM 3(|)Cf)eKTbI 
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PMC. 13.22 auPHK MHľMÔMpyiOT cMHTe3 6e/iKOB m 3anycKatOT npo- 
uecc flerpaflauMM He TO/ibKO OTAe/ibHbix mPHK, ho m Bcex ocia/ibHbix 
mPHK b KJieTKax MJieKoriMTaiomMx 


thh auPHK, /yiHHa KOTopbix npeBbimaeT 26 HyKjieoraAOB. 
npn BBeAeHHH b kjictkh MJieKonHTaiomHX 6o;iee kopotkhx 
mPHK (21-23 HyioieoTHAa) 3anycKaeTca flerpaflau.Ha jiHiiib 
OTAe^bHbix mPHK, KOMmieMeHTapHbix au,PHK (tohho TaK 
>Ke, KaK h npn Hcno;ib30BaHHH aBjíeHHa PHK-HHTepcJ)e- 
peHu,HH b mieTKax qepBeň vum Myx). YHHTbiBaa stot (JiaKT, 
moxcho npe,anojio)KHTb, hto BCKope PHK-HHTepcjiepeHUHa 
CTaHeT yHHBepca^bHbiM MexaHH3MOM jyin. BbiioiiOHeHHa 
SKcnpeccHH OTAeiibHbix reHOB. 

ÍIpHMepoM 3KcnepHMeHTOB, b KOTopbix ycneiiiHO hc- 
no;ib3yeTCH RBncmic PHK-HHTep(})epeHijHH, MO)KeT cjiymiTb 
CHCTeMaTHHecKHH aHa^H3 3KcnpeccHH reHOB y C. elegans. 
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3c}xJ)eKT noTepu cfjyHKíjHH p ocTHraeTca npn kopmjichhh 
H epBeň óaKTepH^MH, SKcnpeccnpyiomHMH mPHK, tomojio- 
rHHHbie reHy-MHineHH. C noMombio 6 h6jihotckh óaKTepHH, 
B KOTOpOH ÓaKTepHH 3KCnpeCCHpyiOT AUPHK, COOTBeTC- 
TByiomne pa3HbiM reHaM, nepBH 6buiH npoaHajiH3HpoBaHbi 
Ha npeAMer nocneflCTBHH ot BbiKjnoneHHfl óojibmen nacra 
(86%) reHOB. 

PHK-HHTepc{)epeHij,H5i HMeer o/jHy npHpofly c ecrecT- 
BCHHbiM npou,eccoM BbimiiOHeHHa reHOB. Kjictkh pacreHHH 
h rpnóoB AeMOHCTpHpyiOT MOOTaHHe PHK (HHor/ja Ha3bi- 
BaeMoe nocTTpaHCKpHnu,HOHHbiM MOJinaHHeM reHOB), npn 
kotopom SKcnpeccHa reHa HHrHÓHpyeTca flijPHK. CaMbiM 
pacnpocTpaHeHHbiM hctohhhkom mPHK cjiyxcHT penjiH- 
U,HpyK)IIJ,HHC5I BHpye. flaHHblH MexaHH3M MOJKCT BblCTynaTb 
b KanecTBe 3amHraoro óapbepa npoTHB BHpycHOH hhcJjck- 
u,hh. auPHK, o6pa3yiomHec5i npn HHcfjHii.HpoBaHHH BHpy- 
com pacTHTejibHOH kjictkh, 3anycKaiOT npou,ecc HHraóHpo- 
BaHHa 3KcnpeccHH pacTHTejibHoro reHOMa. XapaKTepHOH 
ocoóeHHOCTbio c{)eHOMeHa MOJinaHHa PHK aBjíaeTca to, hto 
HaÓJHOAaeTCa OH He TOJIbKO B HH(f)HI] t HpOBaHHbIX BHpyCOM 
mieTKax, ho pacnpocTpaHaeTca b opraHH3Me pacreHHa chc- 
TeMHo. npe/ínojiaraiOT, hto nepe^ana CHmajia npeflcraB- 
jiaeT co6oh npoijecc nepeMemeHHa PHK hjih cjjparMeHTOB 
PHK. Bo3moxcho, b stom ynacTByioT Te xce MexaHH3Mbi, ko- 
Topbie oóecnenHBaiOT flBHXceHHe caMoro BHpyca. Bepoflrao, 
AJia peajiH3aij,HH MOJinaHHa PHK hcoóxo/íhmo yBejiHneHHe 
cnrHajia, npoHcxojiflmee b pe3yjibTaTe PHK-3aBHCHMoro 
CHHTe3a PHK. npn stom no;iHMepa3a Hcno;ib3yeT mhPHK 
b KanecTBe 3aTpaBOK /yia CHHTe3a Ha MaTpHije KOMnjieMeH- 
TapHOH hm PHK. 

noxoxoiM npou,eccoM aBjíaeTca Kocynpeccmi. npH 
KocynpeccHH BBtptHm b mieTKy TpaHcreHa npHBOAHT k bh- 
kjhohchhio SKcnpeccHH HexoAHoro reHa. TpaHcreH b stom 
cjiynae KOflHpyer o6pa30BaHHe xax aHTHCMbicjiOBbix, Tax h 
CMblCJIOBblX PHK, KOTOpbie HHrHÓHpyiOT SKCnpeCCHIO co6c- 
TBeHHoro reHa kjictkh. 

MojinaHHe reHOB peajiH3yeTca nocpe/jCTBOM PHK-PHK 
B 3 aHMOAeHCTBHH. B03M0)KH0, flljPHK QIOCOÓHbl HHrHÓH- 
poBaTb SKcnpeccHio reHOB, B3aHMOAeHCTBya c RHK. Ecjih b 
pacTHTejibHbíň reHOM bbccth flHK, roMOJiorHHHyio nocne- 
AOBaTejibHOCTH BHpycHoň PHK, to npn penjíHKauHH PHK 
BHpyca npoHexoflHT MeTHjinpoBaHHe stoh flHK. H 3 3Toro 
cjie/íyeT, hto PHK-nocjieAOBaTejibHOCTb HHflynnpyeT mcth- 
jinpoBaHHe flHK-noe^eAOBaTejibHOCTH. Hoxoxchm o6pa30M 
npoHCxo/jHT MeTHjinpoBaHHe pacTHTejibHOH flHK, KOMrae- 
MeHTapHOH mPHK. CnocoócTBya penpeccHH TpaHCKpnn- 
U.HH, MeTHJIHpOBaHHe R HK MOXCeT CJiyXCHTb APyrHM HHC- 
TpyMeHTOM AOCTHXceHHa MOJinaHHa OTAejibHbix reHOB (cm. 
pa3A. 24.18 «3KcnpeccH5i reHOB CBa3aHa c /jeMeTHjinpoBa- 
HHeM»). 


USD Pe3K)Me 

PeryjiaríHa 3KcnpeccHH reHOB MOXceT 6biTb ho3hthbhoh (h 
OCymeCTBJlflTbCfl c noMombio cjjaKTopoB, axTHBHpyiomHx 


reH) h HeraTHBHOH (npoHCxommeH npn ynacTHH cjjaKTO- 
poB, penpeccHpyiomHx reH). nepBbiM h Hanóojiee nacTO 
Hcnojib3yeMbiM ypoBHeM xompojia HBJíaeTca HHHu,HauHa 
TpaHCKpHmj,HH. CTZRm TepMHHan,HH TpaHCKpHnU,HH TaK- 
xce noABepraeTca kohtpojho. TpaHCJi5Hj,Ha KOHTpojinpyeTca 
peryjiflTopaMH, B3aHMOAeHCTByiomHMH c mPHK. B xanecTBe 
peryjiaTopoB Moryr BblCTynaTb óejiKH hjih PHK. Cboio pery- 
jmTopHyio (JjyHKu.Hio 6ejiKH nacTO ocynj,ecTBji5iioT c noMO- 
mbio ajuiocTepHHecKHx B3aHMOAeHCTBHH, a peryjiflTopHaa 
PHK H3MeHaeT BTopHHHyio CTpyKTypy PHK-MHineHH, cna- 
pHBaacb c hch no npHHijHny KOMnjieMeHTpaHOCTH. Opra- 
HH3au,H5i peryjiflTopHbix ceTeň noApa3yMeBaeT CBa3b pe- 
ryjiflTopoB Mexc/iy coóoh: npoAyKu,H5i h aKTHBHOCTb oahhx 
KOHTpojinpyeTca ApyľHMH. 

ATTeHyau,Ha — MexaHH3M peryji5Hj,HH TpaHCKpHnu,HH 
6aKTepHajibHbix onepoHOB, b ochobc xoToporo jiokht koh- 
Tpojib TepMHHau,HH. 3to aBJíeHHe nacTO Hcnojib3yeTC5i pjm 
KOHTpOJia aKTHBHOCTH OnepOHOB, KOAHpyiOmHX 4)epMeHTbI 
ÓHOCHHTe3a aMHHOKHCJlOT. HOJlHUHCTpOHHaa mPHK TaKHX 
onepoHOB HaHHHaeTca c noejieAOBaTejibHOCTH, cnocoÓHoň 
Cj)OpMHpOBaTb aJIbTepHaTHBHbie BTOpHHHbie CTpyKTypbl. 
Opm H3 TaKHX CTpyKTyp npeACTaBjmeT coóoh innHjibKy, 
BbiCTynaiomyK) b pojiH p-He3aBHCHMoro TepMHHaTopa, 
pacnojiaraiomeroca nepe^ CTpyKTypHbiMH reHaMH; ajibTep- 
HaTHBHbie CTpyKTypbl innHjibKH He ({jopMnpyiOT. Pa3Hbie 
THnbi B3aHMOAeHCTBHH onpe/íejiaioT, éy^eT jih o6pa30BaHa 
mnrabKa. npHMepoM Taxnx B 3 aHMO/jeHCTBHH moxcct cjiy- 
xcHTb B3aHMOAeHCTBHe ôtJiKZ c mPHK, npenaTCTByiomee 
({)OpMHpOBaHHIO aJIbTepHaTHBHblX BTOpHHHblX CTpyKTyp. 
Rjw trp-oucpom B. subtilis 3Ty (J)yHKĽi,Hio BbinojiHaeT ôejiOK 
TRAP; oh KOHTpojiHpyeTca óejiKOM aHTH-TRAP, Hba npoAyx- 
U.H5I, b cboio onepe/jb, KOHTpojiHpyerca ypoBHeM cboóoahoh 
aMHHoau,ra-TPHK Tr P. To, xaxaa hmchho BTopHHHaa crpyK- 
Typa óy/íer cc{)opMHpoBHa b trp- h Apyrnx onepoHax E. coli, 
3aBHCHT ot Toro, npo/íOJDKHTca jih TpaHCJi5ni,H5i nocjie K0- 
pOTKOH JIHJiepHOH nOCJiejíOBaTeJIbHOCTH, BKJIIOHaiOmeH B 
ce6a KOAOHbl aMHHOKHCJIOTbl (aMHHOKHCJlOT), 5IBJI5IIOmeHOI 
npO/iyKTOM AäHHOH CHCTeMbl. B npHCyTCTBHH aMHHOaiJ.HJI- 
tPHK, HarpyXCeHHOH 3TOH aMHHOKHCJIOTOH, pHÓOCOMbl 
TpaHCJinpyiOT jiHAepHbíň nenTHA, b pe3yjibTaTe nero $op- 
MHpyeTca BTopHHHaa CTpyKTypa, oóecnenHBaiomaa noc- 
jie^yiomyio TepMHHau,Hio. B oTcyTCTBHe aMHHoau,HJi-TPHK 
pnóocoMa npHocraHaBjíHBaeT cboio paóoTy, h PHK yna- 
KOBbiBaerca b ajibTepHaTHBHyio BTopHHHyio crpyKTypy, b 
KOTopoň HeoóxoAHMaa /yia TepMHHau,HH iunnjibKa OTcyrc- 
TByeT. TaKHM o6pa30M, ypoBeHb aMHHoau,Hji-TPHK b kjictkc 
oóparao nponopu,HOHajieH ypoBHio 6nocHHTe3a cootbctc- 
TByiOmeH aMHHOKHCJIOTbl. 

Majibie peryjiaTopHbie PHK oÓHapyxceHbi xax y 6aKTe- 
Phh, Tax h y syxapHOT. B KJieTKax E. coli npHcyTCTByeT no- 
pa/íxa 17 pa3JiHHHbix Majibix PHK. oxyS PHK Ha nocTTpaHC- 
KpHnu,HOHHOM ypoBHC cnocoÓHa B03AeHCTB0BaTb 6ojiee 
neM Ha 10 jioKycoB-MHineHeň; 3Kcnpeccnio HeKOTopbix H3 
hhx OHa aKTHBHpyeT, 3KcnpeccHio Apyrwx — noflaBJíaeT. 
CB5i3biBa5icb c MPHK-MHineHbio, Majiaa PHK cjjopMHpyeT 
AByxu,enoHeHHyio CTpyKTypy, 3KpaHHpya npn 3tom canT 
CB5I3bIBaHH5I C pHÓOCOMOH, TO eCTb penpeCCHpyeT TpaHC- 
ji5hj,hio. MHKpoPHK HMeiOT pmiHy ~22 HyKJieoTH/ja h npo- 
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AyxjnpyioTCfl bo MHorHx ayKapHOTHHecKHx imeTKax nyTeM 
pacmenjieHHa 6ojiee /yiHHHbix TpaHCKpHnTOB. Cboio cf)yH- 
KU.HIO ohh peanH3yioT, cnapHBaacb c MPHK-MHineHbio h 
4)opMHpya AByxu,enoHeHHyK) cTpyKTypy, KOTopaa /terpa^H- 
pyeT noA achctbhcm 3HflOHyK/iea3. B pe3yjibTaTe /jerpa^a- 
u,hh mPHK 3KcnpeccHa reHa CHHXcaerca. PHK-HHTepc{)epeH- 
RHfl JIOKHT B OCHOBe MCTO^a H36HpaTeJIbHOH HHaKTHBai],HH 
syKapHOTHnecKHx reHOB. MeTo/j 3amiiOHaeTC5i b HHAyu,Hpo- 
BaHHH kopotkhmh otPHK cjiparMeHTaMH, KOMnjieMeHTap- 
hmmh MPHK-MHiueHH, AerpaAaijHH mPHK. Bo3moxcho, 3tot 
(J) eHOMeH HMeeT oflHy npHpo/iy c ecrecTBeHHOH 3amHTHoň 
CHCTCMOH paCTCHHH, Ha3BaHHOH MOJlHaHHCM PHK. 
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CrpaTerMM 

6aKTepnoc|)aroB 

KPATKOE COflEP>KAHl/IE TJIABbl 


CD BBefleHMe 

KE89 /lMTMHeCKOe pa3BMTMe mo>kho pa3Ae/iMTb 

Ha ABe c|)a3bi 

• HH(j)eK4MOHHbm ljmk/i /íMTMHecKoro (j)ara mo>kho 
pa3Ae^MTb Ha paHHMíí nepMOA (coóbiTMA ao 
pen/iMKaLiMM) m no3AHMÍí nepMOA (noc/ie Hana/ia 
pen/iMKai^MM flHK cjjara). 

• B xoAe /íMTMnecKoro AMK/ia eAMHMHHbiíí reHOM 
6aKTepMO(j)ara BOcnpoM3BOAMTCfl bo MHO>KecTBe KonMií, 
KOTopbie pen/iMAMpytOTCB M peKOMÓMHMpytOT. 

KEB /lMTMHecKoe pa3BMTMe noABep>KeHo KacKaAHoPi 

pery/i/iAMM 

• PaHHMe reHbi 6aKTepMoc()ara, TpaHCKpMÓMpyeMbie PHK- 
no/iMMepa30M xo3flMHa cpa3y noc/ie 3apa>KeHMfl, c/iywaT 
pery/iflTopaMM 3KcnpeccMM cpeAHMx reHOB. 

• B rpynne cpeAHMx reHOB ecTb pery/iflTopbi 
TpaHCKpMľlLlMM ľl03AHMX reHOB. 

• Pery/iflLjMfl no TMny KacxaAa oóecnenMBaeT 
ynopflAoneHHyK) 3KcnpeccMto AucKpeTHbix rpynn reHOB 
B XOAe JIMTMHeCKOrO pa3BMTMfl. 

KEB ZlMTMHeCKMM KaCKaA KOHTpO/IMpyeTCB AByMíl 
cnocoóaMM 

• Ee/iKM-pery/iflTopbi, ynacTBytoiAMe b /imtmhcckom 
K acKaAe, /im6o noAAep/KMBatOT MHMLiMauMK) 
TpaHCKpMnUMM C HOBblX npoMOTopoB,/ im6o npMHy>KAaK)T 
PHK-nO^MMepa3y X03flMH3 MTHOpMpOBaTb KOAOHbl- 
TepMMHaTOpbl. 

KEB 06pa3OBaHkie cjDyHKAMOHa/ibHbix K/iaciepoB b 

reHOMax 6aKTepMO(|)aroB T7 m T4 

• OyHKí^MOHa/ibHO cBA3aHHbie reHbi oóbiHHO o6pa3ytoT 
K/iacrepu. 

• <t>arn T7 m T4 npeACTaBJUHOT coóoíí npMMep 
pery^ATopHbix KacKaAOB, b KOTopbix cfiaroBafl mh^kam/i 
pa3Ae^eHa Ha ipn nepMOAa. 

KEB HeMeA/ieHHopaHHkíe m 3aAep>KaHHopaHHMe 

reHbi cj/ara X HeoóxoAMMbi a/ia /iM3oreHMM m a/ia 

JIMTMHeCKOrO AM K/l a 

• y (j)ara /ibm6a 3 ABa HeMeA/ieHHopaHHMx reHa: N m cro. 
Ohm TpaHCKpMÓMpytoTCB PHK-no/iMMepa30M xo3AMHa. 

• N HeoóxoAMM a/ib 3KcnpeccMM 33Aep>KaHHopaHHMx 
reHOB. 

• TpM M3 3aAep>KaHHopaHHMx reHOB bb/ibhdtcb pery/i/rropaMM. 

• fl/ifl /iM3oreHMM TpeóytOTCB 3aAep>naHHopaHHMe reHbi 
cII-cIIL 

• fl/ia /íMTMHecKoro AMK/ia TpečyeTCB HeMeA/ieHHopaHHMÍí 
reH cro m 3aAep>na h Hopa h h m tí reH Q. 


14.7 


14.8 


ZlMTMHeCKMM AMK/l 33BMCMT OT aHTMTepMMHaLJMM 

• pN — (|)aKTOp aHTMTepMMHaAMM, n 03 B 0 /lflK)IAMM PHK- 
no/iMMepa 3 e npoAO/DKaTb TpaHCKpMnuMto 3 a rpaHMLjy 
AByx HeMeA/ieHHopaHHMx reHOB. 

• pQ — npoAyKT 3 aAep>naHHopaHHero reHa, 
aHTMTepMMHaTop, no 3 BO/iBK)iAMM PHK-no/iMMepa 3 e 
npOM 3 BOAMTb TpaHCKpMnLJMK) n 03 AHMX reHOB. 

• flHK (j)ara /íBMÓAa AMpxy/iMpyeT noc/ie 
MHc()MAMpoBaHMfl; b pe 3 y/ibiaie no 3 AHMe reHbi 
o 6 pa 3 ytoT eAMHCTBeHHyK) TpaHCKpMnAMOHHyto 
eAMHMLiy. 

flM3oreHMB noAAep>KMBaeTCB óe/iKOM-penpeccopoM 

• MyiaHTbi no reHy cl He MoryT noAAop>KMBaTb 
/lM30reHMK). 
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mu 


• cl KOAMpyeT 6e/iOK-penpeccop, B3aMMOAeíícTByK)iHMM c 
onepaiopaMM 0 L m 0 r m 6/iOKMpytomMM TpaHCKpMnuMto 
HeMeA/ieHHopaHHMx reHOB. 

• HeMeA/ieHHopaHHMe reHbi 3 anycKatOT pery/iBTopHbm 
KacxaA; b pe 3 y/ibTaTe, mx penpeccMA npeAOTBpamaeT 
p 33 BMTMe /ÍMTMHecKoro AMK/ia. 

Penpeccop m ero onepaiopbi cjDopMMpyiOT permu 

HeBOCnpMMMHMBOCTM 

• JlflMÓAanoAOÓHbie cJjarM oó/iaAatOT pa3HbiMM perMOHaMM 
HeBOCnpMMMHMBOCTM. 

• /lM3oreHHbiíí (j)ar Ae/iaeT K/ieTKy HeBOcnpMMMHMBoíí k 
noc/ieAytoiAMM 3apa>neHMflM (fiaraMM c Ta km m >ne (KaK y 
Hero) perMOHOM HeBOCnpMMMHMBOCTM. 

flHK-cB/i3biBaK)iAaB cJ/opNia penpeccopa 
npeAcraBjífleT coóom AMMep 

• B MOHOMepe penpeccopa hctko pa3/iMHMMbi ABa 
AOMeHa. 

• flHK-CBB3blBaK)IAMM CaíÍT HaxOAMTCB B N-KOHAeBOM 

AOMeHe penpeccopa. 

• C-KOHLieBbie AOMeHbi penpeccopa AMMepM3ytOTCfl. 

• fl/iB CBB 3 biBaHMíi c onepaTopoM penpeccopy 
HeOÓXOAMMO npMHflTb BMA A^Mepa, HTOÓbl ABa 
N-KOHLjeBbix AOMeHa Mor/iM OAHOBpeMeHHo 
KOHT 3 KTMpOBaTb C flHK. 

• Pa3o6meHMe N- m C-kohacboto aomchob (b pe3y/ibiaie 
npoTeo/iM3a) cHM>KaeT cpoactbo penpeccopa 

K OnepaTOpy M npMBOAMT K MHAyKAMM /íMTMHecKoro 
AMK/ia. 

Motmb «cnMpa/ib-noBopoT-criMpajib» hcoóxoamm 
penpeccopy a^b CB/i3biBaHM/i flHK 

• Ka>KAbiM flHK-cBB3biBatoiuMM perMOH penpeccopa 
KOHTaKTMpyeT c no/iycaíÍTOM flHK. 
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• flHK-CBfl3blBaK)lUMÍÍ CaíÍT COAep>KMT ABa KOpOTKMX 
a-cnnpa/ibHbix pernoHa, KOTopbie /io>KaTCfl b coceAHMe 
BMTKM ÓO/lbĽJOM 6op03AKM flHK. 

• flHK-cBfl3biBaK)mMÍí caííT — 3 to HecoBepweHHafl 
na^MHApoMHafl noc/ieAOBaTe/ibHOCTb M3 17 nH. 

«Cnnpa/ib y3HaBaHMíi» 3aAaeT cneuncJ)MHHOCTb 
kAHK 

• B3anMOAeíícTBMe penpeccopa c KOHKpeTHbiMM 
napaMM HyK/ieoTMAOB b onepaiope onpeAe/ifleicfl 
aMMHOKMC/lOTHOM nOC/ieAOBaie/lbHOCTbK) «CnMpa^M 
y3HaBaHMA». 

Amviepbi penpeccopa CBB3biBaK)TCfl c onepaiopoM 

KOonepaTMBHO 

• CBA3biBaHMe penpeccopa c oahmm M3 onepaiopoB 
noBbiiuaeT BepoBTHOcTb nocaAKM BToporo penpeccopa 
Ha coceAHMíí onepaiop. 

• Cpoactbo penpeccopa k 0 L 1 m 0 R 1 npMMepHO Ha 
nopflAOK Bbiiue, neM k ApyrMM onepaiopaM, hto 
onpeAe/ifleT mx nepBoonepeAHoe cBA3biBaHne. 

• KoonepaTMBHOdb no3BO/iflei penpeccopy cBA3biBaTb 
caííTbi 01-02 npM MeHbWMx KOHueHTpauMflx. 

HaxoAíUMMMCB Ha 0 R 2 penpeccop B3anMOAeMCTByeT c 
PHK-noAMMepa30M Ha P RM 

• flHK-cBfl3biBaK)iHMíí perMOH penpeccopa Ha 
0 r 2 B3aMM0AeíícTByeT c PHK-no/iMMepa30íí m 
cia6M^M3MpyeT ee cBA3biBaHne c P RM . 

• flaHHbiíí MexaHM3M AB^fleTCB ochobom caMoperyjiflAMM 
paóoTbi,penpeccopa. 

Penpeccop noAAepwMBaeT [\mn caMopery/iíujMM 

• CBA3biBaHMe penpeccopa c 0 L 6/iOKMpyeT TpaHCKpMmjMK) 
reHa N c npoMOTopa P L . 

• CBA3biBaHne penpeccopa c 0 R 6/iOKMpyeT 
TpaHCKpnnLiMK) reHa cro, a TaKwe HeoéxoAMMO a/ia 
TpaHCKpMnuwM cl. 

• TaKMM o6pa30M, CBB3biBaHMe penpeccopa c 
onepaiopaMM OAHOBpeMeHHO 6/iOKMpyeT Hana/io 
/íMTMnecKoro LiMK/ia m noAAep>KMBaeT ero coócTBeHHbiíí 
CMHTe3. 

KoonepaTMBHbm xapaKTep cBB3biBaHMB noBbiiuaeT 
HyBCTBMTeAbHOCTb pery/iflunn 

• flMMepbi penpeccopa, cBfl3aBWMe 0 L 1 m 0 l 2, 
B3aMMOAeííCTByK)T C AHMepaMM, CB513dBĽJMMM 0 R 1 m 0 R 2; 
Bce neTbipe A^Mepa o6pa3yK)T OKTaMep. 

• 06pa3OBaHne OKTaMepa npMBOAMT k có/iM/KeHMto 0 L 3 c 
0 r 3 m B3anMOAeíícTBMK) AMMepoB penpeccopa. 

• KoonepaTMBHbiíí xapaKTep B3anMOAeíícTBMfl 
AMMepoB penpeccopa c onepaiopaMM noBbiiuaeT 
HyBCTBMTe/ibHOCTb pery/i/iuMM. 
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ľeHbi cll m cIII HywHbi fl/ifl ycTaHOB^eHMfl /in 3 oreHnn 

• ľlpoAyKTbi 3aAep>naHHopaHHMx reHOB cll m cIII 
HeoóxoAMMbi, HTOÓbi PHK-no/iMMepa3a Mor/ia HanaTb 
TpaHCKpMnuMK) c npoMOTopa P RE . 

• Ee/iOK cll aAanTMpyei npoMOTop, a cIII 3amMmaeT cll ot 
AerpaAauMM. 

• TpaHCKpMnuMB c P RE npMBOAMT k cMHTe3y penpeccopa m 
M eiuaeT 3KcnpeccMM cro. 

C/iaóoMy npoMOTopy Hy>KeH 6e/iOK cll 

• llpoMOTop P RE MMeeT HecTaHAapTHbie 
nOC^eAOBaie^bHOCTM Ha (J)yHKUMOHa/lbHO-3HaHMMblX 
ynacTKax -35 m -10. 

• PHK-no/iMMepa3a y3Haei 3tot npoMOTOp TO/ibKO b 
npMcyTCTBMM 6e/iKa cll. 

• Ee/iOK cll CBB3biBaeT ynacTOK -35 npoMOTopa P RE . 

YcTaHOBAeHMK) AM3oreHMM npeAiuecTByeT 

pBA COÓblTMM 

• cll m cIII ooóecneHMBatOT nepBMHHbiíí Bcn/iecK cMHTe3a 
penpeccopa, a TaKwe 3anycKatOT MHTMÓMpoBaHMe 
TpaHCKpMnUMM n03AHMX reHOB. 

• C noflB/ieHMeM penpeccopa TpaHCKpMnuMA Bcex paHHMx 
reHOB BbiK/itonaeicfl. 

• Penpeccop BK/itonaeT KOHTyp noAAepwaHM/i cBoero 
COÓCTBeHHOrO CMHTe3a. 

• Ha 3aK/iK)HMTe/ibHOM 3Tane nepexoAa b /iM3oreHHoe 
cocTOBHMe flHK cj/ara /íBMÓAa BCTpaMBaeTCB b reHOMHyfo 
flHK óaKTepMM. 

Be3 penpeccopa cro no/iHbiŕí /ihthhcckhm ljmk/i 

HeB03M0>KeH 
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• ľlpoAyKT reHa cro cBfl3biBaeicfl c TeMM >ne onepaiopaMM, 
hto m penpeccop, ho KOHcraHTbi cpoACTBa y Hero 
Apyrne. 

• Ec/im Cro CBA 3 a/icfl c 0 R 3, oh He Aaei PHK-no/iMMepa 3 e 
cBB3aTbCB c P RM m, TaKMM o6pa30M, 6/1 o km py eT 
caMonoAA e P>KaHMe penpeccopa. 

• Ec/im Cro CBB3a/icíi c APyrMMM caíÍTaMM onepaiopoB 0 R 
m 0 y oh He AaeT PHK-no/iMMepa3e TpaHCKpMÓMpoBaTb 
HeMeA/ieHHopaHHMe reHbi, hto KOCBeHHbiM o6pa30M 
6/iOKMpyeT ycraHOB/ieHMe penpeccopa. 

Ha neM ocHOBbiBaeTCíi óa/iaHc Me>KAy/iM3oreHMeM m 

AMTMHeCKMM L^MKAOM? 

• ZlM30reHMfl M /lMTMHeCKMÍÍ I 4 MK/I pa3BMBatOTCfl nO OAHOMy 
cueHapMK) — Bn/iOTb ao MOMema OAHOBpeMeHHoro 
npMcyTCTBMB Cro m /iM 3 oreHHoro penpeccopa cl. 

• K/itoneBOM MOMeHT: yAacTCB /im 6 e/iKy cll 
cTMMy/iMpoBaib HapaóoTKy penpeccopa b KO/iMnecTBe, 
AOCTaTOHHOM rj]í\ npeoAO/ieHM /1 agmctbm/i Cro? 

Pe3K)Me 
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BBeAeHMe 


Y HeKOTopbix cfiaroB ecTb TOJibKO o/jHa cTpaTerHa Bbi- 
xcHBaHHa. HH({)HaHpoBaB óaKTepmo, ohh noA^HHaioT ee 
mieTOHHbie $Yhkuhh oahoh iie/iH: npoAyu,HpoBaTb KaK 
MOXCHO ĎOJlbinee HHCJIO CBOHX nOTOMKOB, HH(f)eKĽI,HOHHbIX 
HaCTHU,. TaKOH XOA COÓbITHH Ha3bIBaiOT JIHTHHeCKOH HH- 
4>eKU,HeH, HJIH JlHTH^eCKHM pa3BHTHCM; OH npHBOAHT K 
THÓeJIH 6aKTepHH-X035IHHa. B THIIHHHOM BapHaHTe J1HTH- 
necKoro pa3BHTHa reHOM cfiara (b cjiopMe AHK hjih PHK) 


nona/jaeT BHyTpb óaKTepHH, ero reHbi TpaHCKpHÓHpyioTca 
b onpeAe/ieHHOM nopa^Ke; reHeTHnecKHH MaTepna/i $ara 
penjiHiiHpyeTca; H/^eT npoAyKUHa óe/iKOBbix KOMnoHeH- 
tob óyAyiAHx HHc{)eKLi,HOHHbix HacTHu,. LJ,hioi 3aBepiuaeTca 
npOLieCCOM JIH3HCa, KOTOpblH npHBOAHT K pa3pymeHHK) 
(jlH3HpOBaHHIO) KJieTKH 6aKTepHH-X035IHHa H BblCBOÓO^C- 
AeHHio 3pe/ibix HH({)eKLi,HOHHbix HacTHu, óaKTepHO^ara 
(cfiaroBbix nacTHii). 

EcTb c{)arH, KOTopbie Be^yT abohhoc cynj,ecTBOBaHHe. 
B oahhx yc/iOBHax ohh cnocoÔHbi k npoAOJixceHHio po^a 
Hepe3 JIHTHHeCKHH U.HIOI, ACMOHCTpHpya OTKpblTyiO CTpa- 
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TerHK) npoAyKUHH KaK moxcho óojibinero nncjia koiihh 3a 
MHHHMajibHoe BpeMH. 3anacHOH xce Bapnam crpaTei™ 
6aKTepnocj)ara Bbipa^aeTca b HajiHHHH y óaKTepnn (b co- 
CTaBe ee reHOMa) JiaTOHTHOH koiihh cf)ara, TaK Ha3biBaeM0- 
ro npotjiara. 3Ty $opMy cymecTBOBaHHH h pa3MHO^ceHH5i 
6aicrepHO(})aroB Ha3biBaioT jiH3oreHHeň. 

B jiH3oreHHbix óaKTepnax npocfw BCTpoeH b tchom h 
H acjie/íyeTca HapaBHe c hx coócTBeHHbiMH reHaMH. ľlpo- 
u,ecc npeBpameHHH HC3aBHCHMoro reHOMa 6aKTepHoc{)ara 
b npocj)ar (jiHHeňHyio BCTaBKy b óaKTepnajibHbiH tchom) 
Ha3biBaioT mrrerpaijHeň. Bjiaro^apa HajiHHHio npocf)ara 
^H3oreHHaa óaKTepna oóJiaAaeT HMMyHHTeTOM k 3apa- 
)KeHHio c{)aroBbiMH HacTHu,aMH Toro xce rana. Ana no/j- 
AepxcaHHa HMMyHHTOTa óaKTepnn AOCTaTOHHO o/jtioro 
HHTerpnpoBaHHoro npocf)ara, TaK hto, KaK npaBHjio, 6aK- 
TepnajibHbiH tchom co/jepacHT ;mmb OAHy Konnio npoc{)ara 
KOHKpeTHoro rana. 

EaKTepHocfw moxcct nepexoAHTb H3 oahoh cj)opMbi b 
A pyryío: ot jiH3oreHHH k jíHTHHecKOMy ijHiuiy h oóparao. 
Ha p m c. 14.1 noKa3aHO, hto cj)ar, o6pa30BaHHbiH b /ihth- 
necKOM iiHioie, npoHHKaeT b imeTKy 6aKTepHH-xo3aHHa; 
oh MOxceT jihôo noBTopHTb jíHTHHecKHH u,hkji, jihóo ne- 


peHTH B JIH30reHH0e COCTOflHHe. Bblóop nyTH 3aBHCHT 
ot ycjiOBHH HH({)eKĽi,HH h coHOTaHHfl reHOTHnoB c})ara H 
óaKTepnH. 

llpo(J)ar MOxceT 6biTb BbmefleH H3 jiH3oreHHoro coctoh- 
hhh c noMombio npouecca, Ha3BaHHoro HH,ayKijHeň. OHa 
npoxo/jHT b HecKOJibKO 3TanoB. CHanajia cj)aroBaa flHK Bbi- 
CBOĎo^aeTca H3 xpoMOCOMHoro OKpy>KeHHH nocpeACTBOM 
3KCU,H3HH H TOJIbKO 33TCM BCTynaeT B JIHTHHOCKHH U,HKJI. 

ArbTepHaTHBHbie cf)opMbi pa3MHO>KeHHa h pacnpo- 
CTpaHOHHa oahhx h Tex xce cf)aroB no/íAcp^HBaiOTCH pa3- 
HblMH CHCTOMaMH KOHTpOJIfl TpaHCKpHnU,HH. JlH30reHHfl 
oóycjiaBjíHBaeTca B3aHMOAeHCTBHeM cf)aroBoro penpecco- 
pa c onepaTopoM. JIhthhcckhh ijhiui TpeóyeT ijejioro Kac- 
K2R2 peaKUHH KOHTpOJIfl TpaHCKpHnU,HH. TaKHM 0Ópa30M, 
nepexoA H3 jihthhockoto u,Hmia b jiH3oreHHio BbinojiHa- 
eTca b pe3yjibTaTe penpeccHH, a oóparabiH nepexoA (hh- 
AyKuna npoc{)ara) npoHcxoAHT b pe3yjibTaTe oTMeHbi stoh 
caMOH penpeccHH. 

flpyraa cTpaTerna BbixcHBaHHa b óaKTepnajibHOH 
ioieTKe npeACTaBJíeHa njia3Mii,zi,aMii. rijia3MHAbi aBjunoT- 
Cfl aBTOHOMHbIMH eAHHHU,aMH, CyiIjeCTByiOmHMH B BH/JC 
H03aBHCHMbIX BHeXpOMOCOMHWX TCHOMOB. lljia3MHAbI 


0ar MO>KeT c/ieftOBaTb /íMTHHecKOMy, /im6o /iM3oreHHOMy nyTH 


J1HTHHECKHÍ/I I 
Ul/l KJ1 Y 


Y 

OaroBafl AHK^ 

BaKTepMa^bHaí AH K 


, J1M30rEHHB 


Y; 



• OaroBafl AH K BK/iiOHaeTCfl b cociaB 
■ 6aKTepna^bHoro reHOMa n ciaHOBmcfl 
6e3o6nAHoŕí pj\n xo3flMHa 


OarM-noTOMKM BbixoAflT 
M 3 óaKTep mm, 
noABepriueíícfl /iM 3 Mcy 


* • JlM3oreHHaB ôaKTepnfl 

I • yCTOÍÍHMBa K Aa/lbHeňliJMM 

* nonbiTKaM 3apa>KeHMfl 


UHAYKLJIMB . 

OaroBafl AH K noKMAaeT 
6 aKTepna^bHbiM reHOM n 
BXOAHT B /lMTMHeCKMÍÍ AM K/l 


PMC. 14.1 AMTMHecKMíí 14MKA 6aKTepMO(j)ara HanpaBAeH Ha BOcnpon3BOACTBO MHíj/eKAMOHHbix nac- 
tmli m npMBOAMT k rn6eAM 6aKTepMM-xo3BMHa. AM3oreHHafl cj/opMa cyiAecTBOBaHMB no3BOABeT co- 
xpaHATb cparoBbiM reHOM KaK nacTb reHeTMnecKoií MHc()opMaAMM óaKTepMM 
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0arn m rwasMMAbi Hace/iniOT 6aKTepMa/ibHbie KJieTKM 

Inn reHeTMHecKoíí 
eAMHMUbl 

CipyKTypa reHOMa 

Cnocoó pacnpocTpaHeHMA 

ľloC/ieACTBMfl AJlfl X03flMHa 

JlmMHecKMM cpar 

AU- m/ in ouAHK m/im PHK 
/íMHeŕiHafl m/im KO/ibueBafl 

HH(|)MUMpyeT X03flMHa 

ľMÓe/ib 

JlM3oreHHbiM cpar 

AUflHK 

JlMHeMHafl o6/iacTb 

XpOMOCOMbl X03flMHa 

HMMyHMTeT K MH(|)eKUMM 

ľl^a3MMAa 

Ko/ibueBafl AUflHK 

Pen/iMUMpyeTCB b 33A3HHOM 
HMC/ie KOnMÍÍ 

Mo>KeT nepeAaBaTbCB 

HMMyHMTeT K n/ia3MMA3M 
tom >Ke rpynnbi 

3nncoMa 

Ko/ibueBafl AUflHK 

CBo6oAHoe Ko/ibuo /im6o 
/ íMHeMHafl BdaBKa 

PacnpocTpaHeHMe 

AHK xo3BMHa 


PMC. 14.2 B 6 aKTepna/ibHbix K/ieTKax BCTpenaeTCfl HecKO/ibKO TunoB He3aBMCMMbix reHeTMnecKMx 
eflMHMU 


moxcho oxapaKTepH30BaTb KaK caMopenjiHiiHpyiomHeca 
KOJibiieBbie MOJieKyjibi flHK, KOTopbie noAAepacHBaiOTCfl 
b xapaKTepHOM (cTaÓH/ibHOM) HHCJie KonHH Ha mieTKy 
(to ecTb b pa/jy mieTOHHbix iiokojichhh sto hhcjio He Me- 
HaeTca). 

Y HeKOTopbix iuia3MH/j ecTb anbTepHaTHBHbie cnocoóbi 
cynj,ecTBOBaHH5i. EteaMeH npeóbreaHHfl b aBTOHOMHOM bhc- 
XpOMOCOMHOM COCTOflHHH TaKafl njia3MHAa MOXCeT ĎbITb 
npeBpameHa bo BCTaBKy 6aKTepHanbHOH xpoMocoMbi h Bec- 
th ce6a KaK oóJiacTb stoh xpoMocoMbi. ľIjia3MHAbi, cnocoó- 
Hbie k TaKHM npeBpameHHaM, Ha3biBaioT aimcoiviaMH. B 
jíHTepaType ecTb TeHAeHijHfl k CMeiueHHio noHATHH «roia3- 
MH/ja» h «3nHCOMa»; A»a TepMHHa nacro Hcnojib3yiOTCfl KaK 
B3aHM03aMeHaeMbie. 

CTpeMJieHHe sroncTHHHo oóJiaAaTb óaKTepneH h He 
nycKaTb b Hee ce6e noAOÓHbix poflHHT jiH3oreHHbix (})aroB 
c njia3MHAaMH h snHCOMaMH. Y mia3MHA scjxjieKT 3roHc- 
thhhoto oójiaAaHHa Taioxe Ha3bmaioT HMMyHHTeTOM, 
xoTa oh HMeeT Apyryío npnpoAy, neM y jiH3oreHHbix cjiaroB. 
(KOHTpOJlb pa3MHO)KeHH5I njia3MHA Mbl OÓCyAHM B TJl. 15 
«PenjiHKOH».) 

Ha pmc. 14.2 npHBe/jeHbi Bce BbimenepeHHCJieHHbie 
THnbi reHeTHnecKHx cahhhli,, pacnpocTpaHfliomHx ce6a b 
nonyjiau,Hax óaKTepHH b KanecTBe He3aBHCHMbix tchomob. 
ľeHOM jíHTHnecKoro (})ara MoxceT 6biTb npeACTaB/ieH HyKne- 
HHOBOH KHCJIOTOH JHOÓOTO THna. JlHTHHeCKHe (f)arH OCBaH- 
BaiOT nonyjiHUHio óaKTepHH nepe3 3apaxceHHe hh^ckiihoh- 
HblMH HaCTHU,aMH BCe HOBblX lUieTOK. ľeHOMbl JlH30reHHbIX 
cjiaroB, n;ia3MHA h siihcom HaxoAflTca b cjiopMe AByxu,eno- 
neHHOH flHK. HeKOTopbie mia3MHAbi h snHCOMbi nepe^a- 
K)Tca MOK/iy KjieTKaMH b npoijecce KOH'biorau.HH, KOTopaa 
npoTeKaeT c ycTaHOBjíeHHeM npaMoro KOHTaKTa MOK/jy 
mieTKaMH AOHopa h peu,HnHeHTa. ľIpH jiioóom H3 AByx cno- 
coóob nepeAanH reHeranecKoro MaTepnana MOKAy mieTKa- 
MH (KaK npH 3apa>KeHHH HH(f)eKaHOHHbIMH HaCTHliaMH, TaK 
h npH KOHT>K)raij,H h) ecTb B03M0xcH0CTb nepeAaHH c/iynaH- 
ho 3axBaneHHbix ĎaKTepna^bHbix reHOB BMecTe c cjiaroBOH 
hjih njia3MHAHOH flHK. Moxcho cKa3aTb, hto HanHHHe cjiaroB 
h njia3MHA cnocoócTByeT bo3hhkhobchhio noTOKOB reHe- 
THHecKoro MaTepnajia b nonyjumHflx óaKTepnH. 


14.2 


JlMTHHeCKOe pa3BMTne 
mohkho pa3Ae/imb Ha ABe 4ia3bi 


K^toneBbie noH/ľma: 


• HH(j)eKUMOHHblM UM K/l AMTMHeCKOTO (j/ara MO)KHO pa3Ae/lMTb Ha 
pdHHMM nepMOA (cOÓbITMfl AO pen/IMKaUMM) M ľl03AHMM nepMOA 
(noc/ie Hana/ia pen/iMKauMM flHK (j/ara). 

• B xoAe /íMTMnecKoro uMK/ia eAMHMHHbiíí reHOM 6aKTepMO(J)ara 
BOCnpOM3BOAMTCB BO MHO)KeCTBe KOľlMM, KOTOpbie 
pen/iMUMpyiOTCfl m peKOMÓMHMpyiOT. 


ľeHOM 6aKTepHOcj)ara hcbcjihk. Oara — sto BHpycbi, h 
pa3Mepbi hx reHOMOB orpaHHneHbi HeoóxoAHMOCTbio yK- 
Jia^KH HyKJieHHOBOH KHCJIOTbl B CTaHAapTHblH ÓeJIKOBblH 
KancHA. 3 to orpaHHneHHe aBjíaeTca BecoMbiM cfiaKTopoM 
4>OpMHpOBaHH5I CTpaTeTHH pa3MHO)KeHHH, HCnOJlb3yeMbIX 
BHpycaMH. Hame Bcero BHpyc 6epeT noA cboh Kompo/ib 
CHCTeMbi oóecneneHHa cfiyHKLiHH xo3aHHa h 3acTaB/iaeT 
hx 3aHHMaTbca 3KcnpeccHeH h pen/íHKaiiHeH BHpycHbix 
reHOB — b ymepó Hy^KAaM caMOH kjictkh. 

BojibniHHCTBO 6aKTepHoc{)aroB HeceT b ce6e reHbi, 
KOTopbie rapaHTHpyioT hx flHK npnopHTeT npn pen/iH- 
KaiiHH. ľlpoAyKTbi 3thx reHOB HMeiOT npaMoe oTHoiue- 
HHe K HHHIlHaUHH penJlHKaU,HH; epeAH HHX MO)KeT ÓbITb 

Aaxce nyxcepoAHaa kjictkh flHK-nojiHMepaaa. Kop- 
peKTHpyioTca Taoce ioieTOHHbie CHCTeMbi oóecneneHHa 
TpaHCKpHnilHH (3TO MOXCeT BIOIIOHaTb KaK 3aMemeHHe 
K/ieTOHHOH PHK-nojiHMepa3bi Ha PHK-no/iHMepa3y cj)ara, 
TaK H MOAH({)HKailHIO yCJIOBHH HHHU,HaLl,HH H TepMHHa- 
U.HH TpaHCKpHmj,HH KJieTOHHOH PHK-nojiHMepa3bi). 
Pe3yjibTaT BcerAa oahh h tot xce: npoAyKu,H5i cjiaroBbix 
mPHK nojiynaeT npnopHTeT npn TpaHCKpHnu,HH. Änn 
CHHTe3a óe/iKa cfiarH (éo/ibinaa hx nacTb) orpaHHHHBa- 
lOTca annapaTOM óe/iKOBoro CHHTe3a xo3aHHa, H3MeHaa 
ero aKTHBHOCTb nyTeM 3aMemeHHa ôaKTepnajibHOH PHK 
Ha cparoByio. 

JlHTHHecKoe pa3BHTne óaKTepnocjiara npeACTaBjíaeT co- 
6 oh ocoóbiH nopaAOK, b kotopom ero reHbi HanHHaiOT cbok) 
SKcnpeccHio. CoójnoAeHHe 3Toro nop^AKa rapaHrapyeT 
npHcyTCTBHe HpcHoro KOMnoHeHTa b h^okhom KOJinnecTBe 
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P M C. 14.3 JlMTMHecKoe pa3Bmne HanpaB/ieHO Ha pa3MHO>KeHMe re- 
HOMHblX KOnMÍÍ M 6e/lKOBblX Cy6l>eAMHMA CÓOpKM HaCTMA-ľlOTOM- 
kob 6aKTepMO(j)ara 


b Hy)KHoe BpeMfl. Kan noKa3aHO Ha p m c. í,. jihthhcckhh 
iihkji moxcho pa3Ae;iHTb Ha Aea nepHOAa: 

• Pamura HH4>eKu,Hn BmnonaeT nepnoA ot nonaAaHHa 
b KjieTKy qyacepoAHOH flHK (hjih PHK) ao Hana/ia ec 
penjíHKaiiHH. 

• no3AHHH HH(J)eKu,HH — 3 to nepHOA ot Hana^a pen- 
jiHKau,HH cjiaroBOH flHK ao pa3pymeHH5i óaKTepna/ib- 
hoh kjictkh h BbixoAa HacTHu,-noTOMKOB cf)ara. 

PaHHaa cf)a3a HHcj)eKu,HH otboahtca Ha HapaóoTKy cjiep- 

MeHTOB, KOTOpbie B AäHbHeHUieM ÓyAyT 3aH5ITbI BOCnpOH3- 
BOACTBOM flHK. 3TO 4)epMeHTbI CHHTC3a, peKOMĎHHailHH, a 
HHorAa TaKxe c{)epMeHTbi MOAH({)HKaiiHH flHK. B pe3yjibTa- 
Te aKTHBHOCTH 3THX (jiepMCHTOB B mieTKe HaKaiIJlHBaiOTCíI 
(o6pa3yioT nyjí) MHoroHHcneHHbie koiihh cjiaroBoro reHO- 
Ma. 3th koiihh npoAOJDKaiOT penjiHu,HpoBaTbCfl h peKOMÓH- 
HnpoBaTb mokay coóoh, Tax hto coôumun odnozo Jiumu- 


necKozo liUKJia, na comom dejie, 3ampazueaH)m ujejiuú nyji 
(pazoeux zenoMoe. 

B no3AHeíí cj)a3e HH(J)eKu,HH npoHcxoAHT chhtc3 6cji- 

KOBblX KOMIIOHOHTOB ĎyAyUJHX (fOTOBblX HaCTHIJ. Jl/LK CÓOp- 

kh nacTHii co cjioxchoh Mopc^ojiornen TpeóyeTca MHOxcec- 
tbo pa3JiHHHbix óejiKOB, nosTOMy ôojibiuaa nacTb cfwoBoro 
reHOMa KOAHpyeT no3AHHe cj)yHKu,HH. B cĎopxe cjiaroBbix 
HaCTHU, KpOMe CTpyKTypHblX ĎeJIKOB AOJDKHbl yqaCTBOBaTb 
ĎejiKH cóopKH cjiara (assembly proteins), KOTopbie noMO- 
raiOT cóopKe, ho b nacTHuy He BKnmaiOTca. Ha cJ)OHe Me- 
pOnpHUTHH no CÓOpKC TOJIOBOK H XBOCTOB ÔyAyiAHX HaCTHU, 
AOCTHraeT nHKa CBoeň ckopocth perníHKauna cJwoboh 
flHK. HaKOHeu, nycTbie tojiobkh KOMnjieKTyiOTca KonnaMH 
reHOMa h xBOcraMH. IOieTKa-xo35iHH noABepraeTca jiH3ncy. 
PÍH({)eKiiHOHHbie nacTHiibi óaKTepnocjiara BbixoAAT Hapy)Ky ; 
HTOóbi 3apa>KaTb Apyrne kjictkh. 


14.3 


JlMTimecKoe pa3BMTne 
noflBep>KeHo KacKaflHOM 
pery nnum 


KntoneBbie noHBTMa: 


• PaHHMe reHbi 6aKTepno(|)ara, TpaHCKpn6npyeMbie 
PHK-no/iMMepa 30 íí xo3BMHa cpa3y noc/ie 3apa>neHMfl, 
c/iywaT pery^ATopaMM 3 KcnpeccMM cpeAHMx reHOB. 

• B rpynne cpeAHMx reHOB ecTb pery/iflTopbi TpaHCKpMnuMM 
no3AHMx reHOB. 

• PeryjiflLjMfl noTMny KacKaAa oóecneHMBaeiynopflAOHeHHyK) 
SKcnpeccMK) AUCKpeTHbix rpynn reHOB b xoAe JimHnecKoro 
pa 3 BMTMfl. 


y MHornx 6aKTepHoc{)aroB reHeTHnecKHe Kap™ OTpaaca- 
K)T XOA pa3BHTHH JIHTHHeCKOľO UHKJia. KoHnenijHfl one- 
poHa AOCTHraeT npn stom CBoero KpaňHero BbipaxceHna, 
nocKOJibicy y TaKHx cJwob reHbi, KOAHpyioiAne óejiKH co 
cu,enjieHHbiMH cjiyHKíiHíiMH, coópaHbi b KJiacrepbi, hto ac- 
JiaeT KOHTpOJIb HX 3KCnpeCCHH OCOÓeHHO 3KOHOMHHHbIM 
H n03B0JiaeT MHHHMH3HpOBaTb hhcjio nepemnoHeHHH B 
peryjinTopHOM KOHType jíHTHnecKoro u,Hiuia. 

JlHTHnecKoe pa3BHTHe peryjiHpyeTCíi no npHHu,Hny 
nojio)KHTejibHoro Kompojia (sto 03HanaeT, hto KaiKAaa 
rpynna reHOB óaKTepnoc^ara AOJixcHa nojiynnTb ocoóbiíí 
CTHMyjinpyioiAHH cnraa/1). Ha p m., u, • noKa3aHO, hto 
3KcnpeccHfl peryjiaTopHbix reHOB nponcxoAHT KacKa^HO. 
To ecTb npoAyKTbi reHOB, 3KcnpeccnpyioiAHxcH Ha oahoh 
CT yneHH u,Hioia, ciiyiKaT, npaMO hjih kocbchho, c{)aKTopaMH 
TpaHCKpHnu,HH reHOB cjieAyioiAeH CTyneHH. 

nepBaa BOJiHa 3Kcnpeccnn o6a3aTe;ibHO onnpaeTca Ha 
annapaT TpaHCKpHnu,HH mieTKH-xo3aHHa. ílepBHHHO 3 kc- 
npeccnpyiomHecH reHbi, KaK npaBHjio, HeMHoroHHCJieHHbi, 
a HX npOMOTOpbl HAeHTHHHbl npOMOTOpaM reHOB X03HHHa. 
Ha3BaHHa, AaHHbie stoh rpynne reHOB y pa3Hbix c{)aroB, ot- 
jinnaiOTaL Mame Bcero hx Ha3bmaioT painiifMii reHaMH 
(early genes). Y cj)ara JiaMÓAa ohh nojiynHjiH Ha3BaHHe He- 
Me^yieHHopaHHHx reHOB (immediate early genes). 3 th 
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JlMTMHeCKMM 4M K/1 pa3BWBaeTCJ1 KaCKaftHO 


PaHHflfl ciaAMfl: reHbi cj^ara TpaHCKpn6npyiOTCfl 
PHK-no/iMMepa30Íí xo3flMHa 


'WVW 



I 


1 


ľlpOAyKTbl 
3Kcnpeccnn reHOB 

reH(bi)-pery/iBTop(bi): 
PHK-nojiMMepa3a, 
cnrMa-c|)aKTop nrm 
c|)aKTop aHTmepMMHaAMM 


CpeAHKB CTaAMK: npoAyKľ(bi) paHHeíí 
CT3AHH KOHTpO^MpyiOTTpaHCKpMnAmO 
cpeAHnx reHOB 

X V/X'VX'W 


\ 

o 

I 


reH(bi)-pery/iflTop(bi): 
cnrMa-c|)aKTop hjih 
(|) aKTOp aHTMTepMMHaLlMM 
CipyKTypHbie reHbi: 
((jepMeHTbi pen/iMKauMM 
n AP- 


íl03AHflfl CTaAMB: npOAyKT(bl) CpeAHeŕí 
CT3AHM KOHTpO^MpyiOTTpaHCKpMnAmO 
no3AHMx reHOB 




CipyKTypHbie reHbi: 
KOMnoHeHTbi c|)aroBbix 
nacTMA 


npM KOHTpOJie MHHlJMaiJMH 06pa3yi0TCfl OHOAHCTpOHHbie mPHK 


ľlpOMOTOp 



— 06/iacrb P 
paHH eíí 
TpaHCKpHriAHH 

TepMHHaTOp ílpOMOTOp 


C^eAytoiAaíi ■ 
oó/iacrb 
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OlEflytOmAJI MHMUMAUM5! 
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PHC. 14.5 EcAM KOHTpOAK) nOAJie>KMT UHMUMaUMfl TpaHCKpMnLIMM, 
«paHHflíi» m «no3AHflfl» oÓAacTM reHOMa 6aKTepMO(|)ara o6cAy>KM- 
BatOTCíi KaK He3aBMCMMbie TpaHCKpMnLjMOHHbie eAMHMLjbi, Ka>KAafl 
CO CBOMM npOMOTOpOM M TepMMHaTOpOM; C HMX CHMTblBatOTCfl OTAe- 
AbHbie He3aBMCMMbie mPHK. ľlpu KompoAe MHMUMaLjMM paHHMe m 
no3AHMe TpaHCKpMnLiMOHHbie eAMHMAbi He o6íi3aHbi pacnoAaraTbCB 
no coceACTBy Apyr c ApyroM 


Ha MOAeKyAfipHOM ypoBHe pa3BMTMe AMTMnecKoro LiMKAa 
íieT coóoíí peryAflTopHbiíí KacKaA, b kotopom npoAyKT reHa 
eimm HeoóxoAMM A/ifl aKcnpeccMM reHOB cAeAytoiueíí craAMM 


< 6bi hx hh Ha3biBa/iH, ciiyacaT pacnopaAHTejiHMH 
jibHOH Mac™ paHHero riepno/ja pa3BHTHa jihth- 
[^HKjia. B óojibiiiHHCTBe cjiynaeB hx cjieflyeT pacu,e- 
CKjiiOHHTejibHo Kax cpe/jcTBO nepexoAa Ha cjie^yio- 
ieHb KacKa^a, h oduu m smux zenoe o6n3amejibHO 
n 6enoK, neoôxodimuu dm mpancKpunupu zenoe 
eú zpynnu. 

aa rpynna reHOB (cpeflime reHbi, middle genes) 
BecTHa KaK 3aAepxcaHHOpaHHHe (y cjiara jihmó- 
^d early genes). Hx 3KcnpeccHa HanHHaeT rctck- 
>ca OAHOBpeMeHHO c noaBjíeHHeM 6ejiKa-perynaTo- 
>AyKTa paHHero reHa (hjih reHOB). B eooTBeTCTBHH 
’epHCTHKaMH KOHKpeTHoro peryjiaTopHoro koh- 
3toh cTa^HH pa3BHraa HeMe/yieHHopaHHHe reHbi 
DOAOJixcHTb jih6o nepecTaTb 3KcnpeccHpoBaTbca. 
ryjiau,HH no/yie>KHT unui^uaupn TpaHCKpHnu,HH 
(3aAepxcaHHopaHHHx) reHOB, to HeMe/yieHHopaH- 
j ôojibiue He HyxcHbi h Moryr 6biTb BbimiiOHeHbi 
). ĽCJ1H KOHTpOJlbHbIM nyHKTOM CJiyXCHT Tep- 
1 TpaHCKpHnu,HH cpeAHHx reHOB, paHHHe reHbi 
caiOT 3KcnpeccHpoBaTbca (cm. p m t. 14.6). B jiioóom 
poBeHb 3KcnpeccHH coócTBeHHbix reHOB xo3aHHa 
HAeHU,Hio CHH>KaTbca. JX Be nepBbie bojihm 3Kcnpec- 
3B 6aKTepnocj)ara, BMecTe B3aTbie, oóecnenHBaioT 


n pH KOHTpOJie TepMHHaiiMM o6pa3ywTCfl nojiHiiMCTpOHHbie mPHK 


— 06/iacrb paHHeŕi — 

TpaHCKpnri4nn 

ľlpOMOTOp TepMMHaTOp 


■ C/ieAyiomafl 
oó/iacrb 
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AHTHTEPMHHAI4Ha 



06/iacTb paHHeií 
TpaHCKpHnAHH 
b codaBe eAHHoro 


TpaHCKpnriTa 


PL-1C. 14.6 EcAM KOHTpOAK) nOAHe>KMT TepMMHaAMfl TpaHCKpMnLIMM, 
paHHMe m no3AHMe TpaHCKpMnuMOHHbie eAMHMAbi AO/i>KHbi pacnoAa- 
raibcfl cTbiK b dbiK. ľlocAe OTMeHbi TepMMHauMM b cepeAMHe AMTM- 
HeCKOľO AMKAa OHM CTaHyT OAHOÍÍ TpaHCKpMnilMOHHOM eAMHMAeíí, c 
KOTopoíí 6yAeT matm cMHTe3 noAMAMCTpoHHbix mPHK 


1ABA 14 CrpaiemM 6aKTepM0(J)ar0B 




















BbinojiHeHHe Bcex <J)yHKu,HH, HeoôxoAHMbix /ym ero pa3- 
MHOateHHfl (KpOMe CÓOpKH KariCH/# ({)arOBOH HaCTHU,bI H 
JIH3HCa ÓaKTepHaJIbHOH kjictkh). 

Kor/ia R HK 6aKTepHOcf)ara HanHHaeT penjiHijHpo- 
BaTbca, HacTynaeT BpeMa no3^HHx reHOB (late genes). 
Hx TpaHCKpHnu,HH Haxo/tHTca noA KOHTpojieM rem-pery- 
jiaTopa H3 rpynnbi reHOB npeAbiAymeH, cpeAHen, cTa/tHH. 
PeryjiaTopoM MoaceT 6biTb eiye oahh cjjaKTop aHTHTepMH- 
Hau,HH (y jiHMÓ^a) hjih eiye oahh ajibTepHaTHBHbi h CHľMa- 
(J)aKTop (y SPOl). 

PľraK, jíHTHHecKoe pa3BHTHe Ha MOJieKyjiapHOM ypoBHe 
npoxoAHT b Tpn cTa/jHH, KaK noKa3aHO Ha pne. 14.4. ľlep- 
Bbie Aee CTa^HH nona/jaiOT b paHHioio cj)a3y HHcfjeKijHH; noc- 
jieAHaa cTa/tHa npHxoAHTca Ha no3AHK)io cj)a3y HHcj)eKLi,HH 
(nocae Hanajia penjiHKau,HH). ílepBaa CTa^Ha 3HaMeHyeTca 
SKcnpeccHeH paHHHx (HeMeAJieHHopaHHHx) reHOB, TpaHC- 
KpnĎHpyeMbix PHK-nojiHMepa30H xo3aHHa npn noAAepacKe 
6a30Boro annapaTa h cfjaKTopoB TpaHCKpHnijHH Toro ace xo- 
3aHHa. ílpoAyKTaMH nepBOH CTaAHH jíHTHHecKoro ijHKJia bo 
MH orHx cjiynaax aBJíaiOTca oahh jiniiib óejiKH-peryjurropbi. 
Ha BTopoň cTa^HH H^eT TpaHCKpHnijHa reHOB noA KOHTpo¬ 
jieM 6ejiKOB-peryjiaTopoB — scfxjjeKTopoB nepBOH CTaAHH. 
EOJlblIIHHCTBO reHOB, TpaHCKpHÓHpyeMblX Ha BTopoň CTa¬ 
AHH, KOAHpyeT c{)epMeHTbi pemíHKaijHH cfjaroBOH flHK. B oc- 
HOBe TpeTbeň, 3aKjiiOHHTejibHOH, CTaAHH jieacHT SKcnpeccHa 
CTpyKTypHbix reHOB h HapaóoTKa KOMnoHemoB KancHAa 
noA KOHTpojieM peryjiaTopa, CHHTe3HpoBaHHoro Ha BTopoň 
CTaAHH. 

CmynemamciH cucmeMci Konmpom, e Komopou kcim- 
dan cmyneub nejwemcR nocumejieM pezymmopa dm cpa- 
ôamueauuR cnedyTOU^eú cmynenu, oôaiyMueaem jiumu- 
HecKuu mcmd, e KomopoM ducKpemnue zpynnu zenoe 
eKJiTonaiomcR (a unozda u euKJiioHatomcR) e onpedejien- 
nuuMOMenm. MexaHHCTHnecKHe npHHu,Hnbi opraHH 3 au,HH 
KacKa^OB y pa 3 Hbix cfjaroB Moryr pa 3 JiHnaTbca, ho pe 3 yjibTaT 
cpaóaTbiBaHHa KacxaAa Bcer^a npHMepHO oahh h tot ace, 
mto ôy^eT noKa 3 aHO b cneAyiomHx pa 3 Aejiax. 


JlHTHHeCKHÍÍ Kacnafl 
KOHTpojmpyeTCfl 
A By m m cnocoóaMM 


KaiOHeBbie noHATHfli 


• Ee/iKM-pery/iflTopbi, ynacTBytomne b jimHnecKOM KacKaAe, 

JIHÓO nOAAep>KMBaK)T MHMLluaLlMK) TpaHCKpMnLIMM C HOBblX 
npoMOTopoB, jim6o npnHy>KAaK)T PHK-noanMepa3y xo3flMHa 
MTHOpMpOBaTb KOAOHbl-TepMMHaTOpbl. 

Ha Kaac/tOH CTa^HH SKcnpeccnn reHOB npoaBjíaiOT aKTHB- 
HOCTb reHbi-peryjiaTopbi, HeoóxoAHMOCTb b npoAyKTax ko- 
Topbix B03HHKaeT Ha cjie^yiouteň CTaAHH pa3BHTHa u,HKJia. 
Y KOHKpeTHoro cfjara npoAyxT reHa-peryjiaTopa MoaceT 
6biTb jih6o PHK-nojiHMepa30H (hoboh /yia kjictkh), jihóo 
cnrMa-cfjaKTopoM (nepenpocf)HjiHpyiomHM cneijHcfjHH- 
HOCTb PHK-nojiHMepa3bi xo3aHHa; cm. pa3A. 11.18 «CHr- 


Ma-c{)aKTopbi opraHH30BaHbi b xacKaAbi»), jihďo cjjaKTopoM 
aHTHTepMHHau,HH (KOTopbíň oTKpbiBaeT PHK-nojiHMepa3e 
npoxoA k hoboh rpynne reHOB; cm. pa3A. 11.23 «AHTHTep- 
MHHau,Ha — cneu,HajibHbiH peryjiaTopHbíň MexaHH3M»). 
Cjie^yioiyHe ABa pHcyHKa nocBam,eHbi cpaBHeHHio Hcnojib- 
30BaHHa HHHU,HaU,HH H TepMHHaU,HH TpaHCKpHnyHH B Ka- 
HeCTBe KOHTpOJlbHblX nyHKTOB JlHTHHeCKOrO KaCKaAa. 

Oahh h 3 B03MoacHbix nyTeH jíHTHnecKoro KacxaAa — 
3 to 3aMeHa cHrMa-(]3aKTopa éaKTepHH cbohm coôcTBeHHbiM 
CHrMa-4)aKTopoM. 3 to npHBOAHT k CMemeHHK) npo({)Hjia 
cneu,Hc})HHHOCTH PHK-nojiHMepa3bi k cTpyKType npoMOTO- 
pa npH HHHltHaU,HH TpaHCKpHnU,HH (cm. pne. 11.31), ecTec- 
TBeHHO, b nojib3y npoMOTopoB 6aKTepHOc{)ara. 

AHa/iorHHHbiH noAxoA — npeAJioacHTb KaeTKe cboio 
coócTBeHHyio PHK-nojiHMepa3y c bhcokhm cpoactbom k 
npoMOTopaM 6aKTepHoc{)ara — HMeeT TaKoň ace s^ckt: 
nodKJitoHenue KJiemoHnux pecypcoe mpaucKpuni{uu k ho- 
6biM npOMomopOM. Ha pne. 14.5 noKa3aHO, hto Haôopbi 
TpaHCKpHnTOB c pa3Hbix CTyneHeH KacxaAa flBjunoTca He- 
3aBHCHMbIMH; n03T0My nOCJie npOAyKU,HH HOBOrO CHrMa- 
4)aKTopa hjih PHK-nojiHMepa3bi 3KcnpeccHH paHHHx reHOB 
MoaceT npeKpaTHTbca. 

A^bTepHaTHBHbiM MexaHH3MOM nepeBOAa jihthhccko- 
ro KacxaAa c paHHen cTyneHH Ha cpeAHioio cTyneHb MoaceT 
CJiyaCHTb aHTHTepMHHaU,H5I. B03M0aCH0CTb HCn0Jlb30BaHHa 
aHTHTepMHHau,HH oóycjiOBjíeHa onpeAejieHHbiM nopaA- 
kom pacnojioaceHHa reHOB b reHOMe 6aKTepHO({)ara. Ha 
pne. 14.6 bhaho, hto paHHHe reHbi jieacaT BnpHTbiK k reHaM 
cjieAytoiiteH onepeAH, ho otacjichm ot hhx carnraMH Tep- 
MHHaU,HH. ľlOCJie OTMeHbl TepMHHayHH TpaHCKpHnU,HH B 
3thx caňTax PHK-nojiHMepa3a npoHHTbiBaeT hx HacKB03b 
h, yrjiyÓHBiiiHCb b cjieAyioiAHH no xoAy reH, npoHHTbiBa- 
eT Taxace h ero (hjih rpynny tchob). ľlpH Hcno;ib30BaHHH 
aHTHTepMHHaitHH HCT Hy)KAbl MCHHTb npOMOTOpbl: HOBbie 
reHbi SKcnpeccHpylOTca b pe3yjibT3Te yAJiHHeHHH yeneH 
PHK a o MOJieKyji, y KOTopbix ý-KOHueBaa oóJiacTb coot- 
BeTCTByeT paHHHM reHaM, a S'-KOHijeBafl oójiacTb — reHaM 
cpeAHeH BOJiHbi 3KcnpeccHH. HeH36eacHbiM conyTCTByio- 
iahm 3cJ)cJ)eKTOM aHTHTepMHHau,HH HBjíaeTca npoAAeHHaa 
SKcnpeccHa paHHHx reHOB. 

y c{)ara jiaMÓAa reH-peryjiaTop N, KOHTpojinpyioiAHH 
nepemiiOHeHHe jíHTHHecKoro KacxaAa c HeMeAJieHHopaH- 
Heň cTaAHH Ha 3aAepacaHHopaHHioio, HAeHTH^HitHpyeTca 
no MyTaijHflM, npHBOA^iAHM k 3KcnpeccHH mojibKO HeMeA- 
jieHHopaHHHx reHOB. TaKHe MyTaHTbi b cbocm HHcJ)eKu,HOH- 
hom u,Hiuie He Moryr npoABHHyTbca AaJibine stoh CTaAHH 
(cm. pne. 11.53). ľloxoacHH 3({)({)eKT MoacHO HaÓJiiOAaTb 
y c{)ara SPOl, KorAa ero reH 28 H3-3a MyTau,HH He MoaceT 
cjiyacHTb nojiHou,eHHOH MaTpHu,eH jym npoAyKu,HH cjsp 28 
(cm. pne. 11.40). C tohkh 3 peHHa reHeTHKH, 3({)({)eKT hobhx 
napaMeTpoB HHHitnaitHH h achctbhc aHTHTepMHHaynn 
noxoacn. 06a MexaHH3Ma oóecneHHBaiOT nojioacHTejibHbin 
KOHTpojib, npeAycMaTpHBaiomHH npoH3BOACTBo npoAyKTa 
paHHero reHa Kax o6a3aTejibHoe ycjiOBHe 3KcnpeccHH cjie- 
AyioiAeH rpynnbi reHOB. B npHHu,Hne nocTpoeHHa jihth- 
necKoro KacxaAa b xaacAOM oTAejibHOM cjiynae MoaceT 6biTb 
AOCTaTOHHO HaJIHHHa CHrMa-(f)aKTOpOB jihóo c{)aKTopoB aH- 
THTepMHHaU,HH pa3JIHHHOH CneU,H({)HHHOCTH. 


14.4 
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14.5 


06pa3OBaHne (JjyHKíjMOHa/ibHbix 
miacTepoB b reHOMax 
6aKTepno())aroB T7 n T4 


K/HoneBbie noHmm: 


• OyHKUMOHa/ibHO CBA3aHHbie reHbi oóbmHO o6pa3yiOT KJiacrepbi. 

• Oarn 17 m T4 npeACiaB/ifliOT coóoií npkmep pery/iflTopHbix 
KacKaflOB, b KOľopbix cfiaroBafl hh^ckama pa3Ae/ieHa Ha ipn 
nepnofla. 


TeHOM cjjara T7 npe/jcraBJíeH Tpern miaccaMH reHOB. Kaac- 
Abiň H3 KnaccoB coctoht H3 CMOKHbix jioKycoB. KaK no- 
Ka3aHO Ha p m c. 14.7, reHbi miacca I, HeMe/yiCHHopaHHHe, 
SKcnpeccnpyioTca PHK-no;iHMepa30H xo3HHHa, KaK TOJibKo 
(J)aroBaa ÄHK nona/jaeT b mieTKy. Cpe/jH npoAyrcroB skc- 
npeccHH 3thx reHOB hmciotch (fepMeHTbi, Hapymaiou^He 
SKcnpeccHio reHOB xo3flHHa, h PHK-no;iHMepa3a (J)ara. 
PHK-noAHMepa3a (J)ara OTBeTCTBeHHa 3a SKcnpecHHio re¬ 
HOB miacca II (KOTopbie b ochobhom CBímHbi c (J}yHKu,HeH 
CHHTe3a JX HK) h reHOB miacca III (ynacTByiOT b npoijecce 
côopKH 3peAOH (J)aroBOH nacTHi^bi). 

O/jhh H3 caMbix KpynHbix (J)aroBbix reHOMOB (165 K6), 
reHOM (J)ara T4, opraHH30BaH nyTeM npocTpaHCTBeHHOH 
(J}yHKu,HOHajibHOH rpynnHpoBKH reHOB. Ha pmc 14.8 npe/j- 
CTaBJíeHa reHeTHHecKaa KapTa (J)ara T4. ľeHbi, npoHyMepo- 
BaHHbie Ha pncyHKe, hmciot otcmnenno eaotcnoe 3HaneHHe 
(ocHOBHbie, hjih cynj;ecTBeHHbie reHbi): MyraijHfl b jiioôom 
H3 3thx aoKycoB npemiTCTByeT ycneniHOMy 3aBepmeHHio 
jíHTHHecKoro n,HKna. Hecyn^ecrneennue reHbi OTMeneHbi 
TpexôyKBeHHbiMH aôôpeBHaTypaMH. (Ohh CHHTaiOTca emo- 


TeHbi (jjara 17 aKcnpeccMpyiOTCB b 3 4>a3bi 

K/iacc I 

K^acc II 

K^acc III 

5 reHOB 

7 reHOB 

13 reHOB 

PHK-no^MMepa3a, 




yrHeieHMe 

TpaHCKpMnUMM 

X03ílMHa 

ý 




CnHTe3 flHK, 

/1M30I4MM 

> 

f 



TO/IOBbl M XBOCTbl. 
ynaKOBKa flHK 


Pi AQ. 14,7 Y c|)ara 17 ipn K/iacca reHOB, 3KcnpeccnpyioiHMxcfl noc/ie- 
AOBaieabHO. Pa3Mep reHOMa cociaB/iaei ~38 TľiH 


pocmeneHHbLMU npn oôbiHHbix ycjiOBHax HH(})eKij,HH. noKa 
He coBceM acHa pojib MHorax BTopocTeneHHbix reHOB, ho, 
npeAnoaoacHTeabHO, ohh MOiyr npeAOCTaBjíaTb KOHKypeH- 
THoe npeHMyniiecTBO b HeKOTopbix H3 cpe/j oÔHTaHHa cjjara 
T4. B ýaroBbix reHOMax MeHbinero pa3Mepa ôojibiiiHHCTBO 
hjih Bce reHbi aBJíaioTca cymecTBeHHbiMH.) 

TeHbi T4 SKcnpeccHpyioTca b Tpn CTa^HH. KpaTKoe orni- 
caHHe (JjyHKí^HH reHOB, paôoTaioinHx Ha Ka>KAOH H3 CTa/j™, 
AaHO Ha p h c. 14.9. PaHHHe reHbi TpaHCKpHônpyiOTca PHK- 
no;iHMepa30H xo3aHHa. Cpe/jHHe reHbi Toace TpaHCKpn- 
ônpyiOTca PHK-no;iHMepa30H xo3aHHa, ho AonojiHHTejib- 
ho HeoôxoAHMbi Aba (JjaroBbix npoAyrcra — MotA h AsiA. 
B cpeAHHx npoMOTopax OTcyrcTByeT KOHceHcycHaa -30 


06pa30BaHMe cj)yHKiiMOHa/ibHbix tuiacrepoB b reHOMe T4 



55 no3AHflfl PHK 
45 no3flHíifl PHK 

42 43 62 44 
flHK-no/iMMe?a3a n ap* 

40 ro/iOBKa 

58 61 41 
flHK-npaíÍMa3a 

39 Tonon30Mepa3a 


tk TMMMAHHKMHa3a 

denV 3HAOHyK^ea3a V 

iplliplll BHyipeHHne 6e/iKn 

6 /1M30UMM 

57 XBOCTOBafl HMTb 

1 dNMP KMH333 
3 TepMMHaTOp 

Hapy>KHoro nex/ia 

2 cóopKa ro/iOBKM 
50 cóopKa ro/iOBKM 
65 cóopKa ro/iOBKM 

5 3y6eu 6a3a/ibHOM 
n/iaCTMHKM 


rlIA, rlIB 
52 Tonon30Mepa3a 


3837 36 35 34 

XBOCTOBbie HMTM 


no3AHflfl PHK 
dTMP-cnHTeia3a 

30 flHK-jinra3a 
54 48 6a3a/ibHafl 
rmacTMHKa 


6 7 8 9 10 12 
K/i m h óa3a/ib- 
HOM n/iaCTMHKM 


314 1617 
wac ro/iOBKa 


18 Hapy/KHbiíí Mexo/i 

19 XBOCT 


27 51 26 26 
3y6eu b 6a3a^b- 
hoíí n/iacTMHKe 


20 67 68 21 22 23 24 
hocinh ro^OBKa 


PMC. í 4.8 reHeTkmecKaíi Kapia T4 íiBAíieTCíi KOAbueBOíí. HaóaiOAaeTCB npocipaHCTBeHHaíi Kaacie- 
pn3ai4Míi reHOB, KOAHpyioiAMX KOMnoHeHTbi cjDara n BawHbie npoueccbi, TaKkíe KaK pen/iMKauMfl flHK. 
Ho npMcyTCTByei n pacceaHHoe pacnoao>KeHMe reHOB, KOAHpyioiAMX pa3HOOÓpa3Hbie (J)epMeHTaTMB- 
Hbie n Apyrwe c|)yHKUMM. OcHOBHbie reHbi OTMeweHbi AMC^paMM, BTopocieneHHbie — óyKBaMM. Ha 
Kapie noKa3aHbi TO/ibKO HeKOTopbie TMnMMHbie reHbi T4 
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TeHbi (J)ara T4 mowho pa3fleamb Ha A&e ocHOBHbie rpynnbi 


PAHH1/IE l/l CPEflHME 
CMHTE3 flHK 
PeruiMKauMB 
17 OCHOBHblX reHOB 
7 BTopocTeneHHbix 


MoflucJwKauMfl 
3 BTopodeneHHbix reHa 

nPEAUlECTBEHHMKH flHK 

BbiKJiiOHeHMe flHK xo3flMHa 

2 ocHOBHbix reHa 

10 BTopocreneHHbix reHOB 

MeTa6o/iH3M HyícneoTMAOB 

3 ochobhwx reHa 

10 BTopocreneHHbix reHOB 

CTPyKTyPA K/1ETKM 
MeMÓpaHHbie c|)yHKUMM 
12 BTopocieneHHbix reHOB 

J1M3MC 

2 BTopocTeneHHbix reHa 

3KCFIPECCM51 TEHOB 
TpaHC/lBUMB 

12 BTopodeneHHbix reHOB 

TpaHCKpMnuMB 
2 ocHOBHbix reHa 
5 BTopocTeneHHbix reHOB 


► íl03AHflfl 0A3A 

CBOPKA rO/lOBKM 

lileňKa n bopothmk 

2 ocHOBHbix reHa 

1 BTopocTeneHHbiíí reH 

KoMnoHeHTbi KancMfla 
7 OCHOBHblX reHOB 

1 BTopocreneHHbiŕí reH 

Cóopna KancMfla 
5 OCHOBHblX reHOB 
4 BTopocreneHHbix reHa 

ynaKOBKa AHK 

3 OCHOBHblX reHa 

2 BTopocreneHHbix reHa 

CBOPKA XBOCTA 

KoMnoHeHTbi 6a3a/ibHoíí n/iacTMHKM 
13 OCHOBHblX reHOB 

CôopKa 6a3a^bHoíí n/iacTMHKM 
5 OCHOBHblX reHOB 
2 BTopocreneHHbix reHa 

CrepweHb n nexo/i 

4 OCHOBHblX reHa 

XBOCTOBbie HMTM 
7 OCHOBHblX reHOB 
1 BTopocTeneHHbiíí reH 


PMC. 14.9 JlMTMwecKMM KacKafl cj^ara T4 pa3Ae/iaiOT Ha ABe wacTM: 
paHHMe (J)yHKi 4 MM CBA3aHbi c CMHTe30M AHK m 3Kcnpeccneíí reHOB; 
n03AHMe Cj)yHKI4MM C Bil 33 H bl CO CÓOpKOÍÍ CjDaTOBOM MaCTMAbl 


nocneAOBaTeAbHOCTb, a bmccto Hee ripncyTCTByeT nocne- 
AOBaTeiibHOCTb, c kotopoh CBa3biBaeTca MotA. EenoK (J)ara 
HB^aeTca aKTHBaTopoM, KOMiieHCHpyioiAHM 3Ty HeAOCTa- 
TOHHOCTb npoMOTopa, h noMoraeT PHK-nojiHMepa3e xo3a- 
HH3 CBímTbCfl C HHM. (3TOT MexaHH3M CXOXC C MexaHH3MOM, 
HcnoAb3yeMbiM (J)aroM jiaMÓAa h nporuuiiocTpHpoBaHHOM 
Ha pne. 14.30.) PaHHHe h cpeAHHe reHbi OTBenaiOT npaKTH- 
necKH 3a Bce (JiyHKu.HH, CBímHHbie c chhtc30m /J.HK (J)ara, 
MOAH(J}HKaU 1 HeH KJieTOHHblX CTpyKTyp, TpaHCKpHn4HeH H 
TpaHomijHeH (J)aroBbix reHOB. 

Ä Ba ocHOBHbix reHa TpaHCKpHimHOHHoro rana Bbi- 
noiiHaioT peryjiaTopnyio cj)yHKijHio: hx npoAyKTbi Heoô- 
XOAHMbl JIJW SKCnpeCCHH n03AHHX reHOB. HHTCHCHBHOCTb 
HHCjlHĽI.HpOBaHHa (J)arOM 3aBHCHT OT COOTHOmeHHa MeX<Ay 
perníHKaunen J \HK h SKcnpeccneH no3AHHx reHOB. ToiibKo 
aKTHBHO peruiHijHpyiomatf J\ HK moxcct 6 biTb MaTpHijeH rjw 
TpaHCKpHnuHH no3AHHx reHOB. CBH3b co3AaeTca hobmm 
CHrMa-4)aKTOpOM H APyrHMH H3MeHeHHaMH PHK-IIOJIHMe- 
pa3bl X03HHHa, ACliaiOII^HMH ee aKTHBHOH TOJIbKO Ha MaTpH- 
ue penjiHijHpyioiAeHCfl J\ HK. 3Ta CBH3b ycraHaBJíHBaeT xop- 
peAau,Hio MOKAy chhtc30m ôeiiKOBbix KOMnoHemoB (J)ara h 
KOJiHnecTBOM reHOMOB, roTOBbix jym ynaKOBKH. 


HeMefl/ieHHopaHHMe 
m 3aflep>KaHHopaHHMe reH bi 
4>ara X HeoóxoflMMbi 
Aiia iiM3oreHMM 
M JIMTMMeCKOrO UMioia 


KmoneBbie noHATMa: 


• Y cfiara jiflMÓAa ABa HeMeA/ieHHopaHHMx reHa: N n cro. Ohm 
TpaHCKpMÓMpyiOTCfl PHK-nojiMMepa30ií xo3AMHa. 

• N HeoóxoAMM A/ifl 3KcnpeccMM 3aAep>KaHHopaHHMx reHOB. 

• Tpn M3 33Aep>KaHHopaHHMx reHOB AB/iaioTCfl peryjurropaMM. 

• fl/ia /iM3oreHMM TpeóyiOTCfl 3aAep>KaHHopaHHMe reHbi cII-cIIL 

• fl/ia jiMTMHecKoro UMicna TpeóyeTCB HeMeA/ieHHopaHHMÍí reH cro 
m 3 aAep>KaHHopaHHMM reH Q. 

Oahh H3 caMbix oioxcHbix peiyjurropHbix KacKaAOB hc- 
noAb3yeTca (J)aroM jwmôrx KacxaA JiHranecKoro pa3Bm™ 
(J)aKTHHecKH npaMOH, c AByMtf peiyjurropaMH, KOHTpojinpy- 
ioiahmh ycneniHOCTb CTa#™ pa3BHTHa. CxeMa peryAHUHH 
jíHTHHecKoro uHioia, TeM He MeHee, CMbiKaeTca co cxeMoň 
3 anycxa jiH3oreHHH, xax noKa3aHO Ha P m c. 14. i o. 

KorAa JX HK 6aKTepno(J)ara jiaMÔAa nonaAaeT b mieTKy 
HOBoro xo3HHHa, CHma^bHbie nyTH jiH3oreHHH h ahtohcc- 
Koro uHKna HanHHaiOToi OAHHaKOBO. 06a TpeóyiOT skc- 
npeccHH HeMe/yieHHopaHHHx h 3aAcpxcaHHopaHHHx reHOB. 
ho 3aTeM noaBAaeTca pa3JiHHHe: jíHTHnecKoe pa3BHTne npo- 
hcxoaht, eciiH SKcnpeccnpyioTca no3AHHe reHbi, a AH3ore- 
HHa — eaiH CHHTe3HpyeTca penpeccop. 


y (|}ara jiaMÔAa ecTb Aea cnocoôa cyinecTBOBaHMA 

! J1MTMHECKMŇ KACKAA 

HAHAAO 

ľloflaBjíeHne ^3°™^ 

HeMeftneHHopaHHMe reHbi 

L. 


í 


cro = oTpmiaie/ibHaB J 

pery/iflAMB 

m 

■ 


N = aHTmepMMHaTop 

íloflaB^eHMe ■ 


ý 



3aflep>KaHHopaHHMe reHbi 
cIL cIII pery/iBTopbi 


* 

7 reHOB peKOMÓMHaMMM 

AKTMBaUMfl ^ P en P ecco P *. 

2 reHa peruiMKauMM 

♦ 

■ 

* 

Q aHTmepMMHaTop 


*♦•■*** 

Ý 

ľlo3AHne reHbi 



10 reHOB ro^OBKM 



11 reHOB XBOda 

2 /iM3MCHbix reHa 

nOAAEPWAHME 

JlM30rEHMM 

flOTOMCTBO OAfA 




p M s., t * 10 AMTMHecKMÍí KacxaA cjDara /ibm6a 3 CBíi3aH co cxeMOíí pe- 
ryAAUMM jiM3oreHMM 
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y (J)ara muôjxz muib rľ2 HeMe/yieHHopaHHHx reHa, He- 
3aBHCHMO CHHTe3HpyeMbix PHK-nojiHMepa30H xo3flHHa: 

• N KOAHpyeT aHTHTepMHHaU,HOHHbIH (J)aKTOp, AeHCTBHe 
KOToporo 3aKJiiOHaeTca b tom, hto Ha nut -carrre oh no3- 
BOJiaeT neperŕra k TpaHCKpnnyHH 3a^ep^caHHopaHHHx 
reHOB (cm. pa3A- 11.24 «AHTHTepMHHaynfl onocpe/jOBa- 

Ha camaMM, OJITHHHblMH ot TepMHHaTOpOB). 

• cro HMeeT /j.BOHHyio (jiyHKymo: oh npe/jOTBpamaeT 
CHHTe3 penpeccopa (Heoóxo/jHMoe /jencTBHe /y m m- 
H2J12 jíHTHnecKoro ymuia) h npeKpaiyaeT sKcnpeccmo 
HeMe/yieHHopaHHHx reHOB (KOTopbie He HyacHbi /ja^ee 
b jíHTHnecKOM ymuie). 

3aAep^caHHopaHHHe reHbi BKjnonaiOT /jBa reHa /yia 
penjíHKau.HH (Heoóxo/iHMbie rjw jihthhcckoh HHcjieKyHH), 
ceMb reHOB /yia peKOMÓHHaynH (HeKOTopbie HyacHbi /yia pe- 
KOM6HHan,HH BO BpeMtf JIHTHHeCKOH HH(j)eKyHH, 2 rb2 Heo6- 
xoahmh /yia BCTpaHBaHHa /(HK (J)ara jixmôm b óaKTepna^b- 
HbiH reHOM npn jiH3oreHHH) h Tpn perynaTopa. PeryjiflTopbi 
HMeiOT npoTHBono^oxcHbie (JiyHKyHH: 

• napa cll-clll HeoôxoAHMa /y m 3anycKa CHHTe3a penpec¬ 
copa. 

• Peryjurrop Q nBjweľcn aHTHTepMHHan.HOHHbiM cjmTo- 
poM, no3BOJunoiyHM PHK-no^HMepa3e xo3HHHa TpaHC- 
KpHônpoBaTb no3AHne reHbi. 

TaKHM o6pa30M, 3a/jep)KaHHopaHHHe reHbi aiy>KaT 
jx ByM yejiHM: HeKOTopbie Hy^cHbi /y m Hana^a jiH3oreHHH, a 
Apyrne — /yia Kompona jíHTHHecKoro ymoia. 


JlMTimeCKHH 4 H K/1 33BIÍCMT 
OT aHTMTepMMHai^MM 


KniOHeBbie noH atma: 


• pN — (})aKTOp aHTMTepMMHaUMM, n03B0JlftK)LAMM 
PHK-noanMepa3e npoAO/DKaTb TpaHCKpnrmmo 3a rpaHMLiy 
AByx HeMefljieHHopaHHMx reHOB. 

• pQ — npoflyKT 3aflep>KaHHopaHHero reHa, aHTmepMMHaiop, 
no3BoafliomMíí PHK-noaMMepa3e npoM3BOflmb TpaHCKpnnumo 
no3flHMx reHOB. 

• flHK c})ara jiflMÓAa UMpKyjinpyeT nocne HHcJ)m 4 MpoBaHMfl; 
b pe3y/ibTaie, no3AHne reHbi o6pa3yiOT eflMHCTBeHHyio 
TpaHCKpMnAMOHHyiO eflHHMLiy. 

HTOÔbi pa3o6paTbca c j\ByMn o6o3HaneHHbiMH Bbirne nyTfl- 
mh TpaHCKpnnyHH, ^aBame paccMOTpHM CHanaaa jihth- 
necKHH ynioi. p n c. 14.11 npe/jCTaBJweT cxeMy flHK (J)ara 
jiHMÔ/ja. ľpynna reHOB, ynacTByioiiiHx b peryjmyHH, oxpyace- 
Ha reHaMH, Heoóxo/jHMbiMH /y m peKOMÓHHaynH h pemm- 
Kaynn. ľeHbi, KO/jnpyioiuHe CTpyKTypHbie 3JieMeHTbi (J)ara, 
crpynnnpoBaHbi. Bce sth reHbi Heoóxo/jHMbi b jihthhcckom 
ynioie h SKcnpeccnpyioTca c Tpex npoMOTepoB c C03/jaHH- 
eM nojiHUHCTpoHHbix (KOAnpyioniHx nocaeAOBaTeabHOCTH 
HeCKOJIbKHX ÔeJIKOB) PHK. 

Piriil noKa3biBaeT, hto rb2 HeMe/yieHHopaHHHx 
paHHHx reHa, N n cro , TpaHCKpnônpyioTca PHK-nojiHMe- 
pa3on 6aKTepnn-xo3aHHa. N TpaHCKpHônpyeTca BJieBo, a 
cro — BnpaBO. 06a sthx npoyecca TpaHCKpnnyHH 3aBep- 
maiOTca Ha KOHye reHa. pN — peryjurrop, no3BOJiaioinHH 


TeHbi (J/ara /mMÔAa 4>yHKAM0Ha/ibH0 K/iacrepH30BaHbi 

flpOMOTOpbl JIHTHMeCKOrO AMiuia P L P R 

P R' 

TeHbi ľeHbi PeKOMÓMHauMíi Pery/ifli^Mfl 

Penziu- Am- 

rO/lOBKM XBOCta 

KaUMB 3MC 

\AWBCNu3DEF [ F h ZUVGTHMLKIJattintxisa.fr cIII N d cro cIIOP QSR 

ľlpMB/ieKaiOTCfi fl/i/i: 



JlM30reHMM 

cIII noAAep>KHBt>eT dl 


J1M30reHMM M J1M3MC3 

N BicniOMaeT 3aAep>KaHH0-paHHne 


J1M30reHMM 

d — penpeccop/iM3oreHMM 


J1M3MC 

cro BbimiiOMaeT penpeccop 


J1M30reHMM 

cll BK/iiOHaeT penpeccop 


J1M3MC 

Q BK/iiOMaeT no3AHMe 



PMC. 14.11 CxeMa pac n oji ome h na rpynn reHOB c 6jim3Kmmm (JjyHKLiM- 
mv\. ľeHOM cocTom M3 48 514 nH 


TpaHCKpnnyHH npo/ioaacaTbca b oóiiacTb 3a,aepacaHHopaH- 
hhx reHOB. Oh HBJíaeTca (JiaKTopoM aHTHTepMHHaynH, no- 
/jaBJIHIOLUHM AeHCTBHe TepMHHaTOpOB t L H t R (CM. pa3A. 11.25, 
«0aKT0pbI TepMHHayHH H aHTHTepMHHayHH B3aHM0AeHC- 
TByiOT c PHK-nojiHMepa3on»). B npncyTCTBHH pN TpaHC- 
KpHnyHa npo/ioaacaeTca BaeBO ot N m reHbi peKOMÓHHa- 
ynn h BnpaBO ot cro Ha reHbi penjíHKayHH. 



P H C. 14.12 Oarji/iMÓAa HMeeT Aee paHHMXTpaHCKpMľiuMOHHbixeAM- 
HMUbi. B jieBOHanpaBjíeHHoŕí eAHHMue BepxH/iji uenb TpaHCKpMÓMpy- 
eTCfl BJieBo; b npaBOHanpaBjíeHHoíí eAHHMLie hm/khaa uenb TpaHc- 
KpMÓMpyeTCfl BnpaBO. ľeHbi N vi cro — HeMeAJieHHopaHHMe reHbi. 
Ohm pa3Ae/ieHbi 3aAep>KaHHopaHHMMM reHaMM — TepMMHaiopaMM. 
CMHTe3 6e/iKa N no3BO/ifleT PHK-no;iMMepa3e npoxoAMTb TepMMHaiop 
t L1 BJieBo m t R2 — BnpaBO 
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y $ara >. BbiAe/miOTTpH craflMM pa3BHTMn 



CocTOflHne flHK cjDara CraAMfl n aKTMBHOCTb 


3aflep>KaHH0- 

paHHne 

pN 3anycKaeT 
TpaHCKpununK) 
c Tex >Ke 
npOMOTOpOB 
A-Tlfl MTeHMB 
no3AHMx N m cro 


ľlo3AHne 

l/lHMAMaUMB 

TpaHCKpunUMM 

Ha P R (Me>KAy Q n S), 
pQ 3anycKaeT 
npomeHMe Bcex 
ocrajibHbix 
no3AHMX reHOB 


PaHHMe 

PHK-nojiMMepa3bi 

X03BMH3 

TpaHCKpMÓMpyiOT 
N m cro ot P L m P r 


P ti C. 14.1 j flHK dpara nm6f\a umuiM3npyeTCfl bo BpeMfl mhcIdmum- 
poBaHkm t3kmm o6pa30M, mto rpynna no3AHnx reHOB coeflMHBeTCB b 
OAHy TpaHCKpnnuMOHHyio eflMHMuy 


CxeMa Ha pne. 14.11 noKa3biBaeT opraHH3au,Hio flHK 
cjiara jih MÓfla b BHfle, b kotopom OHa cyiijecTByeT b xanen- 
Ae. TeM He MeHee nepe3 KopoTKoe BpeMH nociie 3apaxce- 
HHfl KOHU,bI flHK COeflHHHIOTCfl, C>6pa3yfl (J)OpMy XOJIblja. 
p w c. 14,13 noKa3biBaeT peaiibHoe cocToaHne flHK jihm6- 
Aa b TeneHHe 3apaxceHHH. no3AHHe reHbi oô'beflHHeHbi b 
OTAejibHyio rpynny, xoTopaa BXAionaeT reHbi jiH3nca S-R c 
npaBoro xoHija jihhchhoh flHK, reHbi tojiobkh h xboctob 
A-J — c jieBoro. 

no3AHHe reHbi sxnpeccnpyioTCH xax oTAejibHaa TpaHC- 
KpHnu,HOHHaa eflUHniia, HannHaioiflaHCH c npoMOTopa P R , 
pacnojioxceHHoro Me>Kfly Q h S. no3flHHH npoMOTop hc- 
nojib3yeTca BcerAa. B cjiynae HeAOCTaTKa npoAyKTa reHa 
Q (flBjíaiomHHCfl nociieAHHM reHOM H3 npaBOHanpaBJíeH- 
HOH 3aAepXCaHHOpaHHeH TpaHCXpHniJHOHHOH eAHHHUbl) 

TpaHCKpHimHfl no3AHHx reHOB 3aBepmaeTca Ha came t R3 . 
06pa3yK)niHHca BCJieflCTBne 3Toro TpaHCxpnnT cocTaBJía- 
eT 194 ocHOBaHHa h H3BecTeH Taioxe Kax 6S PHK. KorAa 
noaB^aeTca pQ, oh noflaBJíaeT TepMHHau,mo Ha t R3j h chh- 


Te3 6S PHK npoflOJDxaeTca 3a TepMHHaTop, npn stom sxc- 
npeccnpyiOTCH no3AHne reHbi. 

TpaHCxpnnij.Ha no3AHHx reHOB He npexpamaeTca b 
KaKOM-jiHÔo onpeAe^eHHOM MecTe, a npoAOJDxaeTca Ha 
npoTaxceHHH Bcex iio3ahhx reHOB ao aieflyioiflero y^acTxa. 
AHa^orHHHoe coôbrrae nponcxoAHT c jieBOHanpaBjíeHHon 
TpaHCKpHnn,HeH 3aAcpxcaHHopaHHHx reHOB, oéecnenHBaa 
cjiyHKíjHH peKOMÔHHauHH. TpaHu.xpHnu.Ha b xaixflOH nacTH, 
BepoaTHO, TepMHHHpyeTca ao Toro, Kax nojiHMepa3bi Moryr 
CTOJiKHyTbca Apyr c ApyroM. 


14.8 


J1n3oreHMB noflAep>KMBaeTCfl 

6ejiKOM-penpeccopoM 


KAioHeBbie noHBTkm: 


• MyiaHTbi no reHy cl He MoryT noAAepwMBaTb jiM3oreHmo. 

• cl KOAHpyeT 6e/iOK-penpeccop, B3anMOAeŕícTByiomkm c 
onepaTopaMM 0 L n 0 R n ÓAOKkípyioiAMÍí TpaHCKpMnumo 
HeMeA/ieHHopaHHkíx reHOB. 

• HeMeA/ieHHopaHHkíe reHbi 3anycKaiOT peryjiflTopHbiií KacKaA: 
b pe3yAbiaie mx penpecckm npeAOTBpamaei pa3Bmne 
AMTMHeCKOrO UMKJia. 


H3ynaa jíHTHHecxHH xacxaA (})ara jiHMÔfla, mu bhahm, 
hto paôoTa MexaHH3Ma TpaHCxpnnunH HanHHaeTca 
Ha AByx npoMOTopax P L h P r ajib HeMefljieHHopaHHnx 
reHOB N h cro. JlaMÔfla ncnojib3yeT aHTHTepMHHan,Hio 
j\m npoAOAXceHHa sKcnpeccHH Ha ciieAyioiAeH CTyne- 
hh (3aAepHcaHHOpaHHHe reHbi). nosTOMy ABa oahhx 
h Tex xce npoMOTopa HcnoAb3yiOToi Ha npoTaxceHHH 
Bcero paHHero nepnoAa. 

noApoÔHaa cxeMa peryAHTopHoro ynacTKa H3o6paxce- 
Ha Ha p \a c. 14.14. Ha hcm noxa3aHbi npoMOTopbiP L wP^ 
Aexcamne no 6oxaM ot reHa cL. Kax^bin npoMOTop bkjiio- 
naeT onepaTop (0 L h O r ), c kotophmh CBH3biBaeTca óe^ox- 
penpeccop, He no3BOJi5noiAHH PHK-noAHMepa3e HanaTb 
TpaHCKpHnn,HK). nocjieAOBaTejibHOCTb xax<Aoro onepaTo- 
pa nepeKpbiBaeTca c noaieAOBaTejibHOCTbio npoMOTopa, 
KOTopbin oh KOHTpojinpyeT, nosTOMy 3th nocAeAOBaTeAb- 
hocth nacTO oô'beAHHaioT b KOHTpojinpyioiiiHe ynacTKH 
P l /O l uP r /O r . 

Tax xax MexaHH3M jíHTHHecxoro xacxaAa HMeeT noc- 
jieAOBaTeiibHbiH aAropnTM pa3BHTna, xoHTpoAnpyiomnH 
ynacTox BbiCTynaeT b po™ nponycxHbix BopoT, xoTopbie 
xoHTpojinpyioT Becb \\kkj\. BejioK-penpeccop ne daem 
PHK-nojiimepa3e docmyn k npOMomopcm, maKim oôpa- 
3 om ne donyacan ynacmun zenoMa <fiaza e jiummeacoM 
UfUKJie. MexaHH3M achctb™ penpeccopa tot xce, hto h y 
penpeccopoB ôaxTepnaAbHbix onepoHOB: oh CBH3biBaeT- 
ca c cnen,H(J)HHHbiM onepaTopoM. 

Beaox-penpeccop xoAnpyeTca reHOM cl. MyraHTbi no 
3TOMy reHy He MoryT ncnoab30BaTb jiH3oreHHio, BcerAa 
BCTynaa b jíHTHHecxnn u,h kj\. XapaxTepncraxa 6eaxa-pen- 
peccopa npnBeaa x noHHMaHHio MexaHH3Ma 3amnTbi jm- 

30reHa npOTHB CBepXHH(J)HĽI 1 HpOBaHHa HOBbIMH reHOMaMH 

(Jiara jiHMÔAa. 
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y ^ ara K KOMnaKTHbift peryjiaiopHbin perno 
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AHTmepMMHaTop Penpeccop Amupenpeccop 
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P M C. 14.14 PeryjiflTopHbiií yMadOK reHOMa cjDara k coAepwm ^t/c-fleíiCTBylomné aneMembi n reHbi 
c /npoHC-AeňcTByiomHMn c|)yHKi 4 HflMH 


MyTaHTbl C BblflB/IHlOTCfl nO MOp4)OXIOrHM 6i1BUieK 

c-MyraHT. 

flnKnň Tnn, 

6/iíuijkh npo3paMHbie 

6/iíuukh MyTHbie 

O 

• f • 

o o 
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Penpeccop m ero onepaiopbi 
(jjopMMpyK)T pemoH 
HeBOCnpMMMMMBOCTM 


K/noweBbie noHama: 


• JlBMÓAanoAOÓHbie cfiarn oóaaAaiOT pa3Hbmn pernoHaMn 
HeBOcnpnnMHHBOdn 

• Jln3oreHHbiií cj^ar AenaeT K/ieTKy HeBOcnpnnMMHBOÍí k 
noc^eAyioiuuM 3apa>KeHnaM cfiaraMn c t3khm me (KaK y Hero) 
pernoHOM HeBocnpnnMMnBOCTn. 


PMC. 14.15 EaKTepnn, 3apa>KeHHbie aukum ujt3mmom cfiara jiaMÓAa 
n BnpyjiemHbiMn MyTamaMn, MoryT 6biTb pa3JinHeHbi no Tnny na- 
TeH. Bocnpon3BeAeHO no ViroLogy, vol. 1, Kariser, D., pp. 423-443. 
ABTopcKne npaBa 1955, c pa3peweHna Elsevier. Jlio6e3HO npeAO- 
CT3B/ieHO Dale Kaiser, Stanford University School of Medicíne 


Kor/ja KyjibTypa ôaKTepnn 3apaaceHa (J)aroM, Ha nam- 
Ke neTpn moxcho BH^eTb HeôojibuiHe ynacTKH, Ha3biBae- 
Mbie ô^HinKaMH, r/je kjictkh yHHHToaceHbi BnpycoM. y 
AHKoro uiTaMMa cj)ara ójihiiikh MyTHbie (3aTyMaHeHHbie), 
noTOMy mto ohh co/jepxcaT nacrb kjictok, KOTopbie BMec- 
to jiH3HHra nepemjiH k jiH3oreHHH. npn MyTau,HH reHa cl 
ôjihiokh co^epacaT TOjibKo jiH3HpoBaHHbie kjictkh, AaBaa 
npo3pa<mhie 6jihuikh Tpn reHa ( cl , cll h clll ) 6buin Ha- 
3 BaHbi no hx BJiHfiHHio Ha cJ)eHOTHn. Ha pmc. 14.15 noKa- 
3aHbi ôjihiokh, o6pa3yiomHecfl y AHKoro h y MyTaHTHoro 

UITaMMOB. 

TeH cl TpaHCKpnÓHpyeTCH c npoMOTopa P RM KOTopbin 
HaxoAHTca Ha ero npaBOM KOHiie ( anzn. RM — repressor 
maintenance — no/wepacaHHe penpeccopa). TpaHCKpHmjra 
3aKamHBaeTca Ha jicbom KOHije reHa. mPHK HaHHHaeTca co 
CTapT-KOflOHa AUG; H3-3a OTcyTCTBHa canTa noca/jKH pn- 
ÔOCOMbl MPHK TpaHCJIHpyeTCH HC3(jxj)eKTHBHO, npOH3BOAH 
Heôojibinoe KOJinnecTBO ôejiKa-penpeccopa. 


Hajimne penpeccopa oô'bacHaeT (Jjchomch HeBOcnpmiM 
HHBOCTH (HMMyHHOCTH, immunity) KJieTOK (H HaXOA^UlHX- 
ca b hhx npo(J)aroB) k noBTopHOMy 3apaxceHHio. B cjiyqae 
ecjín /JHK BToporo (J)ara juiMÔ/ja npoHHKHeT b jiH3oreHHyio 
Kjiency, 6ejioK-penpeccop, CHHTe3npoBaHHbiH c yace npn- 
cyTCTByioiĽiero b mieTKe npo(J)ara, HeMe/yieHHO CBiDKeTca c 
onepaTopaMH 0 L h O r HOBonpoHHKíuero reHOMa h npeflo- 
TBpaTHT BCTymieHne BToporo (J)ara b jihthhcckhh ijhkji. 

Hcxoaho onepaTopbi 6buin HAeHTHcjjHiiHpoBaHbi KaK 
caHTbi noca^KH penpeccopa npn noMomn Tax Ha3biBaeMbix 
BHpyjieHTHux MyTan,HH ( kvir ). 3th Myraiinn npe/jOTBpa- 
maiOT noca^xy penpeccopa Ha ynacTKH 0 L h O r , npnBOAa 
k TOMy, mto (j)ar cpa3y nepexo/jHT k jiHranecxoMy nyro b 
cjiynae 3apaxceHna hoboh kjictkh. flaHHbie MyraHTbi ( kvir ) 
cnocoÔHbi pac™ h Ha yace 3apaxceHHbix (JjaroM ;iH3oreHHbix 
ôaKTepnax, nocKOJibxy BnpyjieHTHbie MyTaiinn Ha ynacTKax 
0 L h 0 R no3BOJiaiOT TaKHM 6aKTepnocJ)araM nrHopnpoBaTb 
npncyTCTByioLĽiHH b mierce penpeccop h 3anycxaTb jihth- 
necKHH iihkji. BnpyjieHTHbie MyTaiinn (JjaroB no CBoeMy scf)- 
(Jjeicry sKBHBajieHTHbi MyTaiiHHM onepaTopoB ôaKTepnajib- 
Hbix onepoHOB. 

npocJ)ar nepeKjnoMaeTca Ha jíHTHMecKnn nyTb b tom 
cjiynae, ecjín jiH3oreHHbin u,hkji ôy^eT npepBaH. 3to npo- 
hcxoaht npn nHaKTOBaiinn penpeccopa (cm. pa3/j. 14.10 
^HK-CBaabiBaiOLĽiaa (J)opMa penpeccopa npe/jCTaBJífleT 
co6oh AHMep»). OTcyTCTBne penpeccopa no3BOJiaeT PHK- 
nojiHMepa3e CBH3aTbca c npoMOTopaMH P L n P R , 3anycKaa 
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V penpeccopa ecrb ABa AOMeHa 


TeM caMbiM jíHTHMecKHH nyTb (KaK noKa3aHO b HnacHen 
Mac™ pHC. 14.26). 

3HfloreHHafl npnpoAa noAAepacnBaeMoro penpecco- 
poM uHKna onpeAejiaeT ôbicrpbin otbct Ha jiioôbie H3Me- 
HeHHa. Ha/in^ne penpeccopa hcoôxoahmo jym ero co6c- 
TBeHHoro cnHTe3a. CneAOBaTejibHO, SKcnpeccna reHa cl 
npeKpamaeTca, KaK TOJibKO npncyTCTByioiAHH b mieTKe 
penpeccop pa3pymeH, a HOBbie MOJieKyjibi penpeccopa He 
MOiyr 6biTb HapaôoTaHbi, MToôbi 3aMeHHTb noBpoKAeH- 
Hbie. TaKon cnocoô pery^au.nn no3BOJiaeT (J)ary nepexo- 
AHTb ot ^H3oreHHoro nyra k jíHTnnecKOMy 6e3 KOH(j)jiHKTa 
flByx 3THX CTpaTernň. 

HeBOcnpnnMMMBOCTb KneTOK k noBTopHOMy 3 apaxce- 
hhk) (J)aroM jiflM6/ja onpeAejiaeTca pernoHOM, BionoMaio- 
iahm jieBbin n npaBbin onepaTopbi, reH cl n reH cro. Oarn 
c o/jHHaKOBbiMH pernoHaMH (0 L ,0 R , cl n cro) othocatca k 
oflHon rpynne HeBOcnpnHMHHBOCTH, nocKOJibKy dannuú 
pezuon onpedemem KaK com penpeccop , maK u caumu 
ezo nocadm. CooTBeTCTBeHHO, AaHHbin pernoH npnHHTo 
Ha 3 bIBaTb periIOHOM HeBOCnpHHMTOBOCTH hji n 06/iac- 
th HMMyHHOCTn (xaK noKa3aHO Ha pne. 14.14). Ka^bíň n3 
neTbipex jiaMÔAanoAOÔHbix (J)aroB (cp80, 21,434 n X) 0611a- 
AaeT coôcTBeHHbiM pernoHOM HeBOcnpnnMMHBOCTn. Tobo- 
pa o HeBOcnpnnMHHBOCTH KneTOK, coAepacainnx jiH 3 oreH- 
Hbíň cj)ar, k noBTopHOMy 3 apaxceHHio (Jotom Toro ace rana, 
TOHHee 6bmo 6bi CKa3aTb o HeBOcnpnnMMHBOCTn k jnoôoMy 
cj)ary c TaKHM ace pernoHOM HeBOcnpnnMHHBOCTH (He 3 aBH- 
chmo ot creneHH pa 3 ^nnnn b Apyrnx nacrax reHOMa). 


14.10 


AHK-CBa3biBaioi4a5i 
íjDopMa penpeccopa 
npeACTaBjíneT co6oň AMMep 


KmoHeBbie noHflTkm: 


• B MOHOMepe penpeccopa weľKO pa3/iMMMMbi ABa AOMeHa. 

• flHK-CBa3biBaioiAMÍí caíiT HaxoAmca b N-kohacbom AOMeHe 
penpeccopa. 

• C-KOHAeBbie AOMeHbi penpeccopa AMNiepM3ytoTCfl. 

• flna cBfl3biBaHna c onepaľopoM penpeccopy HeoóxoAMMO 
npMHaTb bma AHMepa, Hľoóbi ABa N-KOHAeBbix AOMeHa MornM 
OAHOBpeMeHHO KOHTaKTkipOBaTb c flHK. 

• Pa3o6iAeHne N- m C-KomieBoro aomchob (b pe3y/ibTaie 
npoTeonn 3 a) CHMwaeT cpoactbo penpeccopa k onepaiopy m 
npMBOAMT K MHAyKAMM JlMTMMeCKOfO AMKJia. 


Cyô'beAHHnu.a (MOHOMep) penpeccopa — sto 6e.noK Mac- 
coň 27 Kfla. KaK noKa3aHO Ha p m c. 14.16, b KaxcAOM moho- 
Mepe penpeccopa neTKO pa3JiHHHMbi ABa AOMeHa: 

• N-KOHu,eBoň AOMeH (aMHHOKHCJiOTbi 1-92) HMeeT canT 
CBH3biBaHna c onepaTopoM. 

• C-KOHu,eBoň AOMeH (aMHHOKHCJiOTbi 132-236) OTBena- 
eT 3a AHMepn3aunio. 

flBa AOMeHa coeAHHeHbi ynacTKOM n3 copoKa aMHHO- 
khcjiot. npoTeojin3 SToro ynacTKa AaeT ABa nojinnenTHAHbix 
$parMeHTa, cooTBeTCTByioiAHx pa3o6uj,eHHbiM AOMeHaM. 


c 


236 

AnMepM3ai4Mfl 

C 

C 

132 

Coefln h me/i bH bi m 



92 

ynacTOK 

N 


11 

CBfl3biBaHne AHK 

N 



PHC. 14.16 B KawAoií cy6i>eAMHMAe penpeccopa N-KOHueBaa m 
C-KOHueBaa oónacTM noannemuAa opraHM 30 BaHbi b OTAe/ibHbie ao- 
MeHbi. C-KOHueBbie AOMeHbi A 0 yx cyóbeAMHMU accouMMpyiOT, Aaeaa 
AMMep. N-KOHueBbie AOMeHbi CBfl3biBaiOTflHK 


Pa3o6iAeHHbiM AOMeHaM b npnHunne npncyma HeKaa 
aKTHBHOCTb. C-KOHljeBOH (J)parMeHT MOaceT 0Ôpa30BbIBaTb 
ojinroMepbi. N-kohučboh (J)parMeHT MoaceT CBa3biBaTbca c 
onepaTopoM, xoth noKa3aTean cpoACTBa (a(J)(J)nHHOCTb) k 
camaM oneparopa y Hero ropa3AO Hnxce, neM y HHTaKTHO- 
ro penpeccopa. Moxcho CKa3aTb, mto HHcjDopMau.na o cne- 
un^nMHOM KomaKTe c ÄHK 3a^oaceHa b caMon crpyKType 
N-KOHiieBoro AOMeHa; Heab3a He OTMemTb, mto 3(J)4)eKTnB- 
HOCTb TaKoro KOHTaicra MHoroKpaTHO ycnjieHa C-KOHiieBbiM 
AOMeHOM. 

Jpm noddepManm Jinsozenuu neoôxoduMO npucymc- 
meue duMepoe penpeccopa cl. HHAyKu,na an3oreHHoro 
npo(J)ara (noôyacAeHne k B03BpameHnio b jinTHHecKnn 
uyiKji) nponcxoAHT KaK cjieACTBne orpaHnneHHoro npoTe- 
0Jin3a penpeccopa. (ľlo ôoAbinoMy cneTy, pa3pe3 b coeAH- 
HHTejibHOM ynacTKe cyô'beAHHHiibi aaMÔAa penpeccopa, 
MOKAy aMHHOKHCJIOTaMH 111 h 113, HBJíaeTca aHa^oroM a ji- 
AOCTepnnecKoň nHaKTHBaunn penpeccopa ôaicrepna^bHO- 
ro onepoHa. ToabKo b AaHHOM aiynae penpeccop m MÔAa, 
y KOTOpOľO HeT CBOňCTBa MeHHTb KOH(J)OpMaLI,HK) OT CBa3bI- 
BaHHH C HH3KOMOJieKy.JIHpHbIM HHAyKTOpOM, «06x0AHTCH» 
npoTeojin30M.) HHAyKiina an3oreHHoro npocJ)ara oôbiMHO 
nponcxoAHT npn onpeAejieHHbix (HeôaaronpnaTHbix) CTe- 
neHnax oôcToaTejibCTB, HanpnMep nocae yabTpa(J)noAeTO- 
Boro oôJiyneHna ôaKTepnn. 

B HHTaKTHOM COCTOHHHn A™epH3aUHH C-KOHlie- 
Bbix AOMeHOB penpeccopa rapaHTnpyeT OAHOBpeMeHHbíň 
KOHTaKT AByX N-KOHU,eBbIX AOMeHOB C flHK. npOTeOJIH3 
pa3o6iAaeT aomchm b cyô'beAHHnu.ax; KaK noKa3aHO Ha 
p M c. 14.17, nocne npoTeoAH3a N-KOHu,eBbie aomchm pa3- 
Hbix cyô'beAHHnu ôojibine He cnocoÔHbi AHMepn30BaTbca. 
KpoMe Toro hto b oôuieM nyjie penpeccopa CMeiAaeTca 
paBHOBecne MtyKffy MOHOMepaMn n AHMepaMH, npoTeoan3 
cboaht Ha HeT KooneparaBHbie B3anMOAencTBna Mea(Ay 
coceAHHMH AHMepaMH b onepaTopax (cm. pa3A. 14.16 «Ko- 
onepaTHBHbin xapaKTep CBH3biBaHna noBbimaeT nyBCTBH- 
TeabHOCTb peryAau,nn»). B pe3yjibTaTe penpeccop cxoaht 
c flHK, hto no3BoaaeT (J)ary CABHHyTbca c «MepTBon tom- 
KH» B pa3BHTHH JIHTOMeCKOľO U,HIOia. 
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14.17 flkiMepbi penpeccopa CBfl3biBaiOTCfl c onepaľopoM. 
CpOflCTBO N-KOHUeBblX AOMeHOB K flHK 3aBMCMT OT flHMepM3aUMM 
C-KOHUeBblX AOMeHOB 


Ba^aHC Me>Kfly jiH3oreHHen h jihthhcckhm u,hiuiom 
32BHCHT ot KOHu.eHTpau.HH penpeccopa. Ecjih /y m no /me- 
p)KaHna jiH3oreHHH xBaTa^o onpefleneHHOH (Heôojibmon) 
KOHu.eHTpau.nn HHTaKTHoro penpeccopa, TaxoH ace koh- 
ueHTpaunn o6oco6.neHHbix N-KOHijeBbix aomchob 6yfleT 
ynce ^CAOCTaTOMHO, noTOMy hto ohm ôyflyT HMeTb cjihiiikom 
HH3Koe cpoactbo k onepaTopaM. OneBHflHO, (f>ar flOJDKeH 
oôecnennTb ce6e Hpe3BbinaHHO BbicoKyio KOHu.eHTpau.mo 
penpeccopa, MTOÔbi y/jepacaTboí b jiH3oreHHOM coctohhhh, 
HecMOTpa Ha flaBJíeHne npoTeo;iH3a. 


14.11 


Motmb «cnnpaiib-noBopoT- 
cnnpajib» HeoóxoflMM penpeccopy 
AJlfl CBfl3blBaHMfl flHK 


KniOHeBbie noHama: 


• Kamflbiŕí flHK-CBfl3biBaK)mnií pemoH penpeccopa KOH-biompyeT 
c nojiy-caiiTOM flHK. 

• flHK-CBfl3blBaK)LflMÍÍ CaíiT COflep>KMTflBa KOpOTKMX 
a-cnnpa/ibHbix pemoHa, KOTopbie jiomaTCfl b coceflHkíe bmtkm 
ÓOJ lblUOM 6op03flKM flHK. 

• flHK-CB5i3biBaioinMíí caííT — 3 to HecoBepmeHHaB 
na^MHflpoMHaB noc/ieflOBaTe/ibHO m 17 nH. 


HTax, ,flHK-CBH3biBaionieH eflHHHu,en (MOflyneM) penpeccopa 
HBjíaeTca ero flHMep. Oh y3HaeT b onepaTope nocneflOBaTejib- 
HOCTb fljiHHOH 17 nH, oĎJiaflaioiflyK) HenojiHon CHMMeTpnen 
OTHOCHTenbHO cepeflHHbi. ľlpHMep TaKoro canTa npnBefleH 
Ha ? ; 4 i s. noaieflOBaTejibHOCTb Ka^cflon nonoBHHbi otho- 
CHTenbHO u,eHTpajibHon napbi ocHOBaHnn HHorfla Ha3biBaior 
«nojiy-canTOM». C Ka^cflon noiiOBHHOH caŕrra KOHTanrapyeT 
OflHH N-KOHu,eBOH flOMeH penpeccopa. B HenocpeflCTBeHHOM 
KOHTaicre c flHK Haxo/yrrcfl rbc KopoTKHe a-cnnpajín ôejiKO- 
boh rjioôyjiH. noflOÔHbin cnocoô KOHTaicra xapaxrepeH pjm 
uenoro paaa ôaKTepnajibHbix flHK-CBfl3biBaioiflHx ôeiiKOB n 
flaxce /yia HeKOTopbix syKapnoTHMecKHx (JiaKTopoB TpaHC- 
Kpnnu,HH (cm. pa3fl. 25.14 «roMeoflOMeHbi y3HaiOT b flHK 
CTaHflapTHyio nocneflOBaTe;ibHOCTb-MHiiieHb>>). 

B N-KOHu,eBOM flOMeHe penpeccopa jiflMÔfla ecrb He- 
CKOJibKO a-cnnpa^en; ohh pacno.no)KeHbi npnMepHO Tax, 
xax noxa 3 aHO Ha ** . flBe n 3 hhx oTBenaiOT 3 a cbh- 

3 biBaHne flHK. OieflyioiflHH ^ . j4 , .o HjunocTpnpyeT caM 
KOHTaicr no rany «cnnpa^b-noBopoT-cnnpa^b» («helix- 
turn-helix»). TpeTba a-cnnpajib xa>xfloro MOHOMepa pen¬ 
peccopa coctoht H 3 fleBHTH aMHHOKHCJiOT h pacnonaraeT- 
ch nofl yrjiOM k ceMH aMHHOKHCJiOTaM BTopon a-cnnpajín. 



P MC U-J o Onepaiop coctoht m napbi HecoBepweHHbix MHBepľkipo- 
BaHHbix noBTopoB no 8 nH, CMMMeipMMHbix OTHOcme/ibHO uern-pa/ib- 
hoíí napbi ocHOBdHMB (moro 17 nH). ľlo/iycaPiTbi oTMeweHbi ro/iyóbiM 
flBeTOM, MfleHTMMHbie napbl OCHOBaHMÉÍ — TeMHO-CMHMM UBeTOM 


B penpeccope 

ecrb MOTMBbi «cnHpa^b~noBopoT~cnHpa/ib» 

CipyKTypa 

C-KOHueBoro flOMeHa 
HeflOCTaTOMHO 

M3yMeHa 


N-KOHUeBOÍÍ flOMeH 

COCTOMT M3 ľlflTM 

\_ ^7 

a-cnMpa^eŕí 

^ 5 

N V 

C 4 


&y\L„ . 4 i . B N-KOHueBOM flOMeHe penpeccopa c^ara X coflepWMTca 
nflTb dpyKTypHbix 3/ieMeHTOB Tuná «a-cnnpajib». Bľopafl m Tpeľba 
Cnkipa^M CBfl3blB3K)T flHK 


374 TJIABA 14 CipaierMM 6aKTepnoc|)aroB 



























Penpeccop cBS3biBaei AHK A&yMH a-cnwpa/iflMM 



PUL. 14.20 ComacHO «ABycnnpajibHOií» MOAe/in CBfl3biBaHna flHK, 
TpeTbM cnnpajin Asyx cyó-beflMHMu (MOHOMepoB) penpeccopa /io>KaT- 
a\ b óojibiuyK) 6opo3flKy no OflHy cropoHy aboííhom cnnpajin flHK. 
Biopbie cnkipajin jiewaT nonepeK 6opo3flKM 


B A^Mepe penpeccopa TpeTbn a-cnnpa^n AByx mohomc- 
poB pa3HeceHbi Ha paccroflHne 34 Ä (oahh bhtok abohhoh 
cnnpa^n); sto no3BOJiaeT hm yioia/ibiBaTboí b nocneAyiomHe 
BHTKH ÔOJIblIIOH 6op03AKH Ha O/JHOH CTOpOHe flHK. (BTO- 
pbie a-cnnpa^H AByx MOHOMepoB, HaxoAflCb noA yrnoM 
k TpeTbHM a-cnnpa^HM, aojdkho 6 biTb, jioxcaTca nonepeK 
óojibinon 6 opo 3 /jKH Jl HK.) CnMMeTpHHHbin xapaKTep cba- 
3biBaHHa 03HanaeT, hto ABa N-KOHijeBbix AOMeHa (KOTopbie 
ecTb b KaiKAOM AHMepe penpeccopa) hmciot Aeno c noxo- 
>khmh naTTepHaMH HyioieoTHAOB Ha CHMMeTpnnHbix no.no- 
BHHax cama CBH3biBaHna b onepaTope. 


14.12 


«Cnnpa/ib y3HaBaHM5i» 

3aflaeT cneuMtjDMMHOCTb k AHK 


KjnoneBbie noHama: 


• B3anMOfleíícTBMe penpeccopa c KOHKpeľHbiMM napaMM 
HyKneoTMflOB b onepaiope onpeAe/ifleTCfl aMMHOKMcnoTHoií 
nocneAOBaTenbHOCTbio «cnnpa/iM y3HaBaHna». 


MoTHBbi rana «cnnpajib-noBopoT-cnHpajib» penpeccopa 
jiHMÓ^a rnnpoKO pacnpocTpaHeHbi b ôaKTepnajibHbix ÄHK- 
CBH3biBaiomHx ôe^xax: ohh ecTb b peu,enTope ijAMO EPU,, 
penpeccope lac, penpeccopax HeKOTopbix Apyrnx (J)aroB. 
CnocoÔHOCTH STHx ôenKOB k CBH3biBaHHio ÄHK noAAäiOT- 
Cfl CpaBHeHHIO, H BOT HTO MOXCHO CKa3aTb O pOJIH KaXCAOH 
a-cnnpa^n: 

• B3anMOAencTBne TpeTben a-cnnpa^n c flHK ochobm- 

BaeTCH Ha BOAOpOAHblX CBH3HX MtTKffy paAHKaiiaMH aMH- 
HOKHCJIOT H AOCTynHbIMH aTOMaMH B napaX a30THCTbIX 


ocHOBaHHH. TpeTba a-cnnpa^b OTBeTCTBeHHa 3a y3Ha- 
BaHHe KOHKpeTHOH HyKJieOTHAHOH nOC^eAOBaTe^bHOC- 
TH-MnmeHH, nosTOMy ee nacTO Ha3biBaiOT «cnnpa^bio 
y3HaBaHHa» (recognition helix). 

• B3anMOAeHCTBne BTopon a-cnnpajín c flHK ochobm- 
BaeTca Ha boaopoahmx cbh3hx c caxapo-(J)oc(J)aTHbiM 
octobom abohhoh cnnpajiH. 3 to B3anMOAencTBne, 

XOTb H HeOÔXOAHMO /yi« CBH3bIBaHHH, He BJIHflCT Ha 
cneu,n(J)HMHOCTb y3HaBaHHa MHineHH. B AonoimeHne 
K 3THM KOHTaKTaM, 3HaHHTeJIbHafl naCTb OÓU^eH 3Hep- 
rnn CBH3biBaHna nocTynaeT 3a cneT hohhmx B3anMO- 
AencTBHH penpeccopa c (J)oc(J)aTaMH HK. 

Tenepb HeMHoro nosKcnepnMeHTnpyeM: b penpecco¬ 
pe A TpeTbio a-cnnpajib («cnnpajib y3HaBaHna») 3 aMeHHM 
TpeTben a-cnnpajibio ot 6jin3KopoACTBeHHoro penpecco¬ 
pa B. (TaKOH «MOJieKyjiflpHbin KOHCTpyKTop» ncnojib3yeTca 
bo MHornx jiaôopaTopnflx; oô'beKTOM MaHnnyjiflUHH ciiy- 
xcaT HyKneoTHAHbie nocneAOBaTejibHOCTH, KOAHpyiomne 
cerMeHTbi 6e^xa.) nojiynnM hobmh 6enoK (xnMepy). Ero 
cneun({)HMHOCTb ôy^eT, xax y B, AOHopa TpeTben a-cnnpa- 
jih. TaKHM o6pa30M, aMUHOKuaiomum nocjiedoeamejib- 
nocmb KOpomKOzo cemeuma nojiunenmuda dmmyem 
eceMy ôejiKy ezo cnei^KpuHUOcmb, opzanmno enucueancb 
e KonmeKcm ocmcuibHbix cezMenmoe nojiunenmuda. 

Ha i * .2i n3o6paxceHbi ABa 6e^xa (J)ara ^hm6 - 
Aa, y3Hax)n^ne noxoiKne HyioieoTHAHbie noc^eAOBaTe^b- 
hocth, a Taoce AeTajín nx B3anMOAeňCTBna c JX HK. H y 
penpeccopa, n y óejiKa Cro ecTb mothb «cnnpa^b-noBO- 
poT-cnnpa^b»; TeM He MeHee sth óe^Kn OTunnaiOTCfl no 
CneU,H(J)HMHOCTn k flHK: 

• noAAepxcaHne onpeAejieHHoro nojioiKeHna a-cnnpa- 
jieň Apyr OTHOcnTenbHO Apyra b tom n ApyroM 6e^xe 


CneAMCjjMMHOCTb H CM/ia CBfl3blBaľMH onpeAe/ifliOTCB 
TpeTbeŇ CflMpa/lbK) 


PEnPECC0P-0 R l 


CRO - 0r3 



TACCTCTG 

ATGGAGACC 


TATCTCTT 

ATAGGGAAC 


PtfU l 4 * BenKM penpeccop n Cro CBB3biBaiOT AHK AByMíi cnkipa- 
jiíiMM. Penpeccop m Cro y3HaiOT onepaiopbi j\n MÓAa n yAep>KMBaiOTCfl 
Ha hmx c acjDcjDeKTkiBHOCTbio, 3aBMC5UAeíí ot aMMHOKMC/iOTHOíí nocne- 
AOBaTe/ibHOCTM TpeTbeíí cnnpajiH 
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N-KOHueBbie n/ienn oôopaMMBaiOTCfl BOKpyr AH K 



PMC. 14.22 OiocHOBHoro MaccMBa penpeccopa (KOTopbiíí Haxoflm- 
u\ no Ty cropoHy flHK) otxoaat N-KOHijeBbie njiewM; ohm «o6HMMa- 
K)T» flHK (BbixoflBT Ha Apyryío, 6jim>khk)K) k HaM cropoHy aboííhom 
cnMpa/iM) 


OÔeCneHHBaeTCH nOXOaCHMH B3aHMOAeHCTBHflMH rHfl- 
pocJ)o6Hbix aMHHOKHCJiOT: Ala-Val — y penpeccopa, 
Ala-Ile — y Cro. 

• AMHHOKHCJiOTbi b TpeTben cnnpajín penpeccopa hmciot 

KOHTaKTbl C KOHKpeTHbIMH napaMH a30THCTbIX OCHOBa- 

hhh b onepaTope. Tpn aMHHOKHCJIOTbl penpeccopa y3- 
HaiOT Tpn OCHOBaHHH B JX HK. y Cro aMHHOKHCJIOTbl B 
Tex )Ke (njnoc AonojiHHTejibHbix) nojioaceHnax y3HaiOT 
naTb (hjih, MoaceT 6biTb, rnecTb) ocHOBaHnň b flHK. 
flBe aMHHOKHCJIOTbl, ynacTByioiiiHe b y3HaBaHHH, y pen¬ 
peccopa h Cro H^eHTHMHbi (sto rjiyTaMHH h cepHH B CaMOM 
Hanajie abohhoh cnnpajín). OcrajibHbie KOHTaKTbi oTjinnaiOT- 
ca (ajiaHHH y penpeccopa npoTHB jiHu,HHa h AonojiHHTejibHO- 
ro acnaparnHa y Cro). KpoMe Toro, y Cro TpeoHHH bo BTopon 
cnnpajín Toace Henocpe/jCTBeHHO KOHTaKTnpyeT c flHK. 

Ha pne. 14.21 H3o6paaceHO CBa3biBaHne ôcjikob c noc- 

Jie/J.OBaTeJIbHOCTHMH, KOTOpbie YlORXOPfľT HM HaHJiyHIIIHM 
o6pa30M. B HHacHeH nacTH pncyHKa npHBe/íeHbi Apyrne 
BapnaHTbi nocjie/jOBaTejibHOCTeH c OTjiHHnaMH no TpeM H3 
AeBHTH HyKJieOTH/l.HblX n03HU,HH. Hcnojib30BaHHe noxoacnx, 
ho Hen/i.eHTHMHbix, naTTepHOB Komama Meac^y aMHHOKnc- 
JIOTaMH H a30THCTbIMH OCHOBaHHHMH n03B0JiaeT aHaJIH3H- 
poBaTb, KaKHM o6pa30M cxoactbo «cnnpajieH y3HaBaHna» 
npoeu,HpyeTca Ha cxo/jctbo y3HaBaeMbix HyKJieoTH/jHbix 
nocjieAOBaTejibHOCTeH. no cyra, penpeccop h Cro y3HaiOT 
o/jhh h tot ace Haôop nocjieAOBaTejibHOCTeH, ho hmciot 
pa3HOe CpOACTBO K KOHKpeTHbIM nOCJie/JOBaTeJIbHOCTHM H3 
3Toro Haôopa. 

Bce a30THCTbie ocHOBaHna, c kotophmh KOHTaKTnpyiOT 
«cnnpa;iH y3HaBaHHa» penpeccopa h Cro, CMOTpaT Ha omy 
h Ty )Ke cTopoHy abohhoh cnnpajín /J.HK; sto bhaho no 
pne. 14.21. Ho y penpeccopa ecTb n /jonojiHHTejibHbiH koh- 
TaKT Ha flpyroH cTopoHe /jbohhoh cnnpajín. Ecjih yKopoTHTb 
penpeccop Ha nepBbie rnecTb (N-KOHijeBbix) aMHHOKHCJiOT, 
npeAiiiecTByioiij.nx nepBoň a-cnnpajín, ero cpo/jCTBO kJIHK 
yMeHbiiinTca b 10 3 pa3. MoacHO npe/jnojioacnTb, mto nepBbie 
rnecTb aMHHOKHCJiOT OTCTOaT OT OCHOBHOľO MaCCHBa 6eji- 
koboh rjioóyjibi (N-KOHu,eBoro AOMeHa) n o6pa3yiOT njieno, 
n/iymee nojiyKOJibijOM b oôxBaT /jbohhoh cnnpajín ÄHK. Ha 
pmc. 14 22 noKa3aHO, KaK jin3HHbi miena B3anMO/jeňcTByiOT 
c ryaHHHaMH b ôojibiuoň 6opo3/jKe, a Taicace c (J)oc(J)aTHbiM 
OCTOBOM JX HK. 


A30THCTbie ocHOBaHna flHK, He BCTynaiomne b npa- 
moh KomaKT c penpeccopoM, MOiyr, tcm He MeHee, nrpaTb 
b ero CBa3biBaHnn oneHb BaacHyio pojib. y cj)ara 434 ecTb 
penpeccop, noxoacnn Ha penpeccop y jiaMÔ/ja; oh Toace CBa- 
3biBaeT JXHK npn noMonin MOTHBa «cnnpajib-noBopoT-cnn- 
pajib». AHajiH3 KpncTajuiHMecKoň cTpyKTypbi penpeccopa 
(J)ara 434 noKa3aji, mto TpeTbn a-cnnpajín KOHTaKTnpyioT c 
naTbio AHCTajibHbiMn (BHeuiHHMn) napaMH ocHOBaHnň caň- 
Ta CBa3biBaHna n He KOHTaKTnpyioT c AByMa npoKCHMajib- 
HblMH (BHyTpeHHHMH) napaMH OCHOBaHHH. OflHaKO CaHTbl 
onepaTopa c napaMH A-T b npoKCHMajibHbix nojioaceHnax 
CBa3biBaiOT penpeccop Kpenne, neM canTbi c napaMH G-C 
b Tex ace nojioaceHnax. Oô^acHeHne STOMy cjie^yiouiee: 
CBa3biBaHne penpeccopa 434 cjierxa noBopannBaeT Jl HK b 
ijempe cama /yia pacmnpeHna yrjia Meac/jy ero nojiOBHHa- 
mh Ha ~3° (cKopee Bcero, /yia /jocTnaceHna onTHMajibHbix 
ycjiOBHH CBa3bmaHHa oôenx cyô'beAHHHii, /jHMepa). Ecjih b 
ijempe carna ctoht napa A-T, BpauieHne n/jeT jierne; ecjín b 
ijempe cama ctoht napa G-C — Ä HK acecrne conpoTHBJía- 
eTca BpameHHio. Hmchho nosTOMy HajiHnne b npoKCHMajib- 
Hbix nojioaceHnax KOHKpeTHbix nap HymieoTH/jOB BjinaeT Ha 
cpo^cTBO onepaTopa k penpeccopy. 


14.13 


AMMepbi penpeccopa 
CBA3biBaiOTCfl c onepaiopoM 
KoonepamBHo 


KmoHeBbie noHATMa: 


• CB^3biBaHM6 penpeccopa c oahmm m3 onepaTopoB noBbiiuaeT 
BepoflTHOCTb nocaflKM BToporo penpeccopa Ha coceAHMií 
onepaTop. 

• Cpoactbo penpeccopa k 0 L 1 m 0 R 1 npMMepHO Ha nop^AOK Bbime, 
weM k ApyrMM onepaTopaM, mo onpeAe/ifleT mx nepBoowepeAHoe 
CBÍ13blBaHMe. 


• KoonepaTMBHOCTb no3BoafleT penpeccopy CBA3biBaTb caííTbi 
01-02 npM MeHbLUMX KOHUeHTpaAMÍIX. 


KaacAbin onepaTop co^epacnT Tpn cama CBH3biBaHna pen¬ 
peccopa. KaK bh/jho H3 pmc. 14.23, Bce oiecTb canTOB no- 
ca^KH penpeccopa pa3Hbie, ho Bce ohh y/jOBJíeTBopaioT 
oôuien KOHceHcycHon nocjieAOBaTejibHOCTH. Ha kxkrom 
H3 onepaTopoB can™ CBH3biBaHna penpeccopa pa 3 /ie- 
jieHbi A-T-6oraTbiMH cnencepaMH H3 3-7 HyioieoTHAOB. 
CaHTbi BHyTpn Kaac/joro H3 onepaTopoB npoHyMepoBaHbi, 
AaBaa O l 1-O l 2-O l 3 RJín jieBoro onepaTopa n O r 1-O r 2-O r 3 
/yia npaBoro onepaTopa. B Kaac/jOM H3 onepaTopoB cam c 
HOMepoM 1 HBJíaeToi ôjinacanuiHM k tohkc Hanajia TpaHC- 
Kpnnii.HH, a canra c HOMepaMH 2 n 3 pacnojioaceHbi Bbirne 
no nocjieAOBaTejibHOCTH. 

KaK ace penpeccop onpeAejiaeT, c KaKHM H3 Tpex canTOB 
oh AOJiaceH CBH3aTbca? flejio b tom, mto h ajih npaBoro, h 
/yia JieBoro onepaTopoB nepBbin canT HMeeT npnMepHO Ha 
nopa/jOK ôojibinee cpoactbo k penpeccopy, neM BTopon h 
Tpemn canTbi. CjieAOBaTejibHO, penpeccop Bcer^a CHanajia 
ca/jnTCfl Ha canTbi 0 L 1 h O r 1. 
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4 . PHK-nojiMMepa3a, CBfl3biBaiomafl caŕÍT P RM . 

Ee/ioK-penpeccop 

Lys Thr Ser Met NH 2 
AAAACACGAGUAppp 

Cl MPHK Or 3 Or 2 Or 1 

TTTTTGTGCTCATACGTTAAATCTATCACCGCAAGGGATAAATATCTAACACCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGGTTGC 

AAAAACACGAGTATGCAATTTAGATAGTGGCGTTCCCTATTTATAGATÍ6TGGCACGCACAACTGATAAAATGGAGACCGCCACTATTACCAACG 

pppAUG 
cro mPHK 

. PHK-no/iMMepa3a, CBfl3biBaK)mafl caŕÍT P R E 

0 L 3 0 Ĺ 2 Ol 1 

CAGATAACCATCTGCGGTGATAAATTATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACATCA 

GTCTATTGGTAGACGCCACTATTTAATAGAGACCGCCACAACTGTATTTATGGTGACCGCCACTATGACTCGTGTAGT 

pppAUCA 
N mPHK 

— PHK-no/iMMepa3a, cBfl3biBaK>mafl caŕÍT P L — 


PMC. 14.23 KawAbiií onepaiop MMeeT 3 npnBfl3aHHbix k peuemopy caíiTa nepeKpbiBaHMfl npoMOTO- 
pa, c KOľopbiM CBíi3aHa PHK-nojiMMepa3a. OpneHTaukm 0 L pa3BepHyia Ha 180 rpaflycoB ftna oóner- 
MeHMfl cpaBHeHMB c 0 R 


Penpeccop cj)ara jiaMÔ/ja CBH 3 biBaeTca c nocneAytonjH- 
mh caňTaMH Ha onepaTope no npHHu,Hny xoonepaTHBHOC- 
th. HajiHMne /jHMepa Ha nepBOM came cymecTBeHHO yBejin- 
MHBaeT cpoactbo penpeccopa k camy 2. O/jHaxo HaAHnne 
penpeccopoB Ha camax 1 h 2 He bjihact m B 03 M 0 >XH 0 CTb 
nocaAKH penpeccopa Ha cam 3. TaxnM o 6 pa 30 M, npn craH- 
Aaprabix jiH 3 oreHHbix KOHiieHTpau.Hax penpeccopa canra 

1 n 2 3aHara, a cam 3 cboôoach. 

B cjiynae ecun caHT 1 HeaKTHBeH (HanpnMep, BCJie/jc- 
TBne MyTaiinn), penpeccop xooneparaBHO CBa3biBaeTca c 
caniaMH 2 h 3. To ecTb noca/jxa penpeccopa cpa3y Ha cam 

2 npoMOTnpyeT noca/jxy npyroro AHMepa Ha cam 3. npn 
stom cymecTByeT npaMoe B3aHMOfleHCTBne Max^y rum e- 
paMH penpeccopa, He CBímHHoe c xoH^opMaijHOHHbiMH 
H3MeHeHHHMH RHK. C-KOHu,eBOH aomch penpeccopa ot- 
BeTCTBeHeH xax 3a (J)opMHpoBaHne /jHMepa, Tax h 3a xoo- 
nepaTHBHoe B3anMOAencTBne MOX£y AHMepaMH. pmc. 14.24 
noxa3biBaeT, hto xax^aa H3 cyô'be/j.nHHu, nepBoro /jHMepa 
B3anMOAeHCTByeT c aHaAornnHOH cyô'beAHHHu.en BToporo 
AHMepa, (J)opMnpyH tcm caMbiM TeTpaMep. 

Ue;ibio xoonepaTHBHoro CBfl3biBaHHa HBJíaeTCfl noBbi- 
rneHHe cpo/jCTBa penpeccopa x onepaTopy, hto no3BOJiaeT 
no^HOCTbio CBH3biBaTb onepaTop npn 6ojiee hh 3 xhx xoh- 
ueHTpau.HHx penpeccopa. 3 to xpaHHe BaxcHO pjín cncTeMbi, 
b xoTopoň CHHTne penpeccHH BjieneT HeoôparaMbie noc- 
jieACTBHa. Ecjih /yia oiynaa c 6axTepnaAbHbiM onepoHOM 



PMC. 14.24 Korfla ABa penpeccopa X CBB3dHbi c flHK, KawAaa M3 
cy6-beAHHMA OAHoro A^Mepa CBA3biBaeTCfl c GyObeAHMm^eíi Apyroro 
AHMepa 

HecaHXu,HOHnpoBaHHoe CHHTne penpeccnn npnBefleT jiniiib 
x HaxejiaTejibHOMy CHHTe3y MeTaôojiHMecxnx (J)epMeHTOB, 
CHflrae penpeccnn npocJ)ara jiaMÓ/ja Bbi30BeT HH/jyxu.Hio 
cf)ara h jih3hc xjictxh. 

PÍ3 nocjieAOBaTenbHOCTeH, npnBefleHHbix Ha pne. 14.23, 
bh/jho, mto 0 L 1 h 0 R 1 pacnonoixeHbi 6onee hjih MeHee b 
uernpe cooTBeTCTByioniHx canTOB noca/jXH PHK-no;iHMe- 
pa3bi P L h P R . CAeAOBaTeAbHO, noca^xa penpeccopa Ha 0 L 1- 
0 L 2 h O r 1-O r 2 (J)H3HMecxH ÔAOxnpyeT aocryn PHK-nojín- 
Mepa3bl X COOTBeTCTByiOIIlHM npoMOTopaM. 
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HaxoAflulMŇoi Ha 0 R 2 penpeccop 
B3anMOAeMCTByeT 
c PHK-no/iMMepa3oíí Ha P RM 


KnioHeBbie noHííT m: 


• flHK-CBH3biBaiomMŕí perMOH penpeccopa Ha 0 R 2 
B 3 anMOfleíícTByeT c PHK-no/iMMepa30H n CTa 6 M/iM 3 MpyeT ee 
CBfl 3 blBaHMe c P m . 

• flaHHbIM M6X3HM3M 51B/lfl6TCfl OCHOBOM caMopery/iflLjMM paôoTbi 
penpeccopa. 


14.14 


Jpm 0 R h npoMOTopa P RM nona3aH u,e/ibin cneicrp B3aHMO- 
AencTBnn, onpeAe/iaiomHx TpaHCKpHnu,Hio cL Carrr CBa3bi- 
BaHHa PHK-no/MMepa 3 bi npncTbiKOBaH k O r 2. 3to o6mcm- 
eT to, KaK penpeccop MoaceT ayToreHHO pery/inpoBaTb co6c- 
TBeHHbin CHHTe3. KorAa ABa AHMepa penpeccopa CBa 3 biBaioT 
O r 1-O r 2, A^Mep, HaxoAAiB.nnca Ha O r 2, B3anMOAencTByeT c 
PHK-nojinMepa30ň (cm. pne 14.26 pa3A. 14.15 «Penpeccop 
noAAepxcnBaeT u,nioi caMopery/iau,HH»). 3a AaHHoe B3anMO- 
AencTBne OTBenaeT N-kohučboh aomch penpeccopa. 

MyraijHH, OTMemnomne no3HTHBHbin Kompo/ib, Kapra- 
poBaHbi b reHe cL B xo/je sKcnepnMeHTOB 6bm oÓHapyaceH jiio- 
óonbiTHbíň Knacc MyraHTOB, y KOTopbix penpeccop coxpamm 
cnocoÓHOCTb CBa3bmaTb onepaTop (noAaBaaa TpaHCKpnn- 
u,hio), OAHaKO y hhx OTcyrcTBOBaaa cnocoÓHOCTb CTHMy/in- 
poBaTb PHK-noanMepa3y k Hanaay TpaHCKpnnu,nn Ha npo- 
MOTope P RM . MyTau,nn, npnBO/iamne k noAOÓHOMy 3(})({)eKTy, 
6 bmn KaprapoBaHbi b pernoHe, KOAnpyiomeM Heóoabinyio 
rpynny aMHHOKnaiOT, pacno/ioaceHHbix CHapyacn ot BTopon 
cnnpaan nan b paňoHe H3rn6a Me>KAy BTopon n TpeTbeň 
cnnpaaaMH. MyTau,nn CHnacaan OTpHu,aTeabHbin 3apaA a^h- 
hhx ynacTKOB Moaeicyabi penpeccopa. H HaoóopoT, MyTau,nn, 
noBbimaiomne OTpHu,aTeabHbin 3apaA, oóaaAaan noBbimeH- 
hoh 4)yHKn,Hen aKTHBau,nn PHK-noanMepa3bi. OnncaHHbie 
3KcnepnMeHTbi noKa3aan, hto A^HHaa rpynna aMHHOKncjiOT 
4)opMnpyeT «Kncabin pernoH» Ha noBepxHOCTn penpeccopa, 
B3anMOACHCTByioii] 1 HH c ocHOBHbiM pernoHOM PHK-noanMe- 
pa3bi 3a cneT sae KTpocraTHHecKnx B3anMOAencTBHn. 


Btopafl a-cnwpaiib B 3 anMOAeŕícTByeT c PHK-no/iMMepa3oif 


ri03HTHBH0 
KOHTpo/inpyeMbie 
MyiauHH 



š ľ í ľl03HTHBH0 KOHTpOJlHpyeMbie MyTaLJMM MfleHTMCtjm^Mpy- 

iot Ma/ieHbKMŕí paŕíoH y cnMpa/iM-2, KOTopaa HenocpeflCTBeHHo pea- 
rMpyeTC PHK-noAMMepa 3 oŕí 


PacnoaoaceHne Tannx «MyTau,nň noaoacnTeabHoro koh- 
Tpoaa» b CTpyKType penpeccopa noKa3aHO Ha r n c. 14 . 25 . 
Ohh aeacaT b panoHe, pacnoaoaceHHOM B6an3H cf)OC({)aTHbix 
rpynn flHK n OAHOBpeMeHHO pa^OM c PHK-noanMepa 3 on. 
TaKHM o6pa30M, rpynna aMHHOKncaoT penpeccopa, bob- 
aeneHHaa b no3HTHBHyio peryaau,Hio, HaxoAHTca b Henoc- 
peACTBeHHOM KomaKTe c PHK-noanMepa30ň. 3Aecb Heo6- 
xoahmo oTMeTHTb, hto ôejioK-ôejiKoeoe 63aimodeúcmeue 
cnocoôuo euceoôodumb auepzwo, ucnojib3yeMyK) dm uuu- 
UiUaUiim mpaucKpuni^uu. 

YnacTOK PHK-noanMepa3bi, c KOTopbiM KOHTaKTnpyeT 
penpeccop, npeACTaBaaeT coóoh a70 cyó'beAHHnu.y (npn- 
Ha/yiOKamyio c^parMemy noanMepa3bi, CBasbiBaiomeMy 
pernoH -35 npoMOTopa). B3anMOAeHCTBne Meac^y penpec- 
copoM n no/MMepa30H HeoóxoAHMO /yia nepexoAa no/in- 
Mepa3bi H3 cocToaHna 3aKpbiToro KOMnaeKca b cocToaHne 
OTKpbiToro KOMnaeKca (cm. pne. 14.31). 

OnncaHHaa cxeMa oó'bacHaeT, KannM o6pa30M Hn3Kne 
KOHueHTpaunn penpeccopa MOiyr ycnanBaTb ero cnHTe3. 
R o Tex nop, nona penpeccopa AOCTaTOHHO atw CBa3biBaHna 
O r 2, PHK-no/MMepa3a óy^eT npoAoaacaTb TpaHCKpnnu,nio 
reHa cl c npoMOTopa P m . 


14.15 


Penpeccop noAAepwMBaeT 
UMKJi caMopery/iBUMM 


KnioHeBbie noHATHfl: 


• CBH3biBaHne penpeccopa c 0 L ÔAOKHpyeT TpaHCKpnnumo reHa N 
c npoMOTopa P L . 

• CBH3biBaHne penpeccopa c 0 R 6AOKMpyeTTpaHCKpnnumo reHa 
cro, a TaK>Ke HeoéxoflMMO aab TpaHCKpnni 4 nn cJ. 

• TaKHM oôpaaoM, cBH3biBaHMe penpeccopa c onepaiopaMM 
oflHOBpeMeHHo 6/ioKMpyeT Hana^o /íMTMHecKoro UMK/ia m 
noflflep>KMBaeT ero coócTBeHHbiŕí CMHTe3. 


Penpeccop CBa3biBaeTca c AByMa onepaTopaMn He3aBncn- 
mo. Oh HMeeT eAnHCTBeHHyio 4)yHKu,nio Ha O l 2, ho oóaaAa- 
eT AByMa aKTHBHOCTaMn npn CBa3biBaHnn 0 R . 3Ta ocoóeH- 
HOCTb nponaaiocTpnpoBaHa b BepxHeň nacra 14,26. 

npn CBa3biBaHnn 0 L penpeccop OKa3biBaeT BanaHne, 
aHaaornnHoe TOMy, hto mh yace o6cya(Aaan aa^ hckoto- 
pbix Apyrnx cncTeM: oh He AaeT PHK-noanMepa3e HanaTb 
TpaHCKpnnu,nio Ha P h hto, b cboio onepeAb, ocTaHaBanBaeT 
SKcnpeccnio reHa N. nocKoabKy npoMOTop P L ncno/ib3yeTca 
c{)aroM aa^ TpaHCKpnnu,nn Bcex paHHnx reHOB aeBoro pe- 
rnoHa, AäHHoe coóbiTne npeAOTBpaiB,aeT sKcnpeccnio Bcero 
paHHero TpaHCKpnnTa aeBoro pernoHa. TaKim o6pa30M , 
jiummecKuu i^ukji 0Ka3ueaemcH ôjiompoean eme na pan- 
neú cmaduu umpeKu.uoHHozo u.uK/ia. 

CBa3biBaHne penpeccopa c 0 R 1 npeAOTBpamaeT nc- 
noab30BaHne P R . B pe3yabTaTe cro n Apyrne paHHne reHbi 
npaBoro pernoHa He MOiyr SKcnpeccnpoBaTbca (no3ace mbi 
yBHAHM, noneMy TaK BaacHO ncioiiOHnTb sKcnpeccnio cro b 
cocToaHnn an3oreHnn). 

npncyTCTBne penpeccopa Ha 0 R HMeeT HHbie nocaeAC- 
TBna. npoMOTop aa^ CHHTe3a penpeccopa, P RM , BnaoTHyio 
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Penpeccop noAAepwMBaeT /iM3oreHMio, ho OTcyTCTByeT b TeneHMe /ummecKoro UMK/ia 


nmorEHM 


t 


flMMep 

penpeccopa 


MoHOMep 

penpeccopa 


címPHK 


/ ' :-• , \./wwwvo 

0|A 

Penpeccop npeflOTBpaujiaeT 
PHK-no/iMMepa3y 
OT CBfl3blBaHMfl C P L 



c/PenpeccopHbm reH 

PHK-no/iMMepa3a 
CBB3blBaeTCfl c P RÍA 
n TpaHCKpn6npyeT cl 


Or/Pr 

Penpeccop npeflOTBpaujiaeT 
PHK-no/iMMepa3y 
OT CBfl3blBaHMfl C P R 


N mPHK 


JIMTMHECKMM I4MK/1 


PHK-no/iMMepa3a He mokct HanaTb 
c P RÍA M3-3a OTcyTCTBMB penpeccopa 


PHK-no/iMMepa3a 
HaHMHaeT c Po 



\s 


PHK-no/iMMepa3a 
HaHMHaeT c P L 


x*. x* 


cro m PH K 



P M C, 14,2c JlM3oreHMfl noflflep>KMBaeTC^ umkjiom caMoperyjiaijMM (BepxHaa nacTb). Ecjim umkji npe- 
pbiBaeTca, HaHMHaeTCfi /ihthheckmíí ljmkji (hm>kh^5i nacTb) 


npHCTbiKOBäH k onepaTopy npaBoro perHOHa 0 R . Tanoe 
pacnoAoxceHne pery/MTopHbix ynacTKOB Be/^eT k TOMy, hto 
PHK-noAHMepa3a moxcct 3({)({)eKTHBHO HannHaTb chhtc3 m 
npoMOTopeP RM jiniiib b tom oiynae, ecAn penpeccop CBjmH 
c onepaTopoM 0 R . B AaHHOM c/iynae penpeccop BbicTynaeT 
b KanecTBe no/ioacHTe/ibHoro perynaTopa, HeoôxoAHMoro 
/yia TpaHCKpnnu,HH reHa cl (cm. pa3A. 14.14 «HaxoAHiB,nňca 
Ha 0 R 2 penpeccop B3aHMOAencTByeT c PHK-noAHMepa3on 
Ha P R m*)- nocKO^bKy penpeccop aBAaeTca npo/iyKTOM reHa 
d, flaHHoe B3anMOAencTBne C03AaeT u,hkji noAoacnTeAbHOH 
oôpaTHon CBH3H (caMoperyjiau,HH), b kotopom Ha^HHne 
penpeccopa hcoôxoahmo /yia ero coócTBeHHoro cnHTe3a. 

noHHMaHne npnpoAbi AäHHoro peryAaTopHoro u,HKna 
oó'bacHaeT óno/iornnecKyio npnpoAy AH3oreHHoro cyin.ec- 
TBOBaHna. JIn3oreHHfl craónAbHa, nocKOAbKy onncaHHbin 
peryaaTopHbin u.hioi rapaHTnpyeT, hto ao Tex nop, noxa 
KOHu.eHTpau.na penpeccopa HaxoAHTca Bbirne onpeAeaeH- 
Horo ypoBHa, SKcnpeccna reHa cl npoAoaacaeTca. B pe3yAb- 
TaTe 0 L n 0 R 0Ka3biBai0Tca OKKynnpoBaHbi penpeccopoM 
HeorpaHHHeHHO rojito. 3a cneT npeAOTBpameHna nepexoAa 
k auTunecKOMy nym, onncaHHbiH MexaHH3M noAAepxcnBaeT 
npocjDar b cocToaHnn «cnanKH>>. 


KoonepaTHBHbiH xapaKTep 
CBB3blBaHHB noBbiuiaeT 
HyBCTBHTe/ibHOdb pery/uuiMM 


KniOHeBbie noHATMfl: 


• flMMepbi penpeccopa, CB^3aBLUne O l 1 n 0 L 2, B3anM0fleŕícTByK)T 
c flMMepaMM, CBfi3dBLiJMMM 0 R 1 m 0 R 2; Bce neTbipe flMMepa 
o6pa3yiOT oKTaMep. 

• 06pa3OBaHne OKTaMepa npMBOAMT k c6/in>KeHmo 0 L 3 c 0 R 3 n 
B3anM0fleŕícTBMK) flMMepoB penpeccopa. 

• KoonepaTMBHbiŕí xapaKTep B3anM0fleŕícTBMfl flMMepoB 
penpeccopa c onepaTopaMM noBbiwaeT HyBCTBMTe/ibHOCTb 
pery/iflLiMM. 

B KoonepaTHBHOM CBa3biBaHnn AHMepoB penpecco¬ 
pa ynacTByioT o6a onepaTopa, /ieBbin n npaBbin. Hop- 
MaabHoe cocroaHne onepaTopoB, 3aHaTbix penpecco- 
poM, — sto y^epacuBaTb AHMepbi penpeccopa b nepBOH 
h BTopon napax caHTOB. OaKranecKn Ha KaxcAbiH onepa- 
Top npnxoAHTca TeTpaMep penpeccopa. Boaee Toro, ABe 
napbi AHMepoB o6pa3yioT OKTaMep (no cym, C-KOHu.eBbie 


14.16 
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Penpeccopbi Ha 0 L h 0 R/ B3aMMOAeftcTByfi, o6pa3yiOT oKTaMep 


0,3 0,2 


0,1 
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t 






CocTOSHMe reHa cl: BKJ1 




0*2 


PMC. 14.27 B jiM3oreHHOM cocTOflHMM cyôbeAMHmjbi penpeccopa, 
CBíi3aHHbie c 0\1 m 0 l 2, B 3anMOfleíícTByK)T c cyô-beflMHm^aMM, cba- 
3dHHblMM C 0 R 1 M 0 R 2. ľlpM 3TOM PHK-nOJlMMepa3a CBfl3blBaeTCfl c P m 
(KOTopbiŕí nepeKpbiBaera c 0 R 3) m B3anMOAeŕícTByeTC penpeccopoM, 
CB513aHHblM C 0 R 2 


flOMeHbl BOCbMH CyÓ'be/IHHHU KpHCTäJIJIH3yiOTCH B BH^e 
OKTaMepa). 

Ha pmc. 14.27 noKa3aHO pacnpe/jejieHHe AHMepoB 
penpeccopa no caňTaM onepaTopoB ;iH3oreHHoro npo- 
cjiara. flnMepbi penpeccopa 3aHHMaiOT canTbi 0 L 1 n 0 L 2, 
0 R 1 n O r 2. flnMep, 3aHHMaiomHH canT O r 2, KOHTanrapy- 
eT c PHK-no^HMepá3on, HannHaiomeH TpaHCKpnnunio c 
npoMOTopa P RM . 

B3aHMO,aeňcTBne AByx onepaTopoB (jieBoro n npaBoro, 
nepe3 penpeccop) nivieeT ocoóbin cmhol Bo-nepBbix, oho 
CT a6njiH3HpyeT noca/jKy penpeccopa n TeM caMbiM coo6- 
maeT onepaTopaM nyBCTBHTejibHOCTb k hh3khm kohiicht- 
pau,naM penpeccopa. Bo-BTopbix, noca/jKa penpeccopa Ha 
O r 2 cra6n;iH3HpyeT CBa3biBaHne PHK-no;iHMepa3bi c P RM 
Atih TpaHCKpnnu,HH cl. TaKHM o6pa30M, penpeccop (npo- 
AyKT reHa cl) /jaxce b Majibix KOHu,eHTpau,nax cmimyjiupyem 
npodyKUfUK) cclmozo ceôn. 

Ha ynacTKe Mexc/iy onepaTopaMH 0 L n 0 R HK o6pa3y- 
eT óojibmyio neT/no (b Hen co/jepacnTca reH cl). OcHOBaHne 



PMC. 14. .B pe3y/ibTaie o6pa30BaHna penpeccopoM otcraMepa, 0 L 3 
n 0 r 3 0Ka3biBat0TCfl c6/in>KeHbi, no3TOMy yBe/umeHMe KOHL^empauMM 
penpeccopa no3BOJiaeT eme oahoéí nape ero AMMepoB CBfl3aTbca c 
0 L 3 n 0 r 3 m B3anMOfleíícTBOBaTb Me>Kfly co6oŕí 


neTjín 3aKpemieHO OKTaMepoM penpeccopa. OKTaMep cójih- 
xcaeT TpeTbio (noxa nycryío) napy canTOB onepaTopa, 0 L 3 n 
O r 3. B pe3y^bTaTe O l 3 n O r 3 Taioce OKa3biBaioTca cnocoÓHbi 
CBA3aTb no OAHOMy /jHMepy penpeccopa n B3anMOAencTBO- 
BaTb jjpyr c /jpyroM, Kax noKa3aHO Ha pmc. 14.28. Tenepb, 
H3-3a 3aHaTOCTH O r 3, PHK-nojiHMepa3a He MOxceT ncnojib- 
30BaTb npoMOTop P RM /ym TpaHCKpnnu,HH cl: SKcnpeccna 
penpeccopa BbnunoHaeTca. 

3Ta MOflejib oÓTacHaeT nyBCTBHTejibHOCTb OKcnpeccnn 
cl k KOHu,eHTpau,HH penpeccopa (ero coócTBeHHoro npo- 
AyKTa). B caMOM /jene, b hh3khx KOHu,eHTpau,Hax penpeccop 
o6pa3yeT Ha onepaTopax OKTaMep n aKTHBnpyeT PHK-nojín- 
Mepa3y (to ecTb peryjinpyeT coócTBeHHyio oKcnpeccnio no 
Tnny nojiO)KHTejibHOH oópaTHOH cba3h). Hen36e)KHoe yBenn- 
neHne KOHu,eHTpau,HH penpeccopa npnBOflHT k CBa3biBaHHio 
hm TpeTben napbi canTOB, O l 3 n O r 3, h BbuonoHeHHio TpaHC- 
Kpnnu,HH ero coócTBeHHoro reHa cl (peryjiau,Ha no Tnny 
OTpHU,aTeJlbHOH OÓpaTHOH CBH3H). Y nopOrOBblX KOHU,eHT- 
pau,HH penpeccopa, TpeóyeMbix jyw nepeionoHeHna MOKfly 
TnnaMH peryjiaunn, oneHb HH3Kne aócoinoTHbie 3HaneHHa. 
CncTeMa abho oó/iaAaeT noBbimeHHon nyBCTBHTejibHOCTbio; 
sto oó'bacHaeTca KoonepaTHBHbiM xapaKTepoM B3anMO flenc- 
TBna AHMepoB penpeccopa c cepnaMH canTOB b onepaTopax. 
He3HanHTe^bHoe H3MeHeHne KOHu,eHTpau,HH penpeccopa 
3anycKaeT cooTBeTCTByioiiJ,HH peiyjiaTopHbiH otbct, HanpaB- 
neHHbiH Ha CTa6™H3au,Hio ^H3oreHHoro cocToaHna. 

KoonepaTHBHbiH xapaKTep B3anMOAeHCTBna penpecco¬ 
pa c onepaTopaMH CHnxcaeT 3(J)(J)eKTHBHyK) KOHiiempaunio 
penpeccopa (npnMepHO b Tpn pa3a). CooTBeTCTByiomee, 
OTHOCHTe/ibHO Heóonbiiioe, Ko^nnecTBO penpeccopa rojvk- 
ho 6biTb yHHHTOxceHO /v ih BbixoAa npocjiara H3 jin3oreHHO- 
ro cocToaHna. nosTOMy HH^yKiina 4)ara mMÓRa m Mone- 
KynapHOM ypoBHe OT^HnaeTca ncioiiOHHTe^bHO bmcokoh 
3(J)(J)eKTHBHOCTbK). 


14.17 


TeHbl cll H Cín HyXÍHbl 
A/ih ycTaHOB/ieHMB jiM3oreHMM 


KniOHeBbie noHaT m: 


• npoflyKTbi 3aflep>KaHHopaHHMx reHOB cll m cIII Heo6xoflHMbi ŕ 
HTo6bi PHK-noAMMepa3a Mor^a HanaTb TpaHCKpnnumo c 
npoMOTopa P RÍ . 

• Be/ioK cll aflanTMpyeT npoMOTop, a cIII 3amnmaeT cll ot 
AerpaflauMM. 

• TpaHCKpnni4Mfl c P RE npMBOAm k CMHTe3y penpeccopa m MemaeT 
3Kcnpeccnn ero. 


B ycTpoHCTBe cxeMbi no/mepacaHna jiH3oreHHoro cocto- 
nmm jiaMÓ/^a ecTb oahh napa/^OKc. npucymcmeue ôejwa- 
penpeccopa ueoôxoduMO dm ezo cuume3a. 3thm oó^ac- 
HaeTca, 3a cneT nero MoxceT coxpaHaTbca cocToaHne jih- 
3oreHHH. KaKOB xce npouecc, aanycKaiouinn chhtc 3 pen¬ 
peccopa b nepBbiH pa3? 

Kor/ía flHK (Jiara m MÓ/ja ToabKO BHe/ípaeTca b loieTKy 
HOBoro xo3anHa (cpa3y noaie 3apaxceHna), óaKTepnaabHaa 
PHK-noAHMepa3a He MoaceT TpaHCKpnónpoBaTb cl H3-3a 
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OTcyTCTBHfl óejiKa, KOTopbiH noMoraji 6bi PHK-no/MMepa- 
3e Hcno^b30BaTb npoMOTop P RM . B to xce BpeMH OTcyTCTBne 
penpeccopa cl 03HanaeT /jocTynHOCTb npoMOTopoB P R h P L ; c 
hhx HeMe/yieHHO HaHHHaeTca TpaHCKpHnu,Ha reHOB N h cro. 
BcKope noaie 3Toro, npn ynacTHH 6e;iKa pN (aHTHTepMHHa- 
Topa) TpaHCKpHnu,Ha mo^kct npo/íO^aTbca /jajiee. Yjijmm- 
Hne TpaHCKpnnTa, n/iymero B/ieBO, 3axBaTbiBaeT 06/iacrb reHa 
cIII (h eme HecKo/ibKHx reHOB; sto paBHoanibHo aKTUBau,™ 
hx TpaHCKpHnu,HH). TpaHCKpnnT, H/jymnn BnpaBO, Tenepb 
COflepXCHT OTKpbITbie paMKH CHHTbIBaHHfi CL H eiU,e HeCKO/Ib- 
khx reHOB (cm. pne. 14.14). 

CxO/JCTBO cll H Clll C cl COCTOHT B TOM, 4T0 MyTai],HH B 
jiioóom H3 hhx Moryr npHBecTH k noaB/ieHHio npo3panHbix 
ÓJwrneK. 0/jHaKO MyTaHTbi no cl HHKor/ja He B03Bpaiu,ai0Tca 
b ^H3oreHHoe cocroaHHe h He yMeioT ero no/mepxcnBaTb. 
MyraHra no cll hjih no cIII ncnbiTbiBaiOT Tpy/jHOCTn nepe- 
xo/ja b ^H3oreHHoe cocroflHne, ho ohh cnocoÓHbi no,zme- 
p)KHBaTb jiH3oreHHio 3a cneT yniuia caMoperyjmu,HH cl 

Myrambi Be/íyT ce6a TaK, ôypyo cll h cIII c/ryacaT no- 
3HTHBHbiMH pery/iaTopaMH nepexoAa b jiH3oreHHoe 
COCTOflHHe. fleHCTBHTe/IbHO, npOAyKTbl 3THX reHOB 3a- 
AeňcTBOBaHbi b nepemnou HapaóoTKe penpeccopa cl c 
ajibTepHaTHBHoro npoMOTopa (He P RM ). 3Ta Mepa HyxcHa 
tojibko /y m Toro, htoóh umamb de novo sKcnpeccnio cl, 
npeoflO/ieBaa npHHu,HnHa/ibHyio HecnocoÓHOCTb KOHTy- 
pa nO/IO>KHTe/IbHOH OÓpaTHOH CBA3H K CaMOHHHU,HaĽI,HH. 

IeHbi cll h cIII He npeAHa3HaneHbi pjín /yíHTe/ibHon onenn 
caMonoAAepxcHBaioineroca KOHTypa sKcnpeccnn cl 

Be/iOK cll HanpaMyio pery/inpyeT sKcnpeccnio cl c 
npoMOTopa P RE , KOTopbin Haxo/íHTca Me^c^y reHaMH cro 
n cll. (anzjí. RE, repressor establishment — ycraHOB/ieHne 
penpeccopa). 3 tot npoMOTop ncnojib3yeTca PHK-noJin- 
Mepa3on TOJibKO b npncyTCTBHH cll, KaK H3o6pa>KeHO Ha 
PMC. 14.29. 

B yaiOBHfix in vivo 6e/iOK cll npe3BbinanHO Hecraón/ieH: 
oh oneHb óbicTpo flerpa^npyeT no jx ÄencTBneM óaKTepna^b- 
Horo 6e/iKa HflA. OyHKn,™ cIII CBO/jnTca k 3aiu,HTe cll ot 
AerpaAau,HH. 

TpaHCKpHnu,Ha c P RE Be/jeT k jiH3oreHHH r ByMB nyraMH. 
ľlpaMon 3$c{)eKT TpaHCKpHnu,HH — sto HapaóoTKa pen- 


A/ifi HapaéoTKM penpeccopa Mcno/ib3yeTC*i cnetiHajibHbin npoMOTop 


t 

í 


PHK-nojiMMepa3a 


Be/ioK cll 

/ 


-vvv\<vvv\ feÉ rvv< 

PJ0 L cl P m P r/0 r cro 


PMC. 14.29 3anycK Hapa6oTKM penpeccopa nponcxoflm coBMecTHbi- 
mh ycunmm PHK-no/iHMepa3bi n 6e/iKa cll Ha npoMOTope P RE . lipu 
stom MHMUMMpyera TpaHCKpMnuM^ MAymaa Mepe3 cro k clv\ fla/iee 


peccopa (nocKO/ibKy b TpaHCKpnnT nona/jaeT bca o6/iacrb 
cl C OTKpbITOH paMKOH CHHTbIBaHHfl). KOCBeHHblH 3(|x{)eKT 
oóycJiOBJíeH TeM, hto TpaHCKpnnu,Ha BHana^e npoxo/jnT 
nepe3 reH cro b HeBepHOM HanpaB/ieHHH. TaKHM oópa30M, 
5'-KOHiieBaa oôJiacTb TpaHCKpnnTa cooTBeTCTByeT amn- 
CMbic/iOBOH u,enn cro. rn6pH/jH3yflCb c ayTeHTHHHOH mPHK 
cro, TpaHCKpnnT P RE HHrnónpyeT ee TpaHCJiau,nio (b pe3y^b- 
TaTe óe^OK cro He CHHTe3npyeTca, jinTHHecKHH ynicn ocra- 
eTca 6e3 no3HTHBHoro pery^aTopa; cm. pa3/c 14.20 «Be3 cro 
nOJIHblH JIHTHHeCKHH U.HKJ1 HeB03M0)KeH»). 

no cpaBHeHHio c «Baaon» TpaHcaaunen TpaHCKpnnTa 
P RM , KOAHpyiomaa oóJiacTb cl b TpaHCKpnnTe P RE TpaHCJin- 
pyeTca oneHb scjxjieKTHBHO. Ha caMOM roic, chhtc 3 pen¬ 
peccopa C P RE B CeMb-BOCeMb pa3 HHTeHCHBHee, HeM c 
P RM no Toň npocToň npnnnHe, hto b TpaHCKpnnTe P RE ecTb 
3(J)(J)eKTHBHbiň caňT noca/íKH pnóocoMbi. B TpaHCKpnnTe 
P RM caňT noca^Kn pnóocoMbi OTcyTCTByeT (cpa3y n/^eT hhh- 
u,HnpyK)mnň koaoh AUG). 


14.18 


C/iaéoMy npoMoiopy 
Hy>neH éenoK cll 


KnioHeBbie noHATMfl: 


• npoMOTop P RE MMeeT HeciaHflapTHbie nocneflOBaienbHocTM Ha 
((jyHKUMOHanbHO 3HannMbix ynacTKax -35 n -10. 

• PHK-nojiMMepa3a y3HaeT 3 tot npoMOTop TonbKO b npncyTCTBHH 
6e/iKa cll. 


• EenoK cll CBa3biBaeT ynacTOK -35 npoMOTopa P RE . 


npoMOTop P RE naoxo cooTBeTCTByeT KOHceHcycy rj\h. 
ynacTKa -10 n Booóme He cooTBeTCTByeT KOHceHcycy 
/yia nocae/íOBaTeabHOCTH -35. RBHaa ( a,e4 )HL| . HTH0CTb 
3Toro npoMOTopa oó^acHacT ero c^yHKunoHajibHyio 3a- 
BHCHMOCTb ot óeaKa cll. CaM no ceóe P RE He moxcct óbiTb 
TpaHCKpnónpoBaH PHK-noanMepa 30 ň in vitro\ TpaHC- 
KpHnu,HH HeOÓXOAHMO flOÔaBHTb B CHCTCMy OHHIU.eHHblň 

cll. A^amop cll CBa 3 biBaeT P RE Ha ynacTKe ot -25 ao -45. 
noca/jKa PHK-noanMepa3bi Ha a/íanTHpoBaHHbíň npo- 
motop 3aKpbiBaeT ynacTOK ot -12 /jo +13. KaK cae^yeT 
H3 pmc. 14.30, a/janTop n (J)epMeHT B3anMOfleňcTByioT c 
6an3KO pacnoaoxceHHbiMH (h/ih A^xce nepeKpbiBaiomH- 
MHca) caňTaMH npoMOTopa. 

BaacHOCTb HecTaHAapTHbix ynacTKOB -35 n -10 pjm 
c{)yHKiiHH P RE AOKa3biBaeTca cynj,ecTBOBaHHeM rpynnbi 
MyTau,Hň cy. no CBoeMy 3({)(J)eKTy ohh HanoMHHaioT My- 
Taynn b cll n clll , Memaioiij.He nepexoAy b jiH3oreHHoe 
cocToaHne; ToabKO cy aBaaioTca ^c-fleňcTByioiij.HMH. 
MyTaynn cy roikt Ha ABe rpynnbi: cyL n cyR , Haxo/ymin- 
eca, cooTBeTCTBeHHO, Ha ynacTKax -10 n -35 (to ecTb 
TaM, rjxt b npoMOTope noaoxceHO Haxo/íHTbca KOHceHcy- 
caM aB yx onepaTopoB). 

MyTau,HH cyL MapKnpyioT ynacTOK -10 n, CKopee Bcero, 
MemaioT PHK-noanMepa3e y 3 HaBaTb npoMOTop. 

MyTaiinn cyR , MapKHpyiomne ynacTOK -35, óbiBa- 
iot a Byx TnnoB: oahh MemaioT noca/jKe cll, Apyrne — 
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cll AaeT PHK-no/iMMepa3e B03M0>KH0CTb CB;uaTbCfl c P, 


CBfl3biBaeicfl 
OAMH cll 


CBfl3biBaeicfl cll + PHK-no^MMepa3a 

< > < > 


WWA/V 

-50 -40 -30 -20 -10 +10 


ToMKa CTapia 


OóbNHafl 
noc/ieAOBa- 
TejlbHOCTb 
Ha -35 

TTGACA 


OóbNHafl 
noc^eftOBa- 
TejlbHOCTb 
Ha -10 

TATAAT 


GCAACGCAAACAAACGTGCTTGGTATACATTCATAAAGGAATCTA 
CGTTGCGTTTGTTTGCACGAACCATATG AAGTATTTCCTTAGAT 
***** * **** * * * 


MyTaAHH cyR 

HapyuiajOT CBB3biBaHne 
no^MMepa3bi 

HapymatOT cBfl3biBaHne cll 


MyiaijHH cy L 

HapymatOT CB«3biBaHne 
no/iMMepa3bi 


. 14.30 PHK-noAMMepa3a CBB3biBaeTCfl c P RE TO/ibKO b npMcyic- 
TBMM dl, KOTOpblíí CBfl3blBaeTCfl C P RE B OKpeCTHOCTM -35 


noca/jne PHK-no/iHMepa3bi. MyTaunn no iiempy ynacr- 
Ka He MemaiOT CBfl3biBaHHio cll; npeAno/iaraioT, hto ohh 
M emaiOT CBfl3biBaHHio no/MMepa3bi. ľlo o6e CTopoHbi ot 
hhx BCTpenaiOTca MyTau,nn, KOTopbie MemaiOT CBfl3biBa- 
hhk) cll; ohh npHxoAflTca Ha KopoTKHe noBTopbi-TeTpa- 
Mepbi TTGC. Kaxc^aa napa ocHOBaHHH b TeTpaMepe yga- 
jieHa ot roMOJiorHHHOH napbi b .qpyroM TeTpaMepe Ha 
o/jhh bhtok /jbohhoh cnnpa/in (10 nH). Tax hto, /ioxcacb 
Ha OflHy cTopoHy flHK, cll b npnHunne MOxceT y3HaBaTb 
cpa3y 06a TeTpaMepa. 

cll nrpaeT po/ib no3HTHBHoro pery/urropa; sto 03Hana- 
eT, hto nocpe/jHHK (accessory protein, 6e/iOK flocryna) cll 
noBbimaeT sc{)({)eKTHBHOCTb, c KOTopon PHK-no/iHMepa3a 
npncTynaeT k TpaHCKpHnu,HH. i noKa3biBaeT, hto 
peryjmu.HH MoaceT no/yiexcaTb jiioóoh sTan B3aHMOAeHCTBHfl 
PHK-no/iHMepa3bi c npoMOTopoM Pn-- noMonj,b no/iHMepa- 
3e MOxceT KacaTbca KaK nepBHHHoro CBfl3biBaHHa c oópa30- 
BaHHeM 3aKpbiToro KOMnjieKca, Tax h noc/ieAyioiiiero npe- 
06pa30BaHHa B OTKpbITblH KOMnaexc. 


14.19 


YCTaHOB/ieHMK) 

/iM3oreHMM npeAiuecTByeT 
pBA COébITMM 


KniOHeBbie noHATMa: 


• cll m cIII ooôecneHMBaiOT nepBMHHbiŕí BcruiecK cMHTe3a 
penpeccopa, a Tatone 3anycKaK)T MHrn6npoBaHMe TpaHCKpMrmuM 
ľl03AHMX reHOB. 

• C noflBAeHMeM penpeccopa TpaHCKpnni4na Bcex paHHMx reHOB 
BblKJltOHaeTCfl. 

• Penpeccop BKjnonaeT KOHTyp noAflepwaHMa cBoero 
COÓCTBeHHOrO CMHTe33. 


• Ha 3aK/iK)HMTejibHOM 3Tane nepexofla b jiM3oreHHoe 
cocToaHMe flHK 4)ara JiaMÔfla BcrpaMBaeTca b reHOMHyio 
flHK 6aKTepnM. 


Tenepb Mbi moxccm npocjie/jHTb 3a nepexo/jOM b jih 30- 
reHHoe cocTOHHHe KaK bobmoxchhm BapnamoM pa3BHTM 
HH(j)eKU,HH. P14 L BOCCTaHaBJIHBaeT KapTHHy paHHHX 

CTa/jHH pa3BHTHa HH(J)eKiiHH h noKa3bmaeT, K HeMy npHBO- 
Aht sKcnpeccna reHOB cll h clll. Ha/iHHHe 6e/iKa cll no3B0- 
mtr npoMOTopy P RE Hcno/ib30BaTbca /yia TpaHCKpHnijHH 
o6/iacra cl C TpaHCKpnnTOB P RE óbicrpo CHHTe3Hpyera 
6o/ibinoe ko/ihhcctbo 6e/iKa-penpeccopa cl, KOTopbin cpa- 
3y xce CBa3biBaeTca c 0 L n 0 R . 

3aTeM nponcxoAHT npaMoe HHrnónpoBaHHe TpaHC- 
Kpnnu,HH c P L h P R . CBa3aB 06a npoMOTopa, penpeccop Bbi- 
KniOHaeT sKcnpeccHio Bcex reHOB 6aKTepno(J)ara. 3 to ocra- 
HaB/iHBaeT chhtc 3 cll h cIII. He OT/iHnaacb craÓRnbHOCTbio, 
cll h cIII óbicTpo cxoaht Ha HeT. Be3 hhx 3KcnpeccHa c P RE 
noaHOCTbio 3aTyxaeT, nepBHHHbin chhtc 3 penpeccopa 3a- 
BepmaeTca. 

Ho, OKa3biBaeTca, Ha stot momcht nepBHHHbin chhtc 3 
yace npnBea k ycraHOBaeHHio penpeccopa b KanecTBe (j)yH- 
Ku,HOHajibHOH AOMHHaHTbi. Penpeccop npncyTCTByeT Ha 0 R . 
Orry/ía oh 3anycKaeT pery/iaTopHbiH KOHTyp CBoero co6c- 
TBeHHoro CHHTe3a (paGoTaioiiínH no npHHu,Hny nojiomi- 
TeabHOH OÓpaTHOH CBH3H) C HCnOab30BaHHeM npOMOTOpa 
P RM . Penpeccop npoAoaxcaeT CHHTe3npoBaTbca, xotb n c 

HH3KOH HHTeHCHBHOCTbK). 

TaKHM oópa30M, ycTaHOBaeHHe jiH3oreHHH HannHa- 
eTca c CHHTe3a penpeccopa Ha bmcokom ypoBHe. 3aieM 
penpeccop BbiionoHaeT Bce Apyrne 4)yHKu,HH, npn stom 
B iuiioHaeTCH cncTeMa noAAepxcaHHa ero cHHTe3a Ha hh3- 
kom ypoBHe, nocTaTOHHOM jxm coxpaHeHHa jiH3oreHHoro 
cocToaHHa. 


OoiioMíHTeiibHafl pery/i*ii4*M bíihbbt Ha hhhi4H34hio 


ľlpoMOTop PeryjiBTop 

CBfl3blB3HHe npoMOTopa 
nojiHMepa30M 

(KOHCTaHTa paBHOBeCHfl, Kq) 

KoHBepcwB no^nMepa3bi 

B OTKpbITyK) (})OpMy 
(KOHCTaHTa CKOpOCTH, k 2 ) 

P RM 

penpeccop 

3c|)(t)eKTa HeT 

11-/. 

p re 

CII 

100 X 

100x 


r k í riojio>KMTejibHafl peryABMMB mojkot noAflepwMBaTb PHK-noAMMepa3y Ha aio6om aiane 
m TpaHCKpMniiMM 
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B stoh rjiaBe Mbi He craHeM noflpoÓHo ocraHaBjíHBaTbca 
Ha .apyrax cjDyHKUHax, oóyc/iOB/iHBaioiuHx nepexofl b /ih30- 
reHHoe coctohhhc (xota Taxne (jDyHKu.HH ecTb). HanpHMep, 
HH(j)Hu,HpyK)maa flHK cjDara JiaMÓ/ja Roiwm BcrpoHTbca b 
reHOM 6aKTepnH-xo3flHHa (06 stom cm. pa3/j. 19.17 <<CaňT- 
cneu.HcjDHHHaa peKOM6HHau,Ha conpoBOxc.qaeTca pa3pbiBOM 
h BOCCoeAHHeHHeM»). Jlnn BcrpaHBaHHa (BHe/jpeHna, HHTer- 
paijHH) Heoóxo/íHM npo/iyKT reHa int, SKcnpeccHpyiomero- 
ca c coócTBeHHoro npoMOTopa P h KOTopoMy Tax xce, xax h 


Pre, HeoóxoAHM nocpe/jHHK cll. npoMOTopbi P, Pre HMdOT 
noxoxcHe caíiTbi CBa3biBaHHa cll (ho Henoxoxaie ynacrxH 
-10). TaKHM o6pa30M, (jDyHXu.HH, HeoóxoAHMbie /yia ycra- 
HOB/ieHna ^H3oreHHoro KOHTpojinpyioiij.ero KOHTypa, koht- 
po/iupyioTca toh xce chctcmoh, hto h (J)yHKu l HH, Heoóxo/jH- 
Mbie /yia HHTerpau,HH flHK cjDara b óaxTepna^bHbiH reHOM. 
Mo>kho npeflno/iaraTb, hto e/jHHOo6pa3He pery/iaTopHbix 
MexaHH3MOB nepexo/ja cjDara b jiH3oreHHoe cocToaHne cno- 

COÓCTByeT ÓOJIbUieH HeTKOCTH pa3BHTHa COÓblTHH. 



PHC. 14.32 fl/ia ydaHOBaeHMa jiM3oreHMM Heo6xoflMM KacKa/v KOTopbiíí BCKope BbiKJHOHaeica; Ha 
CMeHy npMxoflm peryjiaTopHbiíí KOHTyp noflflepwaHMa penpeccopa 
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HaKOHeu,, oóparaM BHHMaHne m to, hto pery/iaTop- 
HbiH KacKa/í cjDara /iaMÓ/ja ycTpoeH BecbMa npnHy/yiHBO, c 
Maccoň BTopocTeneHHbix KOHTypoB h nepeMbineK. H3Bec- 
tho, HanpHMep, hto 6 e/iOK cll cnocoócTByeT jiH3oreHHH 
eme o/jhhm, KocBeHHbiM, o 6 pa 30 M. Oh no/mepjKHBaeT 
TpaHCKpHnu,Hio c npoMOTopa, KOTopbiH Ha3biBaeTcaP anti . Q ; 
oh HaxoflHTca BHyTpn reHa Q. TpaHCKpnnT P anti _ Q — 
3 to aHTHCMbic/iOBaa Bepcna reHa Q\ oh rn 6 pHflH 3 yeTca 
c mPHK Q h npenaTCTByeT ee TpaHCJiau,HH (to ecTb chh- 
Te3y 6 e/iKa Q, BaacHeHiiiero peryaaTopa no 3 flHen c{)a 3 bi 
jíHTHnecKoro u,Hioia). noJiynaeTca, hto ochobhoh Mexa- 
hh3m nepexo/ja b jiH3oreHHoe cocroaHne HMeeT /iHHenKy 
<<CTpaXOBOHHbIX» npH/IOXCeHHH, CnOCOÓCTByiOIIJ.HX flOCTH- 
xceHHio toh ace u,ejiH 3a cneT HHrHónpoBaHHa SKcnpec- 
chh reHOB cro h Q (no3HTHBHbix peryjiaTopoB 3aeepiue- 
HUH JlHTHHeCKOrO UHKJia). 


14.20 


6e3 penpeccopa cro 

nO/IHbIM /lMTMMeCKMÍÍ LJI1KJ1 
HeB03M0)KeH 


KniOMeBbie noHaTMa: 


• ľlpoflyKT reHa cro CBfl 3 biBaeTca c tcmm >Ke onepaTopaMM, 
hto m penpeccop, ho KOHdaHTbi cpofldBa y Hero 
flpyrwe. 

• Ecjim Cro CBB 3 a/iC 5 i c 0 R 3, oh He flaeT PHK-nojiMMepa 3 e 
CBfl3aTbCfl C P m M, T 3 KMNI o 6 pa 30 M, ÔJlOKMpyeT 
caMonoflflep>KaHMe penpeccopa. 

• Ecjim Cro CBfl 3 ajica c flpyrMMM caŕÍTaMM onepaiopoB 0 R m 0 l , oh 
H e flaeT PHK-no/iMMepa 3 e TpaHCKpMÔMpoBaTb HeNiefle/ieHHo- 
paHHMe reHbi, hto KOCBeHHbiM o 6 pa 30 M 6 /iOKMpyeT 
ycTaHOB/ieHMe penpeccopa. 


B Hana/ie HHcjDeKu.HH y cjDara /iaMÓ/ja ecTb Bbióop: nepen- 
TH B JlH30reHH0e COCTOaHHe HJIH pa3BepHyTb HH(f)eKĽI,HK) 
(jlHTHHeCKHH U,HIUl) nO nO/IHOH nporpaMMe. JlH30reHHfl 
HanHHaeTca c cjDopMnpoBaHHa pery/iaTopHoro KOHTypa 
caMonoAAepxcaHHa penpeccopa cl, noc/ie KOToporo npo- 
ncxoflHT rjiyóoKoe HHrnónpoBaHHe Bcero jíHTHHecKoro 
KacKa^a. 

lOnoneBOH cjiHrypoH jiHranecKoro u,Hiuia BbiCTynaeT 
reH cro, KOflnpyioiij.HH flpyron óeaoK-penpeccop. npn Hop- 
MajibHOM pa 3 BHTHH JiHranecKoro u,Hiuia Cro omeenaem 3 a 
npedomepatneuue cunme 3 a penpeccopa c/; no/iHon,eHHaa 
aKTHBHOCTb Cro HcioiioHaeT B 03 M 0 )KH 0 CTb nepexo/ja b jih- 
3 oreHHoe cocroaHne. CooTBeTCTBeHHO, cjDarH-MyTaHra no 
cro npoflBJíaioT noBbimeHHyio ciciOHHOCTb k nepexo,oy b jih- 
3 oreHHoe cocroaHne. 

BejiOK Cro npeflcraB/iaeT coóoh He6o/ibiuoH flHMep 
(flBe cyó'beflHHHu.bi no 9 Kfla), /jeHCTByiom™ BHyTpn pe- 
rnoHa HeBOcnpnnMHHBOCTH. 3 to flencTBne HMeeT flBa 3(]> 
cjDeKTa. 

• npenaTCTByeT cnme3y penpeccopa cl nepe3 KOHTyp ca- 
MonoflflepxcaHna, to ecTb npenaTCTByeT TpaHCKpnnu,HH 
c P RM . 

• npenaTCTByeT SKcnpeccnn paHHnx reHOB c P L n P R . 


3to mojkho HHTepnpeTnpoBaTb TaK: b /ihthhcckom 
u,nioie 6e/iOK Cro /jo/dkch BOBpeMa BbiiuiiOHHTb sKcnpeccnio 
paHHnx reHOB u He no3BO/MTb 6aKTepnoc{)ary nepenra b 
jiH3oreHHoe cocroaHne. 

Ee/iOK Cro Bbino/iHaeT cboio 4)yHKu,nio, CBa3biBaacb c 
TeMH ace onepaTopaMH, hto h penpeccop cl. Y Cro Toace 
ecTb mothb Tnna «cnnpaflb-noBopoT-cnnpaflb», b koto- 
poM BTopaa cnnpa/ib pa3HeceHa c TpeTben («cnnpaflbio 
y3HaBaHna») Ha flOBO/ibHO óoflbmon yrofl. (3 thm, o/jHaKO, 
cxoflCTBO flByx óejiKOB orpaHHHHBaeTca; /jaHHbin Cflynan 
eme pa3 flOKa3biBaeŤ, hto mothb «cnHpa/ib-noBopoT-cnn- 
pajib» npnrofleH /yia ncnoflb30BaHHa b caMbix pa3Hbix 
noJinnenTHflHbix KOHTeKCTax.) Kax h penpeccop, Cro 
CBA3biBaeT onepaTopbi chmmctphhho, flByMa flHMepaMH 
Ha Ka^flbiH caHT. 

AMHHOKHCJIOTHbie nOCJieflOBaTe/IbHOCTH MOTHBOB 
«cnnpajib-noBopoT-cnHpajib» y Cro h cl noxoxcn (TaK 

KaK OHH KOHTaKTHpyiOT C OflHHMH H TeMH XCe CaHTaMH 
H HK; cm. pne. 14.21). KoHTanra, KOTopbie Cro o 6 pa 3 yeT 
c flHK, noflOÓHbi KOHTaKTaM, o 6 pa 3 yeMbiM cl, ho mojibKO 
c oônoú cmopOHU. B ot/ihhhc ot cl y Cro HeT N-koh- 
u,eBoro flOMeHa, oGopaHMEaiomcroca BOKpyr abohhoh 
cnnpaflH. 

Cepna coóhthh anTOnecKoro uniuia BOcnpon3BefleHa 
Ha P M C. 14.33 (3aMeTHM, HTO B CBOCH BepXHCH HaCTH OH 
Hfl,eHTHHeH pne. 14.32, nocBaiu,eHHOMy jiH3oreHHH). KaK 
noJiyHHflocb, hto Cro h cl, flBa noxoxcnx 6e/iKa c oahhmh 
h TeMH xce canTaMH-MHmeHaMH, aBaaioTca aHTaroHHCTaMH? 
npHHHHa KpoeTca b pa3JiHHHOH cTeneHH cpoflCTBa (a(J)- 
(Jihhhocth) flByx óeaKOB k OTfleabHbiM camaM CBa3biBaHna 
BHyTpn onepaTopoB. 

flnMepbi Cro HMeioT óoabmee cpoflCTBO k O r 3, neM k 
O r 2 hjih k 0 R 1, BCJiejíCTBne nero Cro b nepByio onepejib B3a- 
HMOflencTByeT hmchho c O r 3. 3to HHrnónpyeT CBa3biBaHHe 
PHK-noflHMepa3bi c npoMOTopoM P RM . TaKHM o6pa30M, Cro 
npnopnTeTHO npe/iynpaKflaeT BKinoneHne KOHTypa nofl^e- 
pxcaHna jiH3oreHHH. 

3aTeM Cro CBa3biBaeTca c O r 2 wm 0 R 1. Ac{)({)HHHOCTb 
óejiKa k KaamoMy H3 sthx carnoB npnMepHO OflHHaKOBa (h 
6e3 3(J)({)eKTa Koonepaunn, KaK y penpeccopa). ripncyrc- 
TBHa Cro Ha O r 2 n h6o Ha 0 R 1 jíOCTaTOHHO, htoóh PHK-no- 
AHMepa3a óojibine He Moraa ca/jnTbca Ha P R . H3-3a 3Toro 
SKcnpeccna paHHnx reHOB ocTaHaBanBaeTca (b nacmoc- 
th, npeKpamaeTca npoAyKn,na caMoro Cro). BcaeflCTBHe 
HecTaónjibHOCTH a^anTopa cll (npo/iyKTa paHHero reHa, cll) 
Hcnoab30BaHne npoMOTopa P RE (nepBHHHbiH chhtc 3 pen¬ 
peccopa) BCKope npeKpamaeTca. TaKHM o6pa30M, nepBbin h 
BT opoH 3(J)(J)eKTbi Cro nojmocnmo 6/iOKnpyioT npoflyKn,HK) 
penpeccopa. 

Hto KacaeTca npofloaaceHna anTHHecKoro u,Hioia, Cro 
noflaBjíaeT sKcnpeccnio paHHnx reHOB, xoTa h He nojmo- 
CTbio. Ero HenojiHbiH 3({)({)eKT oóTacHaeTca flOBoabHO hh3- 
khm cpoactbom Cro k O l 2 h O r 2 (oho b ~8 pa3 Hnace, neM y 
penpeccopa cl). Ha caMOM fleae, 3({)({)eKT Cro KaK penpecco¬ 
pa paHHnx reHOB npoaBjíaeTca no3ace, b npncyTCTBHH pQ. 
K 3TOMy BpeMeHH HanHHaeTca sKcnpeccna no3flHnx reHOB 
c{)ara, h oh cocpe/jOTOHHBaeTca Ha npoflyKu,HH nacTnu-no- 
TOMKOB. 
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XlHTHMeCKHM fiyTb npMBOAMT K 3KCnpeCCMM CľO H n03AHMX reHOB 


HEMEflJlEHHOPAHHME TEHbl 


t TpaHCKpnÓMpyjora 
PJO l d P RM Pre N m cro 

Pr/OrCW 1 t R dl 


9 


? f 


3AAEP>KAHH0PAHHME TEHbl 

cín N t P m Pre 

Pr/Orcco i cn YZcm 


♦ 

• 

t 

<1 

O O 

k k 

3 

ľlPOflOJDKEHME BKCľlPECCMM 
3AflEP)KAHH0PAHHMX TEHOB 

/\/\/\/\ 
cín N \ P RM 

yV\y\AAAAAAA/'>\AA/\AAA Cro ceMbiMerai 

p vJ0fCro | cU cO l mO r 


9 

(é 

Pi/Ol 

P RM 

(103AHBB 3KC11PECCMB 



Pr/OrCTO 

cll P Cro penpeccMpyei cl 

R n Bce paHHwe reHbi; 

. pQ aKTMBupyeT 

1 no3AHKDio 3Kcnpeccmo 



pi* í t.... B J 1 MTMH 6 CK 0 M KacKafle 6e/ioK Cro H63aM6HMM. Oh Hanp^Myio npen^TCTByeT noAAepwa- 
hmk) penpeccopa sepe3 P RM , a Ta k>K 6 BbiK/nonaei 3Kcnpeccmo reHOB cpeflHeŕí boji h bi (3aflep>KaHH0- 
paHHMx) m TeM caMbiM MeiiiaeT penpeccopy 3aHMMaTb 0 L n 0 R 


14.21 


Ha MeM ocHOBbiBaeTCfl 
6a/iaHc MejKfly /iM3oreHneŕí 
M JIMTMWeCKMM UMKJIOM? 


ICniOMeBbie noHATMa: 


• JlM30reHMfl M JIHTHHOCKMÍÍ LJMKJ1 pa3BMBaiOTCfl no OflHOMy 
ojeHapmo — Bn/ioTb ao MOMeHTa oflHOBpeMeHHoro 
npncyTCTBM5i Cro n jiM3oreHHoro penpeccopa cl. 

• K/noneBOM momoht: yAacrca jim óe/wy cll CTMMy/inpoBaTb 
HapaóoTKy penpeccopa b KOJiMHecTBe, AocraTOMHOM ajiíi 
npoflOJDKeHMíi 3(Jj4)eKTa asmctbha Cro? 


nporpaMMbi pa3BHTHa coóbiTHň jíHTHHecKoro u,Hioia h ne- 
peXOAä B JlH30reHHK) HaCTOJIbKO TeCHO CBB3aHbI MOK/jy co- 
6 oh, hto cyAbóa KOHKpemoro cjDara, nopa3HBinero HOBoro 
xo3BHHa, coBepmeHHO Henpe/íCKa3yeMa. Kax 3aBepniHTca 
npoTHBOCTOBHHe /iH3oreHHoro penpeccopa n Cro? ycra- 
HOB/ieHneM caMopery/inpyiomero KOHTypa, noKa3aHHoro 
Ha pne. 14.32, hjih pa3BHTneM no3AHen oKcnpeccnn, KaK 
Ha pne 14.33? 

06e nporpaMMbi pa3Bm™ HannHaioTca o/jHHaKOBO: 
oKcnpeccHA HeMe/yieHHopaHHnx reHOB nepeTeKaeT b okc- 
npeccnio 3aAep>KaHHopaHHHx. HenpeoAO/MMbie pa3iimm 
Mexc/iy AByMa nporpaMMaMH B03HHKai0T b momcht npnHa- 
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F ľ- KpMTMHecKMŕí MOMem Bbi6opa Me>KAy /iM3oreHMeŕí m jim3mcom HaciynaeT noc/ie «3aflep>K- 
km», bo BpeMB 3KcnpeccnM reHOB BTopoŕí BO/iHbi. Ecjim cll yflacrcfl oóecneMMTb CMme3 flociaTOMHoro 
K0/iMH6CTBa penpeccopa, 3to npuBefleT k /iM3oreHMM, nocKO/ibKy onepaiopbi 6yAyľ 3aHBTbi penpecco- 
poM. B npoTMBHOM c/iyMae c onepaiopaMM 6yflei B3anMOfleiícTBOBaTb Cro, m Torfla 6aKTepMO())ar coBep- 
lilMT nOJlHblíí JlMTMHeCKMÍÍ um K/l 


THfl pemeHHH o tom, hto npHCoeuHHHTca k uByM onepaTO- 
paMH — penpeccop h/ih 6e/iOK Cro? 

npOAOJI^CHTe^bHOCTb paHHeH (J)a3bl HH(j)eKI] 1 HH, b Te- 
neHHe KOTopoň (TaK hjih HHane) npHHHMaeTca pemeHHe, 
Bcer/ja jiHMHTHpoBaHa. He3aBncnMO ot Toro, KaKOH nyTb 6y- 
/jeT BbiópaH c{)aroM, sKcnpeccna Bcex paHHHx reHOB 6y/jeT 
3a6^0KHpoBaHa (uHaKTUBauneH npoMOTopoB P R h P L ), h, 
BCJie/jCTBHe Hcne3HOBeHHa cll h cIII, nepBHHHaa npoAyKu,Ha 
penpeccopa (nepe3 npoMOTop P RE ) npeKpaTHTca. 

TaKHM o6pa30M, Bbióop nporpaMMbi pa3BHma o6yc- 
jiOB/ieH coóbiraflMH MO/ieKyjiapHoro ypoBHa. CyMeeT jih 
TpaHCKpHnu.Hfi c npoMOTopa P RE no/mepacaTb aKmBau.HK) 
npoMOTopa P RM ? Eain /ja, to nepexo/j b /iH3oreHHoe cocto- 
AHne Hen36e)KeH. Ec/ih P RM He aKTHBHpyeTca, to pery/urrop 


pQ npHBeueT cjoara k jíHTHnecKOMy pa3BHTnio. puc. 14.34, 
noaie/jHHH b stoh rjiaBe, nocBameH KpHTHnecKOMy momch- 
Ty coBMecTHoro npHcyTCTBHa penpeccopa n Cro. 

Hana^bHbin sTan nepexo/ja b jiH3oreHHoe coctoa- 
Hne — sto CBa3biBaHne /jHMepoB penpeccopa c 0 L 1 n 0 R 1. 
B3aHMOAeHCTBne óbicTpo noAXBaTbiBaeTca KooneparaBHbi- 
mh B3aHMOAeHCTBHflMH eiye AByx AHMepoB penpeccopa c 
0 L 2 n O r 2, hto Be,o,eT k no/moMy BbnunoHeHHio CHHTe3a Cro 
n Hana^y noflAepucHBaiomero CHHTe3a penpeccopa (nepe3 
TpaHCKpnnu,HK) c P RM ). 

Hcxoahhm coóbiTneM /y m BcrynjieHHa b jihthhcckhh 
iihioi flBJífleTCfl CBa3biBbiaHne 6e/iKa Cro b onepaTope O r 3. 3to 
6/iOKnpyeT cncTeMy coxpaHeHna jiH3oreHHH Ha craAHH hhh- 
u,Hau,HH TpaHCKpHnu,HH b npoMOTope P RM . 3aTeM Cro /jo/dkch 
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CBfl3äTbCfl c 0 R 1 nan 0 R 2, a TaioKe c 0 L 1 hjih 0 l 2, htoóm no- 
flaBHTb sxcnpeccnio paHHHx reHOB. B pe3y/ibTaTe sxcnpeccna 
reHOB cll n cIII 6yp£T npnocraHOB/ieHa, hto npnBe/jeT x npe- 
KpameHHio CHHTe3a penpeccopa c npoMOTopa P RE . BbixaioHe- 
HHe npou,ecca ycraHOBjíeHna penpeccnn nponcxo/íHT, xorAa 
HecraónníbHbie 6ejixn cll h cIII pacna^aioTca. 

cll aBJíaeTca KJiioHeBbiM (paxTopoM b nepexo/je ot Jin3nca 
k jiH3oreHHH. Kor/ja cll axraBeH, chhtc 3 penpeccopa nepe3 
pa3MemeHne Ha npoMOTope 3({)(j)exTHBeH, b pe3y/ibTaTe 
nero penpeccop no/iynaeT npeniviymecTBO n Ha onepaTope. 
Kor^a cll He npoaB/iaeT aKTHBHOCTn, mccto penpeccopa Ha 
onepaTope 3aHHMaeT ero. Ko/innecTBO 6e/ixa cll npn jnoóbix 
oôCTOflTe/ibCTBax onpe/je/iaeT pe3y/ibTaT HH^exu.nn. Myra- 
ijnn, KOTopbie noBbimaiOT craón/ibHOCTb 6ejixa cll, noBbi- 
rnaiOT n nacroTy nepexoflOB b jin3oreHHoe cocroaHne. Ta- 
Kne MyTau,nn MOiyr HMeTb mccto xax b caMOM cll, TaK n b 
Apyrnx reHax. Boiomhhm, hto npnnnHa Hecraón/ibHOCTH 
cll 3aKJiiOHaeTca b ero ya3BHMOcra /yia npoTea3 xo3anHa. 
ľlosTOMy ypoBeHb cll 3 aBncnT He To/ibxo ot sxcnpeccnn 
CTa6njiH3aTopa (cIII), ho h ot (jDyHXu.HOHnpoBaHHa xjieTxn- 
xo3BHHa. 3({)({)eKT npncyTCTBna 6eaxa cIII, Ha caMOM /je/ie, 
BTopHneH: cIII /iniiib 3anj 1 Hiij I aeT cll ot /jerpaAau,HH (tcm 6o- 
;iee, hto oh caM HeeraónjieH). npncyTCTBne cIII He aBJíaeT¬ 
ca rapamnen BbDXHBaHna cIL o/jHaxo b OTcyTCTBne cIII cll 
npaKTHHecKH Bcer/ja HHaKTHBnpoBaH. 

C Apyron cTopoHbi, b reHOMe 6axrepHH-xo3anHa Toxce mo- 
ryr 6biTb MyTau,HH, noBbimaioiij.He nacTOTy nepexo/jOB b /iH3or- 
eHHoe cocroaHne. Taxne MyTau,nn hmciot mccto b reHax hjlA n 
hflB (ot amji. high frequency lysogenization — Bbicoxaa nacroTa 
jiH3oreHH3au,Hn). 3m MyTau,HH CTa6ruiH3npyioT cll, nocxo/ibxy 
HHaKTHBHpyiOT HMCHHO Te npOTea3bI X03aHHa, KOTopbie B HOp- 
Me 3aHHMaiOTca nporeo/inraHecxoň Aerpa 1 nau,neň cll. 

nojiyHaeroa, hto Ha ypoBeHb cll (to ecrb Ha npnHarae pe- 
meHna o Jin3oreHn3au,nn) BjinaeT KjieTxa-xo3anH, xoropaa, b 
cbok) onepe/íb, HaxoAnroa no# AeňcTBneM ycjiOBnň BHeniHeň 
cpe/jbi. Tax, npoTea3bi, xoTopbie pacnjemiaiOT cll, axraBnpy- 
larca npn pocre xjierox b oóorameHHoň cpe/je. Moxcho cxa- 
3aTb, hto c{)ar jiaMÓ/ja cxjiohch /M3npoBaTb xopomo pacrymne 
ôaxrepnajibHbie xjieTxn. JIn3oreHHoe cocroaHne (j)ara /iaMÓ/ja, 
HanpoTHB, 6o/iee rannnHO jjjw xjierox, ncnbiTbiBaioiij.nx Tpyo;- 
hocth c nponnTaHneM ((J)ary MoaceT npocro He xBaraTb pe- 
cypcoB pjm 3(J)(J)exTHBHoro jíHTHHecxoro u,nxjia). 


ffTO Pe3iOMe 

)KH3HeHHbin U.HXJI 6axTepnocJ)ara HMeeT CBoeň uejibio 
npoAyKu,mo óojibinoro nnc/ia nH(J)exu,noHHbix nacrnu,. 
3tot u,nxa Ha3biBai0T nHcjDexu.noHHbiM (noTOMy hto oh 
COOTBeTCTByeT HH/íHBH/íya^bHOMy pa3BHTHK) HH(f)eXLI l HH y 
6axTepnn-xo3anHa), a Taxace anranecxnivi u,nxaoM (noro- 
My hto pa3BHTne HH(J)exLi,HH 3aBepmaeTca /M3ncoM: rn6e- 
j\bK) 6axTepnn-xo3anHa c pa3pbiBOM xaeroHHoň ctchxh h 
BbIXOAOM HH(J)eXLI,HOHHbIX HaCTHU,). y HeXOTOpblX (J)aroB 
B03M0)KHa a^bTepHaTHBHaa, yMepeHHaa, (J)opMa cynj,ecTBO- 
BaHna, h/ih ^H3oreHna. Tchom ^H3oreHHoro (J)ara aBJíaeT- 
ca nacTbio reHOMa 6axTepnn-xo3anHa. H HK jiH3oreHHoro 


(J)ara BCTpoeHa b xpoMOCOMHyio HK óaxTepnn; b Taxon 
HHepTHOH c{)opMe Becb reHeTHnecxHH MaTepnaa c{)ara Ha- 
c^e/íyeTca xax nacTb óaxTepna^bHOH xpoMocoMbi. 

B THnHHHOM JIHTHHeCXOM unxjie MOXCHO Bb^eJinTb Tpn 
(J)a3bi. B nepBOH cj3a3e oneHb Majioe hhcjio reHOB cj^ara TpaHC- 
xpnónpyeTca PHK-no^HMepa3on 6axrepHH-xo3aHHa. Ozíhh H3 
sthx reHOB (min ^Ba; pe#xo ôojibme) aiyacHT peryaaTopoM — oh 
xoHTpojinpyeT sxcnpeccnio rpynnbi reHOB bo btopoh (J)a3e hh- 
(j3exu,HH. no TOMy ace npnHunny npo/jyxrbi reHOB btopoh (J>a3bi 
perynnpyKľr sxcnpeccnio reHOB b TpeTben (J>a3e hhcJ^xuhh. 

B nepBbix Aeyx (J>a 3 ax /iHTHHecxoro Ljnxjia sxcnpeccnpy- 
K)Tca reHbi (JiepMeHTOB, HeoóxoflHMbix jy la BOcnpon3BO/íCTBa 
HK 6aKrepnocJ)ara; b TpeTben c{)a3e sxcnpeccnpyiOTca reHbi, 
xoAnpyiomne crpyxrypHbie xoMnoHeHTbi HH(J)exi],HOHHbix nac- 
THU,. CaMbIM paHHHM TCHaM JlHTHHeCXOrO U,HKíia CBOHCTBeHHO 
BbixjnonaTbca c HacrymieHneM BTopoň n TpeTben c]m 

ľeHbi (J)ara JiaMÓ^a opraHn 30 BaHbi b rpynnbi, Haxo- 
Aaiu,neca noA xompoJieM oóocoó^eHHbix peryjiaTopHbix 
cxeM. HeMeAJieHHopaHHnň reH N xo/ínpyeT 6e^ox-aHTn- 
TepMnHaTop /yia TpaHCxpnnu,nn reHOB cjieA^nKDiu.eň bo/ihm 
sxcnpeccnn (3aAep^caHHopaHHeň; c npoMOTopoB P R n P L ). 
O^nH n3 3Tnx reHOB, Q , (BepHee, ero npo/iyxT, pQ) pa3pe- 
rnaeT TpaHCxpnmjnio Bcex ocTaBmnxca (no3AHnx) reHOB 
cjDara ^aMÓ^a c npoMOTopa P K . 

Pa3Bnrae nH(J)exunn (xoa JinTnnecxoro u,nx^a) mo- 
aceT 6biTb 3a6^oxnpoBaHO 3a cneT sxcnpeccnn reHa cL Ero 
npo/iyxT, 6e^ox-penpeccop cl, paôoTaeT Ha onepaTopax 0 R 
n 0 L , npenaTCTBya TpaHCxpnnu,nn c npoMOTopoB P R n P L ; 
xpoMe Toro, cl oóecnennBaeT nepexoA b ^H3oreHHoe co- 
CToaHne n ero CTa6H/iH3au,Hio. B reHOMe /M3oreHHoro (f>ara 
sxcnpeccnpyeTca OAHH-eAHHCTBeHHbíň reH, c/, co CBoero 
npoMOTopa P RM . TpaHCxpnnu,na c P RM peryjinpyeTca caMHM 
penpeccopoM; pery^au,na n^e t no rany oóparaoň CBa3n c 
xoHu,eHTpau,neň penpeccopa. 

OnepaTopbi jwm6r2í O r n 0 L hmoot no Tpn caňTa CBa- 
3biBaHna penpeccopa. Ka^Abíň caňT — sto najinH^poM, co- 
CToaiu,nň n3 AByx cnMMeTpnnHbix nojiOBHH. Penpeccop cl 
(J)yHXijHOHHpyeT b Bn^e /^Mepa; Ka^aa no/iOBnHa caňTa 
CBa3biBaH na BcrynaeT b xoHTaxT c MOHOMepoM penpeccopa. 

N-xoHi^eBoň AOMeH penpeccopa coAep>xHT mothb 
« cnnpajib-noBopoT-cnnpajib»; stot motob xoHTaxrapyeT c 
H HK. TpeTba cnnpa^b b MoraBe (Tax Ha3biBaeMaa cnnpa^b 
y3HaBaHna) oTBeTCTBeHHa 3a cneu,n({)nHHOCTb CBa3biBaHna 
(to ecTb xoHTaxT c xoHxperabiMn Hyxjieora/íHbiMn napaMn 
b onepaTope). BTopaa cnnpa^b noMoraeT TpeTben npnHn- 
MaTb npaBnabHoe nojio^ceHne oraocnTejibHO H HK; xpoMe 
SToro, BTopaa cnnpa^b ynacTByeT b axraBnpyiomeM xomax- 
Te c PHK-nojinMepa30ň Ha npoMOTope P RM . 

npoTHBono^o^cHbíň, C-xoHu,eBoň, AOMeH TpeóyeT- 
ca penpeccopy jyw AHMepn3au,nn. CBa3biBaHne A^MepoB 
penpeccopa c onepaTopoM aBjíaeTca xoonepaTHBHbiM (sto 
03HanaeT, hto noc/ie Toro, xax oahh AnMep CBa3aa nepBbíň 
caňT, CBa3aTb coceAHnň caňT BTopoMy AHMepy yxce ropa3AO 
/ierne). HHAyxu.na npoc{)ara aaMÔ^a (noóyacAeHne x BbixoAy 
n3 jin3oreHHoro cocToaHna n BxoxcAeHHio b anraHecxnň 
u,nxa) Bbi3biBaeTca orpaHnneHHbiM npoTeoan30M penpec¬ 
copa (b pe3yjibTaTe OTAeaeHna C-xoHu,eBbix aomchob pen¬ 
peccop nepecTaeT (J)yHxn,noHnpoBaTb b Bn/je ^HMepoB; sto 
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CHHxacr cpoflcreo penpeccopa k ^HK, h /iH3oreHHoe co- 
CTOHHHe 6o/ibuie He no/wepacHBaerca). 

noxo)KHe motobh <<cnHpanb-noBopoTxnHpaab» moxcho 
BC ipemTb h b flpyrax /(HK-cBH3biBaiomHx ôejixax, HanpHMep, 
b fciKc Cro. Cro osasbiBacrcH c tomu >Ke onepaTopaMH, mto h 
penpeccop, ho iiMeeiyipynie noKa3aTC. : in cpoyema k KOHKper- 
hhm caňTaM (sto ofiyaiOBJíeno ot/ihmhhmh b aMiiHOKiícnoT- 
hoh nocneAOBaTejibHOCTH TpeTbeň cimpam). Cro CBH3biBaer 
caňTbi onepaiopa b HH/iHBHpyajibHOH MaHepe (He xoonepa- 
thbho), HanHHaa c O r 3. Cro HaiuiaflbiBaeT 3anper Ha nepexofl 
b jiH3oreHHoe ccx'roHHiie h ofiecneHimacT nopMiuihiibíň xoy 
jíHTHHecKoro u,Hicna. nepBoonepeflHoe CBH 3 biBaHne Cro c O r 3 
npenaTCTByeT annesy penpeccopa c P m -, nooieayiomHe B3an- 
MOfleňcTBHH Cro c caňTaMH O r 2 h O r 1 (h caňTaMH 0 L 1 h O l 2) 
ocraHaBjíHBaioT aaraHyBinyiocH OKCiipeccnio paHHHx reHOB. 

/(a a nepexo/ia <})ara b ;iH3oreHHoe ccxnoaiine (h /y bi noc- 
acAVTomero noAAepxoHHH Jiiisoieimoľo coctohhh>i) neofixo- 
flHMO ycraHOBneHHe penpeccopa (to ecrb, penpeccop aoraceH 
CHHTe3HpoB3TbCH «c Hyra» h 3aKpenHTbca Ha onepaTopax /yrn 
nooie^yiomeň cra6miH3apHH cBoero Ko/iHMecrea). /(na ycra- 
HOBJíeHHa penpeccopa cymecrByeT npoMorop P m aicrnBH- 
pyeMbíň npoflyKTOM reHa cll. npoflyicr em,e oflHoro reHa, cIĽ, 
CTa6miH3npyeT ócjiok cll (npenaTCTByeT ero nporeo/íHTHHec- 
koh /xvpayanHii). BeaoK Cro nbucaionacT sKcnpeccHio cll n 
cIĽ, npeflorBpamaa HacryíweHHe /iH3oreHHH, a penpeccop, co 
CBoeň cropoHbi, paóo'racT npomB xofla jiiitomcckoi'o mučia. 
Bbiôop (j)ara MOKfly /iiisiicom h Jni3oreHiieň 33 bhcht ot 6ea- 
xa (Cro, hjih penpeccopa), Koropbíň 3 aBaapeji onepaTopaMH. 
noaTOMy BaxcHeňmHM (JjaicropoM ncxo^a hhcJxkuhh aBjíaerca 
craÔHabHOCTb 6eaKa cll b HHtjttiiyipoBaHHOň mierKe. 
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PensiMKOH 


KPATKOE COflEPWAHME ITlABbl j 


IBM BBefleHne 

BMfcl PeľlAMKOHbl ÓblBaiOT AMHeiÍHblMM M KO/lbUeBbIMH 

• Pen^MunpoBaHHbiií ynacroK flHK, (jD/iaHKMpoBaHHbiíí 
Hepen^nuupoBaHHoií flHK, noxo>K Ha rna3. 

• Pen^MKaTMBHafl bmakb o6pa3yeTCfl b opMA>KMHe m 
nepeflBMraeTCB BAOAbflHK. 

• Ecam b opMfl>KMHe o6pa30Ba/iacb oflHa penAMKaTMBHa/i 
bmakb, peruiMKaqMfl noAynaeTCfl OAHOHanpaBAeHHOií. 

• Ecam b opnfl>KMHe o6pa30Ba^MCb flBe pen/iMKaTMBHbie 
B M/l KM, KOTOpbie flBM)KyTCfl B ľip0TMB0n0/10>KHblX 
HanpaB/ieHMBx, peruiMKaqMfl flB/iaeTCfl AByHanpaB/ieHHoií. 

EH OpMA>KMHbl MO)KHO KapTMpOBaľb npM nOMOlAM 
aBTopaAMorpa4)MM m 3AeKTpocf)ope3a 

• flBM)KeHMe pen/IMKaTMBHOM B M/l KM MO/KHO 
AeieKTMpoBaTb npM noMomM aBTopaAMorpac()MM noc/ie 
MeneHMB b MMny/ibCHOM pe>KMMe. 

• Pen/iMKaTMBHbie bm/ikm npMAaiOT MO/ieKy/iaM 
flHK Y-o6pa3Hyio cJ/opMy, hto MeH/ieT mx 
3/ieKTpOC()OpeTMHeCKyiO nOABM>KHOCTb. 

El BAMfleT AM MeTM/IMpOBaHMe OpMA>KMHa Ha 
MHMUMaUMK) pen/lMKaLJMM? 

• riocAeAOBaTeAbHOCTb oriC coagp>kmt OAMHHaAUaTb 

noBTopoB, MeTMAMpoBaHHbix no aAGHMHaM o6eMx ueneŕí. 

• ľlepBMHHblií npOAyKT penAMKaUMM — 3TO HanOAOBMHy 
MeTM/iMpoBaHHafl flHK; penAMKaqMfl TaKoií flHK He 
mmei 6biTb MHMLjMMpoBaHa. 

n GATC 

• ľlpMBeAeHMe noBTopoB b no/iHocrbio 

MeTMAMpOBaHHOe COCTOBHMe (npMTOAHOe AJlfl MHMUMaUMM) 
BbinoAH/ieTCfl nocAeTpMHaAUaTMMMHyTHoií 3aAep>KKM. 

ma ľlOCAe peľlAMKaLJMM OpMA>KMHbl MOryT 6blTb 

M30AMpoB3Hbi ot annapaia oóecneHeHMA mx c^hkumm 

• BeAOK SeqA CBB3biBaeT Hano/iOBMHy MeTMAMpoBaHHyio 
flHK; 3tot 6eAOK HeoóxoAMM, htoów 3aAep>KaTb 
noBTopHyio penAMKauMio. 

• SeqA MO>KeT B3aMMOAeiícTBOBaTb c DnaA. 

• B nepMOA/ KorAa opMA>KMHbi MeTMAMpoBaHbi 
HanOAOBMHy, OHM B3aMMOAeííCTByK)T C K/ieTOHHOM 
MeMÓpaHOÍí m MoryT 6biTb HeAOCTynHbi aaa MeTMA33. 

• KaK npOMCXOAMT B3aMMOAeííCTBMe OpMA>KMHa c 
MeMÓpaHOM, noKa HeacHo. 

fEB ByKapMOTMHeCKMe XpOMOCOMbl COCTOAT M3 
MHO)KeCTBa peľlAMKOHOB 

• OAMH 3yKapMOTMHeCKMÍÍ peľlAMKOH MO)KeT MMeTb AAMHy 

ot 40 ao 100 m h. 

• Ka>KAa/i xpoMOCOMa coagp>kmt MHO>KecTBO peruiMKOHOB. 


15.7 


15.9 


iiawi 


• B TeneHMe S-4>a3bi KAeTOHHoro umkab Ka/KAbiií M3 3 tmx 
peľlAMKOHOB aKTMBMpyeTC/1 B MHAMBMAyaAbHOM nop/lAKe 
m b cBoe xapaKTepHoe BpeMfl. 

• riaTTepHbl peľlAMKaTMBHOM 3KTMBHOCTM, CHBTbie AAfl 
oóujMpHbix oÓAacTeŕí reHOMa, c b m AeieA bďBy iot, 

HTO peľlAMKOHbl, ÓAM 3 KMe APyr K Apyry, CKAOHHbl 
aKTMBMpOBaTbC /1 B OAHO M TO >Ke BpeMfl. 

BbiAeAeHMe opma>kmhob M 3 reHOB APO>K>KeM 

• y Apo>K>KeM 5. cerevisiae opMA>KMHbi n peACTa ba b iot 
co6om KopoTKMe AT-6oraTbie ynacTKM flHK, 

C0Aep>KaiAMe nocAeAOBaTeAbHocTb aamhom 11 riH, 
cymecTBeHHyio aaa mx cpy hkumm. 

• ORC — 3TO KOMľlAeKC M3 LUeCTM ÓeAKOB, KOTOpbIM 

cBB3biBaeTCB c ARS. 

JlMLieH 3 MpyiOLAMe (})aKTOpbl KOHTpOAMpylOT 

penAMKai 4 MK) reHOMOB syxapMOT 

• flAfl MHMUMaqMM peľlAMKaqMM AlOÓOMy OpMA>KMHy 
HeOÓXOAMM AMqeH 3 MpyK)lAMM (JjaKTOp. 

• 3tm c|)aKTopbi npMcyTCTByiOT b AApe ao penAMKauMM; 

BO BpeM /1 penAMKauMM OHM MH 3 KTMBMpyiOTCfl MAM 
pa 3 pyiuaK)TCfl. 

• HHMUMaqMfl CAeAyiomero payHAa penAMKaqMM B03M0>KHa 
He paHbiue MOMeHTa, KorAa AAPO noAyHMT M3 UMToruia3Mbi 
HOByio nopuMio AMqeH3MpyioiAMx c()aKTopoB; a TaKoií 
MOMeHT HacTynaeTTOAbKO b MMT03e. 

JlM14eH3MpylOlAMM (})aKTOp COCTOMT M3 ÓeAKOB MCM 

• y APO)K)KeM ÓeAKOBblií KOMľlAeKC ORC aCCOUMMpOBaH c 
OpMA>KMHaMM peľlAMKaqMM BO Bcex c|)a 3 ax KAeTOHHoro 
AMKAa. 

• HecTaÓMAbHbiŕí 6eAOK Cdc6 c m HTe3 m pyeTCfl TOAbKO b 
c()a3e Gl. 

• EeAOK Cdc6, CBfl3biBaacb c ORC, pa3peiuaeT 6eAKaM MCM 
T3K)Ke CBfl3aTbCfl c ORC. 

• ľlocAe Toro KaK penAMKaqMfl MHMqMMpoBaHa, 6eAKM 
Cdc6 m MCM yxoAflT; AerpaAaqMfl Cdc6 npen/iTCTByeT 
nOBTOpHOM MHMUMaqMM. 

• HeKOTopbie 6enm MCM npMcyrcTByiOT b AApe BcerAa, 
ocTaAbHbie Moryr nonacTb b bapo TOAbKO bo BpeM/i mmto33. 

B MMTOXOHAPMAX OpMA>KMHbl peľlAMKai 4 MM MMeiOT BMA 

D-neTeAb 

• flA/i MHMUMaqMM peľiAMKaqMM AByx qeneŕí MTflHK 
MCľlOAb3yiOTCfl OTAeAbHbie OpMA>KMHbl C pa3HblMM 
ľlOCAeAOBaTeAbHOCTflMM. 

• PenAMKaqMíi H-qenM MHMqMMpyeTCB b D-neTAe. 

• PenAMKauMB L-qenM MHMUMMpyeTCB, KorAa nepBa/i 
peľiAMKaTMBHa/i bmakb AOCTMľHeT ee opMA>KMHa. 

Pe3iOMe 





15.1 


BBeAeHMe 


BHe 32BHCHMOCTH OT TOľO, CKOJIbKO XpOMOCOM COAepaCHT 

Kjienca, nepefl KaacAbiM ^ejieHMeM ee reHOM aojdkch óbiTb 
nojiHOCTbio perniHii,HpoBaH, npHneM pobho oahh pa3. KaKHM 
0Ópa30M aKT peiIJIHKaUHH CBa3aH C KJieTOHHbIM U.HKJIOM? 

/Jjia cooTHeceHHa npou,ecca penjiHKau,HH c xoaom Kjie- 
TOHHoro u,HKJia KJieTKa Hcnojib3yeT a Ba oóiijhx npHHu,Hna: 

• Mnui^mi^m pemumi^uu nemôemio ejienem 3a coôou 
dejienue Knemrn. Moaoio CKa3aTb, hto hhcjio K/ieTOHHbix 
noTOMKOB onpeACJiaerca cepnen npHHaTbix miencoH pe- 
rneHHH o tom, HHHu,HHpoBaTb penjiHKau,Hio hjih hot. Pen- 
jíHKaujia KOHTpojiHpyeTca Ha cra/jHH HHHu,Hau,HH. Cmo- 
um pemumupu mmmbcn, u orn óydem udmu do mex 
nop, nom eecb eenoM ne omMemcn dymuuppoeannbiM. 

• Ecjih perníHKaujiH Hanajiacb, j\o ee 3aBepmeHHa nocjieAy- 
iomee AejieHHe He MoaceT npoH3onra. ŠaBepmeHHe pen- 
JIHKaiJHH CJiyaCHT CHľHaJIOM /vm KJieTOHHOrO fleJieHHH. 
ripn ^ejieHHH /iyruiHLi,HpoBaHHbie reHOMbi pacnpeAejia- 
lOTca (cerpempyioT) no o/jHOMy b KaacAyio AonepHioio 
Kjierccy. E/jHHHijeH cerperau,HH cjiyacnT xpoMOCOMa. 

y ôaicrepHH peruinKau,nn — sto oaho coóbi- 

Tne, b KOTopoM ynacTByeT yHHicajibHaa oójiacrb xpoMoeoMbi. 
flejieHne ôaKTepnajibHon miencn nponcxoAHT 3 a cneT oópa30- 
BaHna ceň™ — neperopoAKH, pacTymen ot mieTOHHOH creH- 
kh BHyrpb. B KjieTOHHOM ujncjie syKapnoT peruiH- 

Kau,nn (KOTopaa npeAcraBjíaeT coóoh MHoacecreo OTAejibHbix 
coôbiTHH) CBB3aHa c HanajiOM S-(f>a3bi — npoAOJiacnTejibHoro 
nepno^a CHHTe3a flHK ripn acjichhh syKapnoranecKaa KjieT- 
xa ocHOBaTejibHO peopraHH3yeTca; sra H3MeHeHHa, Bicjnonaa 
caMO AejieHHe, bxoaht b noHarae «mhto3». 

B stoh rjiaBe Hac óy^yr 3aHHMaTb Bonpocbi, Kacaiomne- 
ca peryjiaijHH penjíHKaijHH /J.HK. KaK HHHijHHpyeTca payHA 
penaHKau,HH? KaKHM o6pa30M oTCJieacHBaeTca h kohtpojih- 
pyerca ero nporpecc? Hto roBopHT o ero 3aBepmeHHH? 

ĽAHHHuy HK, aBJíaiomyioca oó^eicroM OAHoro aicra 
pemíHKaijHH, Ha3biBaioT peiuíHKOHOM. B KaacAOM Kjie- 
TOHHOM U.HKJIC KaaCAblH penJIHKOH «BblCTpeJIHBaeT» OAHH H 
TOJIbKO OAHH pa3. PenJIHKOH MOXCHO 0n03HaTb no HaJIHHHIO 
b HeM peryjiaTopHbix sjicmchtob, hcoóxoahmmx /yia penjiH- 
Kau,HH. B HeM ecTb opHAaciiH — oójiacrb, ryje HHHijHHpyeT- 
ca peruiHKau,Ha. B HeM Taioxe MoaceT óbira ynacTOK TepMH- 
Hau,HH, Ha KOTopoM perníHKauna ocraHaBjíHBaeTca. 

Jlioóaa nocJieAOBaTeJibHOCTb, 3aKpemieHHaa 3 a opHAacn- 
hom (b cnjiy Toro hto HaxoAHTca b toh ace MOJieKyae HK, 
h MeacAy Hen h ophaxchhom hct ynacTKa TepMHHau,HH), 6y- 
AeT penanu,HpoBaHa noA KOHTpojieM 3Toro opHA>KHHa, KaK 
nacTb AaHHoro pemíHKOHa. Ophaxgih B3aHMOACHCTByeT co 
CBOHM pemíHKOHOM B Í^UC-M^Htpt. 3TO 3HaHHT, HTO OH KOH- 
TpoanpyeT perníHKannio TOJibKO toh flHK, nacTbio KOTopon 
aBJíaeTca caM. 

Hcxoaho onpeAeaeHne penjíHKOHa /yia npoKapnoT 3By- 
naao KaK «o6;iacTb HK, b kotopoh ecTb ne mojibKO opHA- 
xchh, ho u reH, KOAHpyiomHH 6ejiOK-peryjiaTop». B HaníH ahh 
T epMHH «peruiHKOH» b paBHOH Mepe Hcno;ib3yK)T npHMeHH- 
TeabHo k syKapHOTHnecKHM xpoMOCOMaM /yia o6o3Hane- 
HHa eAHHHUbi penjíHKauHH, KOTopaa co^epacnT opn^aoiH; 


óejiKH-peryjiaTopbi, ACHCTByiomne b mpanc- MaHepe, Moryr 
KOAHpoBaTbca b ApyroM MecTe. 

ľeHOM óaicrepHaabHOH kjictkh yioiaAbiBaeTca b o^Hy 
xpoMOCOMy h npeACTaBaaeT coôoh OAHH-eAHHCTBeHHbin 
pemíHKOH, TaK hto eAHHHu,a pen;iHKau,HH h eAHHHya cerpe- 
rau,HH b AäHHOM oiynae coBna^aiOT. CoóbiTHe HHHu,Hau,HH b 
yHHKaabHOM opH/iacHHe paBHOCHJibHO 3anycKy pemíHKayHH 
nejioro reHOMa; Ha Kaa<Aoe KjieTOHHoe AeaeHHe npnxoAHTca 
Pobho oaho TaKoe coôbiTHe. ľlocKoabKy KaacAaa ramiOHAHaa 
óaKrepna HMeeT OAHy xpoMOCOMy, perníHKauna kohtpojih- 
pyeTca no THny eAHHCTBeHHoň koiihh (oahokohhhho). 

ľloMHMO hx coôcTBeHHOH xpoMOCOMbi, óaKTepnajibHbie 
KneTKH Moryr coAepacaTb AonojiHHTejibHyio reHeTHHecKyio 
HH(J)opMau,Hio b (J)opMe mia3MHA. Kaa<Aaa naa3MHAHaa ko- 
nna npeACTaBJíaeT coóoh aBTOHOMHyio KoabueByio RHK, aB- 
jiaiomyioca penjíHKOHOM. 3 tot penanKOH MoaceT, noAOÓHO 
óaicrepHaabHOH xpoMOCOMe, KOHTpoanpoBaTbca no rany 
eAHHCTBeHHOH KonHH (TorAa oh óyAeT penanu,HpoBaTbca 
He naiye h He peace, neM xpoMOCOMa 6aKrepHH-xo3aHHa) 
HJIH MOXCeT KOHTpOJIHpOBaTbCa nO THny MHOXCCCTBa ko- 
IIHH (MHOľOKOnHHHO). Bo BTOpOM CJiyHae HHCJIO njia3MHA- 
Hbix KonHH npeBbimaeT hhcjio xpomocom. 

JlUK BHpycoB h 6aKTepHO(J)aroB Toace aBjíaioTca pen- 
jíHKOHaMH. B TeneHHe OAHoro HH(J)eKUHOHHoro u,Hiuia hx 
penjiHKau,Ha MoaceT HHHu,HHpoBaTbca MHoroKparao. C yne- 
tom 3Toro (JjaKTa miaccHHecKoe onpeAejieHHe penjíHKOHa 
BbipojKAaeTca b yTBepacAeHHe, hto jmôan MOJieKym JIHK, 
codepMautan opudMun, MOMem 6umb aemonoMnopernu- 
ipupoeana e KJiemice. 

ľlpHHUHnHaabHoe pa3JiHHHe MeacAy 6aKTepHajibHbiM n 
syKapHOTHnecKHM reHOMaMH npocMaTpHBaeTca b tom, KaK 
sth reHOMbi pemiHUHpyiOTca. Kaayiaa syKapnoranecKaa 
xpoMOCOMa coAcpacHT óojibinoe hhcjio peruíHKOHOB; to ecTb 
OAHa eAHHHU,a cerperau,HH coAcpacHT MHoacecTBO cahhhli, 
penjíHKauHH. 3to oócToaTejibCTBO npnAaeT npoóJieMe koh- 
Tpojia penjíHKauHH reHOMa eiye óojibinyio rjiyÓHHy. C oahoh 
CTOpOHbl, BCe penJIHKOHbl XpOMOCOMbI AOJDKHbl aKTHBHpO- 
Baraca b TeneHHe KjieTOHHoro u,HKjia; c Apyron, ohh He AeJia- 
íOT 3TOľO OAHOBpeMeHHO. C OAHOH CTOpOHbl, Ha 06a3aTeJIb- 
Hyio aKTHBaUHIO Bcex penJIHKOHOB OTBOAHTCa AOBOJIbHO-TaKH 
npOAOJDKHTeJIbHblH HHTepBaJI KJieTOHHOľO U,HKJia; C Apyron 
CTopoHbi, noBTopHaa aKTHBauna oahhx h Tex ace pemíHKO- 
hob b oahom KjieTOHHOM u,HKjie coeepiueuHO nedonycmima. 
flojiaceH cymecTBOBaTb KaKon-TO CHraaji, HcmnonaioiAnn 
B03M0aCH0CTb nOBTOpHOH aKTHBaiJ,HH. MHOľHe penJIHKOHbl 
aKTHBHpyiOTca He3aBHCHMO, nosTOMy AOJiaceH cymecTBOBaTb 
AonojiHHTejibHbiH CHraaji — o tom, hto bo Bcex pemíHKOHax 
npoyecc penjíHKauHH nojiHOCTbio 3aBepniHJica. 

K HacToameMy BpeMeHH HaKonjieHO AOBOJibHO MHoro 
HH(J)opMaij,HH o tom, KaK ycTpoeHbi oTAejibHbie syKapno- 
THHeCKHe penJIHKOHbl, a BOT HH(})OpMaUHH O TOM, KaK 3TH 
penjíHKOHbi cooTHOcaTca, noKa HeAOCTaTOHHo. He H3Bec- 
tho, HacKOJibKO tohho BOcnpoH3BOAaTca narrepHbi pen- 
JIHKayHH B KaaCAOM KjieTOHHOM U,HKJie. Bce JIH OpHAaCHHbl 
Hcnojib3yiOTca hjih HeKOTopbie H3 hhx HHorAa MOJinaT? 
BcerAa jih opHAacHHbi «BbicTpejiHBaioT» b oahom h tom ace 
nopaAKe? Ecjih cyniecTByiOT pa3Hbie THnbi opHAacHHOB, nmo 
OTJiHnaeT hx Apyr ot Apyra? 
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flHK mhtoxohaphh h xAoponAacroB no rany peryjw- 
u,hh noxoacn m nAa3MHAbi, cymecTByiomHe bo mho^koctbo 
Konnn Ha OAHy ôaKTepnio — b otahhhc ot xpomocomhoh 
flHK HApa, BOcnpoH3BOACTBO kotopoh peryjiHpyeTca no 
rany eAHHCTBeHHOH KonHH. flHK XAoponAacroB h mhto¬ 
xohaphh npeACTaB^eHa b mieTKe (n Aaace B opraHejuie) 
MHOACeCTBOM KOnHH; BOCnpOH3BOACTBO STOH flHK AOAUCHO 
6bITb TO)Ke KaK-TO COOTHeceHO C mieTOHHblM U.HKAOM. 

B oraomeHHH aioôoh flHK, ecAH OHa BBJíaeTca penjiH- 
kohom h HHTepecyeT Hac KaK penjíHKOH, nepeA HCCAeAOBa- 
TejiHMH ctobt Abe 3aAa™. Bo-nepBbix, onpeAeAHTb nocAe- 
AOBaTCJIbHOCra, KOTOpbie (J)yHKU,HOHHpyiOT KaK OpHA^KHHbl; 
BO-BTOpblX, nOHBTb, nOHCMy H KaK HX y3HaiOT Cnen,HaJIH3H- 
poBaHHbie ôcjikh annapaTa penAHKau,HH. Mbi HanHeM STy 
niaBy c paccMOTpeHHA ochob ycrponcTBa penjíHKOHOB h 
pa3JiH4Hbix (J)opM, KOTopbie ohh npHHHMaioT; a Taioxe c 
ónojioranecKOH cymHOcra opnAACHHa. ľlocjie 3Toro Mbi ne- 
penAeM k Bonpocy o tom, KaK penAHKau,HA óaKTepnaAbHoro 
reHOMa 0Ka3bmaeTca CKOopAHHHpoBaHa c KAeTonHbiM u,hk- 
aom h ot nero 3aBHCHT cerperauHa tchomob no AonepHHM 
ôaKrepHajibHbiM KAeraaM. 


15.2 


PeruiMKOHbi 6biBaiOT 
JlMHeMHbIMM H KO/lbUeBblMM 


K/iioHeBbie noHBTMB: 


• Pen^MunpoBaHHbiŕí ynacroK flHK, (JinaHKMpoBaHHbiM 
Hepen^nuupoBaHHOíí flHK, noxo>K Ha rna3. 

• PeruiMKaTMBHafl bm/ik3 o6pa3yeTca b opnfl>KMHe m 
nepeflBMraeTCB Bflo/ibflHK. 

• Ec/ih b opMA>KMHe o6pa30Ba/iacb oflHa penjiMKaTMBHaa BM/iKa, 
pen/iMKauHB nojiynaeTCfl OAHOHanpaBJíeHHoií. 

• Ecjim b opMfl>KMHe o6pa30Ba/iMCb ABe pen/iMKaTMBHbie bm/ikm. 
KOTopbie flBM>KyTCB b npoTMBono/iowHbix HanpaB/ieHMflx, 
pen/iMKai4MB BB/iBeTCB AByHanpaB/ieHHoií. 


PenAMAMpOBaHHblH yMaCTOK AH K BbirAAAMT 


Kax ma3 mam ny3bipb 

HepenAMunpo- 

Oko penAMKauiMM HepenAnuupo- 

B3HHaA AHK 

BaHHaa AHK 


BHeiUHMÍÍ BMA 


MojieKynflpHafl cipyKTypa 




PUC. 15.1 Pen/iMUMpoBaHHaflflHKo6pa3yeTOKO peruiMKaiiMM, cp/iaH- 
KMpoBaHHoe eme He peruiMLiMpoBaHHOM flHK 


PeniiMKauHii MomeT matm 
b oahom mam cpa 3 y b AByx HanpaBJíeHMBx 


OflHOHAÍlPABAEHHAfl PEÍlAMKALJlMfl 
OPMflWMH 

I Pen^MKaTMBHafl Bmwa 

r/x/sjxAyv/šy^ 

, . # 4 Pen^MUMpoBaHHaB a \/£\ 

' ** \ flHK V/ V 

SSTňS. wvw>w>y 

ABYHAnPAB/IEHHAB PEnAMKALJMfl 
OPMflWMH 

Pen/uiKaTMBHaB Bmwa j PeruiMKaTMBHafl Bmwa 

/\/\ J ( /Y/\ 

vxaavx/x/v 


P M C. 15.2 Pen/iMKOH MO>KeT 6biTb opMeHTMpoBaH b oahom HanpaB- 
TieHMM MAM B OÓOMX HanpaB/ieHMflX,* OT 3TOľO 33BMCMT, OflHa MAM flBe 
peľlAMKaTMBHbie BMAKM (feopMMpyiOTCfl B OpMfl>KMHe Ha CTapTe Ka>KAO- 
ro payHAa penAMKauMM 


B penAHUMpyiomen MOAeKyrce flHK ecra flBa rana ynacT- 
kob. Ecah nocMOTpeTb b sjieKTpoHHbin MHKpocKon, yyxé 
penAHu,HpoBaHHbin ynacTOK 6ya,eT noxoac Ha r;ia3 (cm. 
p h c. i5.i). 3 tot ynacTOK TaK h Ha3biBaioT — oko pemm- 
Kau,HH. C oôenx ctopoh oko OKpy^KaioT em,e He penAH- 
UHpoBaHHbie ynacTKH flHK, cocrofliflHe H3 MaTpHHHoro 
AynAeKca. Oko penAHKauHH coctoht h 3 pacKpbiToro MaT- 
pHHHoro AynAeKca, Ha kotopom y^xe o6pa30BajiHCb Aba 
AonepHHX AynAeKca. 

ToHKa, b kotopoh udem penAHKau,Ha, HaxoAHTca Ha rpa- 
HHu,e ynacTKOB h Ha3biBaeTca peiuíHKaTHBHoň bhjikoh, 
hah tohkoh pocTa. PenjiuKamueuaH ewiKa nmunaern 
ceoe nocjiedoeamejibHoe deuMenue no flHK om cmapmoeou 
moHKU e opudMune. Ophaachh moacct 6biTb ncnoAb30BaH 
aaa cTapTa OAHOHanpaBjíeHHoň peiuiHKau,HH hah A»y- 
HanpaBjíeHHOH peiuíHKai^HH. Ecah h 3 opHAXCHHa BbiniAa 
OAHa penAHKaraBHaA BHAKa, to penAHKai^HH OAHOHanpaB- 
AeHHaA. Ecah h 3 opHA^KHHa bhiiiah, b nporaBonoAOACHbix 
HanpaBAeHHAx, Abe penAHKaraBHbie bhakh, to penAHKauna 
ABAAeTca AbyHanpaBAeHHOH. 

He3aBHCHMO OT TOľO, OAHa TaM BHAKa HAH Abe, OKO 
penAHKau,HH 6yAeT BbirAAAeTb OAHHaKOBO. Ecah oko 
o6pa3yeTca b xoac OAHOHanpaBAeHHOH penAHKau,HH, y 
Hero ecra oahh (JíHKCHpoBaHHbiH Kpan (sto ophaachh) 

H OAHH AbHACyiAHHCA (3TO penAHKaTHBHafl BHAKa). ĽCAH 
oko o6pa3yeTca b xoac AbyHanpaBAeHHOH penAHKau,HH, 
o6a Kpaa (penAHKaTHBHbie bhakh) AbHAcyTca, TaK hto 
oko» pacTeT b oóohx HanpaBAeHHax (puc. 15 . 2 ). B aio- 
6om CAynae penAHKau,HA yBeAHHHBaeT oko ao Tex nop, 
noxa, b KOHu,e kohu,ob, oho He oxBaraT Becb penAHKOH. 
Ecah penAHKOH KOAbu,eBOH, b xoac penAHKau,HH oh oxa- 
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Oko periJiMKaiuiM 

MOJKHO yBHfteTb no A MHKpOCKOnOM 


15.3 


OpM/PKMHbl MOJKHO KapTMpOBdTb 
npw noMOUtM aBTopaAMorpaí|)MM 
m 3/ieKTpo(^ope3a 



0-dpyKTypa 


TaK OHa Bbirji^AMT 
nOfl 3JieKTpOHHblM 
MHKpOCKOnOM 


■ 3 Oko pen/iMKauMM BMecie c eme He pen/inunpoBaHHbiM oc- 
TaTKOM KO^bueBoŕí flHK cocraB/ifliOT 0-CTpyKTypy (T3Ta-crpyKTypy) 



* I. : no Mepe Toro KaK pen/iMKaTMBHbie bm/ikm oóxoabt pen- 

jimkoh, oko pen/iMKai 4 MM pa3pacTaeTCB. HacrynaeT momcht, Kor- 
Aa oko craHOBMTCfl 6o/ibwe, neM Hepen/iMUMpoBaHHbiŕí cerMeHT. 
no/iOBMHKM OKa MMeiOT paBHyio A^inny, no3TOMy nx noHTM Bcerfla 
mo)kho OT/iMHMTb ot Hepen/iMLiMpoBaHHoro cerMeHTa. OoTorpac|)Mfl 
/iio6e3Ho npeflocTaB^eHa Bernard Hirt Swiss Inštitúte for Experi- 
mental Cancer Research (ISREC). 


3biBaeTca noxojK Ha rpenecKyio 6yKBy T3Ta. TaK Ha3biBa- 
eMaa «0-cTpyKTypa» H3o6pajKeHa Ha phl. i: . i, B KOHu,e 
penjiHKau,HH OHa craHOBHTCfl noxojxa Ha ohkh. B Kanec- 
TBe npHMepa oneHb noKa3aTejibHbi nocneflOBaTejibHbie 
CTa^HH penjiHKau,HH KOJibijeBOH fl HK nojiHOMaBHpyca. 
Hx 3;ieKTpoHHbie MHKpocJjOTorpacjjHH npeflcraBjíeHbi Ha 


KmoneBbie noHama: 


• flBMJKeHMe pen/IMKaTMBHOM BM/1KM MOJKHO fleTeKTMpOBaTb npM 
noMomM aBTopaflMorpac|jM m nocne MeneHMfl b MMny/ibCHOM pejKMMe. 

• Pen/iMKaTMBHbie bm/ikm npMflaiOT MO/ieKy/iaM flHK Y-o6pa3Hyio 
((jOpMy, HTO MeHfleT MX 3^eKTpO(|jOpeTMHeCKyiO nOABMJKHOCTb. 


CyiflecTByeT flBa cnocoóa onpeflejíHTb, cKOJibKO tohck poc- 
Ta. Bbióop MeTOfla 3aBHCHT ot Toro, npeflcraBjíeHa flHK 

OTfleJIbHOH MOJICKyjIOH HJIH HCKHM peľHOHOM KJieTOHHOrO 
reHOMa. 

ECJIH Mbl HMCCM RCJIO C OnpeflCfieHHOH JIHHCHHOH MOJieKy- 
JIOH, MOJKHO, HCnOJIb3yfl SJICKTpOHHyK) MHKpOCKOnHK), H3Me- 
pHTb paCCTOBHHH OT KpaeB OKa pemíHKaUHH flO KOHU.OB flHK, a 
3aTeM cpaBHHTb nojiojKCHHa KpaeB b MOJieKyjiax c onaMH pa3- 
Hbix pa3MepoB. Ecjih peiuíHKauna oflHOHanpaBJíeHHaa, abh- 
raTbca OTHOCHTejibHO kohd,ob flHK óyfleT TOJibKo oahh Kpan; 
BTopoň Kpan (J)HKCHpoBaH (3T0 ophajkhh). Ecjih penjíHKaijHfl 
AByHanpaBJíeHHaa, ABnraTbca k kohuam 6yflyr o6e bhjikh pen- 
jíHKauHH; a ophajkhh 6ya,eT pacnojiojKeH nocepeflHHe. 

flna HCCJieflOBaHHa HeonpeAejieHHoro (JjparMeHTa 
óojibiiioro reHOMa mojkho Hcnojib30BaTb paAHoaKTHBHoe 
MeneHHe b HMnyjibCHOM peJKHMe. rioflana paAHoamiBHO- 
ro HyiaieoTHAa-npeAmecTBeHHHKa b peJKHMe flHCKpeTHbix 
HMnyjibcoB no3BOJiaeT fleTeKTHpoBaTb CMemeHHe peruín- 
KaTHBHblX BHJIOK 3a KaJKAblH BpeMeHHOH HHTepB3JI MOKffý 
noflanen mctkh. Ecjih flejiaTb HMnyjibCbi pa3HbiMH no hh- 
TeHCHBHOCTH, HX CJieAbI MOJKHO HACHTH(})HUHpOBaTb nO HH- 
TeHCHBHOCTH BKJIIOHeHHfl MeTKH B flHK (to eCTb CTeneHH 

3aTeMHeHHa Ha paflHoaBTorpacJje). Ha pmc. 15.5 noKa3aHo, 
hto npn oflHOHanpaBjíeHHOH penjiHKau,HH nepefla 3aTeMHe- 
hhh noaBjíaeTca TOJibKo y oflHoro H3 KpaeB OKa. ľlpH ABy- 


OAHOHanpaB/ieHHyio penziu na am »o mojkho 0T/iHMHTb 
ot AByHanpaBJíeHHoií 


OflHOHAÍlPABJlEHHAfl PEn/lHKAI4H51 



flByHAnPABJlEHHAB PEn/IMKAfll/lB 



BblCOKafl ľUlOTHOCTb BK/HOneHMíl MeTKH B flHK 
(nepBaB onepeAb) 

Hn3Kaa ruiOTHOCTb BK/HoneHHB, c/ia6biŕí aimaji 
(BTopaa onepeAb) 

- HeMeneHaB flHK (He AaeT BMAHMoro oimajia) 


P^ r i r- t PaAMoaKTMBHoe MeneHMe, AH(|jc|jepeHUMpoBaHHoe no mh- 
TeHCMBHOCTM bo BpeMeHM, noMoraeT OT/iMHMTb OAHOHanpaBAeHHyio 
pen/iMKauMio ot AByHanpaBAeHHOÍí 
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CocroflHMe pemiMKOHa onpeAejiaeT ero TpaeKTopMio npw rejib-3/ieKTpo<t>ope3e 


ľlpocTaíi flBydopoH- I1y3bipb AcuMMeipnH- 
BMJIKa Hflfl BM/1K3 Hblíí ľiy3bipb 


3a BpeMíi 
penziu Kap, mm 
B ec (^parMema 
yABaMBaera 


BO BTOpOM 

M3MepeHMM 

pa3Ae/ieHne 

c})parMeHTOB 

cM/ibHee 

33BMCMT OT MX 

npOCTpaHCTBeHHOŕí 

KOH(|)Mrypai4MM 




B nepBOM M3MepeHMM c()parMeHTbi flHK pa3Ae/iíuoTCfl no Macce 


PHC. 15.6 no/ioweHMe opnfl>KMHa n hmc/io penziu iotm bhwx bm/iok 3aflaiOT crpyKTypy pen/imjMpy- 
tomerocfl c|)parMeHTa AH K, KOTopyio mo>kho OTC/ieflHTb no reoMeipnHecKOMy Mecry Ha 3/ieKTpoc|)o- 
perpaMMe (cn/ioiiJHafl amhmb). ílyHKTMpHoií /ihhhcm noKa3aHO reoNieTpMnecKoe Mecro c|)parMeHTOB 
AMHeŇHOií flHK, He MMetOlHMX Bbipa>KeHHOÍÍ KOH(J)Mrypai4MM 


HanpaBjíeHHoň penjiHKau,HH Ha «OKe>> B03HHKaeT chmmct- 
pHHHbiH narrepH mchchuh, CBOHCTBeHHbíň, b nacTHOcra, 
periJIHKOHaM 3yKapHOTHHeCKHX XpOMOCOM. 

BoJiee coBpeMeHHbíň mctoa KaprapoBaHim oph/pkhhob, 
oTjiHHaiomH h oi jiHiiib 6onee BbicoKHM pa3pemeHHeM, OCHO- 
BaH Ha TOM, HTO H3MeHCHHe reOMCTpHH MOJieKyJIbl RHK BJIH- 
aer Ha ee 3JieKrpo(jx)peTHHecKyio noABH)KHOCTb. Ha pmc. 15.6 
H3o6pa)KeHa TexHHKa ABVMepHoro re^b-3Jieicrpo(J)ope3a. 
OparMeHTbi J \HK (npoflyKTbi pacmerweHHfl 3HAOHyioiea30H 
peCTpHKH,HH) «pa3rOH5HOT» MOK/ty SJieKTpOAäMH B OAHOM H3- 
MepeHHH, ryje ohh pa3AejiaioTai no Macce, h b ApyroM H3Me- 
peHHH, ryje hx jipvDKCimc b óojibmen creneHH onpeAejiaeTCfl 
(J)opMon. Pa3Hbie BH/jbi perniHu,HpyiomHxcH MOJieKyji o6pa- 
3yiOT xapaKTepHbie naTTepHbi CBoero MecroHaxo^eHHB b 
( j)OpMe KpHBblX. OTKJIOHeHHe 3THX KpHBblX OT npflMOH JIH- 
hhh, KOTopaa xapaKrepH3yeT jiHHenHbie MOJieKyjibi (pa3Mep 
KOTopbix miaBHO B03pacTaeT ot ncxoAHoro ao brboc 6o;ib- 
rnero, nocKOJibKy npn perníHKaiiHH Macca A, HK yABaHBaeTca), 
MOXCHO TOHHO H3MepHTb H HCTQJIKOBaTb. 

npocTaa Y-o6pa3Ha5i crpyicrypa, b KOTopon OflHa pen- 
jíHKaTHBHan BHJiKa ABH^ceTCH B/i,o;ib jiHHeHHoro (})parMeHTa, 
AacT HenpepbiBHyio KpHByio. TonKa nepernôa kphboh coot- 
BeTCTByeT MOMeHTy (TOHHee, MOJieKynaM, 3axBaneHHbiM b tot 
momcht), Koiyja /y ihhm Bcex Tpex BeTBen (AByx AonepHHx h 
OAH oro MaTpHHHoro /lymieKcoB) paBHbi MOKAy coóoh — H3- 
3a 3Toro npn 3JieKTpoc})ope3e bcb crpyicrypa auibHee Bcero 
OTOIOHfleTCfl OT npflMOH JIHHHH. Ho aHaJIOrHH, MO)KHO HH- 
TepnpeTHpoBaTb KpHBbie a m abohhmx Y -o6pa3Hbix crpyicryp 
h jjflR T2K Ha3bmaeMbix «ny3bipen». AcHMMeTpHHHbie ny3bipH 
o6pa3yiOT Ha 3Jieicrpo(jx)pe3e pa3opBaHHyio KpHByio. Pa3- 


pbiB cooTBeTCTByeT MOMeHTy, Kor/ja ny3bipb npeBpamaeTCfl b 
Y-o6pa3Hyio crpyicrypy H3-3a Toro, mto OAHa pemíHKaTHBHafl 
BHJiKa AoôeraeT ao KOHija MaTpHHHoro AynneKca AHK 

npHMeHeHHe pa3Hbix MeTOAHK a^ih onncaHHH penjiH- 
UHpyioiAeHCH AHK noKa3ajio, hto naiye Bcero opha^khhh 
H cnojib3yiOTC5i jym deynanpaejiennoú peraH- 

Kau,HH. Tenepb Mbi nonpoóyeM B3r;iHHyTb Ha pen^HKau,Hio 
npn eme 6o^ee bhcokom pa3pemeHHH. B oieAyiomHx pa3- 
Aejiax HaM npeACTOHT 3HaKOMCTBo c pery/íHTopHbiMH 3^e- 
MeHTaMH, H3 KOTOpblX COCTOHT OpHA^KHH, H C mpaHC-J\eÍÍC- 
TByiOIAHMH (J)aKTOpaMH, KOTOpbie y3HaiOT 3TOT OpHA)KHH. 


15.4 


Banaei m MeiminpoBaHMe 
Opil/pKMHa Ha MHM4Ma4IIIO 
penaMKa4MM? 


KntoneBbie noHBTMB: 


• ľloc^eAOBaTeAbHocTb oríC coflep>KMT OAMHHafluaTb 

GATC 

noBTopoB METMAMpoBaHHbix no afleHMHaM 

oóeMx ueneŕí. 

• ľlepBMHHbiií npoflyKT penAMKauMM — 3 to Hano/iOBMHy 
MeTMAMpoBaHHafi AH K; pen/iMKaukm TaKoií AHK He MO>KeT 6biTb 
MHMUMMpOBdHd. 


• ílpMBeAeHMe noBTopoB 


GATC 

CTAG 


B nO/lHOCTblO MeTMAMpOBaHHOe 


cocTOAHMe (npMroflHoe a^b v\H\Ai\\Aai\m) BbinoAHBeTCB nocAe 
TpMHaAUaTMMMHyTHOM 3aflep>KKM. 
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ľ/je rapaHTHH, hto opuRmm óaKTepHajibHon xpoMOcoMbi 
(hjih ruia3MHflHOH R HK) óyfleT Hcnojib30BaH /yia pemíHKa- 
U.HH pOBHO OdUH p23 Ha Ka^blH KJieTOHHblH IJHKJI? MOJKeT 
6biTb, HHHi^Hau,™ penjiHKaij,HH conpaxceHa c H3MeHeHH- 
eM b crpyKType opHA>KHHa, h sto H3MeHeHHe MapKHpyeT 
OpHA>KHH KaK y)Ke penjIHlJHpOBaHHblH? 

Rjir 3Thx u,ejien ncnojib3yiOTCfl HeKOTopbie nocjieAOBa- 
TeJIbHOCTH, BlUIIOHaeMblC B OpHA>KHH. Y E . coli B OpHA>KHHe 
oriC coAepacaTca oflHHHaAUaTb koíihh nocjieAOBaTejibHOC- 

th GATC 3 to na^HHApoMbi GATC; b nocjieAOBaTejibHOcra 
CTAG 

oriC hx HacMHTbiBacTca OAHHHaAuaTb. Ka^bíň caňT GATC 
oiy^CHT MHiueHbio fljrn c})epMeHTa, KOTopbin bhocht b R HK xh- 
MHHeCKyK) MOAHCjDHKaUHfO. 3TOT SJieMeHT — a^eHHH(N 6 )- ( fl l HK- 
McmjiTpaHCcJ)epa3a(Dam) — MCTHJinpycT a^eHHH no aTOMy 

a30Ta b no3Hu,HH N 6 . PeaKu,Ha H3o6pa^eHa Ha phc. 15 . 7 . 

Ro penjiHKau,HH canT GATC MeTHJiHpoBaH no aAeHHHaM 
oôenx i^enen RHK. Bo BpeMfl penjíHKaijHH HOBbie uenn RHK 
CTpOflTCfl H3 HyKJieOTHAOB C OÔblHHbIMH (HeMOflHCjjHIJHpO- 
BaHHblMH) a30THCTbIMH OCHOBaHHflMH. ľlOSTOMy HOBOCHH- 



PHC. 15.7 Pen/iMKaqMfl MeTM/iMpoBaHHOíí flHK AaeT Hano/iOBMHy Me- 
TM/iupoBaHHyio flHK; 3tot CTaTyc coxpaHaeTca 3a flHK a o Tex nop, 
noKa NieTmia3a Dam He BoccraHOBMT ee MexoAHoe, no/iHocTbio mctm- 
JlMpOBaHHOe COCTOBHMe 


OpMflMHH paÔOtaeT, TO/lbKO eC/IH OH MeTMJlMpOB3H 


VV\4/V,\/V. 


PeruiMKauMfl ^ 

\/\t\/A/AJ7\/A// 

\ZAJA/7tfMA/\// 


HeaKTMBHbie 

OpMA>KMHbl 


Mein^a3a Dam J 

VWT*/,WA/ 


AKTMBHbIM 

OpMA>KMH 


P H C. 15.8 To/lbKO B ľlO/lHOCTblO NieTM/lMpOBaHHOM OpMA>KMHe MO>KeT 
6biTb MHMUMupoBaHa pen/iMKaunfl. Hano/iOBMHy MeTM/iupoBaHHbie 
AonepHne opnA>KMHbi He ncnojib3yiOTCfl ao Tex nop, nona He 6yAeT 
BOCCTaHOB/ieHO MX ľlO/lHOCTblO MeTM/IMpOBaHHOe COCTOBHMe 


Te3HpoBaHHaa ijenb AonepHero AyraeKca neMemwiupoea- 
na , TaK hto AonepHHe AynJieKCbi RHK MerajiHpoBaHbi Jimiib 
HanojiOBHHy — no MaTpHHHOH n,e im. Mojkho CKa3aTb, hto 
coôbiTHe penAHKauHH nepeBOAHT canTbi-MHineHH Dam H3 
nOJIHOCTbK) MeTHJIHpOBaHHOľO COCTOflHHfl B nOJiyMOTHJIH- 
pOBaHHOe COCTOHHHe. 

OKa3bmaeTca, sto oôcroaTejibCTBO HMeeT cboh peryjia- 
TopHbiH CMbícn. CnocoÓHOCTb npoH3BOJibHOH RHK (Hanpn- 
Mep, njia3MHAbi) c oriC penjiHijHpoBaTbCfl b dam~ E. coli 3a- 
BHCHT OT CTaTyca MOTHJIHpOBaHHa. ĽCJIH OHa MeTHJIHpOBaHä 
(no aAeHHHaM GATC), to npoxoflHT 0 AHH-eAHHCTBeHHbiH 
payHA pemíHKaiiHH. npoAyKTbi SToro nepBoro payH^a pen- 
JIHKaU,HH TaK H OCTaHyTCfl nOJiyMeTHJIHpOBaHbl (nOTOMy HTO 
MeTraa3a Dam b MyTaHTax dam~ He paôoTaeT, h doôaeon- 
HOZO MeTHJIHpOBaHHfl He npOHCXOAHT). KaK BblflCHHJIOCb, 
penjIHKaU,Ha He MO)KeT ÓbITb HHHU,HHpOBaHa B OpH/PKHHe, 
KOTOpblH MeTHJiHpoBaH HanOJIOBHHy (CM. P H C- 15.8). 

Mohcho npeAnoAO)KHTb, hto ^h6o no^HOCTbio Menmnpo- 
BaHHoe cocTOHHne canTOB-MHineHen Dam b oriC cmMyjinpyeT 
HHHU,HaUHK), nwCo HanOJIOBHHy MeTHJIHpOBaHHOe COCTOHHHe 
3THX CaHTOB HHľHÓHpyeT HHHIlHaU,HK). MCTHHHO, nO-BHAHMO- 
My, BTopoe yTBep^AeHHe: OKa3ajiocb, hto coeepiuenno ne Me- 
mmupoeamuú opn/poiH oriC BnojiHe 3(})(J)eKTHBeH. 

HTaK, b HanojiOBHHy MerajiHpoBaHHOM opiotkhh t E. coli 
penjiHKau,Ha He mo^kct 6 biTb HHHu,HHpoBaHa — ao Tex nop, 
noxa MeTHJia3a Dam He npeBpaTHT stot opha™h b nojiHO- 
CTbK) MeTHJIHpOBaHHblH. 3TO npOH30HAeT Hepe3 -13 MHHyT 
nocjie penjiHKau,HH, hto HeecTecTBeHHO AOJiro: b Apyrnx 
nacTax reHOMa E. coli AOÔaBOHHoe MeTHJiHpoBaHHe canTOB 
GATC HaHHHaeTca noHTH cpa3y (MeHbine, neM nepe3 noji- 
Topbi MHHyTbi) nocjie pemíHKauHH. MexcAy npoHHM, KpoMe 
opiwKHHa b reHOMe E. coli ecTb em,e OAHa oóJiacTb, rAe ao- 
ÔaBOHHOe MeTHJiHpoBaHHe npOHCXOAHT C 3aAep)KKOH — 3T0 
npoMOTop reHa dnaA. 

HanojiOBHHy MeTHjiHpoBaHHbin npoMOTop dnaA He 
aKTHBeH, h noxa He npoH30HACT AOÔaBOHHoro Menumpo- 
BaHHa, reH 6yAeT MOJinaTb; kojihhcctbo ôejiKa DnaA, kjiio- 
neBoro HHHu,HaTopa penjíHKaiiHH, npH stom yMeHbmnTca. 
TaKHM o6pa30M, npoAyKUHa DnaA topmo3htch OAHOBpe- 
MeHHO C 3aAep)KKOH AOÓaBOHHOľO MeTHJIHpOBaHHH OpHA- 
xcHHa — b nepHOA, KorAa ophaxchh HHepTeH. 


15.5 


íloc/iepeniIMKaUMM OpMA>KMHbl 
M 0 ry T ObITb 1130/IMpOBdHbl 

ot annapaTa o6ecneMeHMa 

MX (})yHKUMM 


KntoneBbie noHHTMu: 


• Be^oK SeqA CBB3biBaeT Hano/iOBMHy MeTmiMpoBaHHyK) flHK; 3tot 
6e^OK HeoóxoAMM, hto6w 3aAep>KaTb noBTopHyio pen^MKaqMK). 

• SeqA MO>KeT B3anMOAeMCTBOBaTb c DnaA. 

• B nepHOA, KorAa opMA>KMHbi MeTM/iMpoBaHbi Hano/iOBMHy, ohm 
B 3aMMOAeÍÍCTByiOT C KJieTOHHOM MeMÓpaHOM M MOryTÓbITb 
HeAOCTynHbi a^b MeTM/ia3. 

• KaK npOMCXOAMT B3aMMOAeÍÍCTBMe OpMA>KMHa C MeMÓpaHOÍÍ, 
noKa HencHO. 
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HeM >Ke oóycjiOBjíeHa 3aflep>KKa flOóaBOHHoro MerajiupoBa- 
hhh fl HK b oriC h dnaA ? Bepoaraee Bcero, b nepnofl 3aflep>K- 
KH STH OÓJiaCTH XpOMOCOMHOH flHK £ COli OTCTpaHCHbl OT 
CBoeň (J)yHKLi,HH («ceKBecTHpoBaHbi») h HaxoflaTca b c})opMe, 
He/jociyriHOH flencTBHio MeTn;ia3bi Dam. 

AHajiH3 c})eHo™noB MyraHTOB no OflHOMy H3 reHOB 
E. coli , seqA, noMor co3flaTb cxeMy, no KOTopoň Hfle t koht- 
po^b noBTopHoro Hcno;ib30BaHHa oph/pkhhob. y MyraHTOB 
no seqA conpameHa 3aflep>KKa flOóaBOHHoro MeTHjiHpoBa- 
hha oriC n dnaA; H3-3a 3Toro noBTopHaa penjíHKaijHa flHK 
HHHunnpyeTcn cjihiiikom CKopo, n xpoMOCOMHbie Konnn 
(Heno;iHbie) HaKamiHBaiOTca b H3óbiTKe. TaKon (jieHoran 
CBn/íeTejibCTByeT, hto seqA bxoaht b cncreiviy, npenaTCTBy- 
lomyio AOÔaBOHHOMy MerajinpoBaHHio oph/pkhhob. 

Kax BbincHraocb, óeaoK SeqA Kpenne CBa3breaeTca c 
HanonoBHHy MerajinpoBaHHOH flHK, neM c flHK, KOTopaa 
MeTnnnpoBaHa nojmocTbio. M ec™ CBa3breaHHe SeqA c flHK 
HHHIJHHpyeTCfl B MOMCHT, KOľfla flHK CTaHOBHTCa Hanojio- 
BHHy MeTHjinpoBaHHOH (to ecTb cpa3y nocne penjinKaunn), 
to ero HenpepbiBHoe npncyTCTBne b opn/pcnHe óyfleT npe- 
naTCTBOBaTb o6pa30BaHnio OTKpbiToro KOMmieKca HHHijHa- 
u,hh. y óejina SeqA HeT cneu,H(|)HHHOCTH k nocneflOBaTejib- 
hocth oriC; bo3mo)kho, SeqA oópeTaeT cneu,H(})HHHOCTb k 
oriC , B3aHMOAencTByn c óejiKOM DnaA. 3to xoporno oó^- 
acHajio 6bi reHeranecKne B3aHMOflencTBHa MOKfly seqA n 
dnaA (aiynaH cynpeccnn MOKfly MyTau,HaMH b sthx reHax). 

flaa accou,naLi,HH opujymm c KaeTOHHOH MeMÓpaHon 
in vitro HeoôxoflHMo, htoóh nocneAOBaTejibHOCTH GATC b 
stom opHfl>KHHe óhjih HanojiOBHHv MeTHjiHpoBaHbi. Hano- 
jiOBHHy MeTminpoBaHHan flHK oriC cnocoóHa CBa3breaTb- 
ca c MeMÓpaHaMH, a nojmocTbio MerajiHpoBaHHaa — HeT. 
Mo>kho npeflnojioacnTb, hto accoijHauHa opu/pKHHa c mcm- 
ôpaHoň BOBjíeneHa b peryjiaijHK) ero aKTHBHOCTH (He3aBH- 
chmo ot pojín, KOTopyio nrpaeT MeMÓpaHa b cerperauHH 
ĎaKTepHajibHbix xpomocom; cm. pne. 17.4). Accou,Hai],Ha c 
MeMôpaHon MoaceT npenaTCTBOBaTb npeacfleBpeMeHHon 
noBTopHOH HHHUHan,HH jihóo HanpaMyio HHraóHpya pe- 
aKIJHK) HHHUHan,HH KaKHMH-TO KOMnOHCHTaMH MeMÓpaHbl, 
jihóo KOCBeHHO ceKBecTnpya opn/yKHH ot peaKijHH. 

CBOHCTBa MeMÓpaHHon (JjpaKijHH mieTOHHbix roMore- 
HaTOB E. coli roBopnT o npHcyTCTBHH KOMnoHeHTOB, pery- 
jinpyiomHx penjiHKau,Hio. MHraónTop, oóHapyaceHHbiH b 
stoh (J)paKn,HH, KOHKypupyeT c óejiKOM DnaA. 3tot hhth- 
6htop MoaceT npeAOTBpaTHTb HHHu,HauHio perníHKaijHH in 
vitro , ec™ oh .aoóaB^eH b CHCTeMy npoK/je 6e^xa DnaA. Ha 
stom c})aKTe cTpoHTcn cxeMa, H3o6pa)KeHHan Ha phi. 15 3 : 
HHľHÓHTop y3HaeT Hano;iOBHHy MeTHJiHpoBaHHyio flHK h 
MeinaeT DnaA c Hen CBímTbcn. floóaBOHHoe MerajiHpoBa- 
Hne RHK npoBOUHpyeT yxoA HHraÓHTopa. Ec^h HHraÓHTop 
HaxoAHTcn b MeMópaHe, accounauMio h AHCcou,Hau,HK) RHK 
C MeMÔpaHOH MO)KHO paCCMaTpHBaTb KaK HaCTb KOHTpOJIB 
penjiHKau,HH. 

no^Hoe npe,acTaB^eHHe o CHCTeMe Kompo^n noBTop- 
HOH HHHU,HaU,HH penJIHKaU,HH ÓaKTepHaJIbHOH XpOMOCOMbI 
noKa oTcyTCTByeT. B Hen mo>kct 6biTb 3a/j,eHCTBOBaHO cpa3y 
HecKOJibKo MexaHH3MOB, oóecnenHBaiomHx OTcrpaHeHHe 
opH/pKHHa, 3aAep^cxy noBTopHoro MeTHJiHpoBaHHn, no^aB- 
neHHe B3aHMOAencTBHn DnaA c RUK, penpeccHio TpaHC- 


HanO/IOBHHy MeTHJIMpOBaHHbie OpH/pKMHbl 
B3aMMOAeŇCTByK)T C MHrMÔmOpOM 

Me 

GATC N WN N N H H 

C T A G KHNHHNN 

I 

l/lHmômop, 3aKpen^eH- 
Hbíň b MeMÓpaHe, B3anM0- 
AeŕícTByeT c Hano/iOBMHy 
MeTMJIMpOBaHHOŕí flHK 

1 

Me ▼ 

Hoc^e AOÓaBOMHoro 
MeimiHpoBaHMB flHK 
«OTnycKaeT» MHrMÓmop 

Me I 

T 

Me 

|G A T C N N N N N N N 

C T A G-lN N N U N N N 
Me 

Be^OK DnaA 

CBB3biBaeTCfl c oriC 


PMC. 15.9 UHrnÓMTop, 3aKpen^eHHbm b K/ieTOHHOií MeMÓpaHe, B3an- 
MOfleŕícTByeT c Hano^OBMHy MeTM/iupoBaHHoií flHK opu/pKMHa; M3-3a 
Hero DnaA He MO>KeT cBB3aTbCB c opma>kmhom. floóaBOHHoe MeTn/in- 
poBaHne flHK BbiBOflMT ee M3-nofl b^mbhmb MHrnómopa 

KpHniiHH DnaA. Kanón H3 3(})(})eKTOB nepBnneH no OTHOine- 
HHK) K OCTaJIbHbIM H HaCKOJIbKO np^MO HJIH KOCBeHHO OHH 
B^HHIOT Ha HHHU,HaUHK)? KaKOH KOHKpeTHO MexaHH3M, Ha 
caMOM fle^e, c^y^cnT «nacaMn>> /yin HHHu,naLi,HH? Bo3mo>kho, 
npn penjinKau,Hn nponcxoflHT npnKpemieHne 

opn/pKHHa k MeMôpaHe, n /y m ero nocneflyiomero ocbo6o>k- 
AeHnn TpeôyeTcn cóopna KaKoň-To KpynHon CTpyicrypbi? 
flflHTejibHOCTb npnKperaeHnn opn/yKHHa k MeMÓpaHe bo 3- 
pacTaeT c yBtnmtuutM npo/i,ojDKHTejibHOCTH mieTOHHoro 
ynioia n, c^eflOBaTe^bHO, HMeeT npnMoe omomeHne k cko- 

POCTH B03HHKH0BeHHfl nOBTOpHOH HHHU,HaUHH. 

Be^on DnaA — KOMnoHem annapaTa perninKaiinn, n, 
B OTJIHHHe OT OCTa^bHblX KOMnOHCHTOB, BOCTpeÔOBaHHblH 
TOJibKO b opn/^cHHe. 3 tot 6e;iOK c^okht MnmeHbio jym He- 
CKOJIbKHX pery^HTOpHblX CHCTeM. B03M0)KH0, HH OAHa H3 
3THX CHCTeM He CnOCOÓHa CaMOCTOnTCJIbHO KOHTpO^npO- 
BaTb nacTOTy coóhthh MHrninaiinn. HeKOTopbie MyTau,HH 
b dnaA Bbi3biBaioT pa3o6ifleHne «rpac})HKa» HHHu,naiiHH c 
xoflOM imeTOHHoro ynioia, nosTOMy DnaA mo>kho npeACTa- 
BHTb ce6e b pojín «THTpaTopa», H3Mepnioiflero hhc^o opHA- 
)KHHOB no OTHOineHHK) K JUieTOHHOH MaCCe. B TO )Ke BpeMfl, 
nepenpoH3BOACTBO mieTKon 3Toro óe^Ka flaeT KpanHe npo- 
THBopenHBbie pe3y^bTaTbi: ot nojmoro OTcyTCTBnn KaKoro- 
^n6o 3(})(})eKTa a o npe^fleBpeMeHHon HHnu,naLi,HH. 

MAeHTH(})HKaLi,Hfl QejiKOB, onocpe/iyioiiiHx npnKpemie- 
Hne opn/pKHHa k MeMÓpaHe, OKa3ajiacb TpyAHon 3 aAanen. 
Bo3mo^cho, npnKpemieHHe opufftmm k MeMÓpaHe — sto 
OAHa H3 (J)yHKn,HH DnaA. Hmchho Tan mojkho HHTepnpem- 
poBaTb xapanrep B3anMOAencTBna DnaA c ejDOcejDonnnnAaMn 
in vitro. Ecjih c DnaA CBH3an Afl,0, (J)oc(J)O^HnHflbi CTHMyjin- 
pyiOT ero oómch Ha ATO. He noHamo, KaKyio poab sto nr- 
paeT b KOHTpojie aKTHBHOCTH DnaA, oflHano caM cj)aKT tobo- 
pnT o ckjiohhocth DnaA B3anMOAencTBOBaTb c MeMÓpaHon. 
Moymo npeAnoaoacHTb, hto accounauna flHK c KjieTOHHon 
MeMÓpaHon — sto pe3yabTaT KOMÓnHaiinn HecKOJibKHx 
MoaeKyaapHbix coóhthh. HanoaoBHHy MeTHJinpoBaHHbiH 
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OpH/J)KHH CBfl3bIBaeTCfl C HHľHÓHTOpOM, CHAfllItHM Ha MCM- 

6paHe, a Kor/ja opiwKHH craHOBHTca MeTHjiHpoBaH nojmo- 
CTbK), HHľHÓHTOp BblTCCHaeTCB H3 HeľO ÓeJIKOM DnaA, TaiOKe 
aCCOUHHpOBaHHblM C MCMÔpaHOH. 

Ecjih óejiOK DnaA AencTBHTejibHO flBjíaeTOi HHHijHaTO- 
poM, 3anycKaiom,HM payH/t penjíHKaijHH, to npHHijHnHajib- 
hhm 3TanoM HHHunauHH /iojdkho ôbiTb ero HaKoraeHne b 
oôjiacTH opvijymm ro HeKOToporo KpHTHnecKoro ypoBHa. 
B oómen BHyTpHmieTOHHOH KOHU,eHTpauHH DnaA n b 3KC- 
npeccHH dnaA He HaôjnoAaeTDi 3HanHTejibHbix u,HKJiHHec- 
khx BapnauHH. TeM He MeHee sto CBH/teTejibCTByeT b nojib3y 
toto, hto HaKoraeHHe DnaA b opn/pKHHe flBJíaeTCfl jiOKajib- 
HblM COÓbITHeM. KpOMe TOľO, HTOÓbl HHHU,HHpOBaTb penjiH- 
Kai^Hio, DnaA aojdkch Haxo/tHTboí b CBjmHHOH c ATO (J)op- 
Me. y DnaA ecTb coôcTBeHHaa cjiaóaa aKTHBHOCTb nepeBO/ta 
ATO b A/1,0. 3Ta aKTHBHOCTb ycHjiHBaeTca cyó'be/tHHHu.eH 
|3 /],HK-no^HMepa3bi III. Kor/ja pemiHKa3a (xojioc})epMeHT 
/],HK-nojiHMepa3bi III) BKjnoHaeTca b cocTaB KOMiuieKca 
perníHKau,™, B3aHMO/teHCTBHe DnaA c cy6T>e/i,HHHiteH (3 
Bbi3bmaeT mjipojim ATO, CBjmHHoro c DnaA. MHaKTHBH- 
poBaHHbin DnaA He mojkct HHHijHHpoBaTb aie/tyiomHH pa- 
yHA penjiHKaij,HH. 3Ta peaKu,Ha H3Becraa KaK RIDA (ot anzn. 
regulátory inactivation of DnaA — peryjiflTopHaa HHamiBa- 
u,hb DnaA). PeaKUHio ycnjiHBaeT eme oahh óejiOK, Hda. HeM 
onpe/tejifleTCfl Bpem, nepe3 KOTopoe HacTynaeT noBTopHaa 
aKTHBau,Ha DnaA, noxa HeacHO. 

Eute oahh (J)aKTop Kompona AOCTyna DnaA k CBH 3bi- 
BaHHK) OpH/pKHHa — KOHKypeHIJHfl CO CTOpOHbl ApyTHX 
oóJiacreH óaicrepHajibHOH xpoMOCOMbi. Tax, b jioicyce dat 
cocpeAOToneHO MHoacecTBO caríTOB CBH3biBaHHfl DnaA; Bce 
BMecTe ohh Moryr CBjmTb b BOceMb pa3 óojibine DnaA, neM 
opn/pKHH. JltJitnm dat noBbimaeT Hacrcny coóhthh hhh- 
itHau,HH b opH/pKHHe. HajiHHHe b xpoMOCOMe jioicyca dat 
3HanHTejibHO CHH^caeT KOJiHHecTBO DnaA, npHxoAanteeca 

Ha OpH/JJKHH, XOTfl TOHHblH CMblCJI 3TOTO CHH)KeHHfl /yifl 
CBoeBpeMeHHOH HHHitHaitHH peraHKau,HH noxa HeaceH. 


15.6 


ByKapMOTMMecKMe 
XpOMOCOMbl COCTOflT 
M3 MHOMíeCTBa pen/IMKOHOB 


KniOHeBbie bohatha: 


• OflMH 3yKapMOTMHeCKMÍÍ pen/IMKOH MO>KeT MMeTb A^MHy ot 40 A o 
100 TľlH. 


• Ka>KAafl xpoMOCOMa coagp>kmt MHO>KecTBO penjíHKOHOB. 

• B TeneHne S-c|)a3bi K/ieTOHHoro umuia KawAbiíí M3 3 tmx 
pen/iMKOHOB aKTMBupyeTCB b MHAMBUAya/ibHOM nop^AKe m b 
CB oe xapaKTepHoe BpeMfl. 

• ľlaTTepHbl pen/lMKaTMBHOM aKTMBHOCTM, CHflTbie A/lfl o6lUMpHblX 
oÓJiacreM reHOMa, c b m AGTe/i bdBy iot, hto pen/iMKOHbi, 6/iM3Kne 
Apyr k Apyry, CK/iOHHbi aKTMBupoBaTbca b oaho m to >ne BpeMB. 


B syKapHOTHHecKOH mieTKe penAHKauna a/tepHOH HK 
npHyponeHa k onpe/te^eHHOMy HHTepBajiy mieTOHHoro 
u,HKJia. B loieTKax BbícniHx syxapHOT stot HHTepBaji oóbin- 


ho /yíHTca HecKOJibKO nacoB. Ero Ha3bmaioT S-(J)a30H. B S- 
c})a3e npoHexoAHT penAHKaitna orpoMHoro KOJinnecTBa 
HK, co/tepacameroca b Ka^oň H3 xpomocom. 3Ta 3aAana 
MO>KeT 6biTb BbinojmeHa 3a cneT pa3ÓHeHHa xpoMOCOMbi 
Ha MHOMecmeo penjíHKOHOB. B Ka^ztbiH KOHKpeTHbiH mo- 
MeHT S-(f)a3bI aKTHBHbl (TO eCTb aKTHBHO AynJIHU,HpyiOTCa) 
He Bce, a TOJibKO HeKOTopbie penjíHKOHbi. Mo>kho CKa3aTb, 
hto y Kax^oro pemíHKOHa ecTb CBoe xapaicrepHoe BpeMa 
aKTHBailHH (c OrOBOpKOH, HTO He Bce HMeiOIItHeCa A^HHbie 

yóeAHTeAbHO 06 stom CBH/teTejibCTByioT). 

Hana^o S-cJsa3bi — sto aKTHBau,Ha caMbix nepBbix pemiH- 
kohob. B nocAeAyiontHe HecKOJibKO nacoB coôbiTHa hhhu,h- 
au,HH no nopa^Ky oxBaTbmaioT Bce ocTajibHbie penjíHKOHbi. 
3HaHHTejibHaa nacTb toto, hto HaM h3bcctho o CBOHCTBax 
syKapHOTHnecKHx penjíHKOHOB, nojiyneHa b sKcnepHMeH- 
Tax c npHMeHeHHeM Merala aBTopa^Horpac^HH. ľloA «aB- 
Topa/tHorpa(j)HeH» noApa3yMeBaeTca nocneAOBaTeAbHOCTb 
MaHHnyjiau,HH, H3o6pa)KeHHbix Ha pne. 15.5 h 15.6. SKcne- 
pHMeHTbi noKa3a^H, hto, KaK npaBHjio, b penjíHKOHax syxa- 
Phot HMeeT MecTO AByHanpaBAeHHaa penAHKau,Ha. 

HaCKOAbKO BeJIHK CpeAHeCTaTHCTHHeCKHH peiUIHKOH? 
CKOJibKo Bcero penjíHKOHOB b oahom reHOMe? BbiHAeHHTb 
penjíHKOH KaK oóocoÓAeHHyio eAHHHity AOBOJibHO TpyAHO. 
ľlpOÔAeMa B TOM, HTO CMOKHbie penjIHKOHbl CJIHBaiOTai 
Apyr c ApyroM, o6pa3ya oóntee oko; sto H3o6pa>KeHO Ha 
p u c. 15.10. Mto 6 h H36e>KaTb ouihóok b HHTepnpeTau,HH 
npoAyKTOB cjiHHHHa (fused eyes), noABepraTb aHajiH3y cne- 
AyeT TOJibKO Te ynacTKH HK, b KOTopbix y^ajioch noHMaTb 
aKTHBHbIMH Cpa3y HeCKOJIbKO penjíHKOHOB, no B03M0JKH0C- 
TH B MOMeHT nOCJie CHHXpOHHOH HHHU,HaU,HH penjIHKaitHH 
h a o toto, KaK penjíHKaTHBHbie bhjikh cmokhhx penjíHKO- 
hob ycnejiH BCTpeTHTbca. 

B TaKHX rpynnax aKTHBHbix penjíHKOHOB mo>kho h3- 
MepHTb cpeAHHH pa3Mep penjíHKOHa (KaK ycpeAHeHHoe 
paccToaHHe MexcAy ueHTpaMH onen). CKopocTb ABH^ceHna 
penJIHKaTHBHOH BHJIKH M02CH0 H3MepHTb KaK MaKCHMaJIb- 
Hyio npoTa>KeHHOCTb CHmajia o bkjhohchhh b HK pa^HO- 
aKTHBHoro H30Tona nocjie ceaHca MeneHHa (JjHKCHpoBaH- 
HOH npOAOJIXCHTeJIbHOCTH. 

KaK yAajiocb BbiacHHTb, b reHOMax 3yxapHOT OTAejibHbie 
penjIHKOHbl OTHOCHTeJIbHO HeBeJIHKH. y ApOXOKeH H Myx 
cpeAHHH pa3Mep penjíHKOHa cocTaBjíaeT ~40 toh, y mjicko- 
nHTaioiitnx -100 TnH. (ľlpH 3 tom BHyrpH OAHoro reHOMa 
/yiHHa penjíHKOHOB MO>KeT pa3JiHnaTbca b AecaTKH pa3!) 
CKopocTb ABH>KeHHa penJIHKaTHBHOH BHJIKH COCTaBJíaeT 
-2000 nH b MHHyTy (y ôaKTepHH CKopocTb ABH>KeHHa pen- 
JIHKaTHBHOH BHJIKH TOpa3AO BblUie, 50 000 nH B MHHyTy). 
3Haa CKopocTb penjíHKaitHH h cpeAHHH pa3Mep penjíHKOHa, 
MOJKHO BblHHCJIHTb, HTO TCHOM MJieKOnHTaiOIIterO MO)KeT 
6biTb penjiHu,HpoBaH 3a -1 nac npn ycjiOBHH, hto Bce pen- 
JIHKOHbl «BbICTpeJIflT» OAHOBpeMeHHO. 

Ho Ha caMOM /jene B thhhhhoh coMaranecKOH KjieT- 
Ke MjieKonHTaiontero S-cJ)a3a ajihtch ôojiee 6 nacoB. Ecjih 
npeAnojio>KHTb, hto npouecc yABoeHHa KOJinnecTBa ^HK 
npoTeKaeT paBHOMepHO, mo>kho paccHHTaTb, hto b Kax^bin 
MOMem BpeMeHH aKTHBHO He óojiee 15% Bcex penjíHKOHOB. 
TaKaa HecneuiHOCTb He Bcer^a no3BOJiHTejibHa. HanpnMep, 
b paHHeM 3M6pHOHajibHOM pa3BHTHH Drosophila npOMe- 
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Ha ynacTKe, rfle aKTMBHbi CMe>KHbie pen/iMKOHbi, mo>kho n3MepnTb nx ajimhw 


HCyTKH MOKfly KJieTOHHbIMH fleJieHHBMH OHCHb KOpOTKHC. 
CooTBeTCTBCHHO, S-c})a3a Toxce npeAejibHO KOpOTKa. 3 to AO- 
cTHraeTca 3a cneT oflHOBpeMeHHOH amiBHOCTH orpoMHoro 
4HOia peiUIHKOHOB. 

Ho Bce )k e b óojibiiiHHCTBe aiynaeB penjíHKOHbi «Bbi- 
cTpejiHBaioT» He oflHOBpeMeHHO. KaKHM o6pa30M npoHC- 
xoaht pacnpeflejieHHe orpoMHoro HHcna coómthh hhhijh- 
au,Hn Ha HHTepBa^e BpeMeHH S-c{)a3bi? noneMy ophaxchhm, 
hjih rpynnbi oph/pkhhob. coÓjnoAaknr npn stom HeKOTopyio 
onepeAHOCTb? 

y ApoxoKen Saccharomyces cerevisiae óojibiiiHHCTBO 
opu/i^cHHOB, no yMOJinaHMK), aKTHBHpyeTca b paHHen S- 
(J)a3e. O/jHaKo HeKOTopbie ophajkhhm cooómaioTca c on- 
peACJieHHbiMH ^^c-AeHCTByiomHMH nocjieAOBaTejibHOCTa- 
MH-T0pM03aMH. flfla TaKHX OpH/pKHHOB CTapT M05KCT ÓbITb 
orjio>KeH Ha óojiee no3flHHH cpox, ójinace k KOHijy S-(f)a3bi. 

Bce AäHHbie roBopaT o tom, mto b xpoMOcoMax syicapnoT 
penaHKOHbi He hmoot cneu,HajiH3HpoBaHHbix ynacTKOB 
TepMHHauHH, b KOTopbix penjíHKaraBHbie bhjikh npexpa- 
maiOT CBoe ABHaceHHe h Anccou,HHpyioT ot J\ HK. CKopee 
Bcero, peruíHKaTHBHaa BHjixa, BbimeAinaa H3 opHAJKHHa, 
6ya,eT npoAoaxcaTb CBoe ABHaceHHe ao Tex nop, noxa He 
cTOJiKHeTca c bhjikoh CMexcHoro peruíHKOHa, ABHXcyiAenca 
bo BCTpenHOM HanpaBjíeHHH. HanoMHHM Taioxe o noTeH- 
AnajibHOH TonojiorHHecKOH npoóJieMe coeAHHeHHa hobo- 
cHHTe3HpoBaHHbix flHK Ha CTbiKe penjíHKOHOB (to ecTb Ha 
MecTe BCTpeHH pemíHKaTHBHbix bhjiok). 

PaccMOTpHM ABa penaHKOHa. HeM ÓJinace ohh Haxo- 
Ahtcb, TeM Bbirne BepoaTHOCTb, hto ohh penjiHu,HpyioTca 


OAHOBpeMeHHO. 3Ta TeHAeHijHa coccahhx ynacTKOB reHO- 
Ma ÓbITb aKTHBHbIMH B OAHO H TO XCe BpeMB MOXCCT OÓT>- 
acHBTbca cymecTBOBaHHeM «pernoHajibHbix» chctcm koh- 
Tpojifl, ÓJiaroAapa kotophm ohh «BbicTpejiHBaioT» óojiee 
HJIH MeHee KOOpAHHHpOBaHHO. (B npOTHBOnOJIOJKHOCTb 
AH(J)(J)y3HOH aKTHBaUHH OTACJIbHblX penjíHKOHOB OAHOľO 3a 



PH C. 15.11 B S-c|)a3HOM flflpe 3yKapnoTMHecKOM K/ieTKM pen/iMKa- 
TMBHbie BHJIKH 06pa3yi0T CKOnJieHMfl, HJIH (j)OKyCbl. K/ieTKM, npefl- 
CTaB^eHHbie Ha c|)OTorpac|)Mflx, 6bmn noMeneHbi BrdU. Ooto cneBa 
AeMOHCTpMpyeT OKpacKy moamcihm nponMflMeM, BbiAB/iaiomyio Becb 
MaccMB flHK. Ha c|)oto cnpaBa K/ieTKM 6bmn OKpaiueHbi am-me/ia- 
mm k BrdU BbiflB/ieHMfl penziu um pyiomeŕícfl flHK. OoTorpac|)Mfl 
aio6e3Ho npeAOCTaB/ieHa Anthony D. Mills and Ron Laskey, Hutchin- 
son/MRC Research Center, University of Cambridge 
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ApyrnM b pa3po3HeHHbix oôjiacrax reHOMa.) O bo3moxcho 
ôojibiiieM MacniTaôe opraHH3au,HH Kompojia chhxpohhoh 
aKTHBaUHH COCeACTByiOmHX penJIHKOHOB TOBOpflT KaK MH- 
HHMyM ABe CTpyKTypHblX OCOÔeHHOCTH SyKapHOTHHeCKOH 
xpoMOcoMbi. Bo-nepBbix, yejibie, oneHb ôojibiiiHe, oôjiac™ 
xpomocom mo)kho oxapaicrepH30BaTb KaK paHO penjiHUH- 
pyiomneca hjih no3AHO peiuiHUHpyiomHeca. nojiynaeTca, 
HTO penJIHKOHbl, aKTHBHbie Ha paHHHX H n03AHHX cpoKax 
S-(J)a3bi, mokay coôoh non™ He nepeMemaHbi. Bo-BTopbix, 
MHOaceCTBO BH3yaJIH3HpOBaHHbIX MeneHHeM penJIHKaTHB- 
Hbix bhjiok He pa36pocaHO no xpoMoeoMaM, a CKOHyempH- 
poBaHO b BH/je oTAejibHbix onaroB hjih CKonjieHHH («foci»). 
TaKHx CKonjieHHH MoaceT 6biTb ot 100 j\o 300. HecKOJibKO 
CKonjieHHH noKa3aHO Ha p n c. 15.11, KaaytbiH H3 hhx coAep- 
acHT ôojiee 300 penjíHKaTHBHbix bhjiok. CKOiuieHHaM MOiyr 
COOTBeTCTBOBaTb KaKHe-HHÔyAb CTpyKTypbl, CKB03b KOTO- 
pbie AOJixoia ABHraTbca penjiHynpyiomaaca RHK. 


15.7 


BbiAe/ieHMe opmamiihob 
113 reHOMOB APOMOKeH 


KniOMeBbie noHjmia: 


• Y APO>K>KeM 5. cerevisiae opMAWMHbi npeACTaBjíatoT coóoií 
KopoTKne AT-6oraibie yHacTKM flHK, coAep>KaiAne 
noc^eAOBaie^bHOdb ahuhom 11 nH, cyLuecTBem-iyK) 

A/lfl MX cj}yHKAMM. 

• ORC — 3 to KOMnneKC 113 medu 6e/iKOB, KOTopbm cBfl3biBae*rcfl 
cARS. 


H3BCCTHO, HTO B SyKapHOTHHCCKHX KJieTKaX nJia3MHAbI OT- 
cyTCTByioT. 0/jHaKO jiioôoh cerMeHT R HK, hmcioiahh Tomcy 
Hanajia peiuíHKaijHH (opn/pcHH), cnocoôeH penjiHunpo- 
BaTbca. H 3 3Toro cjie^yeT, hto nyTeM cooTBeTCTByiomHx 
MaHHiryjiauHH in vitro Moaoio CKOHCTpynpoBaTb iuia3MHAbi, 
cnocoÔHbie k cymecTBOBaHHio b syKapnoTHnecKHx KJieroH- 
hhx jiHHHax. 3Ta 3aAana 6buia ycneniHO perneHa /yia Apoac- 
acen, ho He /yia bhchihx syxapnoT. 

KjieTKH 5. cerevisiae , MyTaHTHbie no KaKon-jinôo dpyuK- 
UHH, MOryT ÔbITb TpaHC(J)OpMHpOBaHbI B KJieTKH C AHKHM 
HOTHnoM npn noMOiyn AOÔaBJíeHna RHK, Hecyiyen Koňmo 
reHa ahkoid Tnna. OKa3ajiocb, hto HeKOTopbie cf)parMeHTbi 
reHOMHOH R HK ApoacaceH, ecjiH ohh 3aMKHyTbi b KOJibyo, 
cnocoÔHbi TpaHC(J)opMHpoBaTb AecJjeKTHbie kjictkh oneHb 
3(J)(J)eKTHBHO. TaKne 4>parMeHTbi, npoAOJiacaa ocTaBaTbca 
ene xpomocom, MOiyr 3aKpenHTbca b kjictohhoh jihhhh, to 
ecTb oôpecTH CTaTyc aBTOHOMHO penjiHunpyiomHxca iuia3- 
MHA. Hx aHaJIH3 n03B0JIHJI HACHTH(})HyHpOBaTb OpHAaCHHbl 
b reHOMe ApoacaceH. 

OparMeHT/fHK, c bhcokoh BepoaTHOCTbio TpaHC(f)opMH- 
pyioiynň Bce noTOMCTBO MyraHTHOH kjictkh (high frequency 
transforming fragment), co/jepacnT ocoóyio nocneAOBaTejib- 
HOCTb, no3BOJiaioiityio scJxJjckthbho penjiHU,HpoBaTbca b 
A poaoKeBOH mieTKe. Sta nocneAOBaTejibHOCTb nojiynnjia Ha- 
3BaHHe ARS (ot anm. autonomously replicating sequence — 
aBTOHOMHO penjiHynpyioiitaaca nocjieAOBaTejibHOCTb). 3jie- 
MeHTbii4/?5 3KBHBajieHTHbi opn/tacnHaM penaHKayHH. 


KaprapoBaHne sjicmchtob ARS 6buio BbinojiHeHO Ha 
oôninpHbix oôJiacTax reHOMa ApoacaceH. OKa3ajiocb, hto 
TOJibKO HeKOTopbie sjieMeHTbi ARS Ha caMOM AeJie ncnojib- 
3yiOTca /yia HHHunayHH peiuíHKaijHH; ocTajibHbie MOJinaT 
HJIH, B03M0aCH0, HCnOJIb3yiOTCa, HO He B KaaCAOM KJieTOHHOM 
UHKJie. nocjie/tHee yTBepayteHHe 03HanaeT, hto cootbctc- 
TByiomne ynacTKH xpoMocoMbi ôy^yT b pa3Hbix KJieTOHHbix 
UHKJiax penjiHynpoBaTbca c pa3Hbix oph/pchhob. OTcio^a 
HeH36eacHO cjie^yeT, hto ynacTKH TepMHHayHH MOKAy co- 
OTBeTCTByiOmHMH penJIHKOHaMH He MOryT ÔbITb (jjHKCHpO- 
BaHHblMH. 

B A-T-6oraTOM sjieMeHTe ARS ecTb AHCKpeTHbie canTbi, 
MyTayHH no KOTopbiM HapymaiOT (J)yHKUHio opn/pcHHa. 3a 
HCKJnoneHHeM sthx caŕíTOB, b sjieMeHTe ARS ôojiee BaaceH 
COCTaB OCHOBaHHH, HtM HX TOHHaa nOCJieAOBaTCJIbHOCTb. 
Ha p n c. 15.12 npHBe/teHbi pe3yjibTa™ nocjie/iOBaTejibHoro 
aHajiH3a MyTayHH no Bcen /yiHHe 3JieMeHTai4/?5. ľlojiHaa yr- 
paTa 4>yHKUHH opn/pcHHa HacTynaeT b cjiynaax Myraunn b 
cepAueBHHe opn/pcHHa — came b 14 nH, kotophh Ha3bi- 
BaiOT AOMeHOM a. CaHT A co^epamT KOHceHcyc H3 11 nap 
OCHOBaHHH A-T. Cxoactbo HyKJieoTHAHbix nocjieAOBaTejib- 
HOCTen saeMeHTOB ARS orpaHHHHBaeTca sthm KOHceHcy- 
com. MHor^a ero Ha3biBaiOTylCS (ARS consensus sequence). 

SjieMeHTbi ARS co/tepacaT eiye Tpn caňTa, Myraunn no 
KOTOpbiM CHHacaiOT 3(})(j)eKTHBHOCTb opH/tacHHa. Hx 0603 - 
HanaiOTca KaK BI, B2 h B3. Opn/tacHH MoaceT s^ckthbho 
(J)yHKUHOHHpOBaTb C JIIOÔbIMH AByMa H3 Tpex CaHTOB B npn 
ycJiOBHH, hto b hcm npHcyTCTByeT caŕÍT A. PaAOM c KaayjbiM 
caHTOM B, hjih nepeKpbiBaacb c hhm, pacnoaoaceHbi Heco- 
BepmeHHbie Konnn KOHceHcyca ACS (b no3HijHH 9/11), ho 
AJi^ 4>yHKyHH opHAacHHa sto He npHHyHnnajibHO. 

KoMnjieKC, KOTopbin CBa3biBaeT caňTbi A h BI, coctoht 
H3 rnecTH ôejiKOB oOiyen Maccon 400 Kfla h nojiynnji Ha3Ba- 
Hne ORC (ot anm. origin recognition complex — KOMnjieKC 
y3HaBaHHa opiyyKHHa). KoMnaeKC ORC accoyHHpoBaH c^ 
bo Bcex (J>a3ax KJieTonHoro yHKJia, hto 03HanaeT, hto hhhiih- 
ayna penjíHKaijHH MoaceT 3aBHceTb ot H3MeHeHHH cocToaHHa 
ORC, ho He ot hx c opHAacHHOM B3aHMOACHCTBHa de novo 
(CM. pa3A. 15.9 «JlHyeH3HpyiOIAHH (jjaKTOp COCTOHT H3 6eji- 
kob MCM>>). noAcneT reHOMHbix canTOB, c kotophmh CBa3aH 
ORC, TOBOpHT O HaJIHHHH B ApOaOKCBOH XpOMOCOMe OKOAO 

400 opHAacHHOB penaHKayHH. 3 to cooTBeTCTByeT cpeAHen 
AJiHHe penaHKOHa -35 tuh. 

Konnn ORC 6bmn HaŕÍAeHbi h y bhchihx syxapnoT 
KoMnaeKC ORC BnepBbie 6bm oÔHapyaceH y ApoaoKen 
S. cerevisiae h noaynna Ha3BaHHe scORC — nocjie Toro, KaK 
noxoacne KOMnaeKCbi 6bmn onncaHbi y Schizosaccharomy- 
ces pombe (spORC), Drosophila melanogaster (DmORC) n 
Xenopus laevis (XIORC). Bce ohh CBaabiBaiOT/fHK, nacro hx 
jiOKajiH3aijHa accoyHnpoBaHa c HHHUHauneH perníHKaiym 
(xoTa n ia ocTajibHbix opraHH3MOB canra CBa3biBaHHa He 
BbiaBaaiOTca c TaKOH TOHHOCTbio, KaK aj ia 5. cerevisiae). Ta- 
khm oôpa30M, ORC — sto KOMnaeKC HHHynayHH, CBa3bma- 
HHe KOToporo noMoraeT HAeHTH^HynpoBaTb Tomcy Hanajia 
(OpHAaCHH). OAHaKO nOApOÔHOCTH B3aHMOAeHCTBHa ORC c 
R HK H3BecTHbi ToabKO jym S. cerevisiae. Bnojme B 03 Moa(- 
ho, hto y Apyrnx opraHH3MOB y3HaBaHHe RHK KOMnjieKCOM 
ORC TpeôyeT ynacTHa aonoaHHTeabHbix KOMnoHeHTOB. 
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B ARS BdxoieM Bcero KOHceHcyc M3 11 nH 
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PMC. 15.12 3/ieMeHT ARS MMeeT fl/imny ~50 nH; oh coAepwm koh- 
ceHcyc A n Aono/iHmejibHbie caŇTbi B1-B3 


3jieMeHTbi ARS y Apooceň 5. cerevisiae yAOBJíeTBopmoT 
loiaccHnecKOMy onpeAejieHHio opH/pcHHa (tohkh Hanajia 
penjíHKaqHH) KaK noaieAOBaTejibHOCTH, ^7/c-AeHCTByiomeH 
b KanecTBe HHHij,HaTopa penjíHKaijHH RHK. nocjieAOBaTejib- 
hocth sjieMeHTOB ARS Majio noxoTKH Ha nocjieAOBaTeAb- 
hocth npeAnojiaraeMbix opH/pcHHOB y Apyrnx opraHH3MOB. 
H BCe >Ke KOHCepBaTHBHOCTb KOMnJICKCOB ORC TOBOpHT o 
TOM, HTO OpHTPKHHbl BblCIlIHX SyKapHOT paÔOTaiOT nO TeM 

m npHHiiHnaM, hto h opH/pcHHbi ApoToceH. 

B opH/pcHHax BbícniHx syKapnoT pe/jKO yAaeTCH BbiHJie- 
HHTb KOHceHcyc. MoaceT 6 biTb, y bmcuihx syKapnoT opn/j- 
mmb\ ycTpoeHbi cjlOTKHee, neM y apotíokch? H k BbícniHM 
syKapnoTaM HenpHMeHHMa KOHyenijHfl opn/poiHa KaK 06 - 
jiacTH, r^e ecTb AHCKpeTHbie ^7/c-AeHCTByiomHe noaieAOBa- 
TC/IbHOCTH, Hepe3 KOTOpbie HACT nOJIHblH KOHTpOJIb HHH- 
unauHH peruíHKauHH? CymecTByeT npeAnojioaceHHe, hto b 
KJ ieTKaX >KHBOTHbIX HCKOTOpbie penJIHKOHbl HMeiOT KOMľl- 
AeKCHbie narrepHbi HHHij,Haij,HH: b HeKOTopbix cjryHaflx b 
boahom pernoHe oÔHapyrKHBaeToi cpa3y HecKOJibKO penjin- 
KailHOHHblX TJia3KOB. CoOTBeTCTBeHHO, B03HHKaeT Bonpoc 
06 aJIbTepHaTHBHOCTH H MHO^CeCTBeHHOCTH OpH/pCHHa H O 
tom, cymecTByeT jih opn/pcHH KaK Heôojibiiiafl AHCKpeTHaa 
oÔJiacTb reHOMa. 

npOTHBOpeHHe MtTKffy KOHCepBaTHBHOCTblO (to ecTb 
OHeBHAHOH yHHBepcaJIbHOCTblO) KOMľUieKCOB ORC H Heon- 
peAejieHHOCTbio co cnocoôaMH hx achctbhh y pa3Hbix op- 
raHH3MOB ocjiaôjio nocjie oÔHapyTKeHHfl bjihhhhh yaiOBHH 
cpe/jbi Ha Hcnojib30BaHHe oph/pchhob. Jlnn kohkpcthoh 
oÔJiacTH reHOMa, b KOTopon xapaKTepHO nonBJíeHHe mho- 
)KeCTBa penJIHKailHOHHblX ny3bipbKOB CHHXpOHHO HHHIJHH- 


poBaHHOíí penjíHKaiiHH, motkct 6biTb BbiHBJíeH nepBHHHbin 
opn/pKHH. B ycjiOBHnx h3o6hjihh HymieoTHAOB-npeAiuecr- 
BeHHHKOB HCnOJIb3yeTOI TOJIbKO OH OAHH. ĽCJIH HyKJieOTH- 
AOB-npeAuiecTBeHHHKOB He xBaTaeT. to, noMHMO nepBHH- 
Horo opn/pcHHa, Hcnojib3yeTDi mhotkcctbo btophhhmx 
O pn/PCHHOB (naTTepH CO MHOTKeCTBOM ny3bipbKOB XapaKTe- 
peH KaK pa3 /y m 3Toro oiynafl). ľlo-BHAHMOMy, b yoiOBHHx 
HexBaTKH HymieoTHAOB noBTopHan nmiu,mu,m He motkct 
cocTOHTboí ôbicTpo, KOMnjieKC ORC cxoaht c nepBHHHoro 
opn/pcHHa h HHHiiHHpyeT penjiHKau,Hio b ApyroM MecTe, 
Heno^ajieicy. CKopee Bcero, noaieAOBaTejibHOCTH-AeTepMH- 
HaHTbi oph/pchhob penjíHKaijHH y Bbicuinx syKapnoT Bce- 
TaKH cyiyecTByioT, h b ÔJiHacanuiee BpeMu sth nocjieAOBa- 
TeJIbHOCTH Ôyfffľ HAeHTH(J)HIlHpOBaHbI. 
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JlMUeH3MpyioiiiMe (jjaKTopbi 
KOHTpo/i n py k)t peruiMKaumo 
reHOMOB ayKapnoT 


KniOMeBbie noHBTMB: 


• pen/iMKaiiMM jitoóoMy opMA>KMHy HeoóxoAHM 
/imieH3npyK)iAMM c^aKTop. 

• 3tm (jiaKTopbi npMcyTCTBytOT b BApe ao pen/iMKaiiMM; bo BpeMB 
pen/iMKauMM ohm MHaKTMBMpytoTCB mbm pa3pymaK)TCB. 

• ]Amu,mu,m c/ieAytoiAero payHAa pen/iMKaiiMM craHOBMTCB 
B03M0>KHa He paHbiiie MOMeHTa, KorAa bapo nonyHMT m 
AMTonna3Mbi HOByto nopAMto BMAeH3MpytoiAMx ((laKTopoB; 
a TaKOM MOMeHT HacTynaenoBbKO b MMT03e. 


3yKapHOTHHecKHH reHOM coctoht h 3 MHO^cecTBa peruiH- 
KOHOB. B Ka^AOM KJieTOHHOM IJHIOie (HHTepBaJie CymeCTBO- 
BaHHH KJieTKH OT ACJieHHH AO ROltUm) OpHA>KHH KaTKAOľO 
penjíHKOHa aKTHBHpyeTCH oahh h TOJibKO oahh pa3. KaKHM 
^ce o6pa30M cncTeMa AOÔHBaeTcn BbinojiHeHHH 3Toro yc/io- 
bhh? KaKne ôeiiKH b stom y^acTByioT? BbinojiHeHne ycjiOBHH 
MO^ceT oôecneHHBaTboí npncyTCTBHeM b ophatkhhc KaKoro- 
HHôyAb (})aKTopa: OAHopa30Boro aKTHBaTopa jihóo penpec- 
copa, 3anpeiAaioiAero noBTopHyio aKTHBaunio. 

3aMeHaTejibHyio MOAejibHyio cncTeMy pjm cjie^eHHH 3a 
R HK, npoxoA^iAeŕí payHA penjíHKayHH, npeACTaBJíneT co- 
6 oh HHiieioieTKa uinopyeBOH jiHryniKH Xenopus laevis. Híí- 
yeioieTKa coAep^cHT Bce KOMnoHeHTbi, HeoôxoAHMbie jum 
penjíHKaiiHH: BeAb nepBbie HecKOJibKO nacoB nocjie onjio- 
AOTBopeHHH 3nroTa ApoÔHTCfl, HecMOTpn Ha to hto ee reHbi 
MOJinaT Ha npoTH^ceHHH nepBbix OAHHHaAUaTH loieTOHHbix 
UHIOIOB. 3HaHHT, eCJIH HAPO KaKOH-HHÔyAb Apyroŕí KJieTKH 
HH'beunpoBaTb b HHiieioieTKy X. laevis , ero flHK MO^ceT 6biTb 
penjiHunpoBaHa. HeKOTopoe npeACTaBJíeHne o TexHHKe h 
JIO ľHKe COOTBeTCTByiOIAHX SKCnepHMeHTOB AäeT PMC. 15.13. 

Ecjih b HHiieioieTKy nocpeACTBOM HH^eKunn nepe- 
caAHTb ha po cnepMaT030HAa (jihôo HHTep(})a3Hoe HApo 
coMaTHnecKOH KiieTKH), HK 3Toro HApa 6yAeT penjin- 
UHpoBaHa TOJibKO oahh pa3. 3a sthm jierKO npocjieAHTb, 
Hcnojib3yfl MeneHne J\ HK th^ccjihmk npeAiuecTBeHHHKaMH 
(density label), KOTopoe H3HanajibHO Hcno;ib30BajiH jyin 
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A0Ka3aTejibCTBa nojiyKOHcepBaTHBHOH npnpoAbi pemiH- 
KauHH (cm. pne. 1.12). Ecjih b TaKOH anueioieTKe HCKyccT- 
BeHHO 3a6jiOKHpoBaTb cHHTe3 6ejiKa, to oôojiOHKa nepeca- 
>KeHHoro a^pa ôy^eT coxpaHaTb cboio ijejiocTHOCTb, h ero 
JX HK óojibuie He ôy^eT penjiHijHpoBaTbca. Ecjih ace chhtc3 
ôejiKa HAeT, b oôojiohkc nepecaaceHHoro a^pa noaBJíaiOTca 
pa3pbiBbi, KaK 6ynTO 6bi KJieTKa coôpajiacb AejíHTbca, h Tor- 
Aa b MaTepnajie nepecaaceHHoro aApa Moiyr HMeTb mccto 
nocjieAyioiAHe payHAbi penjíHKaijHH J\ HK. Toro ace 3(f)(f)eK- 
Ta MOäCHO AOÔHTbCa H B OTCyTCTBHe CHHTe3a ÔeJIKa — npn 
noMOiAH cneunajibHbix xhmhhcckhx areHTOB, AeJiaiomnx 
oôojiOHKy aApa npoHHqaeMOH. 3th pe3yjibTaTbi 03Hana- 
K)T, HTO B aApe eCTb KaKOH-TO KOMnOHeHT, HyaCHblH AA^ 
penjíHKauHH h nojiHOCTbio pacxoAyeMbin 3a oahh payHA 
penjíHKauHH. B iiHTonjia3Me anueioieTKH stot komíiohcht 
ripncyTCTByeT nocToaHHO, ho, noKa y aApa uejia oôojionKa, 
OHa 3aKpbmaeT KOMnoHeHTy AOCTyn b aApo. 


Btopoh payHA pen/inKai 4 MH TpeéyeT hoboh nocia b km 
4)aKTOpOB M3 4MTOn/ia3Mbl 


HH-beKLiMfl BApa 
b íiííi4eKJieTKy 



AH K permMUMpyeTCfl 

B npMCyTCTBMM TB>KeJlblX 
npefliuecTBeHHMKOB 


Mcxoaho bcb AHK 
b BApe/ierKaB 



ľlcmyKOHcepBaTMBHafl 
penjiMKaunB AaeT AHK 
cpeAHeň TB>KecTM 



LleJlOCTHOCTb 

BAepHoŕi o6o/iomkm 
H apyiueHa 



Biopoň payHA 
penjíHKauHH AaeT 
TB>KejiyK) AHK n AHK 
cpeAHeŕí TB>KecTH 


íl 

il 

^ N 


HH HL 

A A 


P HO 15-13 flApo, MH-beL^MpoBaHHoe b aňueKAeTKy Xenopus, MoweT 
penAMLIMpOBaTb CBOIO flHK TOJlbKO OAMH pa3. A/1W Toro HTOÓbl COCTO- 
s\j\m cb nocaeAyioiAMe payHflbi peruiMKauMM, oóo/ioHKa MHbeuMpoBaH- 
Horo BApa Aon>KHa ciaTb npoHMAaeMoň 


JlM4eH3MpyioiMMM 4>aKTop KOHTpo/iMpyeT pen/iMKaijMio 



ľlepeA pen/wKauineŕí bapo K/ieTKH coAep>KHT 
aKTHBHblŕí BMLieH3MpyK)lAMŕí 



ľlocne pen/íHKauiHH b BApe BnuieH3npyK)iAHM 
0aKTOp HeaKTMBeH; aKTMBHblíí BMLieH3MpyK)lAMÍÍ 
íjjaKTop HaxoAmcB b umon;ia3Me, ho He MO>KeT 
nonacTb b bapo - MeiuaeT oóoBOHKa 


//\>X/Y/\ 

\ 

✓X/X/X/X 


B OTCyTCTBHe BAepHOM OÓOBOHKH npn MHT03e 
aKTnBHbíň Bni4eH3npyK)mnň 0aKTop cMeiunBaeTCB 
c BAepHbiM MaiepnaBOM 



ľlocBe BbixoAa n3 Mmo3a BApa AonepHnx KJieTOK 
CHOBa cnocoÓHbi pen/inunpoBaTb cbok) AHK 


PMC. 15.14 /lnueH3MpyioiAMM (fiaKTop b BApe MHaKTMBMpyeTca noc/ie 
pen/iMKaiiMM. HoBaa nopuMB 3Toro c|)aKTopa MO>KeT nonacTb b bapo 
H e paHbrne, HeM BAepHaa oóo/ioHKa pa3pymmcB npn Mmo3e 


Ta ace MOAejibHaa cncTeMa noMorjia peníHTb 3aAaaH 
cjieAyiomero ypoBHa. H3 anijeioieTOK X. laevis 6bui nojiyneH 
HAepHblH SKCTpaKT, IlOAACpaCHBaiOIAHH peruíHKaiiHio in vitro. 
3KcrpaKT pa3AejiRJiH Ha KOMnoHeHTH, cpeAH KOTopbix yzja- 
JlOCb HAeHTH(})HUHpOBaTb ÔeJIOK C HCKOMbIMH CBOHCTBaMH. 

Ha pmc. 15.14 npHBeAeHa MOAejib Kompojra noBTop- 

HOH HHHUHaUHH penJIHKaUHH, PAC 3TOMy óejiKy OTBOAHT- 

ca pojib jiHi^eH3Hpyiomero 4>aKTOpa (licensing factor). 
OaKTop npHcyrcTByeT b aApe a o penjíHKauHH. Oahh payHA 
penjíHKauHH HHaKTHBHpyeT (bo3mo>kho, pa3pymaeT) 4>aK- 
Top; cjieAyioiAHH payHA penjíHKauHH He MoaceT cocToaTbca 
AO Tex nop, noKa aApo He 6yAeT cHaôaceHO hoboh nopuHeň 
(JiaKTopa. nonacTb b aApo H3 iiHTonjia3Mbi (J)aKTop MoaceT 
TOJibKO bo BpeMa MHT03a, KorAa oôojiOHKa aApa HanHHaeT 
pBaTbca h AerpaAnpoBaTb. 3Ta cncTeMa peryjiaunn npn- 
boaht k AByM nocjieACTBHaM. Bo-nepBbix, pacxoA Bcero 
(JjaKTopa b nepBOM payHAe penjíHKauHH, npeAOTBpaiAaeT 
OnaCHOCTb MHOaceCTBeHHOCTH payHAOB B OAHOM KaeTOH- 
hom iíHKne. Bo-BTopbix, 3Aecb npocjieacHBaeTca oôpaTHaa 
CBa3b ACJieHHa c perníHKauneH: HHHiiHauHa penjíHKauHH 
B03MoacHa, ecjiH nocjie nponuioň penjíHKauHH KaeTKa 
nponuia mhto3. 


400 rilABA 15 PeruiMKOH 


























JliiUeH3npyioii|iiM (|)aKTop 
COCTOMT M3 6e/lKOB MCM 


KmoHeBbie noHímifl: 


• y ApotoKeŕí óe^KOBbiíí KOMn/ieKc ORC accoAMMpoBaH c 
opnfl>KMHaMM pen/iMKaAMM bo Bcex 0a3ax KJieTOMHoro Amuia. 

• HeciaÓM^bHbm óeaoK Cdc6 cMHTe3MpyeTCfl To/ibKO b cjDa3e Gl. 

• Be/ioK Cdcó, CBA3biBaflCb c ORC, pa3peiuaeT óejiKaM MCM TaKwe 
CBfl3aTbCíi c ORC. 

• ľlocjie Toro Kax pen/iMKaAHíi MHmjMMpoBaHa, 6enm Cdc6 m 
MCM yxoAflľ; AerpaAaAMfl Cdc6 npenyiTCTByeT noBTopHOŇ 
MHnuna u,m. 

• HeKOTopbie óe/iKM MCM npMcyTCTBytoT b yiApe BcerAa, 
ocrajibHbie MoryT nonacTb b íiapo TO/ibKO bo BpeMíi Mmo3a. 

noBeAeHHe KOMruieKCOB ORC b opHAacHHax aBJíaeTca 10110- 
MeBblM MOMeHTOM KOHTpOJia penjIHKaiJHH. Mbl ľlOMHHM, 
MTO ORC — 3TO ÔeJIKOBblH KOMIIJieKC Maccoň 400 Kfla; 
y ApoaoKen 5. cerevisiae oh cBa3biBaeTca c sacmchtom 
ARS (cm. pa3A. 15.7 «BbmejieHHe opha)khhob h3 tchomob 
A poaoKen*). B sjieMeHTe ARS , paôoTaiomeM KaK opup^mn 
peruíHKaijHH, ecTb carrr A c hctkhm KOHceHcycoM, a Taicace 
Tpn carrra B (cm. pne. 15.12). ORC, komiuickc H3 meč™ 
óejiKOB, Ka^KAbiH H3 KOTopbix, cyqa no (J)eHOTHnaM MyraH- 
tob, oneHb BaaceH, cBa3biBaeTca OAHOBpeMeHHO c carrra- 
mh Ah BI (ÔJiHäcanuiHM H3 caňTOB B), /tna CBa3biBaHHa 
HeoóxoAHM ATO, KOTopbíň, BnponeM, rHApo;iH3yeTca Ha 
óojiee no3AHen craAHH. OaKTop TpaHCKpnnuHH ABF1, b 
cbok) onepeAb, CBa3biBaeTca c canTOM B3. ABF1 noMoraeT 
HHHUHaUHH penJIHKaUHH, KOTOpyiO BbI3bIBaiOT COÔbITHa 

Ha carrrax A h BI c ynacTneM ORC. 

BOJlbHIHHCTBO OpHA^CHHOB paCnOJIOäCCHO MOKAy re- 
HäMH. B03M0)KH0, flJlfl HHHU,HaLI,HH penjIHKaiJHH Ba>KHO, 
MToôbi b OKpecTHOM xpoMaTHHe He rnjia HHKaicaa TpaHC- 
KpHnuna. Mbi noMHHM, hto ORC CBa3aH c opha?khhom Ha 
npoTíDKeHHH Bcero KaeTOHHoro umoia. OAHaico, b 3aBncn- 
MOCTH OT B3aHMOACHCTBHfl AP)™X ÔeJIKOB C KOMnjieKCOM 
ORC-opnAacHH, xapaKTep CBa3biBaHHa ORC c HK Mera- 
eTca. H3MeHeHHa b «naTTepHe 3amHTbi ot Hymiea3», koto- 
pbíň ORC opneHTnpyeT Ha HK, OTpaacaiOT uhkjihhcckhh 
xoa coôbiTHH b opHA^cHHe. npeACTaBHTb ceôe sth coôbi- 
raa MoacHO, B3raaHyB HaPMi.i5.i5. 

B KOHije KJieTOHHoro unioia (to ecTb nepeA acjichmcm 
kjictkh) ORC CBa3aH c carrraMH A h BI. ľlpn stom «narrepH 
3amnTbi» noxoac Ha aHaaornnHbiH naTTepH, B03HHKaiomHň 
npH CBa3biBaHHH ORC co cboôoahoh R HK in vitro. 3amn- 
iAeHHbiMH OKa3biBaiOTca h A, h BI, h npoMeacyTOK MOKAy 
hhmh, OAHaKO nocepeAHHe BI ecTb oneHb kopotkhh carrr, 
rHnepHyBCTBHTeabHbin K/l,HKa3e. B cf)a3e Gl stot narrepH 
MeHaeTca. CaMoe aBHoe H3MeHeHne, yrpaTa rnnepnyBc- 
TBHTejibHoro carrra, nponcxoAHT H3-3a Toro, hto c ORC 
CBa3biBaeTca ôeaoK Cdc6. Y ApoaoKeŕi 6e;iOK Cdcó oneHb 
HecTaônaeH, c nepnoAOM nojiypacnaAa MeHee 5 mhh. Oh 
CHHTe3npyeTca b cf)a3e Gl h accounnpoBaH c ORC ot bh- 
xoAa H3 MHT03a ao no3AHen Gl. H3-3a Toro hto Cdcó 6bic- 
Tpo AerpaAnpyeT, Ha 6o;iee no3AHHx craAnax KaeTOHHoro 
UHKaa ero yace hct h b noMHHe. (B KaeTKax MaeKonnTaio- 
iahx Cdcó 6oaee craônjieH, Tax hto MexaHH3M ero OTcrpa- 
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HeHna hhoh: bo BpeMa S-(J)a3bi oh (})oc(})opHaHpyeTca n 
TaKOM BHAe noAaeacHT SKcnopTy H3 aApa.) Y Cdcó ecTb A 
Oa3Haa aKTHBHOCTb, HeoôxoAHMaa ero cf)yHKijHH. C 
cayacHT aAanTopoM MOKAy ORC h eme oahhm ôeaKOBb 
KOMnjieKCOM, ynacTByioiAHM b anueH3npoBaHHH h hhhij 
aunn penaHKaunn. 

Y ApoaoKen oÔHapyaceHO HecKoabKo MyTau,nn, p 
6oTa c KOTopbiMH noMoraa noHaTb, KaK ycrpoeHa ch 
T eMa KOHTpoaa AOCTyna JinijeH3HpyK)mero (J)aKTop 
no HAee, MyTaHTbi, y KOTopbix He paôoTaeT coôcTBeHf 
jinaeH3HpyiomHH (J)aKTop, He AoaacHbi HHHUHnpoBa' 
penjíHKaijHK). Hmchho TaK npoaBaaiOT ce6a Myraunn 
reHax, KOAnpyioiij,Hx ôeaKH MCM2, MCM3 h MCM5 (< 
arnji. minichromosome maintenance — noAAepacaHí 
MHHHxpoMOCOMbi). flpyrne MyTaunn, ôbioiAne no chct 
M e, HHaKTHBHpyiOmeH AHUeH3HpyiOIAHH 4>aKTOp (noc. 
Toro, KaK penanKauna CTapTOBaaa), AoaacHbi npnBOAH 
k HaKonaeHHio H36biTOHHbix KoannecTB J\ HK, nocKoab 
npoAJieHHoe npncyTCTBne amAeH3Hpyiomero 4)aKTO’ 
AoaacHO, no HAee, co3AaBaTb B03MoacHOCTb pjm noBTo 
HOH penjIHKaiJHH. MyTaUHH C TaKHM 3(})4)eKTOM cocp 
AOToneHbi b reHax, KOAHpyioiij,Hx KOMnoHeHTbi CHCTe^ 
yÔHKBHTHHHpoBaHna, oTBeTCTBeHHOH 3a AcrpaAaijr 
onpeAeaeHHbix ôeaKOB. Cxopee Bcero, n 


KoMn/ieKC ORC KOHTpo/i h pyeT 0y h kam k) opMAWMHa 


n A . ORC 

PaHH nn 0a3a Gl 

Cdc6 


/\/\/\f\s / Vy’Yy’V/X/X 

ripepen^MKaTMBHbm 

MCM 

^ . ^ MCM 


ľl03AHBB 

0a3a Gl 

//Sú 



ŕ v 



S-0a3a 


n odpen^ M Kain BH bl M 
KOMľlJieKC 


, /\/\j ' v>\>\ 

/V/'\ /V/\ 

\/v'\ v /s j s/ 
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PUC. 15.15 EeiiKkt b opnfl>KHHe KOHipo/iľipyraT ero KOMneieHTHO 
K MHMLIMaUMM 
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ueH3Hpyiomero (f)aKTopa npoH3BOAHTca npH ynacTHH 
HMeHHO 3TOH CHCTCMbl. 

BejiKH MCM 2 , 3,5 HeoôxoAHMbi aaa penjíHKaijHH. no- 
naCTb B HA po OHH MOryT TOJIbKO BO BpeMH MHT03a. B KJieT- 
Kax HCHBOTHblX eCTb HX ľOMOJIOrH; MCM 3 TaM CBH3aH c 
HeperuiHLjHpoBaHHbiM xpomocomhhm MaTepnajiOM h bm- 
CBOôo^AaeTca nocjie penjíHKauHH. Y hchbothmx KOMnJieKC 
MCM 2 , 3,5 Becb KJieTOHHbiH ijhkji npoBOAHT b HApe; m- 32 . 

3TOID OH MOHCeT CHHTaTbCa JIHIlIb OAHHM H3 KOMľlOHeHTOB 

jiHueH3HpyioiAero (JjaKTopa. /(pyron KOMnoHem jihuch3h- 
pyiomero cjjaKTopa, cnocoÔHbin npoHHKHyTb b hapo TOJibKO 
bo BpeMa MHT03a, MoaceT 6biTb HeoôxoAHM ajih accoijHaijHH 
MCM 2 , 3,5 c xpomocomhhm MaTepnajiOM. 

Y ApoaoKen npHcyTCTBHe b opHAacHHe ôejiKa Cdc6 no3- 
BOJiaeT ôejiKaM MCM npncoeAHHHTbca k KOMruieKcy hhh- 
UHauHH penjíHKauHH. TaKHM o6pa30M, ophahchh BCTynaeT 
b S-(})a3y b BH/je npeApenjmicaTHBHoro KOMiuieKca. B 
HeM coctoht ORC, Cdcó h ôcjikh MCM. nocjie Toro KaK npo- 
H30iiuia HHHUHauna, Cdcó h MCM yxoAHT, npHBOAa opHA- 
mm k coctohhhk) nocTpeiuíHKaTHBHoro KOMiuieKca. 
H 3 ôcjikob b HeM coctoht oahh TOJibKO ORC. B S-({)a3e Cdcó 
ôbicTpo AerpaAHpyeT h He MoaceT noAAepacaTb nepe3arpy3Ky 
ÔeJIKOB MCM B OpHAJKHH; H3-3a 3TOľO OpH/pCHH He MOHCeT 
ÔbITb HCn0JIb30BaH nOBTOpHO. 

ECJIH npH nOMOIAH TeXHHK SKTOnHHeCKOH SKCnpeC- 
chh HajiaAHTb nocVynjieHHe Cdcó b ophahchh b (})a3e G2, 
to ôejiKH MCM Bce paBHO He 6yo,yT aKTHBnpoBaHbi ao Tex 
nop, noKa He HacrynHT (})a3a Gl. 3 to roBopm o tom, hto 
cymecTByeT AonojiHHTejibHbin MexaHH3M npeAOxpaHeHHa 
opHAacHHOB ot HecBoeBpeMeHHoro CBa 3 biBaHHa c MCM. 

3 TOT MexaHH 3 M MOHCHO CHHTaTb 3 aMbIKaiOIAHM KOHTaK- 
tom b peryjiaTopHOM KOHType jiHu,eH 3 HpoBaHHa HHHu,Ha- 
ijhh penjíHKauHH. KoHTpojib jiHu,eH 3 HpoBaHHH y ApoaoKen 
ocyiAecTBjíaeTca He Ha ypoBHe AOCTyna cjjaKTopa b hapo; 
B 3TOM 3 aKJIK)HaeTCa pa 3 JIHHHe MOKAy HHMH h KJieTKaMH 
HCHBOTHblX. 

y S. cerevisiae ôejiKH MCM2-7 o6pa3yiOT rnecTH- 
HJieHHblH KOMnJieKC, 3aMKHyTbIH B KOJIblJO BOKpyr J\ HK. 
HeKOTopbie ôejiKH H3 KOMnjieKca ORC hmciot cxoactbo 
C ÔeJIKaMH COÔCTBeHHO penjíHKauHH, HaBOAAIAHMH /(HK- 
nojiHMepa3y Ha J\ HK. Bo 3 mohcho, KOMnJieKC ORC, hc- 
nojib3ya rnApo;iH3 ATO, npHMepHO TaK ace HaiuiaAbiBaeT 
Ha J\ HK KOJibLjo H3 MCM. 

B SKCTpaKTax KjieroHHbix HAeP X laevis pemíHKauna 
MoaceT ôbiTb HHHL^HHpOBaHa, Aaace ecjiH yAajíHTb ORC noc- 
jie Toro, KaK oh ocymecTBHJi AOcraBKy ôcjikob Cdcó h MCM. 
TaKHM 0Ôpa30M, pOJIb ORC MOaCHO epaBHHTb C pOJIbK) HHC- 
TpyKTopa, o6a3aHHoro noKa3aTb opHAacHH ôejiKaM Cdcó h 
MCM, KOHTpOJIHpyiOmHM, COOTBeTCTBeHHO, HHHUHaUHK) H 
JIHU,eH3HpOBaHHe. 

BejiKH MCM b penjíHKauHH HyacHbi He TOJibKO ajw hhh- 
unauHH, ho h AJia 3 JiOHrauHH. nocjie Toro KaK perníHKauna 
CTapTOBajia, ohh npoAOJiacaiOT paôoTaTb b penjíHKaTHBHOH 
BHJiKe. Hx TOHHaa pojib b sjiOHraijHH He BbiaaieHa; B 03 Moac- 
HO, BHOCHT KaKOH-TO BKJiaA b XeJIHKa 3 HyiO aKTHBHOCTb npH 
pacnjieTaHHH /(HK. A bo 3 mo>kho, ôejiKH MCM ynacTByioT 
b sjiOHraijHH b KanecTBe aBaHrapAa, noAroTaBjíHBaioiAero 
XpOMaTHH K B 03 ACHCTBHK) XeJIHKa 3 bI Ha 


B MMTOXOHAPMDX OpMA>KMHbl 

peiuiuxaijiiM MMeioT bma D-neie/ib 


K/uoMeBbie noHymifl: 


• flayi penaMKaL^MM a By x i^eneíi MTflHK ncnoab3yiOTCíi 

OTAe/lbHbie OpMA>KMHbl C p33HblMM nocaeAOBaieabHocTíiMM. 

• Pen/iMKaAHfl H-Aenn MHMAMMpyeTCíi b D-neiae. 

• Pen/iMKaAMfl L-AenM MHMAMMpyeTCíi, KorAa nepBaíi 
pen/iMKaTMBHaíi BM/ixa AOdurHeT opMA>KMHa. 

y Bcex OpraHH3MOB XpOMOCOMHbie OpHAaCHHbl HCnOJIb3y- 
lOTCa AJI^ HHHUHaUHH penjíHKauHH B KOHKpeTHO 3aAaHHOe 
BpeMa. Ohh coctoht H3 nocjieAOBaTejibHOCTen flHK, y3Ha- 
BaeMblX ({)yHKIJ,HOHaJIbHbIMH CHCTeMaMH npHMO B AByXUe- 
noneMHOH (J)opMe. HHHqnauHH penjíHKaqHH TpeôyeT pa3- 
AejieHHH KOMnjieMeHTapHbix uenen HK c nocjieAyiomHM 
HanajiOM CHHTe3a hobhx uenen b oôohx HanpaBJíeHHax. 
B MHTOXOHApHHX, C HX COÔCTBCHHOH J\ HK, BCe yCTpOCHO 
no-ApyroMy. 

PenjíHKauna KOJibueBOH AByxuenoHeHHOH MOJieKyjibi 
mt/],HK Toace cTapTyeT bo BnojiHe KOHKperaoM opHAacHHe 
co cneuH(j)HHecKOH nocjieAOBaTejibHOCTbio. Ho CHanajia b 
KanecTBe MaTpnubi jjjw CHHTe3a AOHepHen uenn ncnojib- 
3yeTca TOJibKO OAHa H3 uenen hcxoahoid AynjieKca (KorAa 
penb hact o mt/],HK MjieKonnTaioiAHx, 3Ty uenb Ha3biBaiOT 
H-uenbio). IlojiHMepa3a npoôeraeT Heôojibinyio AncraH- 
UHio, CMem,aa c H-uenn ee napraepa, L-uenb ncxoAHoro 
AynjieKca; sto H3o6paaceHO Ha pmc. 15 .16. npn stom L-uenb 
CTaHOBHTca oahhohhoh. TaKOH y^acTOK BbirjiaAHT oneHb 
xapaKTepHO h ero Ha3biBaiOT D-neTJien (ot anzjí. D loop, 
displacement loop — neTJia CMemeHHa). 

^HK-nojiHMepasbi He HanHHaiOT chhtc 3 RHK 6e3 3a- 
TpaBOHHoro 3'-KOHua (cm. pa3A- 18.8 «HTo6bi HanaTb chh- 
Te3 Jl HK, HeoôxoAHMa 3aTpaBKa»). B opHAHCHHe H-uenn 
penjíHKauHH HaHHHaeTca nocjie Toro, KaK PHK-nojiHMe- 
pa3a CHHTe3npyeT TaM PHK (KOTopaa 6yj\tT npoAOJiacaTb 
ocTaBaTbca b rnôpHAe co CBoen flHK-MaTpHuen). 3Ta 
PHK pa3pe3aeTca no HecKOJibKHM ahckpcthhm czmm B 
KaacAbiH pa3pe3 OTKpbiBaeTca cboôoahhh 3'-OH kohcu, c 
KOToporo /],HK-nojiHMepa3a b npHHunne MoaceT HanaTb 
CHHTe3 hoboh uenH Jl HK. 3HAOHyioiea3a, BHOcamaa b 
PHK 3 th pa3pe3bi, oôJiaAaeT cneuH(})HHHOCTbK) k Tponc- 
TBeHHOH CTpyKType: rnôpHA flHK-PHK b conpoBOJKAeHHn 
CMemeHHOH oahhohhoh uenH HK c hachthhhoh nocjie- 
AOBaTejibHOCTbio. nocjie Toro KaK CBOĎOAHbie 3'-OH koh- 
Ubi noAroTOBJíeHbi, /],HK-nojiHMepa3a ncnojib3yeT oahh H3 
hhx KaK 3aTpaBKy aji^ CHHTe3a uenn /(HK. 

B mt/JHK MjieKonnTaioiAHx o6pa3yeTca OAHa D-neTjia, 
HMeiomaa coôctbchho neTJiio npoTaxceHHOCTbio ao 500- 
600 nH. KopoTKaa HOBOCHHTe3npoBaHHaa L-uenb J \HK hc- 
nbiTbiBaeT b stoh D-neTJie ôojibniyio Harpy3Ky: hmchho eň 
npnxoAHTca noAAepacHBaTb hcxoahhh AynJieKC b pacKpbi- 
tom coctohhhh. CHanajia 3Ta uenb MHoro pa3 AerpaAHpyeT, 
h ee npnxoAHTca CHHTe3npoBaTb 3aHOBO, noKa HaKOHeij, 
OHa He AOCTHľHeT TaKoro pa3Mepa, hto chhtc 3 /(HK Ha MaT- 
pnije L-qenn Toace CMoaceT npoAOJDKHTbca. 

B mt/(HK Apyrnx opraHH3MOB moxcho HacnHTaTb He- 
CKOJibKO D-neTejib (H3-3a Toro hto Hcnojib3yeTca cpa3y 
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Pen/iMKauMA MtflHK Mflet Mepe 3 o 6 pa 30 BaHne D-neuin 


Pen^MKauníi MTflHK HaMUHaera 
c cnHTe 3 a PHK- 3 aipaBKM 
b opnfl>KMHe Ha H-Lienn 

L-uenb 


CnHTe3 hoboíí L-ueriM 
BbuecHfleT crapyto L-uenb 
M3 MaipHHHoro AyruieKca. 
npHBOAíl K 06pa30BaHMK) 
D-ne™ m 


KOľfla BTOpOÍÍ OpHA>KHH, 
pacno^o>KeHHbiŕí Ha l_-uenn, 
BbIXOAHT B D-neTJIK), Ha HeM 
TO>Ke MHHUHHpyera 
pen^HKauHíí 



UHMUHMpyera cnHTe3 PH K 


B PHK BHOCMTCfl 
pa 3 pe 3 


Mact cnHTe3 flHK 


D-neuifl pa3pacTaeicfl 


Opha>khh Ha L-uenn 


3aBepiueHne cnHTe3a hoboíí Ľ-uenn npMBOAm 
k pa3AejieHwo AonepHHX reHOMOB 



\ 


3aBepmeHne 

BblCBo6o>K- 


CMHTe3a AaeT 

AeHHaA Honmi 

ll 

KOAbUeBOÍÍ 

perviMUMpoBaHa 


AyruieKc 

He ao KOHua 

\ 



3aBepiueHne 
cnHTe3a AaeT 
KO^bLieBOÍÍ 
Ayn/ieKC 


B HOBOCHHTe3HpOBaHHblX uenax 
flHK^HrHpyfOTCB CTblKH 



Fi/ilo 15.16 B MMTOXOHflpMflX NIJieKOmiTaiOlfll/IX K a >K A a 51 uenb KOJlb- 
AeBoro Ayn/ieKca flHK HMeeT cboíí coócTBeHHbiíí opmawmh pen/iM- 
KaUMM. Bo BpeMfl penAMKaAMM MMTOXOHApMa/lbHOM flHK paCKpbITMe 
MaipHHHoro AynAeKca noAAepwMBaeTCfl D-neT/ieií 


HecKOJibKo oph/pkhhob). PerníHKauna flHK x/iopomiacTOB 
HHHIfliHpyeTOJ TOHHO TaK >KC; B flHK XAOpOIIJiaCTOB BblCUIHX 
pacreHHH oópa 3 yeTca flBe D-neTjiH. 

HTaK, no Mepe Toro KaK D-neTJia pa3pacraeTca, cMemeH- 
Hbin ynacroK hcxoahoh L-uenn craHOBHTca Bce /yiHHHee. 
TaK npoflOjmcaeTca flo Tex nop, noKa oKcnaHcra He npoHfleT 
npnMepHO flBe Tpera Kpyra, flocTHmyB ynacnca, rfle HaxoflHT- 
ca opnfliKHH cMeifleHHon L-uenn. TaM ôyfleT HHHunnpoBaH 
CHHTe3 hoboh H-uenn: cneunajibHaa npanMa3a y3HaeT Ha 
CMeifleHHOH L-uenn cboh caŕŕr h CHHTe3HpyeT Koponcyio PHK- 
3aTpaBKy. flHK-no;iHMepa3a HanHeT ôbicipo HapaiflHBaTb 3 Ty 
PHK no MaTpnue CMemeHHon L-uenn b HanpaBJíeHHH, npora- 
Bonojio>KHOM CHHTe3y hoboh L-uenn. 


H3-3a Toro hto ee chhtc3 cTapTyeT c TaKHM ono3flaHH- 
eM, HOBaa H-uenb k MOMeHTy OKOHnaHHa CHHTe3a L-uenn 
ycneBaeT CHHTe3HpoBaTbca Jimiib Ha Tpem B otot momcht 
BbiCBOôoiKflaeTca flBe flonepHHx KOJibueBbix MOJieKyjibi: oflHa 
H3 hhx npeflCTaBjweT coôoh nojiHOueHHbin KOJibijeBOH 
AynjieKC; flpyraa HMeeT oflHOuenonenHyK) 6peinb, KOTopaa 
3anojiHaeTca no Mepe Toro, KaK chhtc3 hoboh H-uenn HfleT 
k 3aBepmeHHio. HaKOHeu, b Ka)KflOM H3 KOJibueBbix flonep- 
hhx flymieKCOB npoH3BOflHTca CKJieHBaHHe (jiHrnpoBaHHe) 
KOHflOB HOBOCHHTe3HpOBaHHOH IjenH. 

HHHUHauna penjíHKaijHH nepe3 o6pa30BaHHe D-neTejib 
CBHfleTeAbCTByeT o npHHUHnnajibHOM otjihhhh mhtoxoha- 
pnaAbHblX OpHfl)KHHOB OT XpOMOCOMHblX. C yneTOM CBefle- 
HHH, H3JIO)KeHHbIX B 3TOM pa3fleJie, KOHIjenUHK) OpHfl)KHHa 
cjieflyeT HeMHoro H3MeHHTb, cKa3aB, hto opudMun MOMem 
ôurnb oôjiacmbK) MHK y Komopan cnyMum dm unuiipaupu 
cunme3a/lHK c ucnojib3oemueM odnou m i^eneu e muec- 
mee Mamput^u. PacKpbrme flyruieKca flHK He o6a3aTejibHO 
conpoBoacflaeTca HHHUHauneH cHHTe3a flHK Ha MaTpmjax 
oôenx uenen. B cjiynae MTflHK opnfl>KHHbi perníHKaunn flByx 
KOMnueMeHTapHbix uenen HaxoflaTca Ha óojibmoM paccTO- 
hhhh flpyr ot flpyra. Opn/pcnHbi, KOTopbie qnj,ecTByioT fljm 
pemíHKauHH TOJibKo oahoh h3 flByx KOMnjieMeHTapHbix ue- 
nen, xapaicrepHbi Taioxe pjm chctcm penjíHKauHH no rany 
«KaTaifleroca KOJibu,a» (cm. pa3fl. 16.4 «C «KaTaiflHxca KOJieu» 
CXOflHT MyJIbTHMepbl penJIHKOHOB»). 


15.11 


Pe3iOMe 


B Ka^flOM KjieTOHHOM úmore xpoMOCOMHaa flHK pemiH- 
UHpyeTca eflHHO^Kflbi. HHHUHauna penjíHKauHH oôpeKaeT 
ioieTKy Ha flejieHHe; 3aBepmeHHe penAHKaunn Mo^ceT cjiy- 
acHTb CHmaaoM, 3anycKaioiflHM coôctbchho npouecc flejie- 
hhh. BaicrepHa^bHaa xpoMocoMa coctoht h3 eflHHCTBeH- 
Horo pemíHKOHa; syKapHOTHnecKaa xpoMocoMa nofle^eHa 
Ha MHO^CeCTBO penJIHKOHOB, aKTHBHOCTb KOTOpblX npHxo- 
flHTCa Ha npOflOJDKHTeJIbHblH HHTepBaJI KJieTOHHOrO UHKJia, 
S-(pa3y. npoôJieMa penjíHKauHH KpaeB jiHHenHoro pemíHKO- 
Ha Mo^ceT pemaTbca no-pa3HOMy; nanj,e Bcero OHa pemaeTca 
nyTeM npnflaHHa pemíHKOHy (JiopMbi KOJibua. Y HeKOTopbix 
BHpycoB ecTb cneunaAbHbie 6cakh, KOTopbie y3HaiOT koh- 
Ubi flHK B syKapHoranecKHx mieTKax npoóiieMa aKTyajibHa 
TOJIbKO flAfl penJIHKOHOB no KpaaM XpOMOCOM. 

MHHHMaJIbHblH OpHfl>KHH E. COli HMeeT flflHHy -245 nH; 
b HeM HHHijHHpyeTCfl flByHanpaBJíeHHaa penjíHKaura. flBe 
pemíHKaTHBHbie bhakh bhxoaht h3 opnfl^CHHa h oôxoaht 
xpoMoeoMy c pa3Hbix CTopoH, flo Tex nop, nona He BCTpe- 
TaTca. Ecjih BCTpena penjíHKaTHBHbix bhjiok flpyr c flpyroM 
He ocTaHOBHJia hx ppimemui, flajibine no xofly hx xcflyT 
cneunajibHO npeflycMOTpeHHbie ynacTKH TepMHHaunn, ter. 
B KJieTKe E. coli MoaceT penjinunpoBaTbca jnoôaa MOJieKy- 
jia flHK, coflep^caiflaa nocAeflOBaTejibHOCTb MHHHMajibHoro 
opHfl^CHHa. TpaHCKpnnunoHHbie flOMeHbi y E. coli ycTpoeHbi 
TaKHM 0Ôpa30M, HTO OÔblHHO TpaHCKpHnUH5I HfleT B TOM >Ke 
HanpaBJíeHHH, hto h penjíHKaura. 
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y SyKapHOT CHHTC 3 J \HK npOHCXOAHT B ACCHTKH pa 3 
Me/yieHHee, nm y ôaKTep™. Bo BpeMa S-(f)a3bi opu^rnmu 
paôoTaiOT Ha 3anycK /jByHanpaBJíeHHOH peruíHKai^HH; Be- 
poaTHO, Me)K^y hhmh coôjnoAaeTca onpeAejieHHaa OHepeA- 
HOCTb. B opH/pKHHax s. cerevisiae oÔHapyacHBaeTca kohcch- 
cyc H3 11 nap ocHOBaHHH, A-T h T-A. 

noc/ie Renmm syKapnoTmecKOH kjictkh a/jpa Aonep- 
hhx loicroK co/jepacaT jiHueH3HpyiomHH (J>aKTop, Heoôxo- 
AHMbíň /ym HHHUHayHH penjíHKayHH. nocne HHHĽyiauHH 
peiuíHKauHH 3TOT (})aKTop pa3pymaeTca; H3-3a 3 Toro noc- 
jie/iyioiAHe payH/tbi pemíHKaijHH He Moryr cocToaTbca. JIh- 
yeH3HpyiOIAHH (})aKTOp He MOäCeT ÓbITb HMnopTHpOBaH B 
«Apo H3 uHTomia3Mbi; y BbicuiHx syKapnoT ero npHcyrcTBHe 
b AApe Mo^ceT 6biTb BOccraHOBJíeHO TOJibKO nocne o6pa30- 
BaHHB pa3pbIBOB B OÔOJIOHKe fl^pa BO BpeMa MHT03a. 

y Apo^cen OpHA^HHbl y 3 HaK)TCa ÔeJIKOBbIM KOMnJieKCOM 
ORC; CBa 3 b noAAep>KHBaeTCH b npoAOJDKeHHe Bcero käctohho- 
ro ynKJia. HanHHaa c KOHu,a MHT 03 a 6 e/iOK Cdc 6 npHcyrcTByeT 
b BApe; ho k KOHuy S-(J)a 3 bi ero TaM yace HeT. y Apo^cen Cdcó 
CHHTe 3 HpyeTca b (f)a 3 e G1 h óbicrpo AerpaAnpyeT. B KJieTKax 
RJieKonHTaioiAHx chhtc3 Cdcó hact nocToaHHO, ho b S-(})a 3 e 
oh noAAOKHT 3 KcnopTy H 3 aApa. npHcyrcTBHe Cdcó no 3 Bo;w- 
eT ôe^xaM MCM CBjmTbCfl c ophzpkhhom. Be^KH MCM Heoô- 
XOAHMbl AA^ HHHUHayHH peiUIHKaiJHH. OyHKIJHH JlHyeH 3 HpO- 
BaHHa oôecneHHBaeTca Cdcó cobmcctho c ôejiKaMH MCM. 
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BHexpoMOCOMHbie pen/iMKOHbi 


KPATKOE COflEPWAHME ľ/lABbl 


ťŕil BBeAeHne 

|£S| Kpaa iiMHeMHOM flHK c/io>kho pen/iMAMpoBaTb 

• Hio6bi penjim^MpoBaTb Ljenb flHK co cBoóoflHbiM 
5 '-kohljom, Hy>KHbi cneuna/ibHbie yxHiupeHMíi. 

tfdfci UHMUHaUMB Ha KOHLjaX BkipyCHOM flHK 

B03M0>KHa 6/iaroAapfl TepMMHa/ibHbiM óe/waM 

• TepMMHa^bHbm 6e/iOK, CBfl3aHHbm c 5 '-kohaom 
M aipMAbi, HeceT umtmamh co cboóoahom 3'-0H rpynnoŕí, 
KOTopbiíí c^ywm 3aipaBKOíí AJifl CMHTe3a flHK. 

■ESI C «KaTflmnxcfl KO/ieu» cxoaat My/ibTMMepbi pen/iMKOHOB 

• ľlepBMHHbiM npoAyKTOM pen/iMKaAMM noTMny 
«KaT5uneroc5i KO/ibLja» AB/ifleTC/i OAHOAenoHeHHbiií 
My/ibTMMep noc/ieAOBaie/ibHOCTM pen/iMKOHa. 

|£Q ľeHOMbi HeKOTopbix cj)aroB pen/iMAMpytOTCB 

no npMHAMny «KaTBiAerocB KO/ibLia» 

• Be/iOK A ((/ara (J)X paóoiaeT KaK Ai/c-AeŕícTByiomafl 
pe/iaKca3a — reHepaiop KO/ibAeBbix OAHOAenoHeHHbix 
MO/ieKy/i M3 pen/iMAMpoBaHHoro MaTepMa/ia, cxoAflinero 
c «KaT5imerocíi KO/ibAa». 

mmm OaKTop F nepeAaeTCB ot ôaKiepm k ôaKiepm 

npM KOH-btorauMM 

• OaKTOp F MO)KeT CymeCTBOBaTb 3BTOHOMHO, 

KaK n/ia3MMAa, noAAep/KMBa/icb b HMC/ie oahom KonMM 
Ha 6aKTepna/ibHyK) xpoMocoMy. 

• OaKTop F MoweT BHeApmbCíi b 6aKTepna/ibHyio 
xpoMocoMy; b 3 tom c/iynae ero coócTBeHHbie (J/yHKAMM 
Mcno/iHeHMíi n KOHTpo/iíi pen/iMKaAMM 6yAyT noAaB/ieHbi. 

• OaKTop F KOAHpyeT CMcreMy o6pa30BaHMfl ocoóbix 
BopcMHOK Ha noBepxHocTM óaKTep mm. 

• BopcMHKa no3BO/i/ieT F-no/io/Kme/ibHoíí 6aKTepnn 
BCTynaTb b KOHTaKT c F-oTpMAaTe/ibHoíí óaKTepMeň n 
MHMLJMMpOBaTb KOH'btOraAMK). 

ifcM ripw KOH-btorauMM npoMCxoAm nepeHOC 
OAHOuenoHeHHOM flHK 

• nepeHoc c|)aKTopa F npM KOHbioraAMM MHMUMMpyeTca 
noc/ie Toro, KaK b oríT crapTOBa/ia pen/iMKaLjMfl no THny 
«KaTíiiAerocíi KO/ibLja». 

• 1/lHMAnaTopoM nepeHOca BbicrynaeT cBoóoAHbm 5'- 
KOHeA oahom M 3 Aeneň flHK (f/aKTopa F. 

• flHK AOHopa, nepeHeceHHa/i b LjMTon/ia3My pei4nnneHTa, 
nepeBOAHTCíi b AByxAenoneHHyio c|)opMy. 

• Ec/im OaKTop F y AOHopa AB/i/ieTCfl n/ia3 MMAOM, to npM 
KOHbioraAHM peLjMnMeHT no/iynaeT OAHy Koňmo stom 
n/ia3MHAbl. 

• Ec/ih OaKTop F y AOHopa BdpoeH b ero coócTBeHHbm 
reHOM, to npM KOHbioraAMM peAMnweHT no/iynaeT 
Heno/iHyio Koňmo xpoMOCOMbi AOHopa; nepeHoc 
xpoMocoMbi 33HMMaeT MHoro BpeMeHM m npepbiBaeTca 
B npOM3BO/1bHblŕí MOMeHT B CBJ13M C OKOHH3HMeM aKTa 
KOH-blOraAMH. 


IQQ n^a3MMAa Ti, Hace/iatomafl óaKTepMa/ibHbie K/ieTKM, 

BB/ifieTCfl B036yflMTeAeM KopoHHaToro ra/viay pacreHMÍí 

• K/ieTKM pacTeHMŇ, MH(J)MAMpoBaHHbie 6aKTepneň 
A. tumefaciens, MoryTTpaHccfropMMpoBaTbCfl 

b onyxo/ieBbie. 

• Onyxo/iepoAHafl TpaHCíf/opMaAMfl pacTMTe/ibHOM K/ieTKM 
npoMcxoAMT M3-3a n/ia3MMAbi, xpaHíiiAeMCíi b óaKTepMM. 

• 3Ta n/ia3MMAa HeceT b ce 6 e reHbi cMHTe3a m MeTa6o/iM3Ma 
onMHOB (npoM3BOAHbix aprMHMHa); AaHHbie reHbi 
3KcnpeccMpyiOTCíi b onyxo/iax, Bbi3BaHHbix óaKTepMeíí. 

■tiiii n^a 3 MMAa Ti coAep>KMT reHbi, HeoóxoflMMbie a^^ 

BTOp>KeHMB T-flHK B reHOM paCTeHMB 

• KonMíi o 6 iUMpHOM oó/iacTM n/ia3MMAbi Ti nepeHocMTc/i b 
AAPO paCTMTe/lbHOM K/ieTKM. 

• ľeHbi vir n/ia3MMAbi Ti Hy>KHbi AJifl ocynecTB/ieHMA 
nepeHoca, oah3ko HaxoAflTC/i BHe oó/iacTM, 
nepeHocMMOM b pacTMTe/ibHyio K/ieTKy. 

• BKcnpeccMfl reHOB vir MHAyAMÔe/ibHa; OHa HaMMHaeTC/i 
nOA AGMCTBMeM 4>eH0/1bHblX COeAMHeHMM, KOTOpbie 
BbiAe/i/ieT pacTeHMe c noBpe/KACHHoŕí TKaHbio. 

• npM CBí13blBaHMM C BeiAeCTBOM-MHAyKTOpOM MeMÓpaHHblM 

6 e/iOK VirA 4)oc(()opM/iMpyeT caM ce6/i no rMCTMAMHy. 

• VirA nepeHocMT 4>oc(J)aT Ha VirG, TeM caMbiM aKTMBMpy/i ero 

• CBA3Ka VirA-VirG npeACTaB/i/ieT coóom 
«( j)oc(t)orMCTMAMHOBoe pe/ie», TMnMHHbm a/i« 6 aKTepMÍí 
KOMnoHeHT CMrHa/ibHoro nyTM. 

Hiini nepeHoc T-flHK cxo>k c KOH-btorauMeíi óaKTepMÍí 

• T-flHK o6pa3yeTCfl nyTeM noApe3aHM/i Ayn/ieKca flHK 
y npaBOM rpaHMAbi T-o6/iacTM. 

• Bo BCKpbiTOM Ayn/ieKce ecTb 3 aTpaB 0 HHbm 
S'-KOHeu, c Hero HaHMHaeTCíi cmhtc 3 hoboíí i\en\A flHK, 
conpoBO/KAaioiAMMCíi BbiTecHeHMeM oahoíí M3 Aeneíí 
Ayn/ieKca; BbiTecHeHHbm cfjparMeHT oamhohhom u,enw 
flHK yxoAMT M 3 óaKTepMM b aapo pacTMTe/ibHoíí k/ictkm. 

• KorAa CMHTe 3 hobom i\euv\ flHK aoxoamt ao zieBOM 
rpaHMAbi T-o 6 /iacTM, nepeHoc TepMMHMpyeTc/i. 

• OAHOAenoHeHHa/i T-flHK nepeHOCMTC/i b pacTMTe/ibHyto 
K/ieTKy b KOMn/ieKce c 6 e/iK 0 M VirE2. 

• noc/ie nepeHoca T-flHK nepexoAMT b AByxAenoHeHHyto 
(fjopMy m noA/ie>KMT MHTerpaAMM b reHOM pacTeHMíi. 

• HecMOTp/i Ha to mto MexaHM3M MHTerpaAMM M3yHeH 
He no/iHOCTbto, T-flHK 3 Ktmbho Mcno/ib 3 yeTC/i b 
ziaóopaTopHOM npaKTMKe AJifl Aoct3bkm HOBbix 
noc/ieAOBaTe/ibHocTeíí b reHOM pacTMTe/ibHoíí K/ieTKM. 

HIII Pe 3 K)Me 
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BBeAeHue 

EaKTepnaabHaa KaeTKa, oôaaAaa coôctbchhoh xpomocomoh, 
MoaceT 6biTb TaiOKe peuHnneHTOM («xo3anHOM») ppymx re- 
HeTHnecKHx e# hhhu, penamjnpyiomHxca He3aBHCHMO. 3 th 
T aK Ha3biBaeMbie BHexpoMOcoMHbie reHOMbi npHHa/yie^caT 
rnia3MH/jaM h (f)araM. naa3MHAbi — sto KoabijeBbie Moaeicy- 
abi JX HK, noAíjep>KHBaeMbie KaeTKon b xapaicrepHOM nncae 
koiihh. OAHOKonHHHbie n^a3MHAbi noAAepacHBaiOTca b hhc- 
jie, paBHOM HHCJiy xpomocom 6aKTepHH-xo3aHHa — OAHa Ha 
eAHHHHHyK) ioieTKy. Bo BpeMa AeaeHHa kjictkh, npn noAAe- 
paoce cneunaabHoro MoaeKyaapHoro annapaTa, Ay6anKa- 
th OAHOKonHHHbix naa3MHA pacnpeAeaaiOTca b AonepHHe 
KJICTKH — nOAOÔHO AyÔJIHKaTaM XpOMOCOMbl. MHOľOKO- 
riHHHbie njia3MHAbi, HanpoTHB, cyiAecTByioT bo MHoacecr- 
Be koiihh Ha eAHHHHHyio loieTKy; npn AeaeHHH ohh MoryT 
pacnpeAeJiflTbCfl no AonepHHM KaeTKaM ôecKompoabHO, 
nocKOJibKy hx TaK mhoto, hto Kaa<AOH H3 AonepHHx k/ictok 
H aBepHHKa AOcraHeTca KaKaa-TO nacrb naa3MHAHbix KonHH. 
Baaoioe pa3aHHne mokay naa3MHAaMH h cf)araMH 3aKaKm- 
erca b tom, hto naa3MHAbi, npn Bcen CBoen aBTOHOMHOCTH 
b KanecTBe reHeraHecKHx cahhhij, HHKOTAa He noKHAaiOT 
UHTon;ia3My ôaKTepHH. Oarn ace aBaaiOTca BHpycaMH 6aK- 
TepHH: B KOHUe HH(j)eKU,HOHHOrO UHIOia OHH ynaKOBblBaiOT 
cboh reHOM (JX HK hjih PHK) b oôoaonKy H3 6e;iKa h b TaKOM 
BH/je BbixoAaT H3 ôaicrepHH Hapyacy. HeKOTopbie naa3MHAbi 
h Bce (j)arn hmoot cbohctbo nepe^aBaTbca ot ôaKTepnn-AO- 
Hopa k ôaKTepHH-peuHnneHTy; npouecc 3apaa<eHHa peijH- 
nneHTa aBJíaeTca o6a3aTeabHOH (fmon b hh^ckijhohhom 
UH ioie aioóoro (f)ara. 

06a3aTeabHbiM cbohctbom (h OTanHHTeabHOH ocoôeH- 
HOCTbio) mia3MHAbi hjih cf)ara aBJíaeTca cnocoÔHOCTb cym.ec- 
TBOBaTb b óaKTepnajibHOH KaeTKe b KanecTBe He3aBHCHMon 
reHeTHnecKOH e/jHHHijbi. HeKOTopbie naa3MHAbi h cf>arn mo- 
ryr Taioxe cymecTBOBaTb b cocraBe reHOMa ôaKTepnn (KaK 
oôJiacTb ôaKTepnajibHOH xpoMocoMbi, KOTopaa no CBoen 
HyiaieoTHAHOH nocaeAOBaTeabHOCTH imcmmm reHOMy 
iuia3MH/jbi hjih 4>ara) h HacaeAOBaTbca noAOÔHO coôctbch- 
hhm reHaM ôaKTepnn. ľlpo (})aroB, KOTopbix Moaoio oôHapy- 
>KHTb b cocraBe éaKTepnajibHOH xpoMocoMbi, roBopaT, hto 
ohh jiH3oreHHbie. naa3MHAbi, cnocoÔHbie TaK ce6a bccth, 
Ha3biBaiOT anncoMaMH. ľlo MexaHH3MaM BCTpaHBaHHa b 
ôaKTepnaabHyio xpoMOcoMy h Bbipe3aHHa H3 Hee an3oreH- 
Hbie (jĎarn h snncoMbi noxoacn a pyr Ha Apyra. 

Mea<Ay aH3oreHHbiMH (fjaraMH, naa3MHAaMH h snncoMa- 
mh Moaaio npoBecTH eme OAHy, oneHb BaacHyio, napajiaeab. 
Bce 3TH pemíHKOHbi npoH3BOAaT BnenaTaeHHe «3 Tohcthh- 
Hbix>> no OTHomeHHK) k ce6e noAOÔHbiM: neM cnabHee cxoac- 
tbo, TeM MeHbiiie maHcoB y a eyx penanKOHOB yTBepAHTbca b 
oahoh ôaKTepnajibHOH KaeTKe. TaKOH 3(})4)eKT H3BecreH KaK 
HMMyHHOCTB. Y iuia3MHA HMMyHHOCTb aBJíaeTca pe3yabTa- 
tom pa6o™ CHCTeM KOHTpojia penaHKaqHH; y aH3oreHHbix 
cJjaroB ero MoaeKyjiapHaa npnpoAa Apyraa. 

Ha pne. 14.2 6bian noKa3aHbi pa3Hbie ranbi reHeTHnec- 
khx eAHHHU, cnocoÔHbix pacnpocTpaHaTb ce6a b ôaicrepH- 
ax b KanecTBe He3aBHCHMbix tchomob. TaK, y jíHTHnecKoro 
4>ara nepeHOc tchomob (b cf)opMe HyiuieHHOBOH Kncaora) 


MeMdy KJiemKOMU ocynj,ecTBaaeTca nepe3 BbinycK HHcjjeK- 
UHOHHbix nacTHU. ľeHOM aH3oreHHoro (J)ara o6a3aTeabHO 
npeACTaBJíaeT coôoh AByxuenoneHHyio JX HK, KaK h y naa3- 
mha h snncoM. HeKOTopbie naa3MHAbi nepeHOcaTca Meac^y 
KJieTKaMH b npouecce KOHTioraunn, nepe3 ycTaHOBaeHne 
npaMoro KOHTaKTa MeacAy u,HTonaa3MaMH AOHopa h peijH- 
nneHTa. npn nepeHOce no aioôoMy H3 AByx THnoB naa3MH- 
Aa hah <J>ar Moryr cjrynaíiHO 3axBaTHTb c coôoh (J)parMeHT 
reHeTHHecKoro MaTepnajia 6aKTepHH-xo3aHHa. nosTOMy 
nepeHOc naa3MHA h <j)aroB cnocoécTByeT oÔMeHy reHeTH- 
necKOH HH(})opMauHeH MeacAy xpoMOCOMaMH ôaicrepHH. 

BaacHenmaa xapaKTepncTHKa penaHKOHa — sto Ma- 
Hepa Hcnoab30BaHHa opHAacHHa. B óaKTepnaabHbix xpo- 
MOCOMax h xpoMOCOMax 3yKapnoT opHAacHHbi Hcnoab3y- 
lOTca A^a HHHU.Hau.HH eAHHHHHbix coôbiTHH penaHKauHH, 
oxBaTbiBaioiij,Hx Becb penanKOH. Ho penanKOHbi MoryT 
ôbiTb oôTeKTaMH h cobccm Apyrnx coôbiTHH. CaMaa noT- 
pacaioiAaa aabTepHaTHBa nponcxoAHT c HeôoabiiiHMH He- 
3aBHCHMbIMH CAHHHIjaMH penaHKaUHH HeKOTOpblX BHpy- 
cob. KaK H3Bec™o, b HH({)eKu,HOHHOM uHKae nepeA aioôbiM 
BHpycoM ctoht 3aAana HapaôoTaTb KaK mo^cho ôoabmee 
HHcao Konníi CBoero reHOMa npeacAe, neM KaeTKa-xo3anH 
aonHeT (aH3npyeTca), A^Baa sthm (cneunaabHbiM o6pa- 
30M ynaKOBaHHbiM) KonnaM B03MoacHOCTb 3apaacaTb Apy- 
rne KaeTKH. TaK bot, HeKOTopbie BHpycbi penanunpyiOTca 
noAOÔHO TOMy, KaK sto Rtme t tchom hx xo3aHHa: coôbi- 
THe HHHU,HaU,HH BCACT K npOAyKUHH KOnHH-AyÔaHKaTOB, 
nocae stoto KaacAaa Konna npoxoAHT hobhh payHA pen- 
aHKauHH, h t. A- Ho HeKOTopbie Bnpycbi penanunpyioTca 
HHane: oaho coôbiTne HHHu.Hau.HH no3BoaaeT HanHTaTb 
orpoMHbiH MaccHB H3 MHoacecTBa KonHH reHOMa, HAyiAnx 
CTbiK b cthk! noxoAcaa nporpaMMa MoaceT 6biTb 3anyni;eHa 
snncoMOH, KOTAa STa naa3MHAHaa /1.HK, BHeApHBiiiaaca b 
xpoMocoMy xo3anHa, nepecTaeT 6biTb hhcpthoh b Kanec- 
TBe penaHKOHa. 

Mhothc penanKOHbi H3 Tex, hto 6yAyT paccMOTpeHbi 
b stoh raaBe, aBaaiOTca KoabueBbiMH. Ha caMOM Aeae, jym 
toto HTOÔbi penaHKauna Moraa hath no rany npoAyKu,HH 
MHoacecTBa TaHAeMHbix Konnn, penanKOH o6a3aH 6biTb 
3aMKHyTbIM B KOabUO. B OTHOmeHHH aHHeHHblX BHexpO- 
mocomhhx penanKOHOB Hanôoaee HHTepecHbiM aBaaeTca 
pemeHne npoôaeMbi penanKaunu KpaeB. 


Kpan iiMHeíÍHOM A HK 

cjiomho penjiMUMpoBaib 


KniOMeBbie noH 5 Hna: 


• Hio6bi pen^ML^MpoBaTb L^enbflHK co CBo6oAHbiM 5 '-kohljom. 
Hy>KHbi cneAMa/ibHbie yxmupeHmi. 

B ra. 15 «PenanKOH» Mbi yace no 3 HaKOMnancb c penanKOHa- 
MH HeCKOabKHX THnOB. HHTepeCHO, HTO HH OAHH H 3 HHX He 
HMea cboôoahoto Korn^a (h, cooTBeTCTBeHHO, He HMea koh- 
u,eBOH oôaacTH). 3th peiuíHKOHbi an 6 o 6 bian KoabueBbiMH 
(KaK xpoMOCOMa E. coli nan mt/(HK), an 6 o BxoAnan b cocraB 
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6oaee /yiHHHbix epyimiu, cerperaijHH (KaK penaHKOHbi b xpo- 
MocoMax syKapHOT). OaHaKO jiHHeňHbie penaHKOHbi, y koto- 
pbix ecTb cBOĎOAHbie kohúti, Bce ace BcrpenaiOTca. 3 to Moiyr 
6bITb OflHHOHHbie BHexpOMOCOMHbie eAHHHUbl HJIH peiUIHKO- 
hh, HaxoAamneca Ha Kpaax syKapHOTHnecKHx xpomocom. 

To oôcroaTe^bCTBO, hto Bce nojiHMepa3bi yMeiOT Becra 
CHHTe 3 HyKJieHHOBOH KHOIOTbl TOJIbKO B O/JHOM HanpaBJíeHHH 

(y/yiHHHH 3 '-KOHeu nojiHMepa), npeAcraBaaeT co6oh, MarKO 
roBopa, npoôaeMy ajw CHHTe 3 a HK Ha Kpaax jiHHeňHbix 
perUlHKOHOB. HTOÔbl 3 TO nOHaTb, paCCMOTpHM U,enH MaTpHH- 
Horo AyruieKca, H 3 o 6 paaceHHoro Ha pmc. 16.1. Y 3 Toro Ayn- 
aeKca ecTb oahh cboôoahhh kohclj. C penaHKaunen mimim 
uenn HHKaKHx npoôaeM He ôy/jeT: noaHMepa 3 a «AOHHTaeT>> ee 
flo caMoro KOHija, nocae nero AHCCOUHHpyeT. C penaHKaijH- 
eň BepxHen ijenn bo 3 hhkhct o/jHa npoôaeMa: chhtc 3 AoaaceH 
crapTOBaTb c caMoro KOHu,eBoro ocHOBaHHa MaTpnijbi. Ecjih 
CHHT e 3 CTapTyeT c OTCTynoM ot KOHU,a MaTpnijbi — xoTa 6 bi 
Ha oaho ocHOBaHne, — AonepHaa ijenb OKaacerca yKoponeH- 
hoh. 3 to HeAonycTHMO, ocoôchho ecan ynecrb, hto o 6 maa 
noTepa reHernnecKoro MaTepnaaa 6 yo,eT nporpeccnpoBaTb c 
KaacAbiM payHAOM penaHKaijHH. 

TOBOpHTb 06 HHHUHaUHH penaHKaiJHH Ha CaMOM koh- 
ue aHHenHOH /(HK Booôme-To ôeccMbicaeHHO. CaMa no- 
ca^Ka noaHMepa 3 bi Ha MaTpnuy TpeôyeT MHHHMaabHoro 
paccroaHHa: (J)epMeHT AoaaceH OKpyacHTb coôoh no 3 HUHio, 
no KOTopoň b pacTynj,HH noaHMep ôy/jeT BKaioneHO HOBoe 
ocHOBaHne. nosTOMy /yia penanKauňH KpaeB aHHeňHbix 
peruíHKOHOB AOJiaceH 6biTb b xo/jy KaKOH-TO coBepmeHHO 
ocoôbiH MexaHH 3 M. TeopeTHHecKH moxcho npeACTaBHTb 
ce6e aerape Bapnama pemeHHa npoôaeMbi. 

Rm Hanaaa, npoôaeMbi mo>kho H 36 eacaTb, npeBpaTHB an- 
HeňHbiH penanKOH b KoabrjeByio MoaeKyay an 6 o MyabTHMep. 
3 tot npneM Hcnoab 3 yeTca HeKOTopbiMH 4 )araMH, HanpHMep 
T 4 h aaMô^a (cm. pa 3 A, 16.4 «C «KaTam,Hxca Koaeu,>> cxo/jaT 
MyabTHMepbi penanKOHOB>>). 

Ha Kpaio penaHKOHa /(HK MoaceT HMeTb HecTaHAapTHyio 
crpyrypy — HanpHMep, cKaa/jbiBaTbca ninnabKOH, b KOTopoň 
cnpaTaH OTKpbiTbin KOHeu, MaTpnubi. 06 pa 30 BaHne KOBaaeH- 
thhx clľhbok no KpaaM penaHKOHa Hcnoab 3 yeTca npn pen- 
aHKauHH aHHenHOH mt/(HK HH(})y 3 opHH Paramecium. 


BMecro Toro HTOôbi 6 biTb acecmo 3 a/jaHHbiMH, Kpaa 
penaHKOHa Moryr 6 biTb BapnaôeabHbiMH. npoôaeMa pema- 
eTca 3 a cneT bo 3 mo>khocth /joóaBaaTb no KpaaM penaHKO¬ 
Ha npoH 3 BoabHbie (f>parMeHTbi, HTOÔbi noTOM hx TepaTb. 
Hmchho 3 tot cnocoé npHMeHaeTca b xpoMOCOMax syxa- 
pnoT, r^e BapbnpyeT nncao kopotkhx KOHijeBbix noBTopoB 
(cm. pa 3 A. 28.18 «TeaoMepbi CHHTe 3 npyioTca pnóOHyKaeon- 
pOTCHHOBblM (J)epMCHTOM»). 

Moxcho an AOÔHTbca Toro, HTOôbi chhtc3 J\ HK Bce-TaKH 
nomea c caMoro Hanaaa MaTpnubi? B stom MoaceT noMonb 
cneunaabHbíň 6eaoK. TaKne 6eaKH ecTb y HeKOTopbix bh- 
pyCOB — OHH KOBaaeHTHO npHLĽHTbl K 5 '-KOHUeBOMy ocho- 
BaHHio HyKaeHHOBOH KHcaoTbi. TaKoro po^a accounauna 
c ôeaKaMH CBOHCTBeHHa aACHOBHpycHOH HK, J \HK 4 >ara 
(|> 29 , PHK noanoBHpyca. 


MHnuna umu Ha KOHuax BMpycHOM 
AH K B03M0>KHa 6/iaroflapfl 
TepMMHailbHblM 6eiiKaM 


KaiOMeBbie noHBTMB: 


• TepMMHa/ibHbm 6eaoK, CBfl3aHHbiŕí c 5 '-kohl^om Maipm^bi, 

HeceT co CB060AH0Ň 3'-0H rpynnoŇ, KOTopbm cay>Km 

3 aipaBKOíí a/ib ciiHTe 3 a flHK. 

HHHUHauna penaHKaunn Ha KOHuax aHHenHOH HK xa- 
paicrepHa /yia aACHOBHpycoB h Bnpyca (J> 29 - PenanKauna no 
npHHunny CMem,eHHH i^enn nponcxoAHT b cootbctctbhh 
co cxeMOH Ha pmc. i 6 . 2 . Ha oahom h 3 kohuob AyriaeKca 
HHHUHHpyeTca chhtc 3 hoboh uenn; no Mepe CBoero pocTa 
3Ta uenb CMemaeT napaaaeabHyK) uenb, KOTopaa hcxo/jho 
cocToaaa b AynaeKce c MaTpnnHOH uenbio. Kor^a penanKa- 
THBHaa BHaKa aoxoaht ao apyroro KOHua MoaeKyabi, CMe- 
iaeHHaa uenb CTaHOBHTca cboôoahoh OAHOuenoneHHOH 
MoaeKyaoň. OHa penaHunpyeTca He3aBHCHMO: no KpaaM 
MoaeKyabi HaxoaaTca KopoTKne B3aHMHO-KOMnaeMeHTap- 
Hbie nocaeaoBaTeabHOCTH — HHBepTnpoBaHHbie KOHueBbie 
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PenjíHKauMo 3'-KOHi(eBOM o6iiacrM jihh6ííhom MaTpmtbi - bto oco6an 3aAana 



PMC. 1 b. 1 AnnapaT penaMKauMM yMeeT AOMHTbiBaTb /iMHeŇHyK) Maipm^y ot 3'-KOHAa. Mo>KeTaM oh 
MHMAMM pOBaTb pen/IMKaUMO 5'-KOHAa? 
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Pen/iMKa aAeHOBwpycHOM AH K cxoaht c MaTpniibi 3a cmst 
CHHT e3a hoboh ueriM 



P MC. 16.2 PeruiMKauMa Kawfloŕí m ueneŕí afleiHOBMpycHOM flHK mhm- 
UMMpyeTCfl no-CBoeMy. ľlpMHUMriMajibHOM ocoóeHHocTbio peaKUMM 
BB/ifleTCfl BbuecHeHMe c MaTpMLjbi oflHouenoHeHHoŕí peruiMKM 3 a cneT 
CMHTe3a hobom i\env\ 

noBTopbi. Ohh «3a^HnaiOT» /jpyr Ha /jpyra, o6pa3ya /jByxiie- 
noneHHbiH opha>khh. 

Y BHpycoB, KOTopbie penjiHiiHpyioTca no npHHu,Hny 
CMemeHHa u,enH, ecTb cneu.Ha^bHbiH 6cbok. nocjie pemiH- 
Kau,HH 3tot 6 e;iOK OKa 3 biBaeTca KOBajieHTHO npHníHTbiM k 
5 '-KOHuy u,enH J\ HK. Y a/íeHOBHpycoB TaKOH TepMHHa^b- 
HblH ÓeJIOK npHLQHT K 3 peJIOH BHpyCHOH RHK (}) 0 C(}) 0 /JH- 
3 (J)npHOH CBa 3 bio Me^ny cepHHOM h 5 , -KOHu,eBbiM (J)oc<J)a- 
tom J\UK. 3to H3o6pa^ceHO Ha p m c. 10 . 3 . 

KaKHM o6pa30M npHcyrcTBHe TepMHHajibHoro óejiKa pe- 
macr npoójieiviy HHHu.Haij.HH? Ecjiok HrpaeT /jBOHHyx) pojib: 
OH H HOCHTeJIb U.HTH/l.HHa CO CBOÔO/JHbIM 3'"OH KOHU.OM, H 
a/jamrop jym ,I],HK-nojiHMepa3bi, c KOTopoň B3aHMOAencTBy- 
eT. U,HTHAHH, KOTOpOMy npe/JCTOHT CTaTb 3aTpaBKOH B CHH- 
Te3e hoboh uenn, ,I],HK-nojiHMepa3a caacaer Ha TepMHHajib- 
HbiH óeiiOK caMa — b npHcyrcTBHH a/jeHOBHpycHOH RHK 
PerníHKaiiHa HHHu,HHpyeTca b cootbctctbhh co cxcmoh Ha 
16 «<,. KoMmieKc /I,HK-nojiHMepa3bi c TepMHHajibHbiM 


KoHeu aAeHOBHpycHOH AH K 
MMeeT KOBd/ieHTHyiO CBB3b C 6eilKOM 



PHC. 16.3 5'-KOHueBoíí (poc(jDaT AByxuenoHeHHoŕí afleHOBupycHOÍí 
flHK MMeeT KOBa/ieHmyio CBB3b c cepMHOM b afleHOBMpyc-CBB3biBa- 
loiueM óe/we (55 Kfla) 



Pľí( 11 .4 TepMMHaAbHbiŕí óe/ioK afleHOBMpyca CBB 3 biBaeTCfl c 5'-koh- 
140m flHK m npeflocTaBABeT CBOÓoflHbiíí C-OH-KOHeu, KOTopbiŕí c/iy>KMT 
3aTpaBKoŕí /yia cMHTe3a flHK 
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óejiKOM, HecyujHM 3aTpaBOHHbiň ijhthahh, CBfl3biBaeTca 
c kohijom aAeHOBHpycHOH ÄHK. nocjie 3Toro CBOÓOAHaa 
3'-OH rpynna u.HTH/i.HHa Hcnojib3yeTca /],HK-nojiHMepa30H 
KaK 3aTpaBKa jyw peaKu,™ anoHrau.HH. Ot stoh peaKijHH 
nojiyHaeTca HOBaa u,enb Jl HK, nen 5'-KOHu,eBOH HyKneoTHA, 
LJHTHAHH, npHLQHT K CepHHy TepMHHaJIbHOľO ÓCJIKa. 

PeaKu,Ha B3aHMO/jeHCTBHa TepMHHajibHoro óejixa c 
flHK hocht xapaicrep 3aMenj,eHHa. J\aio b tom, hto b mo- 
MeHT HHHu.Haij.HH Ha 5'-KOHu,e u,enH, KOTopyio óejiKy mjxo 
BbiTecHHTb H3 AymieKca, Haxo/jHTCfl TepMHHajibHbiH óejiOK, 
KOTopbiH Hcnojib30Ba^cfl b npe/ibmymeM payH/je pemíHKa- 
LJHH. Jl O HHHU.HaiJ.HH HOBOľO payH/ja CTapblH TepMHHaJIb- 
HbiH 6ejioK npoflOJDKaeT 3aHHMaTb cboh cam Ha Jl HK; bo 
B pera HHHu.Haij.HH npoHcxo/jHT ero 3aMemeHHe. 

TepMHHa^bHbíň écnoK B3aHMO/j,eHCTByeT c caňroM Jl HK, 
OTCToanj,HM ot KOHu,a Ha 9-18 na Cmokhhh caňT, MOK^y 
no3Hu l HaMH 17 h 48, oiyacHT /yw CBa3biBaHHa kjictohhoid 
óejixa NF1 (ot am/L nuclear factor 1 — a/jepHbiH (})aKTop 1), 
KOTOpblH TO^Ce Hy^KeH HM HHHUHaUHH. TaKHM 0Ópa30M, 6a\- 
KOBbiH KOMruieKC HHHu.Haij.HH, no-BH/^HMOMy, (JiopMHpyeTCfl 
UOKJjy n03HU,HaMH 9 h 48, Ha (J)HKCHpOBaHHOM paCCTOaHHH 
ot no3Hu,HH 0 — pea^bHoro KOHu,a Jl HK. 


16.4 


C «KaTfll 4 MXCfl KOJietl» CXOA&T 
My/ibTMMepbi pen/iMKOHOB 


fOnoneBbie noHfmia: 


• ľlepBMHHbiM npoflyKTOM pen/iMKauMM no Tuny «KaTfuiierocfl 
KO/lbUa» BB/lBeTCB OflHOUenOHeHHblM My/lbTMMep 
noc/ieflOBaTe/ibHOCTM pen/iMKOHa. 


KaKne HMeHHO cTpyKTypbi 6y/jeT nopo^aTb peniíHKau,™, 
32BHCHT OT CBOHCTB MaTpHIJbl B COHCTaHHH C IlOBeACHHeM 
peiIJIHKaTHBHblX BHJIOK. IOlIOHeBbIMH (J)aKTOpaMH flBJIfllOT- 

ch (J)opMa MaTpHu,bi (KOJibD,eBaa hjih jiHHenHaa) h yHacrae 
perUIHKaTHBHOH BHJIKH B CHHTC3e OÓeHX KOMIUieMCHTap- 
Hbix yenen Jl HK jihóo TOJibKO o/jhoh H 3 hhx. 

PenjiHKau,Ha o/jhoh yenH Hcno;ib3yeTca j\m Hapa- 
6 otkh koiihh HeKOTopbix KOJibu,eBbix MOJieKyji. CHanajia 
K0^bu,eB0H AynjieKc BCKpbiBaeTca Ha/jpe30 M o/jhoh h 3 
yenen. B Ha/jpe3 «CMOTpaT» /jBa KOHU,a ÄHK, oahh h 3 ko- 
Topbix HeceT 3'-OH rpynny. /],HK-nojiHMepa3a y/yiHHaeT 
3TOT CBOÓO/JHblH 3'"OH KOHOJ,, 0/J,H0BpeMeHH0 BbiTecHaa 
H3 flyruieKca yenb, KOMruieMeHTapHyio MaTpHu,e. nopa/jOK 
COÓbITHH H30Ópa^CeH Ha PHC. 16.5. 

PerniHu.Hpyioiij.yioca Jl HK c TaKon crpyKTypon Ha3biBa- 
K)T KaTHIII,HMCH KOJIblJOM. PenJIHKaTHBHafl BHJIK3 B «K3Ta- 
meMca KOJibu,e» coBepmacr jxBimmm no xpyry MaTpHHHOH 
yenn. B npHHu,Hne OHa MoaceT npo/jojDKaTb onHCbmaTb 
3TH KpyTH jx O ÓeCKOHeHHOCTH. ľlO Mepe CBOerO ABH^CeHHa 
pemíHKaTHBHaa BHjiKa yAJiHHaeT o/jHy H3 yenen KOJibu,eBO- 
ro flynjieKca, BbiTecHaa H3 .oynjieKca tohho Taxyio ^ce u,enb, 
CHHTe3HpoBaHHyio KpyroM paHbine. Pe3y;ibTaT mo^cho bh- 
AeTb b sjieKTpoHHbin MHKpocKon, (})OTorpa(J)Ha npeACTaB- 
/ieHa Ha phc. 16.6. 


flHK, peruiMUMpytoiMaflCfl no THny 
«KaTflmerocfl KOiibua» 


MaTpmjeií c/iy>KMT KO^bueBOŇ Ayn/ieKC AHK 



l/lHMLJMaAMfl B03HMKaeT 
Ha oahoíí Aenw 



OpMA>KMH. 
BCKpbiTblŕí 
HaApe30M 
no oahoíí 
M 3 ueneíí AHK 


SnoHrauMfi paciyiAeíí Lienu flHK 
CMeuiaeT npoKHLOK), MAeHTMHHyLo, Ljenb 



PacTyiiiaB uenb 


CMeuieHHaB uenb 

KorAa pennMKaTMBHafl BM^na oóxoamt 
nonHbiíí Kpyr, CMeuieHHaB uenb 
CTaHOBmcB nonHopa3MepHoíí 



Ecjim Ha 3 tom a^oHraLiMfl He ocTaHaBjíMBaeTCfl, 
CMeuieHHaB uenb MMeeT bma MHO>KecTBa 
TaHAeMHbix KOnníí pennMKOHa 



PHC. 16.5 «KaTBuieecB KOAbuo»c MyAbTMMepHbiM OAHOLjenoHeHHbiM 

XBOCTOM 



n x 1 

/lUHeMHbJM '"-X 

OAHOLienOHeHHblM 

■ XBOCT ( 

/ M x 

/ \ ^ 

X J ’v 

VS '■Koj’bueáoM 

C MaT P Mi)HUM 

^s,. Ayn^eKC . . 

x 


X ŕ'ťrX'X--' '■ "i'U 'l 


«KaimAMecn KOiibua» bmahw b mm - non 


PHC. 16.6 B 3AeKTpOHHblíí MMKpOCKOľl «KaTBLAeeCB K0AbL10» BblTAB- 
AMT KaK KOAbLieBaB MOAeKyfia C AMHeŇHblM XBOCTOM. OoTOrpa(f)MB 
Aio6e3HO npeAOCTaBAeHa Ross B. Inman, Inštitúte of Molecular Vi- 
rology, Bock Laboratory and Department of Biochemistry, University 
of Wisconsin, Madison, Wisconsin, USA 
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Xboct «KaTfiinerocfl kojí b 14 a » mojkôt 6 bm> 
npeo6pa30BaH pa 3 /iMHHbiMn cnocoôaMM 



BHTb hx TäKHMH, moxcho npeo6pa30BaTb HX b /lynAeKCbi, 
CHHTe3HpoBaB KaxcAOH koiihh KOMiuieMeHTapHyio uenb 
(HAeHTHHHyio «BHyTpeHHeň» u,enH ncxo/iHoro KOAbijeBO- 
ro pen^HKOHa). 

PeniíHKau,™ no rany «KaTanj,eroca KOAbu,a» — npe- 
KpacHbin cnocoó HapaóoTaTb KaKyio-HHÓy/jb nocAe- 
/jOBaTejibHOCTb. B HHU,eioieTKax mnopu.eBbix AarymeK 
Xenopus laevis OHa HcnoAb3yeTca aaa aMn;iH(})HKai],HH 
pnóocoMajibHon RHK (p/],HK). ľeHbi pnóocoMajibHon 
PHK (pPHK) opraHH30BaHbi b óoAbiiioe hhcao noBTo- 
poB. Rím aMnjin(J)HKauHH óepeTca o/jhh TaKon noBTop 
n npeBpamaeTca b «KaTanj,eeca KOAbu,o». Y Hero pacTeT 
xboct — npoflyKT penjiHKau,HH, cocToanj,HH n3 MHOxcecr- 
Ba noBTopoB. 3 tot xboct, npaMO b Hepa3pe3aHHOM Bn^e, 
no/yiexcHT npeo6pa30BaHHio b AByxu,enoneHHyio RUK . 
3aTeM AByxu.enoHeHHbin xboct 0Tpe3ai0T ot «KaTímj,erocH 
KOAbu,a» (a oho tcm BpeMeHeM npoAOAXcaeT paóoTaTb, n 
y Hero cpa3y xce HannHaeT pacra hobhh xboct). Kohúti 
OT pe3aHHoro AByxuenoneHHoro xBOCTa coeAHHAiOT, no- 
Aynafl óojibinoe KOAbu,o pflHK. 3 to KOAbu,o npeAcraBAAeT 
coóoh aMnjiH(J)HLi,HpoBaHHbiH MaTepHaji: ero HyioieoTHA- 
Haa nocjie/íOBaTejibHOCTb coctoht h 3 óoAbiiioro nncAa 

H/^eHTHHHblX nOBTOpaiOIIJ.HXCa e/J,HHHLI,. 


PMC. 16.7 CyAbôa XBOCTa onpeAe/iaeT Tiinbi npoAyKTOB pen/iMKa- 
i\m. B oahmx c/iynaBx OTAe/ieHMe ot «KO/ibua» xboctob 6 amhmhhom 
A/ iMHbi nopo>KAaeT OAHOuenoneHHbie MOHOMepbi pen/iMKOHa; ohm 
M oryT 6 biTb nepeBeAeHbi b AByxuenoneHHyK), KO/ibueByto m AByx- 
uenoHeHHyto KO/ibueByto (j/opMbi. B APyrwx c/iyna^x ot «Ko/ibua» 
OTAe/iBeTCB xboct-M y/ibTMMep; oh npeACTaB/iBeT coóom cepMio tbh- 
AeMHO noBTop/uoiAMxcB KonMŕí pen/iMKOHa. 3 aMeTMM, hto nepeBOA 
XBOCTa b AByxuenoneHHyio (j/opMy MO>KeT npoM 30 MTM eiue ao ero 
OTAe/ieHMfl ot «KO/ibua» 


16.5 


reHOMbl HeKOTOpblX (|)arOB 
pen /111 uiipyiOTca no npiiHipiny 
«KaTniuerocn KO/ibua» 


KntoneBbie noHBTMn: 


• Be/ioK A (j/ara 4>X paóoTaeT KaK ^i/c-AeŕícTBytoman pe/iaKca3a — 
reHepaTop KO/ibueBbix oAHOuenoneHHbix MO/ieKy/i M3 
penjiMijMpoBaHHoro MaTepna/ia, cxoAfliuero c «KaTfliAerocn 
Ko/ibi 4 a». 


npOAyKT TaKOH penAHKan,HH MOACHO npe/JCTaBHTb 

bo BpeMeHH (noTpaneHHOM Ha ero chhtc 3) KaK npyxcn- 
Hy. KaxcAbin hobhh bhtok npyxcHHbi (Konna «HapyxcHOH» 
u,enH AynJieKca) o6pa3yeTca, Kor/ja penjíHKaTHBHaa bha- 
Ka npoxoAHT no MaTpHu,e cboh onepe/jHOH Kpyr. Bce 
bhtkh npyxcHHbi B3aHMH00AH03HaHH0 npoeuHpyioTCfl 
Ha ee ocHOBaHHe — «HapyxcHyio» u,enb ncxo/jHoro /jyn- 
AeKca, Konnen KOToporo ohh abajhotca. 

PacnpaMHB npyxcHHy, nojiynHM o/j,HOu,eno t ie t iHyK) 
MOAeKyAy. HannHaA c ee 5'-KOHu,a H#eT nocAe/jOBaTeAb- 
HOCTb eAHHHHHoro reHOMa («HapyxcHon» u,enH hcxo/j- 
Horo AynneKca, óbiBinero ochobahha npyxcHHbi), 3a ko- 
Topon CAe/iyiOT noAP^A ee KonHH. 3thx KonHH MOXceT 
6biTb CKOJibKO yroAHO. TaK BbirjiaAHT npoAyKT pen/íHKa- 
u,hh no rany «KaTameroca KOJibu,a». 

Bapnambi ecTecTBeHHon cy^bóbi npo^yKTa penjiH- 
Kau,HH no rany «KaTímj,eroca KOJibu,a» H3o6paxceHbi Ha 
p mc. 16 . 7 . Ecjih ero pa3pe3aTb Ha eAHHHHHbie (})parMeH- 
th, nojiynHTca mhoxccctbo OAHon,enoHeHHbix jiHHenHbix 
KonHH HcxoAHoro KOJibu,eBoro penAHKOHa. Moxcho ocTa- 


PenAHKau,HB HK, conpoBO>KAaioiij,aaca o6pa30BaHneM 
«KaTímj,Hxca KOAeu,», CBOHCTBeHHa mhohim 6aKTepHO(})a- 
raM. OAHOu,enoHeHHbin penAHu,HpoBaHHbin MaTepnaA 
MOXCHO Hape3aTb B BH^e eAHHHHHblX reHOMOB, KOTOpbie 
3aTeM moxcho Hcnojib30BaTb Rjm nocAeAyioiAHx payHAOB 
penAHKau,HH hjih ynaKOBaTb b (fiaroBbie nacTHiibi. B stom 
pa3Aejie mh pa36epeM oahh h 3 nacTHbix CAynaeB penAn- 
Kau,HH (})aroBOH Jl HK no npHHu,Hny «KaTAnj,erocA KOAbu,a». 
HaM noMOxceT pmc. 16.8. 

B HanaAe HH(J)eKu,HOHHoro u,HKAa reHOM óaKTepno- 
cj)ara 4>X174 HaxoAHTca b (J)opMe OAHOu,enoneHHOH KOAb- 
u,eBon JX HK; OHa o6o3HanaeTca KaK (+)-u,enb. nocAe Toro 
KaK OHa nonaAa b 6aKTepHaAbHyio KAeTKy h TaM AonoA- 
HHAacb KOMnAeMeHTapHOH (-)-ijenbK), MOAeKyAa npeA- 
CTaBAAeT COÓOH KOAbU,eBOH AynAeKC, H306paACeHHbIH b 
B epxHeň nacTH pncyHKa. KoAbu,eBOMy AynAeKcy cneu,n- 
aAbHO npHAaeTCA CBepxcnHpaAH30BaHHaa (J)opMa. BeAOK 
A (3aKOAnpoBaHHbin b reHOMe cj)ara) Ha/jpe3aeT (+)-u,enb 
AynAeKca no KOHKpeTHOMy caŕny b ophaachhc penAHKa- 
u,hh. nocAe BHeceHra HaApe3a 6 caok A coxpaHaeT cBA3b 
c 5 - kohu,om (+)-u,enH. BTopoň kohoj, (+)-u,enH (cbo- 
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6oflHbiň 3'-KOHeu,) Hcnojib3yeT KaK 3aTpaBKy /ym cHHTe3a 
flHK flHK-nojiHMepa3y. 

B HHHUHauHH no stoh cxeMe oneHb BaJKHyio pojib nr- 
pacr cTpyicrypa flHK. flejio b tom, hto ôejiOK A mojkct HaA- 
pe3aTb KOJibu.eBOH AynJieKC, mojibKO ecjiu ornom dyruieKC 
ompui^amejibuo ceepxcnupajiwoeaH, to ecTb ecjín KOJibu,o 
oÓBHBaeT caMO ce6a b npocTpaHCTBe, npnneM HanpaBjíeHne 
BpameHHfl CBepxBHTKOB oópaTHO HanpaBjíeHHio BpameHHa 
bhtkob abohhoh cnnpajín flHK (cm. pa3A. 19-12 «CBepxcnn- 
pajiH3au,Hfl 3aTparnBaeT CTpyKTypy flHK»). Mtoóh bhccth 
H aApe3, óejiOK A aojdkch CBA3aTb OAHy H3 uenen AynjieKca 
no ynacTKy b 10 nH, Ha kotopom HaxoAHTCfl cam HaApe3a. 
BepoaTHO, OTpHu,aTejibHaa CBepxcnHpajiH3au,Hfl oójiernaeT 
o6pa30BaHHe OAHOijenoHeHHoro ynacTKa, HeoóxoAHMoro 
/yifl nocaAKH ôejiKa A Ha flHK. 

PlTax, ôejiOK A HaApe3aeT AynJieKC no oahoh H3 u,eneH 
n npHKpenjmeTca k CBOÓOAHOMy 5'-KOHU,y. ľlpo TaKyio sh- 
3HMaTHHecKyio aKTHBHOCTb roBopaT, hto ôejiOK paóoTaeT 
KaK pejiaicca3a. B nojiynHBiiiHHai HaApe3 CMOTpaT ABa 
KOHua (+)-u,enH flHK: 3'-OH kohoj, (cboóoahmh) h 5'- 

(J)OC(})aTHbIH KOHO), (npHIHHTblH K ÓeJIKy A KOBaJieHTHOH 
CBH3bio). Ka>KAbiH H3 kohijob nrpaeT B penjiHKau,HH 4>X174 
cbok) ocoóyio pojib. 

ľlocjie Toro KaK HaApe3 BHeceH, ôaKTepna^bHaa flHK- 
nojiHMepa3a HanHHaeT HapamHBaTb cboóoahmh 3'-kohcu, 
(+)-u,enH Ha MaTpHije KOJibijeBOH (-)-u,enH: «KOJibu,o» 4>X174 
HaHHHacr «KaraTboi». nojiHMepa3a oóxoaht nojiHbin Kpyr n 
B03BpamaeTca b opha>khh. Chhtc 3 npoAOJDKaeTca, h BCKope 
c «KaTanj,eroca KOJibu,a» cxoaht nocjieAOBaTejibHOCTb opnA- 
mmx 3Ty nocjieAOBaTejibHOCTb HeMeAJieHHO y3HaeT ôejiOK 
A, KOTOpblH npHIHHT KOBaJieHTHOH CBfl3bIO K CMenjeHHOMy 
5-KOHiiy toh ace (+)-u,enH, a 3HannT, HaxoAHTca Ha pac- 
CTOflHHH OAHOH A-^HHbl reHOMa (|)X174, eCJIH CHHTaTb 3TO 
paccToaHHe no flHK. BejiOK A CHOBa npoaBJíaeT ceôa KaK 
pejiaKca3a: bhocht HaApe3 b nocjieAOBaTejibHOCTb ophajkh- 
Ha h npHniHBaeTca y)Ke k HOBOMy, TOJibKO hto co3AaHHOMy 
hm 5 , -KOHu,y. B pe3yjibTaTe ôejiOK A npoAOJiacaeT ocraBaTbcn 
npn «KaTanj,eMca KOJibu,e», a Konna (+)-u,enH, CMemeHHaa c 
«KOJibu,a» b nepBOM payHAe penjiHKau,HH, yxoAHT co cboôoa- 
HblMH KOHU,aMH. 3TOT IJHKJIHHeCKHH npOIjeCC MO^CeT nOBTO- 
pflTbCfl AO ÔeCKOHeHHOCTH. 

Ha caMOM ACJie, CMemeHHaa Konnn (+)-u,enH yxoAHT 
He CO CBOÔOAHbIMH KOHIjaMH, a B BHAe KOJIbU,eBOH OAHOU,e- 
nonenHOH MOJieicyjibi. 3TOMy Taioxe coAencTByeT ôejiOK A. 
ľlepexoA ôejiKa A k HHHunauHH cjieAyiomero payHAa pen- 
^HKau,HH conpa^ceH c coeAHHeHHeM cboôoahhx kohijob 
eAHHHHHOH KonHH (+)-u,enH. 

y ôejiKa A ecTb OAHa nmepecHaa ocoôeHHOCTb: oh ab- 
jweToi ^wc-ACHCTByioiAHM in vivo. (3ma (fipasa 03nmaem, 
Htno ôejiOK 4 cunmesupOBannuu c mpancKpunma kohk- 
pemnou MOJieKynu ôydem cnocoôcmeoeamb peruiu- 
mipuu mojibKO dmoú KOHKpemnoú MOJieKynu flHK) HeM 
sto oôycjiOBjíeHO, Mbi He 3HaeM; b óeciuieTOHHOH cncreMe 
in vitro 3c[)(J)eKT He BOcnpon3BOAHTca — TaM ôejiOK A totob 
paôoTaTb c jiioôoh noAxoAAmeH MOJieKyjion Jl HK. 

Bo BcaKOM cjiynae, ÔJiaroAapa HCCJieAOBaHHaM aK- 
thbhocth ôejiKa A in vitro , mojkho npeACTaBHTb ceôe, KaK 
3TOMy ôejiKy yAaeTca ocTaBaTbca accon,HHpoBaHHbiM c 


Be/iOK A AB/ifleTCfl í^wc-AeŕtCTByioinMM 


Be^OK A BCKpbmaeT opma>kmh m CBfl3bmaeTCB 



+ 


C «KaTfimerocfl Ko^bua» cxoamt (+)-Ljenb 

C CMHTes AHK 

L 


Pen^MKaTMBHafi bm/iio MfteT nepe3 opma>kmh; 
óe^OK A CHOBa HaApe3aeT opma>kmh 
M CBfl3blBaeTCfl C HOBbIM 5'-KOHAOM 



OTAe^MBiijaflCfl nojiHopa3MepHafl KonMfi (+)-Aenn 
3aMblKaeTCfl B KOJlbLJO 



P H C. 1 b.8 PenAMKaTMBHaíi bmak 3 flHK (j)Xl74 CAy>Km Maipnueŕí aaa 
CMHTe3a oflHouenoHeHHbix KOAbueBbix Konnŕí reHOMa 3Toro c()ara. B 
Ka>KflOM payHfle peruiMKaunu KOAbueByio MaTpuny conpoBOMíflaeT 
oflHa m Ta >Ke MO^eKy^a óeAKa A. B Kornje Ka>Kfloro payHfla 6 eAOK 
A Haflpe 3 aeT opnfl>KMH no (+)-uenn m nepeópacbiBaeT ceóíi Ha 06 - 
pa30BaBUJMŕícB 5'-KOHeu. TaKMM cnocoóoM ot «KaTflmerocfl KOAbua» 
OTfleAíieTCfl OHepeflHaíi (+)-uenb eflMHMHHoŕí aamhh; OHa cpa3y we 
CTaHOBMTCfl KOAbUeBOÍÍ MOAeKyAOÍÍ flHK 

oahoh h toh ace MaTpHHHOH (-)-u,enbio. y ôejiKa A ecTb 
ABa aKTHBHbix u,eHTpa. Hmchho sto no3BOJiaeT eMy pa3- 
pe3aTb hobhh ophajkhh, Bce enj,e coxpaHaa cB«3b c npe- 

AblAyiAHM. 

nocjie Toro KaK CMemeHHaa Konna (+)-u,enH 3aMKHy- 
jiacb b KOJibn,o (npn ynacran Toro xce ôejiKa A), ee cyAbôa 
3aBHCHT ot TeKyin,eH (J)a3bi HHcjjeKu.HOHHoro u,Hiuia ôaKTe- 
pno(})ara. Ecjih sto (J)a3a penjiHKan,HH, KOJibu,eBaa (H-)-u,enb 
6yAeT AonojiHeHa (-)-u,enbio; nojiynHBiiiHHca AynJieKC 6yAeT 
npeBpameH b «KaTanj,eeca KOJibuo» aji^i HapaóoTKH Bce ho- 
bhx KonHH reHOMa óaKTepnocpara. Ecjih HH(J)eKii,Ha b cbocm 
pa3BHTHH AOCTHľJia (J)a3bl (J)OpMHpOBaHHa HaCTHIJ,, KOJIbU,e- 
Baa (H-)-u,enb ocTaHeTca oahhohhoh h 6yAeT ynaKOBaHa b 
HH(J) eKii,HOHHyio nacTHU,y 6aKTepno(})ara — a^ BbixoAa bo 
BH eniHioio cpeAy nocjie JiH3nca oópeneHHOH kjictkh. 
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16.6 


(PaKTop F nepeflaeTCfl 
ot 6 aKTepiiM k óaKTepiiii 
npM KOHiioraumí 


líniOHeBbie noHama: 


• OaKTop F MoweT cymecTBOBaľb aBTOHOMHO, KaK n/ia3MMfla, 
noAflepwMBaflCb b nnc/ie oahoíí Konnn Ha 6aKTepna/ibHyio 
XpOMOCOMy. 

• OaKTop F MOweT BHeApmbca b 6aKTepna/ibHyio xpoMOCOMy; 
b 3tom c/iynae ero coócTBeHHbie (jDyHKUMM Mcno/iHeHMa m 
KOHT po/iB pen/iMKauMM 6yAyT noAaB/ieHbi. 

• OaKTOp F KOAMpyeT CMCTeMy C> 6 pa 30 BaHMa OCOÓblX BOpCMHOK Ha 
ľlOBepXHOCTM ÓaKTepMM. 

• BopcHHKa no3BO/iBeT F-no/io>KMTe/ibHoíí 6aKTepnn BdynaTb 
B KOHT3KT C F-OTpMUaTe/lbHOŕí ÓaKTepMeŕí M MHMUMMpOBaTb 
KOH-btorauMio. 


KoH'bioraiiHH y óaKTepnn oiy^KHT npHMepoM Toro, m- 
CKOJibKO TecHO Moryr 6biTb cB«3aHbi npoueccbi penjiHKau,HH 
aBTOHOMHOH reHeTHnecKOH eAHHHu,bi h ee pacnpocTpaHe- 
hha b nonyjiflij.HH. ľlpH KOH'biorau.HH reHOM mia3MHAbi h;ih 
(J)parMeHT xpoMOcoMbi 6aKTepHH-xo3AHHa Moryr nepe/ja- 
BaTbCA OT OAHOH ÓaKTepHH K APyrOH. 

KoHTiorau,™ y óaKTepnH E. coli onocpeAOBaHa 4 >aic- 
TopOM F. Oh npeACTaBjíaeT coóoh KAaccnnecKHH npHMep 
snHcoMbi — reHeTHnecKOH eAHHHu,bi, cnocoÓHon cymecr- 
BOBaTb He TOAbKO Kax cBOÓOAHaa KOAbueBaa nAa3MHAa, ho 
h BHeApflTbca b 6 aKTepHaAbHyio xpoMOCOMy KaK jiHHeHHaa 
nocAeAOBaTeAbHOCTb (noAOÓHO AH 3 oreHHOMy óaKTepno- 
cj)ary). nAa 3 MHAa F — sto óoAbmaa KOAbu,eBan J \HK (pa 3 - 
MepoM -100 toh). B óaKTepnaAbHOH xpoMOcoMe ecTb He- 
CKOAbKO noTeHu,HajibHbix canTOB HHTerpau,HH (})aKTopa F. 
Mame Bcero bhcapohhc oóycAOBAeHO peKOMÓHHau,HeH 
MOK/jy onpeAeAeHHbiMH sne MemaMH flFlK, KOTopbie ecTb 
h b nAa 3 MHAe F, h b xpoMocoMe ee xo 3 AHHa (hx Ha 3 biBa- 
iot IS- 3 AeMeHTaMH; noApoÓHee cm. b pa 3 fl. 21.5 «TpaHc- 
no 30 Hbi nepecTpaHBaiOT /],HK»). nAa 3 MHAa F, HaxoAflCb b 
CBOÓOAHOH (HeHHTerpHpOBaHHOH (J)OpMe), HCnOAb 3 yeT 
cboh coócTBeHHbíň ophaachh penAHKau,HH, onV, a TaiOKe 
CBOIO COÓCTBeHHyiO CHCTeMy KOHTpOJIfl HHCAa KOnHH. OHa 
noAAepACHBaeTca b BH/je eAHHCTBeHHOH kohhh Ha mieTKy. 
nocAe HHTerpau,HH b óaKTepnaAbHyio xpoMOCOMy paóoTa 


coócTBeHHbix cHCTeM penAHKau,HH njia 3 MHAbi F noAAeACHT 
penpeccHH — ee J \HK Tenepb penAHUHpyeTca KaK nacrb 

ÓaKTepHaAbHOH XpOMOCOMbl. 

IIpeACTaBHM ceóe nonyAAU,Hio óaKTepnn, nacrb koto- 
pon HeceT b ceóe (})aKTop F (b cboóoahoh ahóo HHTerpHpo- 
BaHHOH (})opMe). 3th F-noAO)KHTeAbHbie óaKTepHH cnocoó- 
Hbi KOHTiorapoBaTb (cnapHBaTbca) c F-OTpnu,aTeAbHbiMH 
óaKTepHAMH. npH KOH'biorau.HH (J)opMHpyeTca ujTrorum- 
MaraqecKHH mocthk MOKAy F-noAoacHTeAbHon óaKTepHen- 
aohopom h F-OTpHuaTeAbHOH óaKTepneH-peunnHeHTOM; 
mocthk Hcnojib 3 yeTca rjw nepeHOca cpaKTopa F. Ecjih cjm- 
Top F flBjíaeTCfl nAa 3 MHAOH, oh nepenAeT b peu,nnHeHTa KaK 
nAa 3 MHAa, h peu,nnHeHT npeBparaTca H 3 F-OTpHu,aTeAbHO- 
ro b F-noAoacHTejibHoro. Ecah (})aKTop F HHTerpnpoBaH b 
xpoMOCOMy AOHopa, oh aoaxcch óyAeT OT^aTb peu,HnHeHTy 
nacTb CBoen xpoMOCOMbi. 

Boo 6 nj,e-TO, KOH'biorau.Hio cnocoÓHbi cth MyjiHpoBaTb h 
Apyrne nAa 3 MHAbi. Ho nocKOAbKy (})aKTop F otkphah h H 3 y- 
hhah paHbine APyrnx, ero cncreMa KOH'biorau.HH paccMaT- 
pHBaeTca bccmh KaK npoToran 3 Toro cnocoóa nepeHOca 
reHeranecKOH HH^opMau.HH. 

B R HK (})aKTopa F ecTb oóniHpHaa oó^acTb (~33 toh), 
HeoóxoAHMaa Rím KOH'biorau.HH. Ee Ha 3 biBaioT oÓAiacTbio 
nepeHOca. OÓAacTb nepeHOca coAep^CHT -40 reHOB; c 
hx pacnojioAceHHeM moacho 03 HaK 0 MHTbca no KapTe Ha 
p n c. 16 . 9 . Ha 3 BaHra jiOKycoB HanHHaioTca Ha tra h trb. 
BoAbniHHCTBO reHOB oÓAacTH nepeHOca SKcnpeccnpyeT- 
ca b cocTaBe rnraHTCKOH TpaHCKpHnu,HOHHOH eAHHHqbi 
traY-I npoTaxceHHOCTbK) 32 toh. J\b 2 í reHa, traM h traJ, 
SKcnpeccnpyioTca OTAeAbHO. Oahh h 3 hhx, traj, aba^ctch 
peryAATopoM, 3 anycKaionj,HM SKcnpeccnio h traM , h traY- 
/. Ha KOMnAeMeHTapHOH u,enH R HK pacnoAO^ceH Apyron 
peryjurrop, finP: c Hero TpaHCKpHÓnpyeTca KopoTKaa aH- 
THCMbiCAOBaa PHK, Bbnunonaioiij.aa traj. Htoóh finP óbui 
aKTHBeH, AOJDKeH sKcnpeccnpoBaTbca enj,e oahh ľtwJinO. 
EojibiiiHHCTBO óeAKOB, KOTopbie npoAyu,HpyeT (paKTop F, 
3 aHflTO B H 3 MCHHAX CBOHCTB nOBepXHOCTH ÓaKTepHaAb- 

hoh KJieTKH h noAA^pAcaHHH KomaKTa MOKAy cnapnBa- 
ioiahmhca óaKTepnflMH. HenocpeACTBeHHoe OTHomeHne 
k nepeHOcy HK hmoot TOAbKO neTbipe npoAyKTa TpaHC- 
KpHnn,HOHHOH eAHHHU,bI tmY-I ( 3 TH ÓeAKH KOAHpyiOTCU 

neTbipbMa reHaMH tra). 


B ruia3MMAe F ecTb OTAe/ibiiaji oô/iactb, rAe HaxoAflTcu «reHbi nepeHOca» 


PeryjifiTopHafl oó^acTb 
TraY 


TraJ 

Á 


ľlmiMH 




HaApe3aHne n pacn^eiaHMe AF1K Tral 

ľlOBepXHOCTHOe 
orrop>KeHMe KaHa^? 


t f 


oriT traMJ YALEKBPVR C W U N trbCDE traF trbB traH G S T D l/l 
finP 
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y F-nojio^cHTe^bHbix óaKTepnn ecTb cneu,HaAbHbie bh- 
pocTbi — TaK Ha3bmaeMbie bopchhkh, h;ih F-nnjiH. 06pa- 
30BaHHe BOpCHHOK OÓyCJIOBJíeHO npHCyTCTBHeM B KneTKe 
(jmTopa F. TeH traA KOflnpyeT 6e;iOK niuiHH; nojiHMep nn- 
JIHHa H eCTb BOpCHHKa. 4TOÓbI MOAH(J)HlJ 1 HpOBaTb He3peJIbIH 
íihjihh h coópaTb H3 Hero BopcHHKy, HeoóxoflHMa SKcnpec- 
cm KaK MHHHMyM ABeHa^uaTH reHOB tra. BopcHHKa HMeeT 
bh nojioro uyumHflpz c BHeoiHHM ^HaMcrpoM ~8 hm h Ana- 
McrpoM u,eHTpajibHOH nojioc™ ~2 hm. Bopchhkh TopnaT 
Ha noBepxHOcra óaKTepnn h hmciot /yiHHy ot 2 ao 3 mkm. 
TnnHHHa^ F-nojioxcHTejibHaa K/ieTKa HMeeT Bcero ABe-Tpn 

BOpCHHKH. 

CnapnBaHHe AByx óaKTepnn HHHu,HHpyeTCfl b momcht, 
Kor^a kohhhk bopchhkh HamynaeT riOBepxHOCTb KJieTKH- 
peuHnneHTa. Ha p m c. 16.10 npeAcraBjíeHa (J)OTorpac})Hfl 
KJieTOK E. coli, HaHHHaionj.Hx cnapHBaHne. npHMenaTe;ibHO, 
hto F-nojioxarrejibHafl mieTKa-AOHop He BcrynaeT b KOHTaKT 
c ApyrHMH F-nojio^cHTe^bHbiMH KJieTKaMH. 3tot npou,ecc 
KOHTpojinpyeTca npoflyKTaMH reHOB traS h träľ — 6e;iKaMH 
«OTTop)KeHHfl nOBepxHOCTeH». H3-3a hhx óaKTepna oneHb 
bíuio pearnpyeT Ha B03M0>KH0CTb KomaKTa c ApyrnMH 6ax- 
TepHaMH-HOCHTejiaMH (})aKTopa F. TaKHM o6pa30M, noTeH- 
Una^bHbiH aohop (})aKTopa F He MoaceT HanaTb cnapHBaHne, 
noKa He HanfleT ce6e F-oTpHu,aTejibHoro napmepa. 

HajiHnne y óaKTepnn bopchhok (F-nHjieň) HMeeT pa/j 
noóoHHbix 3(J)(J)eKTOB. HanpnMep, bopchhkh co3flaiOT on- 
THMaJibHbie ycjiOBHa rjik 3 apaaceHHfl kjictkh HeKOTOpbiMH 
6 aKTepno(})araMH. Bopchhkh copónpyioT Hacraubi sthx 
$aroB, hto co3/jaeT rnianflapM nm hh^ckli.hh; nosTOMy 
F-0TpHu,aTe;ibHbie óaKTepnn ycroHHHBbi k Hen. 

BopCHHKH OÓecneHHBaiOT nepBHHHblH KOHTaKT AOHOpa 
c peuHnneHTOM, ho stot KOHTaicr jienco pyiiíHTca. B AajibHen- 
rneM npo/iyKTaM Apyrnx reHOB tra yAaeTca ero cra6HAH3Hpo- 
BaTb, H KJieTKH HaHHHaiOT HflTH Ha CÓJIHXCCHHe. ľlOCJie STOľO 
BOpCHHKH, KOTOpbie ÓbUIH Hy)KHbI JIHHIb JIJW TOľO, HTOÓbl 



PMC. 16.10 CnapnBaHHe HHnunupyeTCB noc/ieToro, KaK F-nmin flo- 
Hopa BoŕíflyT b KOHTaKT c noBepxHOCTbto peuMnMeHTa. OoTorpa^na 
jno6e3HO npeflOdaB/ieHa Ron Skurray, School of Biological Sciences, 
University of Sydney. 


HHHU,HHpOBaTb CnapHBaHHe, BTiirHBaiOTCa HAH AeMOHTHpy- 
tOTCfl, HTOÓbl He MemaTb BXO^eHHIO KJieTOK B TeCHblH KOH¬ 
TaKT. KOHTaKT JipjmCH npHBeCTH K 0Ópa30BaHHK) U,HTOmia3- 
MaranecKoro MOCTHKa — KaHajia, no KOTopoMy flHK CMoaceT 
nepeTenb H3 oahoh kjictkh b Apyryío. y F-nojioaoiTeAbHbix 
óaKTepnn ecTb 6caok BHyTpeHHen MeMÓpaHbi TraD, oh co- 
BepmeHHO hcoóxoahm j\jm nepeHOca flHK. Bo3mo>kho, TraD 
ynacTByeT b o6pa30BaHHH KaHajia. 


16.7 


lipli KOHtlOraUMM npOMCXOflMT 
nepeHOC OAHOuenoMesHOM flHK 


KntoneBbie noHBTim: 


• nepeHoc (f)aKTopa F npn KOH-btorauMM MHMUMMpyeTCfl noc^eioro, 
KaK b oriT CTapTOBa/ia pen/iMKauMB no Tímy «KaTflmerocfl KO^bua». 

• UHMUMaTopoM nepeHoca BbiciynaeT CBOÓoflHbiŕí 5'-KOHeu oahoíí 
M 3 ueneŕí flHK c()aKTopa F. 

• flHK flOHopa, nepeHeceHHaa b uMTon/ia3My peuMnMeHTa, 
nepeBOflmcfl b AByxuenoneHHyK) (fiopMy. 

• Ec/im (fiaKTop F y AOHopa bb/ibctcb n^a3MMfloŕí, to npn 
KOHtiorauMM peijMnMeHT no^ynaeT oflHy KonMio 3tom njia3MHflbi 

• Ec/im (fiaKTop Fy AOHopa BcrpoeH b ero coócTBeHHbiŕí reHOM, 
to npn KOHtiorauMM peuimMeHT no/iynaeT Heno/iHyio KonMio 
XpOMOCOMbl flOHOpa; nepeHOC XpOMOCOMbl 33HMMaeT mhoto 
B peMeHM n npepbiBaeTca b npon3BO/ibHbiŕí momcht b cbb3m c 
OKOHnaHMeM aKTa KOHtiorauMM. 


nepeHoc (J)aKTopa F HHHu,HHpyeTCH b oriT (ot amn. origin 
of transfer —opHfl>KHH nepeHoca), KOTopbíň HaxoflHTca b 
ero reHOMe y o/j,hoh h3 rpaHnu, oó^acra nepeHoca. Hhh- 
u,Hau,Ha nepeHoca cTaHOBHTca B03M0>KHa noaie Toro, KaK 
óejiOK TraM noflacT cnrHaji, hto óaKTepnn KOHTiorHpyKDT, 
h aKT cnapnBaHHa ycneji 3anTH flocraTOHHO flajieKO, hto6h 
HanaTb nepeHoc. Torfla Apyroň óejioK, TraY, CBa3bmaeTCH 
c Jl HK oriT h npnB^eKaeT Ty/ta enj,e o/íhh óe^OK, Tral, pa- 
6oTaK)nj.HH pe^aKca3on (KaK óe^OK A (})ara 4>X174). 3tot 
Tral BCKpbiBaeT oriT b yHHKajibHOM canTe nie h npnmHBaeT 
ce6a k o6pa30BaBmeMycfl 3 , -KOHu,y J\ HK. KpoMe toto, Tral 
KaTajiH3npyeT pacraeTaHne -200 nH J\ HK (sto xe;iHKa3Haa 
aKTHBHOCTb, o Hen cm. b pa3/r 18.7 «Hapa6oTKa o/tHon,eno- 
nenHOH JX HK flna pa3MHO^ceHHa cj)ara b paMKax MO/te^bHOH 
cncTeMbi 4>X»). ÓcBOÓo/tHBiiiHCb ot Tral, ^n/tnpyioiij.HH 
3 / -KOHeu, ycTpeM^aeTca b ĎaKTepnio-peuHnHeHTa; sto noKa- 
3aHO Ha pmc. i6.li. Chhtc3 KOMmieMeHTapHOH u,enn flHK 
nponcxoflHT y>Kt b u,HTon;ia3Me peu,HnHeHTa, kotophh b 
more oópeTaeT cTaTyc F-no;io)KHTe^bHoro. 

flOHopy Hy)KHO BOcnojiHHTb OTcyTCTBne ymeflinen 
flHK — CHHTe3npoBaTb HOByio u,enb Ha MaTpHu,e ocTaBinen- 
ca u,enH. Ecjih chhtc3 hoboh u,enH ocymecTB^aeTca oaho- 
BpeMeHHO c yxo/tOM nepeHOCHMOH u,enH flHK, njia3MHfla F 
SKBHBajieHTHa «KaTameMyca KOJibuy» c pne. 16.5 (ho y Hee 
HeT npoTa^ceHHoro o/tHOiienonenHoro ynacTKa, H3o6pa- 
xceHHoro Ha pne. 16.11). flencTBHTejibHO, flHK, c KOTopoň 
nponcxo/tHT nepeHoc u,enH npn KOHTioraiinn, oóhhho 
noxo^ca Ha «KaTanj,eeca KOJibu,o». Oj\mm penjiHKau,Ha KaK 
TaKOBä^ He flBjraeTCfl flBHxcynteH chjioh nepeHoca flHK, to 
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F-nojioxtHTejibHbie AOHopbi 
KOHT»K)rMpyK)T c F-OTpnijaTejibHbiMH pei 4 nnneHTaMM 



PľiC 16.11 ľlepeHoc flHK npoMcxoflMT noc/ie BCKpbiTMfl n/ia3MMflbi F 
no oriT. /luflupytomnŕí 5'-KOHeu yB/ieKaeT oflMHOHHyK) uenb flHK b 
K/ieTKy peunnueHTa; nepeHocmcfl Bcero oflHa nojiHopa3MepHaa ko- 
nv\n n/ia3MMflbi. B 3aKJitOHeHne, OAHOuenoneHHbie n/ia3MMAHbie Konnn 
AOHopa m peunnMeHTa «o6paciaK)T» KOMn/ieMeHTapHbiMM uenaMM 

ecTb nepeHOc o/j,Hoij,enoHeHHOH MOJieKyjibi He oóycjiOBJíeH 
CHHTe30M Jl HK. EaKTepHfl-peijHnHeHT nojiynaeT Bcero OAHy 
KonHK) n;ia3MH/jbi F. npoijecc CMemeHna oahhohhoh u,enH 
c Ko^bueBoro AyruieKca b uHTonjia3Me AOHopa TepMHHHpy- 
CTcn nocjie o/jHoro oóopoTa, h uejiocTHOCTb njia3MH,n,bi F 
BOccTaHaBjíHBaeTca. 

Tenepb npe/i.cTaBHM ceóe, hto KOH'bioraij.Hio hhhu,h- 
HpOBaJI (j)aKTOp F, KOTOpblH BCTpoeH B XpOMOCOMy ÓaKTe- 
pnn. BcKpbirae oriT npoHexoAHT Bceíyja no oahoh h toh ace 
n,enn flHK, npnneM b TaKon opneHTaij,HH, hto jiHAnpyiomHH 
5 , -KOHen, noTauj.HT 3a coóoň b peijHnHeHTa Jimiib kopotkhh 
K pan flHK (J)aKTopa F, 3a kotopmm nocjieAyeT MaTepna^ or- 


poMHon xpoMocoMbi xo3flHHa. Becb ochobhoh MaTepna^ 
(J)aKTopa F, c oóJiacTbio nepeHOca, peiiHnMemy He nepe- 
flaeTCfl. nepeHOc oahoh m u,eneH orpoMHon xpoMocoMbi 
óy^eT hath ao Tex nop, noKa He pa3opBeTca KomaKT MOKAy 
cnapHBaioiij,HMHca KJieTKaMH (cm. p m c. i 6. i 2). MTOÓbi noaie- 
AOBaTejibHOCTb óaKTepHaiibHOH xpoMocoMbi nepeHeaiacb b 
peu,HnHeHTa qejíHKOM, noTpeóyeTca -100 mhh; b oôbiHHbix 
yaiOBHflx aKT KOH'bioraij.HH MeHee npoAOJDKHTejieH. 

B uHTonjia3Me ĎaKTepHH-peunnHeHTa (})parMeHT re- 
homhoh fl HK 6aKTepHH-AOHopa nepeBOAHTca b /jByxu,eno- 
neHHyio (J)opMy. Oh MoaceT peKOMÔHHnpoBaTb c reHOMHOH 
Jl HK xo3flHHa; 3aMeTHM,HTO BHeApeHHa flHK AOHopa b 

xpoMoeoMy pen,HnHeHTa TpeôyeTca ABa coôbn™ peKOM- 
ÔHHaiiHH. TaKHM oôpa30M, KOH'bioraij.HB cny^cHT ôaKTepn- 
am Kax cpeACTBO oÔMeHa reHeranecKHM MaTepna^OM — Ha 



Pil C. 16.12 ľlepeHoc xpomocomhom flHK nponcxoAHT, Korfla (JjaKTop 
F, nHTerpnpoBaHHbiŕí b xpoMoeoMy AOHopa, Haflpe3aH no oriT. ľlepe- 
HocuMbiií reHeTMHecKMíí MaTepna/i coAepwm Jimub kopotkmm (Jjpar- 
Mem (f)aKTopa F; 3a 3 tmm (jDpameHTOM c/ieflyei Maiepna/i xpoMocoMbi 
AOHopa. ľlepeHoc npoflO/DKaeicfl ao Tex nop, noKa KOH-btorupyioiMMe 
óaKTepnn He BbiŕÍAyT m KOHTaKTa APyr c APyroM 







































(J)OHe hx oóbi^Horo ôecnojioro pocTa b KyjibType. UlTaMM 
E. coli , r/je (})aKTop F BCTpoeH b xpoMocoMy, cnocoóeH Ha- 
BeCTH B flpyrOM UITaMMe, C KOTOpbIM OH KOH'blOrHpyeT, Bbl- 
COKyiO HaCTOTy nOflBJíeHHfl peKOMÓHHaHTHblX xpOMOCOM. 
IilTaMMbi-AOHopbi, ot KOTopbix Apyrne niTaMMbi nojiynaioT 
(J)parMeHTbi xpomocom, o6o3HanaiOTCfl Kax Hfr (ot anzn. 
high frequency recombination — peKOMÓHHaijHfl c bmcokoh 
nacTOTOH). nocjie KOHTaicra c TaKHM niTaMMOM y Apyrnx 
óaicrepHH npoaBjíaeTca xapaKTepHbin naTTepH HOBOoópe- 
TeHHbix reHeraHecKHx MapxepoB, 3aBHCfliu,HH ot nojioace- 
HHH, KOTopoe 3aHHMaeT (J)aKTop F b xpoMOcoMe Hfr. 

Kax y^ce roBoprwocb, KomaKT MOKAy KOH'biorHpyioiij.H- 
mh óaKTepnaMH oóhhho pBcrca npoKAe, neM OAHa H3 ijeneH 
xpomocom bi flOHopa ycnecr nepenra b peu,HnHeHTa u,cjih- 
KOM. BepOaTHOCTb TOľO, HTO KOHKpeTHblH ynaCTOK xpOMO- 
comh flOHopa oKa^ccrca b u,HTomia3Me peuHnMema, 3aBHCHT 
ot paccToaHRH, KOTopoe OTAejiaeT otot yqacTOK ot oriT. Y 
reHOB, ^ajieKHx ot oriT, Ma^o rnaHcoB ôbiTb nepeHeceHHbiMH. 
Hm 6mmc k nocjieflOBaTenbHOcra cjmTopa F HaxoAHTca reH 
(ecjiH MepHTb paccToaHHe no TOMy cJ)jiaHry, b HanpaBJíeHHH 
KOToporo n/jeT nepeHOc), tcm nanj,e moxcho BCTpeTHTb otot 
reH B peKOMÔHHaHTHblX xpoMocoMax peu,HnHeHTOB. 

TaKHM oópa30M, Ha xpoMocoMe AOHopa 3aAaH rpa^n- 
eHT nacTOTbi nepeHOca: reHbi E. coli (jDäKTnnecKH BbicTpo- 
eHbi b onepe/íb jyw OTnpaBKH b Apyroň uiTaMM. «OnepeAb» 
onoHCbmaeT xpoMocoMy, HanHHaacb ot xpaa nocjieAOBa- 
TeJIbHOCTH F, TRC HaxOflHTCfl oriT. 

B npHHUHne Ha ocHOBaHHH pacnpeAejieHHa nacTOT no- 
HBJíeHna reHeraqecKHx MapxepoB b cTaH/i.apTHbix ycjiOBHax 
KOHblOraiJ.HH MO)KHO nOCTpOHTb KapTy XpOMOCOMbI E. coli. 
Tame Kap™, c jihhchkoh h3 CTa Rtnmuú no o/jhoh MHHy- 
Te, cym,ecTByioT; ohh crpoflTca co ccbuiKon Ha KOHKpeTHbin 
urraMM Hfr. (Cto MHHyT, HanoMHHM, TpeóyeTca Ha nepeHoc 
ue/ion xpoMOcoMbi.) ToHHOCTb Kap™ jyin pa3Hbix rpynn 
reHeTnnecKHx MapxepoB ôyzteT 3aBHceTb ot nojioaceHHa, 
KOTopoe 3aHHMacr (JmTop F b xpoMocoMe Hfr. ľeHbi c bh- 
cokoh nacTOToň nepeHOca 6ynyT KaprapoBaHbi c óojibmen 
TOHHOCTblO. 


rijia3MMAa Ti, Hace/iflioiiiafl 
6aKTepna^bHbie KJieTKM, 
flB/iaeTca B036yflMTe/ieM 
KOpOHMaioro ra/i/ia y pacTeHMM 


KjnoneBbie nonmm: 


• K^eiKM pacTeHMM, uHíjDkmupoBaHHbie óaKTepneŕí A. tumefaciens, 
MoryTTpaHc4)opMMpoBaTbCB b onyxo/ieBbie. 

• Onyxo^epoflHaB TpaHC(j3opMauMB pacTme/ibHoŕí K/ieTKM 
nponcxoAMT M3-3a n/ia3MMflbi, xpaHBiueŕícB b óaKTepuu. 

• 3ia n/ia3MMfla HeceT b ce6e reHbi cuHTe3a u MeTa6o/iM3Ma 
onMHOB (npoM3BOflHbix apruHMHa); flaHHbie reHbi 
SKcnpeccMpytoTCfi b onyxo/iax, Bbi3BaHHbix óaKTepneŕí. 

ílepecTaHOBKH h aMnjiH(J}HKau,Ha noejieAOBaTejibHOCTeň 

flHK npoHexoA^T, Kax npaBHjio, BHyTpn OAHoro reHO- 



PMC. 16.13 ArpoóaKTepna, Hecymaa Hona/iUHOByto n/ia3MMfly Ti, 
MHflyuMpoBa/ia TepaTOMy — onyxo/ib, b KOTopoŇ pa 3 /iMHMMbi amíJ)- 
(FepeHunpoBaHHbie crpyKTypbi, HanoMMHatoiune 3 aHaTKM opraHOB 
pacTeHMB. OoTorpaíjDMfl Ato6e3Ho npeflocTaB^eHa m MMymecTBa Jeff 
Schell. Mcno/ib3yeTCB c pa3pemeHMB Max Planck Inštitúte for Plánt 
Breeding Research, Cologne. 


Ma. 0/j.HaKO y BbícniHx noKpbiToceMeHHbix AByAOJibHbix 
pacTeHHH ecTb p3a6o;ieBaHHH, oóycjiOBjíeHHbix BTop- 
^CeHHeM nJia3MHAHOH flHK. Y ÔOJIblHHHCTBa AByAOJIbHblX 
pacTeHHH Taxoe 3a6oAeBaHHe, KopOHnaTbiň ra^^i, mo- 
^ceT ôbiTb HH/iyu.HpoBaHO noHBeHHon ĎaKTepneH Agro- 
bacterium tumefaciens. Ha puc. T6.13 npeACTaB^eHa 
cj}OTorpa(})Hfl ôoAbHoro pacTeHra, b kotopom 3aBe;iacb 
6aKTepra-napa3HT. Ee npHcyTCTBHe oóepHyjiocb reHe- 
ranecKHM H3MeHeHHeM o^hoh H3 mieTOK pacTeHHa. 3to 
H3MeHeHHe ójiaronpraTHO j\m napa3HTa, ho BpeAOHOCHO 
nm pacreHHfl. 

ArpoóaKTepHH HHAyu,npyiOT oópa30BaHHe onyxo^n, 
nocjie nero onyxojieBbie kjictkh paciyr caMocroflTe;ibHO 
(to ecTb nm aHOMajibHoro pocTa nocToaHHoe npHcyTc- 
TBHe ôaKTepHH hm He TpeóyeTca). Onyxo^b noaBjíaeT- 
ca nocjie Toro, Kax pacTHTejibHaa mieTKa npeTepneBaeT 
TpaHc^opMaij.Hio — 3a cneT 3KcnpeccHH reHeTHnecKO- 
ro MaTepnajia, nojiyneHHoro ot arpoóaKTepnn. TpaHC- 
(J)opMHpoBaHHaa pacraTejibHaa mieTKa HMeeT cTaTyc 
onyxojiepoAHon. Taxaa mieTKa HMeeT HecTaHAapTHyio 
nporpaMMy ynpaBjíeHHa coócTBeHHbiM počtom n AH(J)({)e- 
peHU,HpOBKOH. 

ArpoóaKTepna moxcct Bbi3BaTb TpaHC(J)opMau 1 Hio pacra- 
TejibHoň KJieTKH, noTOMy hto HeceT b ceóe iuia3Mn,uy Ti (ot 
aneji. tumor inducing plasmid — njia3MH/ta, HHAyitnpyioiij.aa 
onyxojib), KOTopaa noAAepacHBaeTca b arpoóaKTepnn Kax 
OTAejibHbíň He3aBHCHMbin penjíHKOH. B njia3MHAe Ti ecTb 
KJiacTepbi reHOB, KOTopbie ynacTByioT b pa3HOOÓpa3Hbix ac- 
neKTax xcn3HeAcaTejibHOCTH ĎaKTepna^bHon h pacraTe^b- 
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HOH KJieTOK. TeHbl OAHOrO H3 KJiaCTepOB OÓyCJIOBJIHBaiOT 
nepenporpaMMHpoBaHHe mieTOHHoro u,Hiuia pacraTejibHOň 
KjieTKH. EcTb Taioxe KnacTep TaK Ha3brcaeMbix «onHHOBbix 
reHOB», 3a/j,eHCTBOBaHHbix b cHHTe3e h ycBoeHHH ocoóbix 
OpraHHHeCKHX BeiIjeCTB — OIIHHOB, npOH3BO/JHbIX aMHHO- 
KHCJIOTbl aprHHHHa. 

njia3MHAbi Ti (h BMecre c hhmh arpoóaKTepHH, b Hben 
u,HTonjia3Me ohh co/jepacaTca) no rany ohhhob noApa3/je- 
jiaiot Ha neTbipe rpynnbi. 

• HonajiHHOBbie njia3MH/jbi HecyT b ce6e reHbi /yia 
CHHTe3a HonajiHHOB b onyxojiax h j\nn ycBoeHHa 
3thx HonajiHHOB óaKTepHAMH. HonajiHHOBbie ony- 
xojih MoryT AH(J)(J)epeHLi 1 HpoBaTbca b BH/je TpaHC- 
(J)opMHpoBaHHbix noóeroB. TaK KaK ohh hmoot 
TeH/jeHijHio k MopcJ)oreHe3y, xapaKTepHOMy /yia sm- 
ópHOHa^bHoro pa3BHTHa, HonajiHHOBbie onyxojiH, 
no aHajiorHH c TepaTOMaMH MjieKonHTaiouj.Hx, Ha- 
3biBaioT TepaTOMaMH. 

• OKTomiHOBbie n;ia3MHAbi noxoxcH Ha Hona^HHOBbie, 
TOJibKO c hhx npo/iyiJiHpyeTCfl Apyron onHH — okto- 
nHH. rioneMy-TO, KaK npaBHjio, OKTonHHOBbie onyxojiH 
He AH(J)(J)epeHij 1 HpyK)Tca h He o6pa3yioT noóeroB-Tepa- 

TOM. 

• ArponHHOBbie mia3MHAbi HecyT b ce6e reHbi, sa/jenc- 
TBOBaHHbie b MeTa6ojiH3Me arponHHa. OnyxojiH He 
AH(J)(J)epeHLi 1 HpyK)Tca, njioxo pa3BHBaiOTca h óbicTpo 
OTMHpaiOT. 

• ArpoóaKTepHH c njia3MH^aMH Ri HH/j.yu.HpyioT pa3- 
jiHHHbie onyxojiH. y o/jhhx pacTeHHH sto ranHHHbiH 
KopoHnaTbiH rajui, y /jpyrax pacTeHHH noaBJíaioTca 
«BOJiocaTbie kophh» (hairy root disease). KpoMe re- 
hob j\m MeTa6ojiH3Ma arponHHa njia 3 MHflbi Ri MoryT 
co/jepxcaTb cerMeHTbi HonajiHHOBbix h oKTonHHOBbix 
n;ia3MHA. 

lOiaccbi reHOB, coAepxcamHxca b mia3MHAax Ti, CBe- 
AeHbi b TaóJiHuy Ha pne. 16.14. Te H3 hhx, hto SKcnpec- 
CHpyioTca b arpoóaKTepHH (KpoMe onHHOBbix reHOB), 
OTBeTCTBeHHbi 3 a pen^HKau,Hio mia3MHAbi (Bmnonaa 


TeHbi Ti 3KcnpeccHpyiOTCfl b ôaKiepuflx h pacreHHjix 

JloKyc 

OyHKLJMfl 

Ti-n^a3MMAa 

vir 

ľlepeHoc flHK b padeHne 

Bce rma3MMflbi Ti 

shi 

1/lHAyKUMfl 06pa30BaHMfl 
noóeroB 

Bce n^a3MMAbi Ti 

roi 

1/lHAyKUMfl 06pa30BaHMfl 
KopHeíí 

Bce ruia3MMAbi Ti 

nos 

CnHTe3 HonajiMHa 

Hona^MH 

noc 

ycBoeHMe Hona^MHa 

HonajiMH 

ocs 

CMHTe3 OKTORUHa 

OKTOnMH 

occ 

YcBoeHMe OKTonMHa 

OKTOnMH 

tra 

ľlepeHoc y 6aKTepníí 

Bce n^a3MMAbi Ti 

Inc 

«ľeHbl HeCOBMeCTMMOCTM» 

Bce njia3MMAbi Ti 

oríV 

OpHfl>KMH pen/iMKai4MM 

Bce rma3MMAbi Ti 


PHC. 16.14 ľeHbi n^a3MMflbi Ti ynacTBytOT b >km3hm 6aKTepna/ibHoŕí 
M paCTMTe/lbHOM K/ieTOK 


KOHTpOJIb HHCJia KOnHH c conyTCTByiomHM 3(J)(f)eKTOM 
HecoBMecTHMOCTH). Taioxe sth reHbi OTBeTCTBeHHbi 3a 
nepeHOc njiasMH/jbi Mexc/jy óaKTepHAMH, pe3HCTeHT- 
HOCTb K (J)arOBbIM HH(J)eKLI I HaM, CHHTC3 HeKOTOpblX co- 
eAHHeHHH (b nacTHOCTH, TOKCHHHbix Apyrnx nOH- 
BeHHblX ÓaKTepHH). 

3KcnpeccHpyioioiij 1 Heca b mieTKe pacTeHHa (KpoMe 
onHHOBbix reHOB) reHbi mia3MHAbi Ti oTBeTCTBeHHbi 3a 
HHTerpau,HK) MaTepnana n;ia3MHAbi Ti b reHOM pacTe- 
hha, 3a TpaHc^opMaij.Hio kjictkh, 3a HHAyKijHio o6pa30- 
BaHHa TpaHC(J)opMHpoBaHHbix noóeroB h KopHen (ecjín 
ohh o6pa3yiOTca). 

HacKOJibKO cneu,H(J)HHHbi npo/jyKTbi onHHOBbix re- 
HOB, SaBHCHT OT njia3MHAbI. TeHbl, KOTOpbie HeOÓXOflH- 
Mbi /ym cHHTe3a pacraTejibHOH kactkoh KOHKpeTHoro 
onHHa, HenpeMeHHO cn,enjieHbi c reHaMH, HbH npoAyKra 
noMoraioT arpoóaKTepnH ycBaHBaTb hmchho stot onna 
TaKHM o6pa30M, jiioóoh niTaMM arpoóaKTepHH HMeeT 
cboh xapaKTepHbin Haóop Ti-MapKepoB n «pacnojiara- 
eT» onyxojibio, CHaóxcaiomeH ero no;ie3HbiMH onHHaMn. 
3TH OnHHbl MoryT 6bITb e/JHHCTBeHHblM HCTOHHHKOM 
yniepo/ja h/hjih a30Ta, Heo6xo/j,HMbiM nnraMMy-HHAyK- 
Topy /ym no/yjepxcaHHfl xcH3HeAeaTejibHOCTH. TpaHC- 
(J)opMHpoBaHHaa pacTHTeiibHaa KJieTKa cHHTe3HpyeT Te 
onHHbi, KOTOpbie MOXceT Hcnojib30BaTb óaKTepna; stot 
npHHu,Hn HeH3MeHHO coójnoAaeTca. 


riiia3MiiAa Ti coflep>KMT reHbi, 
HeOÓXOflMMbie Ailfl BTOpjKeHMfl 
T-flHK b reHOM paaeHMH 


KjnoneBbie noHRiun: 


• KonuB oóujupHoŕí 06 /iacTM n/ia3MMflbi Ti nepeHOcmcB b bapo 
pacTme/ibHoŕí K/ieTKM. 

• ľeHbi vir n/ia3MMflbi Ti Hy>KHbi a/ib ocymecTB/ieHMB nepeHoca. 
OflHaKO HaXOflBTCB BHe OÓJiaCTM, nepeHOCMMOM B paCTMTe/lbHyK) 
K/ieTKy. 

• BKcnpeccnB reHOB vir MHflyLiMÓe/ibHa; OHa HaHMHaeTCB hoa 
A eŕícTBueM (jDeHO/ibHbix coeAMHeHnŕí, KOTOpbie BbiAe/ineT 
padeHne c noBpewAeHHoŕí TKaHbto. 

• ľlpu CBB3blBaHMM C BeiAeCTBOM-MHAyKTOpOM MeMÓpaHHblŕí 
6e/iOK VirA (jDoc^opn/iupyeT caM ceÓB no rucTMAUHy. 

• VirA nepeHOcm cjDOCcpaT Ha VirG, TeM caMbiM aKTMBMpyB ero. 

• Cbb3K3 VirA-VirG npeAdaB/iBeT coóoŕí «(f)oc()3orMCTMAMHOBoe 
pe/ie», TMnMHHbiŕí A/ifl 6aKTepnŕí KOMnoHeHT CMrHa/ibHoro nyTM. 

B3aHMOAeHCTBHe arpoóaKTepHH c pacTHTejibHOH loieTKon 
H3o6paxceHO Ha p ne. lô. is. ArpoóaKTepHa, pacnojiaraacb 
BniiOTHyio k pacTHTejibHOH mieTKe, nepe/íaeT ee a/jpy flHK 
n;ia3MHAbi Ti. 

OÓJiacTb reHOMa Ti, nepeAaBaeMaa pacTHTejibHon 
KneTKe, Ha3bmaiOT T-o6;iacTbio. Kon m T-oóJiacra, t-ähk 
B crpanBaeTCfl b reHOM pacreHHH n 6eper nofl cboh koht- 
po/ib (JiyHKpHio cHHTe3a oriHHOB h TpaHC(J)opMapHio pac- 
THTe/IbHOH KJieTKH. 
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T-flHK BCTpaw ^eiCB b reHOM pacreHMfl 



PMC. 16.15 M3 arpoóaKTepMM, Hecymeŕí n/ia3MMfly Ti, b Bflpo pacTM- 
Te/ibHoií K/ieTKM nepeHocmca T-flHK. M3-3a Toro, hto T-flHK Bdpa- 
MBaeTCB b reHOM K/ieTKM-xo3BMHa n 3KcnpeccnpyeTCfl, pacTmejibHaa 
K/ieTKa npeTepneBaeT TpaHC(j3opMaunK) 


TpaHccJ)opMauHn pacraTejibHon kjictkh b onyxojiepoA- 
Hyio oóecneHHBaeTca TpeMa rpynnaMH jioKycoB: 

• /Via Hana^bHbix 3TanoB BHeApeHHa ôaicrepHH b pacra- 
TejibHyio KneTKy Heoóxo/jHMbi OaKTepHaabHbie óejiKH 
(OTBenaiOT 3a chhtc 3 noiiHcaxapHAOB KJieTOHHOH ctch- 
kh óaKTepHH). Ohh KOAupyiOTca b Jioicycax chvA, chvB w 
pscA Ha xpoMOcoMe arpoóaicrepHH. 

• /V ia BbicBOÓoac/jeHHfl h HHHu.Haij.HH nepeHOca T-/],HK 
TpeóyeTca oóJiacTb vir ruia3MHAbi Ti. OóiiacTb vir Haxo- 
Ahtcu 3a npe/jeJiaMH T-oóJiacra. 

• /Via toto hto6h pacTHTejibHaa mienca npeTepneaa 

TpaHccVopMaiiHio, HyacHa T-/],HK. 

C reHOMHOH opraHH3au,HeH /jByx caMbix pacnpocTpa- 
HCHHblX IUia3MHA Ti MOaCHO 03HaK0MHTbCa no PMC. 16.16. 
TeHOMbi HonanHHOBOH h OKTonHHOBOH mia3MH/í Ti, no 200 
tiih Kaac^biH, coBna/íaiOT npHMepHO Ha 30%. 06iu,He ynac- 
tkh coflepacaT reHbi, ynacTByiomHe b pa3JiHHHbix 3Tanax 
B3anMOAencTBH5i arpoóaKTepHH c pacreHneM-xo3aHHHOM. 
ripaB^a, pacnoaoaceHHe sthx tchob y HonaaHHOBon h ok- 
TOnHHOBOH nJia3MH/í AOBOJIbHO CHJIbHO OTJIHHaeTCa. 

B KaacAon naa3MH^e npHMepHO 23 Tím (h 3 KOTopbix 
coBna/íaiOT ~9 toh) 3aHHMaeT T-o6jiacTb. BHyrpH T-o6jiac- 
th HaxoAHTca reHbi CHHTe3a onHHOB (Nos wm Ocs); reHbi 


MeTa6oJiH3Ma cooTBcrcTByioiij.Hx onHHOB (Noc hjih Occ ) 
HaxoAHTca 3a npe/j,ejiaMH T-oÓJiacra. HonaanHOBaa h ok- 
TonHHOBaa n;ia3MHAbi HecyT HHcjiopMauHio o noxoaoix, ho 

He H^eHTHHHblX, MOpCpOreHeTHHeCKHX (pyHKÍJHaX; PJVi HHX 
xapaKTepHbi pa3Hbie ranbi onyxojieň. 

TaKHM oópa30M, OHKoreHHOCTb arpoóaKTepHH no ot- 
HomeHHio k pacreHHio-xo3aHHy 6a3HpyeTca He TOJibKO b 
T- o6jiacra njia3MH/íbi Ti. B no/mepacaHHH onyxoiiepoAHoro 
COCTOaHHa TpaHC(J)OpMHpOBaHHOH KJICTKH, AeHCTBHTeJIb- 
ho, 3aHaTbi TOJibKo reHbi T-o6jiacTH. /Jpyrae reHbi, pacno- 
jioaceHHbie 3a npeflejiaMH stoh oójiacra, Moryr HMeTb ot- 
HomeHHe k oópeTeHHio mieTKOň craTyca onyxojiepoAHon, 
oamko jjflR y^epacaHMa mieTKon 3Toro cTaTyca npoAyKTbi 
TaKHX reHOB He HyacHbi. Ohh HrpaiOT BcnoMoraTeJibHyio 
pojib b nepeHoee T-/VHK b a/jpo pacraTejibHon mieTKH, 

H, B03M02CH0, OnTHMH3HpyiOT yCJIOBHa pa3BHTHa HH(J)eK- 
LJHH (HanpHMep, ÓaJiaHC ropMOHOB B HH(j)HU,HpOBaHHOH 
TKaHH). HeKOTopbie MyTau,HH b reHOMe Ti cneu,H(J)HHHbi 
OTHOCHTeJIbHO BHfla paCTCHHa-X03aHHa, OHH npHBOAHT K 
oópa30BaHHio onyxojín TOJibKO b onpenejieHHbix BH,aax 
pacTeHHH. 

ľeHbi BHpyjieHTHOCTH vir , pacnoiioaceHHbie b Ti 3a npe- 
/jeaaMH T-o6jiacra, KOAnpyioT ôeaKH, 3a/^eHCTBOBaHHbie b 
npou,ecce nepeHOca T-/JJTK UlecTb JioKycoB (virA, -B , -Q -D, 
-G), pa36pocaHHbie Ha HHTepBaae 40 toh, hmciot 6a30- 
Bbie xapaKTepHCTHKH, npHBe/íeHHbie Ha pmc. 16.17. Kaac^bin 
jiOKyc TpaHCKpHÔHpyeTca xax oT/^ejibHaa e^ HHHiia; hckoto- 
pbie H3 JioKycoB vir co^ep^aT óoaee oahoh otkphtoh paM- 

KH CHHTblBaHHfl. 

BTopaceHHe T-/],HK b reHOM pacTeHHa, eciiH paccMaTpH- 
BaTb 3tot npou,ecc bo Bcen nojiHOTe, mo>kho pa 3 /jeaHTb xax 
MHHHMyM Ha ^Ba 3Tana: 

• ArpoóaKTepna KOHTaKTnpyeT c pacTHTejibHon KneTKon, 
HHAyiiHpya 3KcnpeccHio reHOB vir. 

• npo/iyKTbi reHOB vir 3acTaBaaioT T -J\UK nepeňTH b a/jpo 
pacTHTejibHon KJieTKH, r^e T-/],HK BCTpanBaeTca b o^Hy 
H3 xpOMOCOM. 

ľlo OTHOineHHK) K OAHOMy H3 3TanOB BTOp>KeHHa 
reHbi vir noApa3Ae;iaioT Ha /jBe rpynnbi. Tax, virA n virG 
cuyacaT peryjiaTopaMH; b otbct Ha H3MeHeHHe cpeAbi 



PMC. 16.16 HonaiiMHOBaa m oKTonMHOBafl n^a3MMflbi Ti coflepwaT 
pa3HOo6pa3Hbie reHbi, b tom HMc/ie reHbi T-o6aacTM co cxoahhmm 
(f)yHKL4MBMM 
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PMC. 16.17 06 /iacTb vír n/ia3MMflbi Ti coflepwMT mecTb AOKycoB, OTBeTCTBeHHbix 3a nepeHoc flHK b 
MH tpMUMpoBaHHoe pacTeHMe 


(TKäHH pacreHna), ójiaronpnaTCTByiomee BTopxceHnio, 
npOAyKTbl 3THX reHOB HH/],yU,HpyIOT SKCnpeCCHIO APyrHX 
reHOB vír. MyTaHTbi c HapymeHnaMn (J)yHKiinn virA n 
virG aBHpyjieHTHbi, nocKOJibKy He cnocoÓHbi 3Kcnpec- 
CHpoBaTb ocTajibHbie reHbi vír ( virB , virC, virD h virE ), 
KO/jnpyiomHe óejiKH, Henocpe/jcTBeHHO ynacTByiomne b 
nepeHOce AHK. MyTaHTbi no reHaM virB n virG aBnpy- 
jieHTHbi y Bcex pacreHHH, Tor/ja Kax 3(J)(J)eKTbi MyTai jhh, 
HHaKTHBHpyiOmHX VÍľC HJIH VirE , BapbHpyiOT y pa3HbIX 
BHflOB paCTeHHH-X03aeB. 

TeHbi virA n virG 3KcnpeccnpyioTca KOHCTHTyTHBHO 
(Ha AOBOJibHO hh3kom ypoBHe). Hx óejiKH pearnpyioT Ha 
CHmaji b bh /je MOJieKyji, npon3BO£Hbix (J)eHOJia, Bbipa- 
ĎaTbiBaeMbix pacTeHHeM b otbct Ha MexaHHnecKoe noB- 
pe>K/íeHHe. OopMyjia o/jhoto h3 Taxnx coeflHHeHHH H30ó- 
paxceHa Ha pmc. 16.18; y Taóaxa (. Nicotiana tabacum) hx 
BbipaôaTbiBaeTCfl /jb a — ayeTOCHpnHroH h a-rn/jpoKcna- 
iieTOCHpHHTOH. Ohh aKTHBHpyioT óejiOK VirA, tot nepe- 
AaeT CHmaji óejixy VirG, KOTopbin, b cboio onepeflb, hh- 
AyuHpyeT (c HyjieBoro ypoBHa) 3Kcnpeccnio reHOB virB, 
-C, -Z), -E. BHOJiorHnecKaa npnpo/ja HHflyKiinn KacKa/ja 
vir a aeT otbct Ha Bonpoc, noneMy KopoHnaran rajui, K2lk 
npaBnjio, nopaxcaeT TOJibKO noBpex^eHHbie pacreHna. 

Ecjikh VirA h VirG BMecre o6pa3yioT «6ejiKOByio 
MaiiiHHy» loiaccHnecKoro /ym óaKTepnn THna. B otbct 
Ha CTHMyjifliiHio óejiOK-ceHCop, VirA, (J)oc(J)opHjiHpyeT 
caM ceóa (aBTO(})OC(J)opHJiHpoBaHHe), nocjie nero nepe- 
hocht (fjoc^aTHyio rpynny Ha 6ejiOK-3(})(})eKTop, VirG. 
flByxKOMnoHeHTHaa CBH3Ka H3o6paxceHa Ha pmc. 16 . 19 . 


floBpe>KAeHHafl TKaHb pacreHM* 
npoAyUMpyeT aLieTOCMpMHroH 



PMC. 16.18 AueTOCMpMHroH ( 4 -aueTMA- 2 , 6 -flMMeTOKCM(t)eHOA) Bbi- 
paóaTbmaeTCB b noBpewfleHHOM TKaHM N. tabacum. 3 to BemecTBO 
MHAyuMpyeT nepeHoc T-flHK ot arpo6aKTepnií 


AHajiorHHHaa CBA3Ka, b hchojihchhh ócjikob EnvZ h 
OmpR, ynacTByeT b otbctc óaKTepnajibHon ioictkh Ha 
OCMOTHHeCKHH UIOK. Y reHOB VÍrA H etlvZ eCTb ľOMOJIO- 
rHHHbie ynacTKH; reHbi virG h ompR Booóme oneHb no- 
XOXCH, TaK HTO HX ÓeJIKH 5IBHO paÓOTaiOT no OflHOH H TOH 

xce cxeMe. 

BejiOK VirA o6pa3yeT roMOAHMep; oh Haxo/jHTca 
bo BHyTpeHHen MeMÓpaHe oóojiohkh óaKTepnn. Kor/ja 
b nepnnjia3Me óaKTepnn, MOK/jy HapyxcHon n BHyTpeH- 
Hen MeMópaHaMH ee oóojiohkh, noaBjmioTCfl MOJieKyjibi 
(J)eHOJIbHbIX COeAHHeHHH-HHAyKTOpOB, VirA (})OC(})OpH- 
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BeiiKH VirA m VirG o6i>eAHHeHbi 
b AByxKOMiioHeHTHyio CMcreMy 
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nepeHoc T-AH K cxow 
c KOHbioraiiMeM ôaKTepMM 


4) Ai^eTOCupuHroH 
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VirA (ceHcop) 


XMMMHeCKMÍÍ CTMMyjl 
3anycKaeT peaKumo 
aBTO(|)OC(|)OpMJlMpOBaHM51 


Ooc(|)aT nepeHocMTCB 
Ha 3(J)(t)eKTop 


VirG (3(()(t)eKTop) 


0OC(()OpMJlMpOBaHHbm 
óe/iOK aKTMBMpyeT 
TpaHCKpnni4MK) 


PiiC. 16.19 flByxKOMnoHeHTHafl cMcreMa VirA-VirG OTBeMaeT Ha CMr- 
Haji (noBB/ieHMe (JjeHOJibHbix coeAMHeHMÍí) aKTMBauMeň TpaHCKpwi- 
[\m reHOB-MmueHeŕí 


jinpyeT caM ce6a no rncTHAHHy. nocjie 3Toro cf)OC(})aT- 
Haa rpynna nepeHOCHTca c rHCTHAHHa (His) VirA Ha 
acnapTaT (Asp) VirG. Ooc(J)opHjiHpoBaHHbiH VirG cba- 
3biBaeTca c npoMOTopaMH virB, -C, - D , -E h aKTHBHpyeT 
TpaHCKpHniiHK). KpoMe Toro, aKTHBaiiHfl VirG npHBO- 
Aht k TpaHCKpHniiHH ero reHa, virG, c ajibTepHaraBHOH 

CTapTOBOH TOHKH (He C TOH, KOTOpafl HCn0JIb30BaJiaCb 
AJia KOHCTHTyraBHOH 3KcnpeccHH). B pe3yjibTaTe kojih- 
necTBO ôejiKa VirG yBejiHHHBaeTca, h nepe/jaBaeMbiH hm 
cnrHaji ycHJiHBaeTca. 

H3 ocrajibHbix jioKycoB vir jiynine Apyrnx H3yneH virD. 
Oh coAepxoiT neTbipe OTKpbiTbix paMKH CHHTbiBaHra. flBa 
npo/iyKTa virD paôoTaioT xax 3H/jOHyKJiea3a, KOTopaa 
pe3acr AHK; ee MHineHb — KOHKpembin canT T-o6jiac™ 
ruia3MHAbi Ti. Tax HHHiiHHpyeTca npouecc nepeHOca T-flHK 
b pacTHTejibHyio mieTKy. 


K/HoneBbie noHflTMfl: 


• T-flHK o6pa3yeTCB nyieM noApe3aHMfl Ayn/ieKca flHK y npaBOíí 
rpaHMAbi T-o6/iacTM. 

• Bo BCKpbiTOM Ayn/ieKce ecTb 3aTpaBOHHbiíí 3'-KOHeu, c Hero 
HaHMHaeTCB cnHTe3 hoboh i\enu flHK, conpoBO>KAaiomMíícfl 
BbiTecHeHMeM oahoíí M3 ueneŕí Ayn/ieKca; BbuecHeHHbiií 
c()parMeHT oahhohhom uerni flHK yxoAHT M3 6aKTepnn b baPO 
paCTMTe/lbHOÍÍ K/ieTKM. 

• KorAa CMHTe3 hoboíí i\env\ flHK aoxoamt ao JieBoíí rpaHMUbi 
T-o6/iacTM, nepeHoc TepMMHMpyeTca. 

• OAHOuenoHeHHaB T-flHK nepeHocmca b pacTmejibHyio K/ieTKy b 
KOMn/ieKce c 6e/woM VirE2. 

• ľloc/ie nepeHoca T-flHK nepexoAMT b AByxuenoHeHHyio (JjopMy n 
noA/ie>KMT MHTerpauMM b reHOM pacreHMfl. 

• HecMOTpyi Ha to hto MexaHM3M MHTerpauMH M3yneH He 
nojiHOCTbio, T-flHK aKTMBHO ncno/ib3yeTCB b ziaóopaTopHoíí 
npaKTMKe AJifl AOcraBKM hobux noc/ieAOBaie/ibHocTeŕí b reHOM 
paCTMTe/lbHOÍÍ KJieTKM. 


Eípoiiecc nepeHoca reHeTHHecKoro MaTepnajia Ti b pac- 
THTejibHyio ioieTKy o/jHOHanpaBjíeH h CTporo H3ÓHpaTe- 
jieH; ero eAHHCTBeHHbiM oô^eKTOM aBjíaeTca T-flHK. Ha 
pmc. 16.20 H3o6paxceHa T-o6jiacTb HonajiHHOBon mia3- 
MH^bi h npeBpameHHa, KOTopbie c Hen npoHexoAflT. B hh- 
TaKTHOH njia3MHAe Ti 3Ta oóJiacTb oKanMjieHa noBTopaMH 
no 25 nH (npaBbin noBTop OTjiHHaeTca ot jieBoro AByMa 
HyioieoraAaMH). y kohhh T-flHK, HHTerpHpoBaHHOH b re¬ 
HOM pacTeHHfl, OTcyTCTByeT non™ Becb npaBbiH noBTop 
(ot Hero ocTaeTca 1 hjih 2 nH). JleBaa rpaHHiia BCTaBKH 
3aAaHa He Tax neTKO: OHa moxcct npoň™ h no jieBOMy 
noBTopy, h rjiyóxce Hero — no o^HOMy h3 HecKOJibKHX 
bo3moxchhx caňTOB, pa3ópocaHHbix Ha ynacTKe -100 nH. 
HHor/ja b reHOMe pacTeHHa moxcho BCTperaTb mhoxccct- 
bo TaHAeMHbix KonHH T-flHK. 

Mo^e^b nepeHoca T-flHK b pacTHTejibHyio KJieTKy npeA- 
CTaBjíeHa Ha pmc. 16 . 21 . B pe3yjibTaTe HaApe3a npaBoronoB- 
Topa (to ecTb pa3pe3a oahoh h 3 ueneH J\ HK) oópa3yeTca 
CBOÓOAHbiH 3'-KOHeu — 3aTpaBKa nw CHHTe3a hoboh qenH 
HK Hob^ qenb AHK BbiTecraeT CTapyio, KOTopaa nepe- 
HOCHTCB B ímpo paCTHTCJIbHOH KJieTKH. ÔepeHOC TepMHHH- 
pyeTca noc^e Toro, xax chhtc3 hoboh iienn AHK AOCTHmeT 
HaApe3a b jicbom noBTope (CAejiaHHoro no toh xce uenn 
AHK, hto h nepBbin HaApe3). 3Ta MO^e^b xoporno o6mcim- 
cr ocoóyio 3HanHM0CTb npaBoro noBTopa b CBeTe ohcbha- 
hoh nojmpHOCTH Bcero npoiiecca. Ec^h jieBbin noBTop no 
KaKHM-To npHHHHaM ocTaeTCfl HeHaApe3aHHbiM, nepeHoc 
MOxceT noHTH Aajibine, c 3axBaTOM MaTepnajia jieBoro dpnm- 
ra T-o6jiacTH Ti. 

TaKHM oôpa30M, nepeHoc reHeroHecKoro MaTepnajia 
B ímpo paCTHTCJIbHOH KJieTKH OÓyC^OBJíeH npOH3BOACTBOM 
oahoh OAHOiienoHeHHOH MOJieicyjibi AHK b LjHTonjia3Me 
óaicrepHH, KOTopaa 3apaxcaeT pacTeHHe. Bo Bpem nepeHo¬ 
ca 3Ta MOJieicyjia AHK HaxoAHTca b KOMiuieKce c ócjikom; Bce 
BMecTe MHor^a Ha3biBaiOT T-komihickcom. BejiOK, noKpbma- 
ioiahh T-AHK bo Bpem nepeHoca, Ha3biBaeTca VirE2. 3tot 
óejiOK ocynj,ecTB^aeT KOonepaTHBHoe CBA3biBaHHe oahhoh- 
hoh uenH AHK; b hcm ecTb CHmaji HAepHon jiOKajiH3aiiHH. 
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i T-06/iadb n/ia3MMflbi Ti OKaňMJieHa noHTM MfleHTMHHbiMM noBTopaMM no 25 nH. ľlpaBbiíí 
noBTop HeoóxoflMM fl/ifl nepeHoca T-flHK m ee MHTerpaunu b reHOM pacreHMfl. BciaBKa T-flHK MMeeT 
())MKCMpoBaHHyio npaByio rpaHMuy no Hana/iy npaBoro noBTopa (ot Hero ocraeTCfl 1 mv\ 2 nH). Jle- 
bbb rpaHMua BCTaBKH He (J)HKCnpoBaHa n MO>KeT 6biTb 3ar/iy6/ieHa nomn Ha 100 nH 


Boiok VirE2 oóecnenHBaeT TpaHcnopT T-flHK b *mpo pac- 
THTejibHOH K/ieTKH. Bo Bpeivw nepeHoca c 5'-kohiiom T-flHK 
nocToaHHO CBA3aH ôoiok VirD2 (o/jHa H3 cyô'be/jHHHii 3h- 
AOHyK/iea3bi VirDl,2, BHOcameň HHHiiHHpyiomHH HaApe3 b 
npaBbiH noBTop T-o6jiac™ Ti). B nepeHOce yqacTByeT eme 
oflHHHa^uaTb ée^KOB — npoflyKTOB onepoHa virB. 

B njia 3 MH/je Ti (BHe T-o6jiac™, BnjiOTHyio k ee npa- 
boh rpaHHiie) HaxoAHTca KopoTKaa nocjieAOBaTejibHOCTb, 
KOTopyio Ha3biBaioT overdrive. OHa paôoTaeT KaK oneHb 
MomHbíň CTHMyjiaTop nepeHoca. TIo cyTH, overdrive — 
3to t(wc-fleHCTByiomHH 3HxaHcep; MTOóbi npoaBHTb ce6a, 
oh AOJixceH Haxo/jHTbCfl b oahoh MOJieKyjie JX HK c nocjie- 
AOBaTejibHOCTbio-MHmeHbK). TlocjieAOBaTejibHOCTb over¬ 
drive noBbimaeT 3(J)(J)eKTHBHOCTb nepeHoca, /jaxce eom 
OHa ji0KajiH30BaHa Ha paccroaHHH HecKOJibKHx TnH ot 
rpaHHiibi T-o6jiacTH. C overdrive accoijHHpoBaHbi ócjikh 
V irCl h (bo3moxcho) VirC2. 

narrepH HHTerpauHH T-flHK b reHOM pacreHHa y 
pa3HbIX nJia3MHA pa3HbIH. Y OKTOnHHOBblX njia3MHA OH 
aioxcHee, neM y HonajiHHOBbix. CaMH BCTaBKH y OKTonH- 
hobhx njia3MH^ BapHaóejibHee; jjnn Kaxc^OH oktohhhoboh 

n^a3MHAbI MOXCHO BblfleJIHTb HeCKOJIbKO pa3HOBHflHOCTeň 

BCTaBKH, oTjiHnaiomHxca uejibiMH 3JieMeHTaMH nocne/jo- 
BaTe^bHOCTeň. 3to tobopht o tom, hto y T-o6jiacTH ok- 
TonHHOBOH njia3MH^bi ecTb HecKOJibKo peryjMTopHbix 
3JieMeHTOB, KOTopbie MoryT cjiyxcHTb MHineHflMH jym BHe- 
ceHna HaApe30B h/hjih TepMHHaijHH CHHTe3a flHK. 

Ha MOJieKyjmpHOM ypoBHe nepeHOC T-flHK HanoMH- 
HaeT KomioraiiHK) óaKTepHH. Kax Mbi homhhm, npn kohtj- 
loraiiHH OAHHOHHaa ijenb flHK (HanpHMep, (J)aKTopa F) ne- 
peXOAHT H3 O/JHOH KJieTKH B /jpyryíO. HeyflHBHTeJIbHO, HTO 
reHbi onepoHa virB roMOJiorHHHbi reHaM tra cJ)aKTopa F h 
HeKOTopbix /jpyrax n;ia3MHA-onepaTopoB KOH'biorau.HH 
(cm. pa3A. 16.7 «npn KOHijioraiiHM npoHCxo/jHT nepeHOC 
OflHOuenoHeHHOH AHK»). Mexc/jy nepeHOCOM flHK npn 



PMC. 16.21 T-flHK o6pa3yeTCB b pe3y/ibTaie CMemeHMfl oahom M3 
ueneíí Ayn/ieKca 3a cneT cnHTe3a hobom i\enu flHK. CnHTe3 HaHMHa- 
eTCB Ha Mecre HaApe3a b npaBOM noBTope. PeaKUMB TepMMHMpyeTCfl 
HaApe30M no JieBOMy noBTopy 
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KOH'biorauHH h nepeHOCOM T-flHK moxcho ycMOTpeTb cjie- 
Ayiomyio pa3HHyy: T-flHK orpaHHneHa jicboh rpaHHyen 
T-oóJiacra Ti, a nepeHOC flHK npn KOH'biorayHH óaKTepnn, 
c tohkh 3peHHa HyiaieoTHAHOH noaieAOBaTejibHOCTH, hh- 
neM He orpaHHMHBaeTca. 

KaKHM HMeHHO cnocoóoM T-,fl,HK BHeApaeTca b reHOM 
pacTeHra, Mbi He 3HaeM. Acho, hto b KaKOH-TO momcht ne- 
pe/j HHTerpauHeň o/jHHOHHaa yenb T-flHK /jojDKHa óbiTb 
nepeBeAeHa b (})opMy AymieKca. B HH(})HyHpoBaHHbix pac- 
THTejibHbix KJieTKax moxcho oÓHapyxcHTb KOJibu,eBbie T-flHK; 
nojiaraioT, hto ohh aBJíaioTca npoflyicraMH peKOMÓHHayHH 
uoKffy jicbhm h npaBbiM 25 nH noBTopaMH. MoxceT óbiTb, 
sth KOJibueBbie T-flHK aBJíaioTca npoMOKyTOHHbiMH npo- 
AyKTaMH oneHb kohkpcthoh peaKi^HH, o KOTopon, TeM He 
MeHee, noKa HHnero He h3bcctho. CaMO coóbiTne HHTerpa- 
\\m T-flHK b reHOM pacTeHHa npeACTaBjíaeT coóoh Kaicyio- 
TO (})OpMy HerOMOJIOrHMHOH peKOMÓHHaiJHH, nOCKOJIbKy 
Me^ay T-flHK h carnaMM HHTerpayHH HeT HHKaKOH Bbipa- 
)KeHHOH rOMOJIOrHH. 

HacKOJibKO nojiHOueHHa BHeApHBinaaca T-flHK KaK 
reHeTHMecKaa e# HHHya? CKOJibKO KonHH T-flHK BHe/jpaeT- 
ca b oflHH reHOM? KaKne caňTbi reHOMHOH flHK pacTeHHa 
noAxoA^T jjj ia BHe/jpeHHa T-,fl,HK? ílo/yieacHT jih SKcnpec- 
cm T-reHOB peryjiayHH co CTopoHbi sjieMeHTOB reHOMa 
pacTeHHa, hjih xce sth reHbi noAHHHaiOTca TOJibKO cbohm 
COÓCTBeHHbIM CHCTeMaM KOHTpOJia? 3th BOnpOCbl npn- 
HUHnHajibHbi /yia noHHMaHHa cymHoera TpaHC(J)opMauHH 
pacTHTejibHOH kjictkh noA BjiHAHHeM reHeTHMecKoro BMe- 
maTe^bCTBa co CTopoHbi njia3MHAbi Ti. 

KaKHMH OTJIHHHTeJIbHbIMH OCOÓeHHOCTflMH OÓJiaAaeT 
caHT-MHineHb b reHOMe pacTeHHa? ľeHOMHbie nocjieAO- 
BaTejibHOCTH, (J)jiaHKHpyiomHe BCTaBKy T-flHK, co^epacaT 
MHoro nap A-T (hto xapaicrepHO /yia caHTOB-MHineHen 
HeKOTopbix TpaHcno30HOB). CTpyKTypy Kaayjoro OT/jejibHO 
B3HTOrO eaHTa MHineHH /JOBOJIbHO TpyAHO aHaJIH3HpOBaTb 
H3-3a Toro, mto npn BHeflpeHHH T-flHK b OKpecmocTax ee 
KOHU.OB npoHCxoA^T nepecTaHOBKH cerMeHTOB HymieoTHA- 
hoh noe^eAOBaTejibHOCTH. HeacHO TaKxce, B03HHKai0T jih 
npn BHeApeHHH T-flHK HOBbie noBTopbi no/joÓHO TOMy, KaK 
3TO npOHCXOflHT npH TpaHCn03HUHH MOÓHJIbHblX 3JICMCH- 

tob reHOMa. 

Kax Mbi 3HaeM, hh oahh h3 reHOB T-o6jiacTO He 3 afleňc- 
TBOBaH b nepeHoee T-flHK. nocjie Toro Kax nepeHOC 3aKOH- 
anjica h BHeApeHHe cocToajiocb, reHbi T-o6jiac™ (Tenepb 
y)Ke T-o6jiac™ reHOMa pacTeHHa) HannHaiOT SKcnpeccnpo- 
BaTbca. 06;iacTb co/jepacnT HecKOJibKO TpaHCKpnnyHOHHbix 
e/j HHHiy Kaayjaa H3 hhx HeceT reH co cbohm coócTBeHHbiM 
npoMOTopoM. OyHKUHH reHOB T-oójiac™ bjihhiot Ha co- 
CToaHHe pacTHTejibHOH KJieTKH; ohh HanpaBJíeHbi Ha nofl- 
AepxcaHHe onyxojiepoAHoro noTeHynajia kjictkh, Kompojib 
Mopc})oreHe3a AonojiHHTejibHbix noóeroB h KopHen, no^aB- 
aeHHe BblXOAä H3 KJieTOMHOrO UHIOia H TepMHHaJIbHOH AH(J)- 
4)epeHUHpOBKH. 

B 3aKJii0MeHHe eme pa3 3aocTpnM BHHMaHHe Ha op- 
raHH3au,HH naa3MHAbi Ti. 3a npe/jejiaMH T-o6jiac™ Haxo- 
/ynca reHbi, HeoóxoAHMbie jyvi HHHynauHH y pacTeHHa 
OHKoreHe3a. BojibniHHCTBO sthx reHOB sa/jencTBOBaHO b 
nepeHoee T-flHK. KpoMe «reHOB nepeHoea» b njia3MHAe 


Ti (TaKxce 3a npeAejiaMH T-o6jiacTH) ecTb reHbi, no 3 BOJia- 
lomne arpoóaKTepHH ycBanBaTb onHH, npoAyu,HpyeMbiH 
pacTHTejibHOH KJieTKOH nocjie TpaHC(J)opMauHH. HaKOHey, 
BHyTpn T-o6jiacTH HaxoAaTca reHbi Kompojia pocTa ony- 
xojih, a TaKxce reHbi CHHTe3a ohhhob /yra noAAepxcaHHa 
arpoóaKTepHH, nocTaBjíaiomeH T-,fl,HK. 

C tohkh 3peHHa npaKTHKH, enoeoÓHOCTb arpoĎaicre- 
pnn k reHeTHMecKOH TpaHC(J)opMauHH pacTHTejibHOH mieT- 
KH paBHOCHabHa B03M0XCH0CTH BHOCHTb B paCTCHHa HOBbie 
reHbi. KaK Mbi bhahm, b iuia3MHAe Ti 4>yHKijHH nepeHoea/ 
HHTerpayHH h OHKoreHe3a 3aAaHbi pa3AeabHO. 3Ta oco- 
óeHHOCTb no3BO^aeT KOHCTpynpoBaTb HOBbie Ti-naa3MHAbi, 
OHKoreHeTHHecKHe (J)yHKyHH KOTopbix 3aMeHeHbi ApyrnMH 
reHaMH (HanpnMep, nw Toro mtoóh npoBepnTb, KaKOH 3dp- 
4>eKT OKaxceT noaBjíeHHe y pacTeHHa nyxcepoAHbix reHOB). 
Moxcho cKa3aTb, hto b c(j)epe reHHOH HHXceHepHH pacTe- 
hhh 3aMenaTeabHaa ecTecTBeHHaa cncTeMa AOCTaBKH reHOB 
npHnuiacb KaK Heab3a KCTaTH. 


ffin Pe3ioMe 

Oôpa30BaHHe CTpyKTypbi noA Ha3BaHHeM «KaTameeca 
Koabyo» xapaKTepHO ajibTepHaTHBHoň (})opMbi pen- 
jíHKayHH KoabyeBbix MOJieicya flHK. PemíHKayHK) no Tnny 
«KaTameroca Koabya» HHHyHnpyeT BHeceHHe pa3pe3a b 
OAH y H3 yenen flHK AByxyenoMeMHoro opn/yKHHa pen- 
jíHKayHH. Bo3HHKaioiij,HH npn stom cboóoahmh 3'-KOHey 
Hcnojib3yeTca KaK 3aTpaBKa Rím CHHTe3a hoboh yenn RHK. 
3Ta HOBaa uenb flHK CMenj,aeT c MaTpnubi ee ncxo^Horo 
napTHepa; CMemeHHaa yenb flHK npeACTaBaaeT coóoh 
npo/jyKT penjíHKayHH. KaxcAbiH oóopoT «KaTameroca KOJib- 
ya» 3KBHBajieHTeH npoAyKyHH hoboh OAHoyenoHenHOH 
JIHHeHHOH KOnHH reHOMa. 

PemíHKayHa no Tnny «KaTameroca KOJibya» cbohctbch- 
Ha HeKOTopbiM (J)araM. Oahh h3 hhx, (J)ar <J)X174, HMeeT 
cneyHajibHbiH óeaoK A, KOTopbiH pa3pe3aeT o^Hy H3 yenen 
opHĺpKHHa. In vivo óeaoK A npoaBJíaeT HeoóbiHHyio nfic- 
AencTByioiijyK) aKTHBHOCTb, B3aHMOAencTBya TOJibKO c toh 
flHK, KOTopaa noc^yxcnaa MaTpnyen /yia ero CHHTe3a. BejiOK 
A ocTaeTca npHKpemieHHbiM k CMemeHHOH yenn flHK — j\ o 
Tex nop, noKa penjíHKayna He npoHAeT nojiHbin Kpyr (to 
ecTb noxa He óyzjeT cHHTe3npoBaHa noaHopa3MepHaa ko- 
nna (J)aroBoro reHOMa). 3aTeM óeaoK A CHOBa pa3pe3aeT Ty 
xce yenb no TaKOMy xce caňTy b opn/yKHHe. npn stom noji- 
Hopa3MepHaa OAHoyenoneMHaa Konna reHOMa npeBpanj,a- 
eTca b KOJibyeByio MOJiexyay h yxo^HT, a penanKauna Hann- 
HaeT HOBbiH Kpyr (hhhmh caoBaMH, cTapTyeT hobhh payHA 
penjíHKaynH). 

«KaTanj,Heca KOJibn,a» moxcho Taoce HaójnoAaTb npn ko- 
H'biorau.HH óaKTepHH. MHor^a ppe óaKTepnajibHbie kjictkh 
T ecHO B3aHMOAeHCTByioT, MTOÓbi OAHa H3 hhx, AOHop, Moraa 
nepe^aTb Apyron, peyHnneHTy, cboio njia3MH,ziy (HanpnMep, 
(J)aKTOp F). KOHTaKT MtTKffy AOHOpOM H peyHnHeHTOM HHH- 
yHHpyeTca npn noMoni,H cneunajibHbix bopchhok Ha no- 
BepxHOCTH mieTKH-AOHopa. BbiBaeT, mto reHOM 4>aKTopa F 


16.11 Pe3ioMe 421 



HaXOflHTOI B COCTaBe ÓaKTepHaJIbHOH XpOMOCOMbl. LLlTaMM 
óaicrepHH c TaKOH xpoMOcoMoň Ha3braaioT Hfr. Oh MoxceT 
ppj iHTbCfl co niTaMMOM-peuHnHeHTOM coôcmeeHHbiM reHe- 
THHecKHM MaTepnajiOM. Upu KOH'bioraijHH aohop Hcnojib- 
3yeT peiuíHKauHio flHK, HTOôbi BOcnojiHHTb yTpaTy oahhoh- 
hoh ijenH AHK, noKHAaiomeH ioieTKy. 3Ta OAHHOHHaa uenb 
nona^aeT b 4HTonjia3My peuHnMema h TaM, oroiTb xce npn 
noMomn peiuíHKauHH, nepeBOflHTca b AByxuenoHeHHyio 
(})opMy. PeiuíHKauna ne flBJweTCfl ABHXcymeH cmioň nepeHO- 
ca ÄHK npn KOH'biorauHH. 

BaKTepHH Agrobacterium tumefaciens , arpoóaKTe- 
Phh, HH^yuMpyioT o6pa30BaHHe onyxojiH b noBpoKAeH- 
HOH TKaHH paCTeHHH. ECJIH TKaHb paCTCHHfl MexaHHHeC- 
kh noBpoK/jeHa, ee kjictkh ceKpeTHpyioT (})eHOJibHbie 
coeflHHeHHfl, aKTHBHpyiomHe reHbi vir b ruia 3 MH/je Ti, ko- 
Topaa HaxoAHTca b arpoóaKTepHH. IlpoAyKTbi 3Kcnpec- 
chh reHOB vir 3acraBjMK)T op,uy H3 ueneň flHK T-o6;iac- 
th raa3MHflbi Ti, T-flHK, nepeň™ b a^po pacTHTejibHOH 
KJieTKH. ílepeHOC HHHUHHpyeTca Ha oahoh h 3 rpaHHU 
T-o6jiacTH h TepMHHHpyeTca no OAHOMy H3 caňTOB B03Jie 
Apyron rpaHHUbi. OAHOuenoneHHafl T-flHK nepeBOflHTca 
b AByxuenoHeHHyio (J)opMy h BHeflpaeTca b tchom pacre- 
h™. OKcnpeccHa reHOB, Haxo^amHxca b T-flHK, npHBO- 
AHT K OnyXOJiepOflHOH TpaHC(J)OpMaUHH paCTHTeJIbHOH 
KJieTKH, a Taioce 3acTaB;meT 3Ty KaeTKy npo/tyuHpoBaTb 
onpefleaeHHbie pa3HOBHAHOCTH ohhhob (opraHHHecKHX 
coeAHHčHHH, npoH3BOAHbix aprHHHHa). flpyrae reHbi 
naa3MHj;bi Ti (He nona^aiomne b pacraTejibHyio loieTKy) 
noMoraioT arrpoôaKTepHaM ycBaHBaTb hmchho sth onn- 
Hbi. Ha ocHOBe T-flHK 6buiH co3flaHbi BeKTopbi j\m bhč- 
ceHHa b reHOMbi pacreHHH hobhx HyioieoTHAHbix nocjie- 
AOBaTejibHOCTeH. 
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B3ai4MOCBfl3b Mexgiy pen/iMKauMeŕt 
M KJieTOMHbIM LJMKAOM y óaiíTepuu 

KPATKOE COflEPWAHME ITlABbl 


ÉEftl BBefleHne 

KUEfl PerUlMKai4Míl B30MMOCBA30H0 C KAeTOHHbIM 

LJMKAOM 

• BpeMA yflBoeHMfi HMcna 6 aKTepMM b Ky/ibType E. coli 
MO>KeT BapbMpOBaTb B 60 /iee HeM fleCBTMKpaTHOM 
AMana30He, b 33bmcmmoctm ot ycnoBMM pocia. 

• Hto6u pen/inuupoBaTb 6aKTepna/ibHyio xpoMOCOMy 
(npn HopMa/ibHoň TeMnepaiype), Tpeóyera 40 mmh. 

• 3aBepiueHMe payHfla penAMKaLjMM cpaóaTbiBaeT 

Ha 3anycK fle/ieHMíi 6aKTepManbHOM KAeTKM 20 mmh 
cnycTfl. 

• Ec/im BpeMfl yflBoeHMB cocraBAaeT MeHee 60 mmh, 
c/ieAyioiMMM payHfl pen/iMKauMM AOAweH HanaTbCA 
paHbiue, neM npoM30MfleT fle/ieHMe, 3anymeHHoe 
npeflbiflyiuMM payHflOM. 

• ľlo3TOMy óbidpbie TeMnbi pocia conpoBOWAaioTCfl y 

6aKTepMM ľlOflBJíeHMeM «XpOMOCOM C MHO>KeCTBOM 
BM/10K». 

• PayHA pen/iMKauMM MHMLjMMpyeTCfl no AOCTMweHMM 
onpeAe/ieHHoro 3HaneHMA OTHOweHMA K/ieTOHHOíí 
Maccbl K HMC/iy XpOMOCOMHblX OpMA>KMHOB. 

• Ha eAMHMHHyto KAeTKy aamhom 1,7 mkm npMxoAMTca 

OAHH OpMA>KMH. 

UEI Cema pa3AeAaeT 6aKTepMaAbHyio KAeTKy Ha 

ABe AonepHMe, Ka>KAafl M3 KOTopbix coAepwMT 

XpOMOCOMy 

• 06pa3OBaHMe cembi MHMAMMpyera no Meciy 
nepMcema/ibHoro KO/ibua, KOTopoe onoacbiBaeT 
K/ieTKy m npeAdaB/ifieT coóoíí 30Hy BMAOM3MeHeHHOM 
K/ieTOHHOM OÓOAOHKM. 

• ľloflBjíeHMe hobnx KO/ieu MHMAMMpyeTCíi Ha cepeAMHax 
paCCTOBHMM OT CenTbl AO K 0 HI 40 B ÓaKTepMM. 

• KorAa óaKTepMA agamtca, b k3>kaom AonepHeM K/ieTKe 
nepMcema^bHoe KOAbLjo HaxoAMTca nocepeAHHe. 

• 06pa3OBaHMe cembi HaHMHaera no AOCTM>KeHMM 
K/ieTKOM onpeAe/ieHHoíí AAMHbi. 

• Cema coctomt M3 Tex we nemnAor/iMKaHOB, hto m 
060 /ioHKa óaKTepMM. 

EB9 MyiauMM, HapymaKDLAMe Ae/ieHMe mam cerperaijMK), 

CKa3blB3K)TCA Ha (j)OpMe KAdOK 

• fts- MyTaHTbl (JjOpMMpyiOT AAMHHbie HMTM, nOCKOAbKy y 
hmx He o 6 pa 3 yK)Tca cembi, pa 3 AenfliomMe AonepHMe 
KAeTKM. 

• MyTaHTbl, y KOTopbix cenT camľjkom mhoto, npoAyunpyiOT 
MMHM-KAeTKM; OHM MeAKMe M He coAepwaT flHK. 
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• MyTaHTbl, y KOTopbix HapyiueHa cerperauna 
AynAMAMpoBaHHbix xpomocom, reHepnpyioT 
6e3-bíiAepHbie KAeTKM HopMaAbHoro pa3Mepa. 

flAA o6pa30BaHMA cenTbi hcoóxoamm 6eAOK FtsZ 

• ľlpoAyKT reHa ftsZ TpeóyeTca aaa o6pa30BaHMA cenTbi b 
3apaHee HaMeneHHOM MecTe. 

• BenoK FtsZ ABAfleTca rTOa30M, oh o 6 pa 3 yeT 
KOAbuo Ha BHyTpeHHeM cTopoHe oóoaohkm óamepMM 
M COCTOMT B KOHTaKTe C APyľMMM KOMnOHeHT3MM 
UMTocKeneTa. 

MecTonoAO>KeHMe cenTbi peryAMpyera reHa m m min 

• ľloAO>KeHMe, no KOTopoMy o6pa3yeTCA cenTa, 
KOHTpoAMpyioT reHbi minC, minD m minE. 

• Hmcao m pacnoAO>KeHMe cenT onpeAeAAeTCA 
cooTHoiueHMeM KOHueHTpauMM 6en kob 
MinE/MinCD. 

• CenTa o6pa3yera Ta m, rAe 6eAKy MinE yAaeTCA 

C(})OpMMpOBdTb KOAbLJO. 

• HopMaAbHbie 3H3HeHMA KOHAeHTpaUMM MinC/D B 
6aKTepM3AbHOM KAeTKe npMBOAAT K o6pa30BaHMio 
ueHTpaAbHoro KOAbua, ho npM stom noAaBAAeTCA 
o6pa30BaHMe MinE AonoAHMTeAbHbix KOAeuy noAiocoB 
KAeTKM. 

flAA cerperauMM xpomocom MO>KeT 6biTb HeoóxoAMMa 

caMT-cneuM(J)MHHaA peKOMÓMHauMA 

• CMCTeMa Xer ocymecTBAAeT caMT-cneAMc|)MHHyK) 
peKOMÓMHaUMK) nOCAeAOBaTeAbHOCTM-MMUieHM pflAOM 
c ynacTKOM TepMMHauMM penAMKauMM xpoMOCOMbi aaa 
TO ľO, HTOÓbl OÓOCOÓMTb ÓaKTepnaAbHbie XpOMOCOMbl, 
npeBpameHHbie b xoAe roMOAorMHHoií peKOMÓMHauMM b 
AMMep. 

fleAeHMe BOBAexaeT cenapauMio xpomocom 

• OpMA>KMHbl penAMKOHOB, B03M0>KH0, npMKpenACHbl KO 
BHyrpeHHeíí KneTOHHOM MeMÓpaHe. 

• npM AGAeHMM XpOMOCOMbl ÓblCTpO CABMľaiOTCA M3 

noAOKeHMA nocepeAHHe KAeTKM b noAOKeHMA y 4 m 3 / 4 . 

OAHOKonMííHbie nA33MMAbi oĎAaAatOT cneuMaAbHbiMM 

cMCTeMaMM cerperauMM 

• y OAHOKOnMMHblX nA33MMA Ha Kd>KAblM OpMA>KMH 
6aKTepM3AbHOM XpOMOCOMbl npMXOAMTCA OAHa KOnMA 
nA33MMAbi, a y MyAbTMKonMMHbix nA33MMA — 6onee 
neM OAHa KonMA. 

• rOMOAOrMHHaa peKOMÓMHaUMA Me>KAy KOAbAeBbIMM 
nAa3MMA3MM nopo>KAaeT AMMepbi m eme óoAbiiJMe 
MyAbTMMepbl. 






tmi 
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• Y n/ia3MMfl ecTb CMCTeMbi caMT-cnei4M(})MHH0M 
peKOMÓMHaUMM, HeOÓXOflMMbie AJlfl BOCCTaHOB/ieHMfl 
MOHOMepoB 3a cneT BHyTpMMO/ieKyjiapHOM 
peKOMÓMHaUMM. 

• y n^a3MMfl TaKwe ecTb CMCTeMbi cerperauMM, KOTopbie 
rapaHTupyioT pacnpeAe/ieHMe Ayn/iMLjMpoBaHHbix 
n/ia3MMfl no pa3HbiM flonepHMM K/ieTKaM. 

HecoBMecTMMOCTb ruia3MMA oóycjiOB/ieHa cxoactbom 

MX pen/lMKOHOB 

• rijia3MMAbi, npnHaA/ie>KamMe k oahom rpynne 
coBMecTMMOCTM, MMeioT opma/kmhu, pery/iMpyeMbie 

OAHOM M TOM >Ke CMCTeMOM KOHTpOJlfl. 

CudeMa COBMeCTMMOCTM ColEl KOHTpOAMpyeTCÍl 

PHK-pery/iBTopoM 

• fl/ia pen/iMKauMM n/ia3MMAbi ColEl HeoóxoAMMO, mo6bi 
CHana/ia nepe3 ee opma>kmh npow/ia TpaHCKpMnLjMfl; 
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npoAyKT TpaHCKpunAMM pacmen/iaeTca PHKa30M H c 
o6pa30BaHneM 3aipaBOHHoro KOHLja. 

• PeryjiflTopHaa PH KI npeACTaB/iaeT coôom KopoTKyto 
aHTMCMbic/iOByio PH K; OHa B3anMOAeíícTByeT c 
TpaHCKpunTOM m npenaTCTByeT pacmen/ieHMio, 
nopoKAaiomeMy 3aipaBOHHbm KOHeu. 

• Be/iox Rom ycM/iMBaeT B3anMOAeMCTBne Me>KAy PH KI m 
TpaHCKpunTOM. 

Kax nponcxoAMT pen/iMKauMB m cerperauna flHK b 

MMTOXOHAPMÍ1X ayKapMOT? 

• PenjiMKaLjMfl m pacnpeAe/ieHMe MTflHK no AonepHMM 
mmtoxohapmam hocat croxacTMHecKMM xapaKTep. 

• CaMM mmtoxohapmm pacnpeAe/iaiOTCfl no AonepHMM 
KJieTKaM TO>Ke npOM3BO/lbHblM 0Ópa30M. 

Pe3ioMe 


17.1 


BBeAeHMe 


ripOKapHOTbl H ayKapHOTbl OMeHb QUIbHO OTJIHMaiOTCa Apyr 
ot Apyra no cnocoóy Kompojm cooTBeTCTBna MOKAy coóbi- 
THeM peraHKaiiHH flHK n pa3BHTneM mieTOHHoro iiHic/ia. 
flj m Bcex oyKapnoT xapaKTepHo, hto: 

• XpOMOCOMbI ’HaXOA^TCH b *mpe, 

• Kaxc/jafl xpoMOCOMa coctoht h 3 MHornx penjinKOHOB, 

• penjíHKaura npeflCTaBjíaeT coóoh KoopflHHHpoBaHHoe 
BOcnpoH3BOACTBO flHK Bcex penjíHKOHOB b npono/DKe- 
Hne flHCKpeTHoro nepHO/ja mieTOHHoro unioia, 

• pemeHne o Hanajie pen/iHKau,HH BbiHOCHTca 3(})(J)eKTO- 
paMH ejioxcHoro cnmajibHoro ny™, peryjinpyiomero 

KJieTOMHblH U.HKJI. 

KpoMe Toro, 

• BO BpeMfl MHT03a AynJIHIlHpOBaHHbie XpOMOCOMbI pac- 
npeAejiaioTca (cerperapyioT) no AonepHHM KJieTKaM 
ÓJiaro/japa achctbhio cneunajibHoro annapaTa. 

Y óaKTepnn 3anycx penjinKaunn KOHTpojinpyeTca no- 
ApyroMy. Kor^a Macca óaKTepnn b cbocm yBejinneHnn ne- 
pexoAm noporoBbíň ypoBeHb, b eAHHCTBeHHOH o6;iacTn 
opnA>KnHa óaKTepnajibHoň xpoMOCOMbi nHniinnpyeTca 
3anycK peminKaunn; sto n^iocTpnpyeT P M c. i/.i. Cerpe- 
rauna AonepHnx xpomocom óaKTepnn HanpaBJíeHa Ha to, 
MTOÓbi OHn OKa3ajincb no pa3Hbie CTopoHbi neperopo/jKn- 
cenTbi, oópa3yK)iueňca Mexczjy äohcphhmh mieTKaMn npn 
AejieHnn. 

KaKnM oópa30M óaKTepna^bHaa mieTKa y3HaeT, mto 
nopa HanaTb payH/j penjinKaunn? CoóbiTne nHniinaunn 
nponcxoflnT Kaxc^bin pa3 npn o/jhhx n Tex xce 3HaneHn- 
ax OTHOineHna mieTOMHOň Maccbi k nncJiy xpomocomhhx 
opnA^cnHOB. lOieTKn, KOTopbie pacTyT óbicTpee, AOCTnra- 
iot 6o;iee KpynHbix pa3MepoB n co/jepxcaT óojibinee hhcjio 
opn/pKHHOB. Pôct E. coli moxcho n3MepnTb b eflHHHHHbix 
KjieTKax (unit celí), no# eAnHnMHoň mieTKOň noApa3yMe- 
BaeTCfl u,ejiocTHbiň KneTOMHbíň cerMeHT pjnmoií 1,7 mkm. 
BaKTepna coAepxoiT o^nH opn/pcnH penjinKaunn Ha tm~ 
HHHHyio mieTKy; óbicTpo pacTynj,aa mieTKa c ABym opn/pcn- 
HaMn HMeeT AJinHy ot 1,7 j\o 3,4 mkm. 


Pôct, pen/iMKaiiH* m cerperaunn B3aMMOCBH3aHbi 


EflMHMHHafl K^era MMeeT 
KOJibi4eByK) xpoMocoMy 


;o 

* 


B MOMeHT flOCTM>KeHMB KJieTKOM 
KpMTMHeCKMX pa 3 MepOB 


ľloc^e perviMKauMM 
AOMepHMe xpoMOCOMbi 
MMeiOT 3aL;en^eHMB 


flonepHMe xpoMOCOMbi 
paCXOflBTCB 


KneTKa pa3flejiBeTCB 
cenToií 




flonepHMe KJieTKM 
pacxoA^TCB 





\ 


•HL 

r^i 


P M C. 17.1 KorAa pa3Mep óaKTepna/ibHoíí K/ieTKM AOcmraeT kpmtm- 
necKoro noporoBoro 3HaHeHna b opnA>KMHe ee xpoMOCOMbi mhmam- 
npyeTCB pen/iMKauníi. flonepHne xpoMOCOMbi, nopo>KAeHHbie penjiM- 
Kauneň, MoryT OKa3aTbCB cuen/ieHHbiMM M3-3a ycneBiijeŕí npon3oŕÍTM 
peKOMÓMHaunM m/im MoryT MMeTb 3auen/ieHMíi (xax KOHKaTaMepbi). 
flonepHMe xpoMOCOMbi AO/i>KHbi 6biTb ocBo6o>KAeHbi Apyr ot APyra; 
noc/ie 3Toro ohm pacxoAflTCfl m bo BpeMB Ae/ieHMa HaxoABTC/i no pa3- 
Hbie cropoHbi neperopoAKM-cenTbi 


KaKHM oópa30M ioieTKa KompojiHpyeT cboio Maccy? 
Moxcho npeAnojioxcHTb, hto cymecTByeT rHnoTeTH^ec- 
KHH ÓeJIOK-HHHIlHaTOp, HenpepbIBHO CHHTe3HpyeMbIH 
Ha BceM npoTaxceHHn mieTOHHoro i^Hioia; HaKoraeHne 
3Toro óejiKa b kphthhcckom kojihmcctbc cpaóaTbmaeT 
Ha 3anycK HHHu,Hau,HH penjíHKaiiHH. B 3Ty ranoTesy xo- 
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porno BnHCbiBaeTCfl HeoóxoAHMOCTb CHHTe3a óejiKa jxrk 

COÓbITHH HHHU.HaU.HH. flpyroe B03M0XCH0e OÓ'bflCHeHHe 
OCBeAOMJieHHOCTH KJieTKH O CBOCH Macce COCTOHT B TOM, 
MTO B HeKOTOpblfi (J)HKCHpOBaHHbIH MOMCHT KJieTOHHOľO 
UHiuia (HanpHMep, npn AeJie hhh) b KjieTKe nponcxoAHT 
cHHTe3 óejiKa-HHľHÓHTopa, KOTopbíň, no Mepe pocTa 
(yBejinneHna oó^eMa) KJieTKH, pa3óaBJiaeTca a o kohuch- 
TpaUHH HHXCe 3(J)(J)eKTHBHOH. 

Pa3^ejieHHe AonepHnx xpomocom óaKTepnn nocjie 
penjinKaijHH — oT/jejibHaa 3aAana; HeKOTopbie cjiojkhocth 
B pa3fleneHHH AOHepHHX xpOMOCOM B03HHKai0T H3-3a HX 
KOJibueBOH npHpoAbi. O KOJibueBbix xpoMocoMax roBopaT, 
mto ohh Kamenupoeaubi , ecjín hx KOJibua npoxoAaT ppyr 
CKB03b Apyra, Ha MaHep ijenHbix 3BeHbeB, h xpoMocoMbi 
OKa3bIBaiOTC5í COeAHHeHHbIMH. HTOÓbl HX pa3'beflHHHTb, 
HyJKHbl T0n0H30Mepa3bI. ÄJIbTepHaTHBHblH THn CTpyKTypbl 
(j)opMHpyeTCfl 3 a cneT coóbiTna peKOMÓHHaunn: aicr pe- 
KOMÓHHauHH MOKay REyMx MOHOMepaMH npeo6pa3yeT hx b 
eAHHbíň /jHMep. 3tot npouecc ocymecTBjmeT cneunajiH3H- 
poBaHHaa cncTeMa peKOMÓHHaunn, BOCC03Aaiomaa He3aBH- 
CHMbie MOHOMepbi. ripoueccoM pa3AejieHra KOHKaTaMepoB, 
no cyTH, 3aBeAyiOT (JjepMemmie chctcmh, HauejieHHbie 
HenocpeflCTBeHHO Ha paóoTy c KOHKpembiMH nocjieAOBa- 
TejibHOCTaMH flHK. 
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PeiuiiiKaiiiifl B3aMM0CBA3aHa 

C KJlGTOHHbIM UMtUlOM 


KnioHeBbie noHama: 


• BpeMíi yflBoeHnyi HMCJia óaKTepnŕí b Ky/ibType E. coli MOweT 
BapbMpoBaTb b óo/iee neM flecyunKpaiHOM Anana30He, b 
3aBMCMMOCTM OT yCJlOBMM pOCTa. 

• Hio6bi penjimjMpoBaTb óaKTepna/ibHyio xpoMocoMy (npn 
HopMa/ibHoŕí TeMnepaiype), TpeóyeTca 40 mmh. 

• 3aBepiueHMe payHfla pen/iMKaunu cpaóaTbiBaeT Ha 3anycK 
flejieHHíi 6aKTepna/ibHOM K/ieTKM 20 mhh cnycm 

• Ecjim BpeMíi yflBoeHHfl cocTaB/iaeT MeHee 60 mhh, c/ieayiomHŕí 
payHfl penjiMKauMM flo/DKeH HaHaTbca paHbiue, neM npon30íÍAeT 
Ae/ieHne, 3anymeHHoe npeflbiflymMM payHflOM. 

• ľlosTOMy óbidpbie TeMľibi podá conpoBO>KAaiOTca y óaKTepnn 
nOflB/ieHHeM «XpOMOCOM C MHO>KeCTBOM BH/10K». 

• PayHA pen/inKaunn nHnunnpyeTca no AOCTnweHnn 
onpefle^eHHoro 3HaHeHna OTHOweHna K/ieTOHHoň Maccbi k 
HHC/iy XpOMOCOMHblX OpHfl>KHHOB. 

• Ha eflHHHHHyio K/ieTKy a/ihhoh 1,7 mkm npnxoAnTca oahh 

OpHfl>KHH. 


Y óaKTepnn MOKfly perninKaunen h KjieTOHHbiM uhkjiom 
ecTb RB2. 3JieMeHTa oópamon cbh3h: 

• nacTOTa HHHu.Hau.HH payH^OB pemíHKaunn noACipan- 
Bacrca noA CKopocTb pocra kjictkh, 

• 3aBepmeHHe payH^a peiuinKaunn cpaóaTbiBaeT (c 3a- 
AepxcKon) Ha 3anycK Rtnmm kjictkh. 

CKopocTb pocTa óaKTepnn b KyjibType xapaKTepn3yeT- 
Cfl BpCMCHCM YABOeHHÄ, TO eCTb npOflOJDKHTCJIbHOCTbK) 
nepnoAä, HeoóxoAHMoro KjieTKaM, HTOóbi yn,BOHTb cboio 
MHCJ ieHHOCTb. MeM Kopone BpeMa y^BOCHna, tcm ôbicTpee 
pacTyr KJieTKH. CKopocTb pocTa mieTOK E. coli xapaKTepn- 


3yeTca BpeMeHaMH yABoeHHa b flnana30He 0 t 18 mhh jx o 
180 mhh. BaKTepnajibHaa xpoMOCOMa npeflCTaBJíaeT coóoh 
OAHHOHHblH penJIHKOH; TaKHM 0Ôpa30M, HaCTOTa payHAOB 
ee penjíHKauHH onpeAejiaeTca nacTOTOH coóhthh HHHu,Ha- 
U.HH B e^HHCTBCHHOM OpH/pKHHe. PayH^ penjIHKaU,HH MO)K- 
ho onncaTb flByMa KOHCTaHTaMH: 

• C, cfjHKcnpoBaHHoe BpeMa, KOTopoe TpeóyeTca, hto- 
6bi penjiHUHpoBaTb xpoMocoMy u.cjihkom. CocTaBjíaeT 
okojio 40 mhh, hto cooTBeTCTByeT npo^BHXceHHio pen- 
JIHKaTHBHOH BHJIKH CO CKOpOCTblO ~50 000 nH B MHHy. 
(ľlpH nocTOAHHOH TeMnepaType flHK CHHTe3HpyeTca c 
óojiee hjih MeHee CTaônjibHOH cKopocTbio, ecjín TOJib- 
KO CHHTC3 He JIHMHTHpyeTCfl AC(})H4HT0M MOHOMepOB- 
npeAinecTBeHHHKOB.) 

• D, (J)HKCHpOBaHHOe BpeMa, KOTopoe AOJDKHO npOHTH 
ot 3aBepineHra penjiHKau,HH ^o KjieTOHHoro jxtJimm, 
cnpoBOunpoBaHHoro OKomaHHeM penjiHKau,HH, D co- 
CTaBjíaeT ~20 mhh. CKopee Bcero, stot nepnoA BpeMeHH 

HyXCeH JXJIR CÓOpKH KOMnOHeHTOB, HeOÔXOflHMblX AJIfl 
AejieHra. 

KoHCTambi C h D moxcho paccMaTpHBaTb KaK npeAejibi 
B03MOxcHOCTen KJieTKH no HacTH óbicTpoTbi 3aBepineHHB 
cooTBeTCTByioiij,HX npoueccoB; ohh coójnoAäioTca npn yc- 
jiobhh, hto o6a npouecca — chhtc3 flHK h no/^roTOBKa k 

fleJieHHIO — HAyT C MaKCHMaJIbHO B03MOXCHOH CKOpOCTblO. 

YKa3aHHbie 3HaneHH5i C h D npnMeHHMbi ko bccm BpeMe- 
HaM yflBoeHHH b Anana30He ot 18 ao 60 mhh, ho ecjín Kjie- 
TOHHbiH u.hkji (npoMexcyTOK Mexc^y acjichhhmh) 3aHHMaeT 
óojiee 60 mhh, to o6e (J)a3bi CTaHOBHTca óojiee npoAOJDKH- 

TeJIbHblMH. 

PayHA penjíHKauHH xpoMocoMbi aojdkch 6biTb hhhuhh- 
poBaH 3aAOJiro ao Toro, KaK KjieTKa pa3AejiHTca; MHHHMajib- 
HOe BpeMfl, KOTopoe AOJIXCHO npOHTH Me>KAy 3THMH AByMH 
coóbiTHíiMH, cocTaBjíaeT: C + D = 60 mhh. fljín óaKTepnn, 
KOTopbie AejuiTca name, neM pa3 b 60 mhh, payHA penjinKa- 
U.HH AOJIXCeH ÓbITb HHHU,HHpOBaH npeXCAe, HeM 3aKOHHHTCH 
npeAbiAyiAHH KJieTOHHbin uhkji. KjieTKa, ecjín moxcho TaK 
oópa3HO Bbipa3HTbca, poxcAaeToi yxce óepeMeHHon cjieAy- 
ioiahm nOKOJieHHeM. 

PaccMOTpnM TaKon npHMep: KJieTKH b KyjibType ac- 
jiaTca KaxcAbie 35 mhh. TorAa payHA penjiHKau,HH, npnypo- 

HeHHblH K KOHKpeTHOMy ACJieHHIO, AOJDKCH ÓbITb HHHU.HH- 

poBaH Ha 25 mhh paHbine, neM npon30HAeT npeAbiAymee 
AejieHne. 3Ty cnTyaunio HjunocTpnpyeT P M c. 17.2, rAe 
KOMnjieKTauna óaKTepnajibHOH xpoMocoMbi OTCJiexceHa 
Ha npoMexcyTKe OAHoro KjieTOHHoro uniuia (ot jxcjic hhh 
AO AejieHHfl) KaK cepna cocToaHHH, B3aTbix c HHTepBaJiOM 
B 5 MHH. 

B MOMem jxtnt hhh (35/0 mhh) KaxcAafl AonepHaa 
EOieTKa nojiynaeT nacTHHHO penjiHunpoBaHHyio xpoMO- 
coMy. PenjíHKaTHBHaa BHJiKa b TaKon xpoMOCOMe npo- 
AOJixcaeT CBoe ABnxceHne. Ha acchtoh mhhc, KorAa nepBaa 
penjíHKaTHBHaa BHjiKa ein,e He AOCTnrjia yqacTKa TepMH- 
HaiJHH, B OÓOHX OpHAXCHHaX HaCTHHHO penjiHu,HpoBaH- 
HOH XpOMOCOMbl npOHCXOAHT HHHU.HaU.Ha HOBOľO pa- 
yHAa penjíHKauHH. CTapT AByx hobhx penjíHKaTHBHbix 
bhjiok npeBpaiAaeT xpoMocoMy b xpoMocoMy c mho- 
HCeCTBOM BHJIOK. 


17.2 PenanKaAna B3anMOCBB3aHa c K/ieTOHHbiM amkbom 425 





B 6aKTepnajibHoň xpoMOCOMe 
MomeT 6biTb HecxojibKO peruiMKaTMBHbix bm/iok 


17.3 



PMC. 17,2 y ÓaKTepnŕí eCTb (})MKCMpOBdHHblM BpeMeHHOM MHTepBa/1 
Me>Kfly nHnAnauneň pen/inKaunn n K/ieľOHHbiM fle^eHneM; y Esche- 
richiacoli oh cocraB/ineT60 mhh. ľlosTOMy, xorfla KJieTKH óbicrpo pac- 
TyT b xy/ibType, nx xpoMocoMbi «o6paciaioT rpo3flbBMn» pen/inKaTMB- 
Hbix bm/iok. Ha cxeMe noKa3aHbi pen/inKaTMBHbie bmjikm aaa OAHoro 
M3 AByx HanpaB/ieHMÍí pen/inKaunn. Ha caMOM fle/ie, Kax Mbi 3HaeM, 
pen/inKaunn KO/ibueBon óaKTepna/ibHon xpoMocoMbi ocymecTB/weT- 
C53 AByMíl CMMMeTpMHHbIMM Ha6op3MM pen/WKaTMBHblX BMJIOK, flBM>Ky- 
HMxcfl b npoTMBono/io>KHbix HanpaB/ieHM/ix 

B 15 mhh — to ecTb 3a 20 mhh ao cjieAyiomero /jene- 
hha — nepBan (nojiyHeHHan kjictkoh eme npn AeJieHnn) 
peranKaTHBHaa BH/iKa AOCTnraeT ynacTKa TepMHHaunn. Ko- 
Heu, ee cymecTBOBaHnn 3HaMeHyeT OKOHHaHne payHfla pen- 
JIHKaU,HH H n03B0^aeT AOHepHHM xpOMOCOMaM OTACJIHTbCa 
Apyr ot flpyra (cenapnpoBaTb); npn stom Kankán H3 hhx 
yxce nacTHHHO peruinunpoBaHa hobhmh penjíHKaTHBHbiMH 
BHJIKaMH (B03HHKHIHMH yiKe B STOM KJieTOHHOM UHKJie). 3TH 
bhjikh npoAOJixcaiOT CBoe ABH)KeHHe no flHK. 

B MOMem ACJie Hra a Be nacTHHHO penjiHunpoBaHHbie 
xpoMocoMbi cerpernpyioT. npn stom Boeco3AaeTcn CHTy- 
auHH, c KOTopoň mh HaHHHajiH paccMOTpeHHe. Mepe3 15 
mhh eAHHCTBeHHaa penjíHKaTHBHaa Bnjixa TepMHHnpyeTcn 
(ycneB-3a sto BpeMn CTaTb He eAHHCTBeHHon), a eme cnyc- 
rn 20 mhh npoHexoflHT AejieHne. Mbi bhahm, hto coóbiTne 
HHHu.Hau.HH payHAa peminKaunn nponcxoAHT 3a l 25 /^ Kjie- 
TOHHOľO UHIOia flO COÓbITHfl ACJieHHa, C KOTOpbIM aCCOUHH- 
poBaHO 3aBepmeHHe SToro payHAa perninKaunn. 

06nj,HH npHHIlHn 3aBHCHMOCTH MOKAy HHHU.HaU.HeH 
penjíHKauHH h mieTOHHbiM ľi,hkjiom coctoht b tom, hto no 
Mepe ycKopeHna pocTa kjictok (h yKopaHHBaHnn kjictohho- 
ro unioia) coôbiTne HHHu.naij.HH HanHHaeT onepexcaTb j\e- 
jieHne, KOTopoMy oho npeAHa3HaHaeTcn, Ha Bce B03pacraio- 
nj.ee hhcji o mieTOHHbix uhkjiob. CoAepxcaHne xpomocomhoh 
JX HK b Kaxc/jOH OTAenbHO b3htoh óaKTepnn npn stom yBe- 
jiHHHBaeTca. Taxyio B3anMOCBfl3b moxcho paciieHHBaTb xax 

OTBeT KJieTKH Ha CBOK) HeCnOCOÓHOCTb COKpaTHTb nepHOAbl 
C h D, htoóh npHBecTH TeMnbi peminKaunn b eooTBeTCTBHe 
TpeóoBaHHaM óojiee KopoTKoro KjieroHHoro uniuia. 


Cema pa 3 fle/iflei 
6aKTepnajibHyio K/ieiKy 
Ha ABe AOHepHMe, KawAaa 
M3 KOTOpblX COAepHCMT 
XpOMOCOMy 


KmoneBbie noHHT m: 


• 06pa3OBaHne cervrbi HHHAnnpyeTCfl no Meciy nepncenTa/ibHoro 
KO/ibLja, KOTopoe onoHCbiBaei K/ieTKy n npeACTaB/iaeT coóon 
30Hy BMflOM3MeHeHHOM KJieTOHHOM OÓOJIOHKM. 

• ľloHB/ieHMe HOBbix KO/ieu MHmjMMpyeTCfl Ha cepeflMHax 
paccTOHHMíí ot cembi AO KOHI4OB ÓaKTepMM. 

• KorAa óaKTepnn Ae/inTcn, b Ka>KAoň AOMepHeň mieTKe 
nepncenTa/ibHoe KO/ibuo HaxoAnTcn nocepeAnHe. 

• 0ópa3OBaHne cenTbi HannHaeTcn no AOcrn>KeHnn K/ieTKoň 
onpeAe/ieHHoň A/inHbi. 

• CenTa coctomt n3 Tex >Ke nenTnAor/inKaHOB, hto n oóo/iOHKa 
óaKTepnn. 

CerperauHfl xpomocom y óaKTepnn nmepecHa TeM, hto 
MexaHH3M pacnpeAeneHna xpomocom no AonepHHM 
KJieTKaM y hhx ocHOBaH Ha ynacTHH caMon AHK. 3to 
KOHTpacTnpyeT c CHTyaunen b syKapnoTHHecKnx KneT- 
Kax, r^e cerperauna AOCTnraeTca cnjiaMH cnoxcHoro 
MHTOTHHecKoro annapaTa. BaKTepnajibHbie xpoMocoMbi 
pacnpeAenaioTca no AonepHHM KJieTKaM c óojibinon ax- 
KypaTHOCTbio: b nonyjimiHH (KyjibType) óaKTepnn moxcho 
BCTpeTHTb 6e3'baAepHbie kjictkh, ho ohh cocTaB/unoT Me- 
Hee 0,03% Bcex KneTOK. 

flejieHne Tena kjictkh y óaKTepnn BbinojiHaeTca 3a 
cneT oópa30BaHHfl neperopo^Kn, hjih cenTw. CenTa 06 - 
pa3yeTca nocepeAHHe KneTKH xax BnaHHBaHne (nHBarn- 
Hauna) oóononKn, KOTopon OKpyxceHa óaKTepnn. CenTa 
co3AaeT HenpoHHiiaeMbíň óapbep Mexc^y ab yMn nacTnMn 
KJieTKH; OHa cjiyxcHT TeM MecTOM, no KOTopoMy ABe Aonep- 
Hne KJieTKH co BpeMeHeM nojmocTbio OTAejinTcn Apyr ot 
Apyra. ľlo noBOAy pojín, KOTopyio cenTa nrpaeT b AeJieHnn, 
moxcho 3aAaTb ABa — Ha caMOM AeJie, poACTBeHHbix — Bon- 
poca: neM onpeAejineTcn MecTonojioxceHne cenTbi, n nm 
rapaHTnpoBaHO MecTOHaxoxcAeHne AonepHnx xpomocom 
no pa3Hbie CTopoHbi ot Hee? 

Oópa30BaHHio cenTbi npeAinecTByeT B03HHKH0BeHne 
nepncenTajibHoro KOJibu,a. Y E. coli hjih Salmonella ty- 
phimurium nepncenTajibHoe KOJibuo moxcho HaójnoAaTb 
KaK 30Hy, B KOTOpOH OÓOJIOHKa ÓaKTepHH BHAOH3MeHeHa 
TaKHM oópa30M, hto ee BHyTpeHHnn MeMÓpaHa TecHee koh- 
TaKTnpyeT c kjictohhoh ctchkoh h HapyncHon MeMÓpaHon. 
3Ta 30Ha ononcbiBaeT KjieTKy (oTnero n nojiynnjia Ha3BaHne 
«KOJibiia»). Bo3HHKHOBeHne n AaJibHenman cyAbóa Taxnx ko- 
jieu noKa3aHbi Ha P h c. i/j. 

Y xancAon hoboh KJieTKH nepncenTajibHoe KOJibiio pac- 
nojioxceHO no uempy. C počtom kjictkh nponcxoAAT cjieAy- 
tomne coóbiTnn: no KancAyio CTopoHy ot ncxoAHoro KOJibiia 
({/opMnpyeTcn HOBoe; o6pa30BaBinncb bójih3h ncxoAHoro 
KOJibiia, HOBbie KOJibiia CABnraioTcn b HanpaBJíeHnn kohi^ob 
óaKTepnn Ha no3Hiinn, eooTBeTCTByiomHe !4 n 3 A pjm Hbi 
KJieTKH; no i^empy KJieTKH, Kax HaMeneHO hcxoahhm KOJib- 
l;om, oópa3yeTcn cenTa. 
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Cema pa3AejiaeT K/ietny HaABoe 


* 


% 







ľlepBOHaHa^bHo y KJieTKM 

MMeeTCfl oaho 

kojí b 140 nocepeflMHe 

3aieM o6pa3yiora 
HOBbie KO^bL^a 


HoBbie KOJibLja 
CflBMraiOTCB 
K nOJlIOCaM K/ieTKM 


HoBbie KOJibLja 
npeKpamaiOT ABMweHMe 


LleHTpa^bHoe KOJibAO 
o6pa3yeT cemy 


KneTKa fle^MTCB 


CÓOKy BMflHO, HTO KOJlbUO 
onoBCbiBaei mieTKy 


Ha cpe3e bmaho, hto HapywHaa 

kojí b 140, npoHM3biBafl | MeMopaHa 

TOJllAy KJieTOHHOÍÍ CTeHKM, | K/ieTOHHafl CTeHKa 
coeflMHBeT HapywHyio BHyipeHHBB 

MeMÓpaHy c BHyipeHHeíí MeMÓpaHa 



PHC. 173 flyn/iMKauníi m CMeiueHne nepucenia/ibHbix KO/ieu 3aflaiOT 
nanepH o6pa30BaHMa cem, flenyuMnx K/ieTKM 


ľlocjie Toro KaK npoH30HACT AeJieHne, pacnojioxceHne 
hobhx KOJieu b AonepHHx mieTKax oKaxceTca ueHTpajibHbiM. 
CflBHr nepHcenTajibHoro KOJibiia Ha npaBHjibHyio no3HijHio 
KpHTHHeH Kax rapaHTHa acjich™ kjictkh Ha OAHHaKOBbie 
no pa3Mepy AonepHHe kjictkh. MexaHH3M ppimmm KOJieu 
HeH3BecTeH. 

06pa30BaHHe cenTbi (cemraura) HaHHHaeTCfl no ao- 
CTHXCeHHH KJieTKOH (})HKCHpOBaHHOH A™HbI, 2L; npH 3TOM 
paCCTOHHHe MOKAy HOBbIMH nepHCenTaJIbHbIMH KOJIbliaMH 
b HopMe Bcer^a paBHaeToi L. Mbi He 3HaeM, KaKHM o6pa30M 
mieTKa onpeAejmeT j\m Hy, ho OHa, no Bcen bhahmocth, h 3- 
MepaeT ee KaK TaKOByio (He rnioma/jb ceneHra h He oó'beM). 

Cema coctoht h 3 Tex xce KOMnoHeHTOB, hto h 060 - 
jionKa óaKTepHH: xccctkhh cjioh nenTH^orjiHKaHOB Ha- 
xoAHTca b nepnnjia3Me, MOKAy BHyTpeHHen h HapyxmoH 
MeMÓpaHaMH. ľlenTHAorjiHKaHbi o6pa3yiOTca b pe3yjibTaTe 
nojiHMepH3au,HH Tpn- hjih neHTanenraA-AHcaxapHAHbix 
cyô'beflHHHi;, 3 a cneT peaKi^HH TpaHcnenTH/^auHH h TpaHC- 
rjIHK03HJIHp0BaHH5í C HCn0JIb30BaHHeM OÔeHX ÔHOXHMH- 

necKHX cocTaBjíaiomHX TaKon cyó'beAHHHiibi, ojinronen- 

THAHOH H ynieBOflHOH. 

najiOMKOBH^Haa (JjopMa ôaKTepnn noAAepxcHBaeToi 
3H3HMaTHHeCKHMH aKTHBHOCTflMH ÓeJIKOB PBP2 H RodA. 
Ohh flBjunoTai npoAyicraMH oflHoro onepoHa, a Taioxe 
B3aHM0AencTByi0T Apyr c ApyroM. Ecjiok RodA npHHa/yie- 
)kht k ceMencTBy SEDS (Ha3BaHHe ceMencTBa nponcxoAHT 
ot cjiob shape, elongation, division h sporulation — (J)op- 
Ma, yAJiHHeHHe, AeJieHne h cnopyjmuHfl). Ccmchctbo SEDS 


npeACTaBJíeHO y Bcex óaicrepHH, HbH kjictkh hmoot nenTH- 
AorjiHKaHOByio CTemcy. KaxcAbin óejiOK H3 ceMencTBa SEDS 
(JjyHKqHOHHpyeT cobmcctho co cneu,H(j)HHHOH k HeMy 
TpaHcnenTHAä30H, KaTajiH3npyiomeH o6pa30BaHHe ciiihbok 
b MOJieicyjie nenTHAorjiHKaHa. neHHUHjijiHH-CBasbiBaioiAHH 
ôejiOK 2 (PBP2) KaK pa3 h flBJífleTCfl TaKon TpaHcnenTH- 
Aa3on, B3aHMOAcncTByiomeH c 6e;iKOM RodA. Myraunn b 
reHax 3 thx ab yx ócjikob (jnoóoro H3 hhx b OTAejibHOCTH) 
npHBOA^T k noTepe óaKrepraMH CBoen BbiTHHyTOH (JjopMbi; 
ohh CTaHOBaTca KpyrjibiMH. 3Aecb AaeT ce6a 3HaTb BaxcHbíň 
npHHiiHn, corjiacHO KOTopoMy (J)opMa h xcecTKOCTb MOiyr 
6biTb ACTepMHHHpoBaHbi 3a cneT npocToro Hapanj,HBaHHa 
noJiHMepHOH CTpyKTypbi. 

3a HapaôoTKy nenTHAor^HKaHa cenTbi OTBenaer Apyron 
(JjepMeHT (cm. pa3A. 17.5 o6pa30BaHHa cenTbi Heoóxo- 
Ahm óejiOK FtsZ»). Cema hcxoaho (JjopMnpyeTca KaK ABa cjioh 
nenTHAorjiHKaHOB; HaA paciAeiuieHHeM KOBajiemmix ciiih- 
bok McyKffy sthmh cjiohmh paóoTaeT óejiOK EnvA; b pe3y;ibTa- 
Te AonepHHe kjictkh MOiyr pa30HTHCb (cenapnpoBaTb). 

Bo3HHKHOBeHHe h CABHr nepHcenTajibHbix KOJieu no 
xoAy KJieTOHHoro u,HKJia roBopaT o tom, hto y óaKTepnn Me- 
xaHH3M 3aMepa OTpe3KOB a^hhh b npocrpaHCTBe accounn- 
pOBaH C OÔOJIOHKOH. JIorHHHO npeAnOJIOJKHTb, HTO OÓOJIOHKa 
MOxceT Taioxe ncnojib30BaTbca ôaKTepnajibHOH KJieTKOH KaK 
HaBnraTop jyin cerperau,HH xpomocom. T apaHTHpoBaHHan 
cerperau,H5i moxcct oôecneHHBaTbca 3a cneT HenocpeACTBeH- 
HOH CB5I3H flHK C KJieTOHHOH MCMÓpaHOH. ECJIH AOHepHHe 
xpoMOCOMbi npHKpenjieHbi k MeMÓpaHe b cootbctctbhh c 
pa3MeTKOH Ha óyAynine AonepHne kjictkh, to o6pa3yiomeHai 
cenTe HHHero Apyroro He ocTacrca, KaK pa3AejiHTb hx (})h- 
3HHecKH. Ha pi;’. noKa3aHO, KaK o6pa30BaHHe cenTbi 
3aKpenjiaeT pacnpeAejieHHe no pa3HbiM AonepHHM KJieTKaM 
XpOMOCOM, HbH OpHA^CHHbl npHB5I3aHbI K CaHTaM KJieTOHHOH 
MeMÓpaHbi no pa3Hbie cropoHbi nepncenTajibHoro KOJibua. 


BaKTepnanbHafi AH K npHKpenjieHa k MeMÓpaHe 


OpHfl>KMHbl 

pen^ML^MpyiOlUMXCB XPOMOCOM 
npMKpermeHbi k MeMÓpaHe 



AonepHne xpomocomu 
npMKpermeHbi k oóo^OHKe 



Cema paciei 

Me>KAy XpOMOCOMaMM 



Cema fle/iMT KJieTKy 




XpoMOCOMbi pacnpeAe^eHbi 
no AonepHMM KneTKaM 


1 / á MexaHH3M cerperauMM MOweT cipombcíi Ha (J)aKTe np m- 
xpenneHMíi 6aKTepnaAbHoŕí flHK k MeMÓpaHe 
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17.4 


MyraiiMM, HapyiuaiouiMe 
fle/ieHMe m im cerperaumo, 
CKa3blBaiOTC5t Ha (|)OpMe KiieTOK 


K/noneBbie noHBTMB: 


• /ts-MyTaHTbl 4)OpMMpyK)T A/lUHHbie HMTM, nOCKO/lbKy y HMX He 
o6pa3yK)TC5i cenTbi, pa3Ae/iflK)LAMe AonepHne K/ieTKM. 

• MyTaHTbi,y KOTopbix cem c/imwkom mhoto, npoAyMupytOT mmhm- 
K/ieTKu; ohm Me/iKMe m He coAepwaTflHK. 

• MyiaHTbi,y KOTopbix HapyiueHa cerperaAMa Ayn/iMAMpoBaHHbix 
xpomocom, reHepMpyiOT 6e3-b5iAepHbie K/ieTKM HopMa/ibHoro 
pa3Mepa. 


TpyAHOCTb nojiyMeHHH MyTäHTOB, y KOTopbix HapynieH npo- 
uecc noic hhh, npoHCTeKaeT ot BecbMa BepoaTHOH jieTa/ib- 
hocth h/h jih njieHOTponHOCTH MyTauHH, 3aTparHBaK}nj,Hx 
CTOJib aKTyajibHyio (j/yHKíjHio, KaK AejieHHe. HanpHMep, ecnH 
B03HHKH0BeHHe nepHcenTajibHoro KOJibija npoHcxoAHT 
b MecTe, KOTopoe BMecTe c tcm oneHb cymecTBeHHO jyw 
pocTa oôojiohkh ôaKTepnH, to otjihhhtb MyTaunn, cneun- 
cj)HHecKH npenaTCTByíoiAHe o6pa30BaHHio KOJibija, ot Myra- 
Uhh, 3aMe,íyi^ioii],Hx oômne TeMnbi pocTa oôojiohkh, 6yn,eT 
HejierKO. Hochtcjih 60/ibiiiHHCTBa MyraijHH, HapymaiomHx 
paóoTy annapaTa Ae/ieHHa, 6buiH HAeHracjiHijHpoBaHbi KaK 
ycAOBHbie MyTaHra (conditional mutants), y KOTopbix npo- 
uecc AC/ieHHa OKa3biBaeTca HapynieH b pe3y/ibTaTe HacTyn- 
neHHa «Hepa3pemaiomHX», h/ih HenepMHCCHBHbix, ycnoBHH 
(nonpermissive conditions); nanje Bcero Taxne MyTaHra 
HyBCTBHTenbHbi k H3MeHeHHK) TeMnepaTypbi. 

MyTaunn, Hapymaiomne npoyecc Rcncmm hjih cerpe- 
rauHio xpoMOCOM, npHBOAAT k coKpyníHTenbHbiM H3MeHe- 
HHAM b (jieHorane. Ha Pmc. 17.5 h 17.6 noKa3aHbi noaieAC- 
tbha, cooTBeTCTBeHHO, Heyn,aBineroai npoyecca Roimm h 
Hey^anHOH cerperaijHH: 

• Jp iHHHbie hhth, hjih cjiH/iaMeHra, 4)opMHpyiOTCfl, KOľ^a 
o6pa30BaHne cenra HapymeHO, a pen/íHKauna xpoMO- 
com hjxct HopMajibHbiM o6pa30M. BaKTepnH npoAon- 
acaiOT pacTH h j\zä ce npoAOJDKaiOT cerpernpoBaTb cboh 
AonepHHe xpoMoeoMbi, o^HaKo cenT He o6pa3yeTca. 
PÍ3-3a 3TOľO KJieTKH CTaHOBflTCfl OHCHb AAHHHblMH, HH- 
TeBHAHblMH; no fl/IHHe KaiKAOH TaKOH KAeTKH-Cj)HJiaMeH- 
Ta c peryjmpHbiMH HHTepBajiaMH pacnpeAe/ieHbi HyKjie- 
ohah — 6aKTepHajibHbie xpoMoeoMbi. TaKOH cjieHoran 
óbiBaeT y MyTamoB fts~, CTpaAaiomnx AecjieKTOM h/ih 
MHOncecTBOM AecjieKTOB, b caMOM npouecce jxoicmm (ot 
amji. filamentation temperature sensitive — cj/H/iaMeH- 
TaiiHa, nyBCTBHTe/ibHaa k TeMnepaType). 

• BaKTepna/ibHbie MHHH-KJieTKH (minicells) noaB/iaiOTca, 
ec/iH o6pa30BaHne cenT nponcxoAHT cjihiukom nacro hjih 
b HenonoiKeHHOM MecTe; b pe3y/ibTaTe o^Ha H3 AonepHHx 
K/ieTOK He HMeeT xpoMoeoMbi. Tanaa MHHH-K/ieTKa ot/ih- 
qaeTCfl He6o/ibniHMH pa3MepaMH, h b Hen HeT flHK; bo 
BCeM OCTa/IbHOM OHa Bbir/niAHT HOpMa/IbHOH. 

• Ee 3 i>ÄA;epHbie k/ictkh (anucleate cells) o6pa3yiOTca 
H3-3a aôeppaHTHOH cerperaijHH; ohh, noAOÓHO mhhh- 
K/ieTKaM, He hmoot xpoMoeoMbi, ho, nocKOJibKy cenra 
b AäHHOM c/iynae o6pa3yiOTca KaK b HopMe, pa3Mep Ta- 
khx K/ieTOK CTaHAapTHbin. noponcAeHHe 6e3'baAepHbix 



P M C. 17.5 Beepxy: K/ieTKM A^Koro TMna. BHU3y: K/ieTKM-MyiaHTbi b 
H enepMMccMBHbix TeMnepaiypHbix yc/iOBM/ix He cnocoÓHbi Ae/iMTbca. 
3 t 0 npMBOAMT K 06pa30BaHMK) MH0r051AepHblX 4)M^aMeHT0B. 0OTO- 
rpac()MB juo6e3HO npeAOCTaB/ieHa Sota Hiraga, Kyoto University 


WyiaHTbi par 

ni>j 10 MQ 43 IOT 6 c* 3 ‘bflAepHblv K/leTKM 



P M C. I" 7 6 ripM HapyiueHMBx cerperaLjMM xpomocom b Ky/ibType 
£. coli HanMHaiOT noBB/iBTbca 6e3-bBAepHbie K/ieTKM. Ha c()OTorpact)MM 
K/ieTKM, rAe ecTb xpoNiocoMa, OKpaiueHbi b ro/iy6oíí abct; AonepHMe 
K/ieTKM, He MMeioiAMe xpoMoeoMbi, BbirriflAflT 6eci4BeTHbiMM. OoTorpa- 
c()mb /uo6e3HO npeAOCTaB/ieHa Sota Hiraga, Kyoto University 


KneTOK xapaKTepHO /ym MyTamoB par (ot partition, 
pa3Ae/ieHHe), no/iynHBmnx CBoe Ha3BaHne 3a AecJieKTbi 
cerperauHH xpomocom. 


17.5 


A/ifl o6pa30BaHMH cenTbi 
HeoóxoflMM 6e/iOK FtsZ 


KmoneBbie noH/iTMa: 


• ľlpoAyKT reHa ftsZ Tpe6yeTca aji^ o6pa30BaHMa cenTbi b 
3apaHee HaMeneHHOM MecTe. 

• Be/iOK FtsZ BB/iaeTCB ľT0a3OM, oh o6pa3yeT KO/ibLio Ha 
BHyTpeHHeíí cTopoHe o6o/iohkm 6aKTepMM m coctomt b KOHTaKTe 
c ApyrMMM KOMnoHeHTaMM AMTOCKe/ieTa. 
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TeH ftsZ HrpaeT b AeaeHHH oflHy h3 rnaBHbix pojieň. MyTa- 
i\m no ftsZ ÓJiOKnpyiOT o6pa30BaHne cenT, hto npHBOAHT 
k npeBpameHHio ôaKTepnn b cj)maMeHTbi. H36biTOHHaa 
SKcnpeccna ftsZ npHBOflHT k noaBiieHHio mhhh-kjictok, 
nocKOJibKy npn stom Ha eAHHHHHyio KAeTKy npnxoAHTca 
CJIHIUKOM MHOľO COÔbITHH CenTaiJHH. MyTaUHH B ftsZ AaiOT 
ce6a 3HaTb Ha pa3Hbix craAnax, HanHHaa ot CMeiijeHHa 
nepHcenTa^bHbix Ko/ieij h 3aKamHBaa Mopcj)oreHe30M 
cenra. Bce Haó/nofleHHa roBopaT o tom, hto 6e;ioK FtsZ 
HyaceH, HToóbi MecTo, 3apaHee HaMeneHHoe nepHcenTajib- 
hhm Ko/ibijOM (periseptal annulus), 6bmo Hcno;ib30BaHO 
fljia o6pa30BaHna cenra. npn stom caM FtsZ He BJiHaeT 
Ha o6pa30BaHne nepncenTaJibHbix kojioj, hh Ha hx jio- 
Kaan3auHio. 

BeaoK FtsZ cj)yHKu,HOHHpyeT Ha paHHeň craAHH 06- 
pa30BaHna cenra. nepeA HanaaoM AeaeHHa 6e/iOK FtsZ 
paBHOMepHO pacnpeAeaeH b ijHTon/ia3Me. no Mepe Toro, 
KaK mieTKa y/yiHHaeTca n HannHaeT nepeTarHBaTbca noce- 
peAHHe, oôaacTb jioKaJiH3au,HH FtsZ npHHHMaeT bha KOJib- 
ua, onoacbiBaiomero KAeTKy. CooTBeTCTByioiityK) cTpyKTy- 
py HHOľAa Ha3bIBaiOT Z-KOJIbIJOM. Ha P M C. 17.7 MOaCHO 
pa3raa,zteTb, hto Z-Ko;ibiio 3aHHMaeT to ace noaoaceHne, 
hto h ueHTpaabHoe nepHcenTaJibHoe Ko/ibijo c pne. 17.3* 
06pa3OBaHne Z-KOJibija — 3Tan, /iHMHTnpyiomHH TeMnbi 
oópa30BaHHa cenra. B kjictohhom iinioie Z-Ko;ibiio bo 3- 
HHKaeT no ijeHTpy kjictkh BCKope nocne naicum (b ca- 
mom TnnnqHOM aiynae nepe3 1-3 mhh), Kanoe-To BpeMa 
(15 mhh) /tepacHTca, a 3aTeM ôbicrpo CTarnBaeTca, nepeacn- 
Maa KaeTKy Ha^Boe. 

no CBoeň cTpyKType 6e/iOK FtsZ HanoMHHaeT TyôyjiHH; 
3TO TOBOpHT O TOM, HTO 06pa30BaHHe Z-KOJIblja MOaceT 
HanoMHHaTb côopxy MHKpoTpyôoneK b mieTKax syKapnoT. 
FtsZ oóJiaAaeT ITOa3HOH aKTHBHOCTbio; SHepraa ot pac- 
men/ieHHa ľTO pacxoAyeTca Ha noAAepaocy o;iHroMepH3a- 
\\mi MOHOMepoB FtsZ /yia BtononeHHa b cocTaB KOJibija. Ab- 
aaacb ÄHHaMHnecKOH crpyKTypoH, Z-kojimio HenpepbiBHO 
oÓMeHHBaeTca cyô'beAHHHijaMH c u,HTonjia3MaTHnecKHM 
nyaoM FtsZ. 

C FtsZ HanpaMyio B3anMOAeHCTByiOT ab a óeaxa, ZipA h 
F tSA; OHH pp\ 2 K)T 3TO HC3aBHCHMO. Be^OK ZipA BCTpoeH BO 
BHyrpeHHioio MeMÓpaHy oôojiohkh óaKTepnn. Oh oiyacHT 
cpe/jCTBOM npHKpernieHna FtsZ k MeMÓpaHe. flpyroň ôeaoK, 
FtsA, qHTomia3MaTHqecKHH, ho nacro accounnpyeT c mcm- 
ôpaHon. Z-Ko/ibu,o MoaceT ccj)opMHpoBaTbca b OTcyTCTBne 
OAHOľO H3 3THX AByX ÔeJIKOB, HO He MOaceT C(J)OpMHpOBaTb- 
ca ecan OTcyrcTByKDT o6a. no-BHAHMOMy, b cra6miH3aijHH 
Z-KOJibqa n, B03MoacHO, b npHKpemieHHH ero k MeMÓpaHe 
ôejiKH ZipA n FtsA oTnacra /jyóanpytOT Apyr Apyra. 

npoAyKTbi HecKoabKHx Apyrnx reHOB fts b ycraHOBJíeH- 
hom nopa^Ke npHcoeAHHaiOTca k Z-Koabuy nocae bkaio- 
aeHHa b Hero FtsA. Bce ohh — TpaHCMeMÓpaHHbie 6e;i- 
kh. Bcio CTpyxrypy Z-KOJibija, b ee OKOHnaTejibHOM BH^e, 
MHor^a Ha3biBaiOT ceirrajibHbiM KO^bu,OM CnnTaeTca, 
hto oho oÓJiaAaeT cnocoÓHOCTbio CTarHBaTb MeMÓpaHy. 
Oahhm h 3 nocjieAHHX b Koabuo BiononaeTca 6e;iOK FtsW, 
KOTopbiH npHHa/yieacHT k ceMencTBy SEDS. Ero reH, ftsW, 
SKcnpeccHpyeTca KaK eAHHbiH onepoH cftsf KOflHpyiomHH 
TpaHcnenraAa3y; Apyroe ee Ha3BaHne — PBP3 (penicil- 


BtMOM FtsZ E.coli o6pa3yeT Z-NO/imo 

fi ^ 


PUČ. 17.7 l/lMMyHOc()/iK)opeci4eH4Ma c aHTmeaaMM k FtsZ noKa3biBa- 
eT ero jiOKa/iH3ai4MK) no cpeAHeií okpy>khoctm K/ieTKM. OoTorpacfíMa 
/Mo6e3HO npeAOCTaB/ieHa WiLLiam Margolin, University of Texas 
MedicaL SchooL at Houston 


6e*OM FtsZ oÓpasyer kojimío b Ä^opon/iacre 

HMMyHOC()/lK)OpeCUeHUM51 

Í 





PMC. 17.8 HMMyHoc()/iK)opecLieHAMa c aHTmeaaMM k FtsZl m FtsZ2 
Arabidopsis noKa3biBaeiaoKaaM3ai4HK) 3 tmx Aeyx 6e/iKOB no cpeAHeií 
OKpymHocTM xjioponjiacra (c()oto BBepxy). OnepiaHna x/iopon/iacTOB 
neTKO BMAHbi b cBeT/iOM no/ie (c()oto BHM3y). OoTorpacfíMa /uo6e3HO 
npeAOCTaB/ieHa Katherine Osteryoung, Michigan State University 

lin-binding protein 3). TpaHcnenTHAa3a Ftsl, hjih PBP3, 
3aKpenaeHa b MeMÔpaHe, a ee KaTaanTnnecKHH iiemp Ha- 
xoAHTca b nepHn;ia3Me (He b ijHTonjia3Me, a Meac/ty AByMa 
MeMÔpaHaMH kactohhoh oôoaohkh). BeaoK FtsW OTBena- 
eT 3a BKaioneHHe Ftsl b cenTaabHoe KOJibiio. 06pa30BaHne 
cenra mo^cho npeAcraBHTb b BH^e cae^yionten MO^ean: 
aKTHBHOCTb TpaHcnenTHAa3bi 3acTaBJiaeT nenra^orjiHKaH 
pacTn BHyTpb, noATajiKHBaa Ty^a BHyTpeHHioio MeMÔpaHy 
h yBJíeKaa 3a coôoh HapyacHyio MeMÔpaHy. 

BeaoK FtsZ aBJíaeTca raaBHbiM iinTOCKejierabiM KOMno- 
HeHTOM oôpa3yK)iiteHca cenTbi. Oh oôbineH ôaKTepnH, a 
TaioKe oÔHapyaceH b xaoponjiacTax pacTeHHH. Ha P n c. 17.8 
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noKa3aHa ;ioKajin3aijna óeiiKa, roMOJiornnHoro FtsZ, b Bn/je 
mnbija no ueHTpy xnoponjiacra. Y xaoponjiaeroB ecTb n 
Apyrne, ynacTByiomne b AeneHnn, reHbi, po/tcTBeHHbie óaK- 
TepnajibHbiM. Y óaKTepnň n xaoponjiacroB, KaK n3Becmo, 
o6mne SBOJiiOLjHOHHbie «kophh», n nx annapa™ AeneHna B 
uchom coxpaHnnn CBoe cxoactbo. 

MhTOXOHAPHH, KOTOpbIM TaiOKe, BnOJIHe OÓOCHOBaH- 
ho, npnnncbiBaiOT oóiijee c óaKTepnaMn nponcxoacAeHne, 
oóbinHo He HMeiOT 6 e/iKa, noxoacero Ha FtsZ. Bmccto Hero 
b MHTOxoH/tpnax ncno;ib 3 yeTca pa 3 HOBnAHOCTb óejiKa j\w~ 
HaMHHa, KOTOpblH 3 a£eňCTBOBaH B OTnOHKOBaHHH Be 3 HKyJI 
c MeMÓpaH b ijHTon/ia 3 Me syKapnoTnnecKoň KAeTKn. J\um- 
mhh AeHCTByeT c HapyacHoň (iinTonjia 3 MaTnnecKoň) cTopo- 
Hbi opraHe/ni, cacnMaa MeMÓpaHy, htoóm Ha Hen oópa 30 Ba- 
jiacb nepeTaaoca. 

TaKHM 0Ópa30M, OÓIIjeň OTJIHHHTe/IbHOH OCOÓeHHOC- 
Tbio AeneHna y óaKTepnň, xaopomiacTOB h mhtoxohaphh 
mo^kho Ha3BaTb ncno;ib30BaHne qHTocKejieTHoro ôejiKa, ko- 
TopbiH o6pa3yeT BOKpyr icieTKn (nan opraHejnibi) KOJibijo, 
a 3aTeM nan TaHeT, nan TOJiKaeT MeMÓpaHy, HToóbi Ha Hen 
o6pa30Ba;iacb nepeTaaoca. 


17.6 


MecTonojioweHife cembi 
pery/iMpyeTCH reHaMM min 


K/uoneBbie noHaT m: 


• llojioweHMe, no KOTopoMy o6pa3yeľca cerna, KOHTpo/iMpyiOT 
reHbi mini, min D m min E. 

• Hmcjio m pacnojioweHMe cem onpeAe/iíHOTCfl cootholuohmom 
KOH ueHTpauníí 6e/iK0B MinE/MinC,D. 

• Cerna o 6 pa 3 yeTca TaM, rae 6 e/iKy MinE yAaeTca ccfiopMMpoBaTb 

KOJlbAO. 

• HopMa/ibHbie 3HaHeHna KOHuempaAMŕí MinC/D b 
6aKTepnajibH0ií K/ieTKe npuBOA^T k o6pa30BaHmo 
AeHTpa^bHoro KO/ibLia, ho npw 3 tom noAaBjíaeTca o6pa30BaHne 
MinE Aono/iHHTe/ibHbix KO/ieAy no/nocoB K/ieTKM. 


PÍH(J)opMauHio o tom, KaKHM o6pa30M y óaKTepnň 3aflaeT- 
ca MecTonoaoaceHHe cenTbi, yztaaocb pacKpbiTb óaaroflapa 
MyTamaM — npoflyu,eHTaM mrhm-kactok. nepBOHanaabHO 
(J>eHOTHn c MHHH-KjieTKaMH 6bi/i oó'bacHeH MyTaqHaMH b 
aoKyce minB. fleaeijHa minB Bbi3biBaeT npoflyKijnio mhhh- 
KaeTOK, noTOMy hto b oTcyTCTBHe minB cemrauna cTaHO- 
BHTCa B03M02KH0H (nan nponCXOflnT HCKAIOHHTeJIbHO) y 
noaiocoB KaeTKn — b OTannne ot HopMaabHOň cmyaijnn, 
KorAa cenTa o6pa3yeTca nocepeflnHe KaeTKn. OeHoran ro- 
BopnT o cymecTBOBaHHH y KaeTKH noAaBjíeHHoro crpeM- 
aeHna k o6pa30BaHHio cenT noóan30CTn ot noaiocoB h 
hto poab aoKyca minB ahkoid rana coctoht b noAaBae- 
hhh cenTauHH y noaiocoB. npnMeHHB 3Ty cnTyaijnio k 
pne. 17.3, mo)kho cKa3aTb, hto y KaeTKn, KOTopaa ToabKo 
hto oóocoónaacb b pe3y/ibTaTe AeaeHna, ecTb noTeHijnaa 
k o6pa30BaHHio cenT no TpeM noaoaceHnaM: no nepneen- 
TaabHOMy Koabijy h y noaiocoB. OflnH H3 noaiocoB KaeTKn, 
BMeCTe C OKpeCTHOCTbK) OÔOAOHKH ÔaKTepHH BOKpyr 3TO- 
ro noaioca, nponcxoflnT ot cenra nocaeflHero RCJicnm; 


Apyraa noaapHaa noBepxHOCTb cooTBeTCTByeT cenTe, bo3- 
HHKínen b oahom H 3 npeflbmymHx AeaeHHH. Bo 3 MoacHO, 
BOKpyr noaiocoB coxpaHaiOTca KaKHe-To ocTaTKH nepn- 
cenTaabHbix Ko/ieu., h sth ocTaTKH MOiyr cHOBa BbicTynaTb 
b KanecTBe opraHH 3 aTopoB noBTopHoro o 6 pa 30 BaH na cen- 
th Ha CTapoM MecTe. 

JIoKyc minB coflepacHT Tpn reHa: minC, minD n minE. 
npoAyKTbi reHOB minC w minD paóoTaiOT KaK HHrnÔHTop 
AeaeHHa. TonHee, MinD hcoóxoahm /yia aKTHBaijHH MinC; 
aKTHBnpoBaHHbiH MinC npenaTCTByeT no/iHMepn3aijHH 
FtsZ b BH^e Z-Koabua (cm. pmc, 17 . 9 ). 

DKcnpeccna MinC/D b OTcyTCTBHe MinE (hah H36biTOH- 
Haa 3Kcnpeccna MinC/D j\xa ce b npncyTCTBHH MinE) npn- 
BOflHT k TOMy, hto óaKTepnn Booóiije nepecTaiOT AeJinTbca 
H BbipaCTaiOT B BHAe AJinHHblX (J)HJiaMeHTOB, B KOTOpblX 
HeT cenT. ripn SKcnpeccnn MinE, conocraBHMOH no ypoB- 
Hio c SKcnpeccnen MinC/D, HHrnónpoBaHHe AeaeHna 3(j> 
(J)eKTHBHO He Ha BCeM KJieTOHHOM npOCTpaHCTBe, a TOJIb- 
ko b oKpecTHOCTax noaiocoB, TaK hto óaKTepnn Ae/iaTca 
HopMajibHbiM oópa30M. MoacHO cKa3aTb, hto óeaoK MinE 
3antnntaeT ueHTpa/ibHyio oóaacTb KaeTKn ot nHrnónpoBa- 
Hna cenTaunn. CooTBeTCTBeHHO, npe3MepHaa 3Kcnpeccna 
MinE nHAyu,npyeT npoAyKunio MnHn-KaeTOK, nocKoabKy 


MinC/D KOHTpo/iHpyeTcn MinE 



PUC. 17.9 MinC/D pa6oiaei MHrn6nTopoM Ae/ieHM5i; 6aaroAapp 
MinE oh 3c()ct)eKTHBeH ToabKO b no/iapHbix o6aaciax 6aKTepnaabHoíí 
KaeTKM 
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H36bm<a MinE xBaTaeT, hto 6bi HeHTpajiH30BaTb hhfhóh- 
poBaHHe cenTauHH He To/ibKo b ijeHTpajibHOH oójiaera 
KJieTKH, HO H B OKpeCTHOCTHX nOJIIOCOB, — 3TO n03B0JIHCT 
cemaM o6pa30BbiBaTbea h TaM, h TaM. 

Pa3pemaiomHM cjjaKTopoM eenTaijHH, TaKHM o6pa30M, 
aBjíaeTca cooTHomeHHe KOHiieHTpaijHH MinC/D h MinE. 
ľlpn 3HaneHHax 3Toro cooTHomeHHa, CTaHAaprabix Rm 
ôaKTepHH ahkoid rana, eenTaijHH y nojnocoB HaxoflHT- 
ca noA 3anpeTOM, a nocepeflHHe kjictkh — pa3peinaeTca. 
H3MeHeHHa KOHiieHTpaijHH MinC/D hjih MinE conpo- 
BOäC/jaiOTCH B3aHMHO-o6paTHbIMH 3(j)(j)eKTaMH. HeXBaTKa 
MinC/D (h/ih h 36 htok MinE) npnBOAHT k «eenTaijHH 6e3 
pa3Óopa»; b HTore npoAyunpyiOTCH mhhh-kjictkh. Hanpo- 
thb, H 3ÔbiTOK MinC/D (hjih HexBaTKa MinE) HHruóupyeT 
cenTauHio noBceMecTHO; b HTore óaKTepnn cjjopMHpyiOT 
(JmjiaMeHTbi. 

B tom MecTe, r^e y óaKTepnn o6pa3yeTca cenTa, óejiOK 
MinE jioKajiH3yeTca b bhac KOJibija. CKonjieHHe MinE no- 
AaBjíaeT achctbhc MinC/D b CBoen OKpecTHOCTH, h sto pa- 
ĎOTaeT Kax pa3pemeHHe Ha npnxoA Apyrnx óejiKOB, b tom 
MHCJie FtsZ h ZipA, H3 KOTopbix 4)opMnpyeTca cenTa/ibHoe 
KOJibuo. HHTepecHO, hto jyin o6pa30BaHHa KOJibijeBoro 
CKoruieHHa MinE TpeóyeTca npncyTCTBHe MinD. 



PMC. 17.10 MexíMO/ieKy/iapHaa peKOMÓMHaAMa criMBaeT MOHOMepbi 
b AHMepbi; BHyipMMOJieKyjiapHafl peKOMÓMHaAMa npMBOAW k BbicBo- 
6o>KAeHMO MOHOMepOB M3 COCTaBa O/lMTOMepOB 


17.7 


Am cerperauMM xpomocom 
M 0>KeT 6bľľb HeoóxoflMMa 
caMT-cneun(|)MMHafl 
peKOMÓMHaUMfl 


KatoneBbie noHBTua: 


• CucTeMa Xer ocymecTB/iaeT caMT-cnei4Mc()MHHyK) peKOMÓMHaumo 
noc/ieAOBaTe/ibHocTM-MmiieHM pbaom cynacrKOM TepMMHaAnn 
pen/iMKaAMM xpoMOcoMbi a/ib Toro, HTo6bi o6oco6mb 
óaKTepnaabHbie xpoMoeoMbi, npeBpaiueHHbie b xoAe 
roMO/ioruHHOÍí peKOMÓMHauMM b AHMep. 


Ecjih b oahoh óaKTepHH npncyTCTByeT MHoro Konníi OA¬ 
HOH njia3MHA,bI, TO 3TH KOnHH MOľyT peKOMÓHHHpOBaTb 
MeacAy co6oh (nocKOAbKy noejieAOBaTejibHOCTH hx flHK 
HAeHTHHHbi). nocAeACTBna npeACTaBjíeHbi Ha p m c. 1 J r \ 

OAHHOHHoe coôbiTHe peKOMÔHHaiiHH MeacAy AByMa KOJib- 
ueBbiMH MOiieKyjiaMH HK nopoacAaeT KOJibuo-AHMep; 
noBTopHbie coómthh peKOMÓHHaijHH c ynacTneM TaKHx 
AHMepoB MoryT nopoacAaTb KOJibija-MyjibTHMepbi. B ijejiOM 
coôbiTHa TaKoro poAa npHBOAflT k yMeHbineHHio HHCJia 
(f)H3HHecKHx cahhhij, eerperaijHH. B 3KCTpeMajibHOM ejiy- 
nae c oahokohhhhoh njia3MHAOH, KOTopaa TOJibKO hto 
penjiHijHpoBajiacb, o6pa30BaHne AHMepa nocpeACTBOM 
peKOMÓHHaiiHH 03HanaeT, hto Tenepb y KJieTKH ecTb Bce- 
ro OAHa eAHHHiia eerperaijHH (stot caMbiH AHMep), Tax 
hto oahoh H3 AOHepHHX kjictok njia3MHAbi nonpocTy He 
AOCTaHeTca. /^Jia 6opb6bi c TaKHMH 3(]x{)eKTaMH y mhothx 
njia3MHA npeAycMOTpeHbi cncTeMbi caHT-cneijH(|>HH- 

HOH peKOMÔHHai^HH. ľlOA ACHCTBHeM TaKHX CHCTCM, C 
ynacTneM KOHKpeTHbix HyioieoTHAHbix noejieAOBaTejib- 


HOCTeň-MHmeHeH, AHMep njia3MHAbi npeTepneBaeT BHyT- 
pHMOJieKyiiapHyio peKOMÓHHaijHio h npeBpamaeTca b ABa 
o6oco6;ieHHbix MOHOMepa. 

TaKHe ace eoóbiTHa MoryT npoHcxoAHTb h c xpoMO- 
coMaMH caMHx óaKTepHH; hx BjiHaHne Ha cerperaijHio, 
noKa3aHO Ha pmc. 17 . 11 . Ecjih peKOMÔHHaijHH He 6bmo, 
HHKaKOH npoÔJieMbi He bo3hhkhct, h oôocoôJieHHbie ao- 
nepHHe xpoMoeoMbi óeenpenaTCTBeHHO cerpernpyiOT no 
AonepHHM KjieTKaM. Ecjih ace, bcjica 3a payHAOM penjin- 
KaijHH, MeacAy aohcphhmh xpoMoeoMaMH npoH30HAeT 
roMOJiorHHHaa peKOMÓHHauna, to o6pa3yeTca AHMep. 
B stom ejiynae AonepHne xpoMoeoMbi He MoryT oóoco- 
ÓHTbCa; HTOÔbl HX pa3T>eAHHHTb, HyXCHa BTOpaa peKOM- 
ÔHHaiina, aHajiorHHHaa toh, hto nponexoAHT e njia3MHA- 

HblMH AHMepaMH. 

y ÔOJIbUIHHCTBa ÔaKTepHH C KOJIblieBOH XpOMOCOMOH 
ecTb CHCTeMa caHT-eneiiH^HHHOH peKOMÓHHaiiHH Xer. Y 
E. coli CHCTeMa Xer coctoht H3 AByx peKOMÔHHa3, XerC h 
XerD, ACHCTByioiAHx Ha caHT-MHineHb — noejieAOBaTejib- 
HOCTb aahhoh 28 nH. 3 tot caHT, dif, paenojioaceH Ha xpo- 
MOCOMe no6jIH30CTH OT eaHTa TepMHHailHH penjIHKailHH. 
Pienojib30BaHHe cncTeMbi Xer kjictkoh eooTHeeeHo e ACJie- 
HHeM 3TOH KJieTKH HHTepeCHbIM 0Ópa30M; CXCMa COÔbITHH 

npHBeAeHa Ha pmc. 17 . 12 . Bciiok XerC MoaceT CBa3aTbca e 
napoň noejieAOBaTejibHOCTeH dif h o6pa30BaTb CTpyKTypy 
XoJuiHAea MeacAy hhmh. Bo3moxcho, KOMnjieKc (J>opMnpy- 
eTca BCKope noejie Toro, KaK canT dif 6yAeT npoHAeH pen- 

JIHKaTHBHOH BHJIKOH: 3TO OÓ^aCHajIO 6bl HaAeXCHOCTb, C 
kotopoh Aee KonHH caHTa-MHineHH HaxoAaT Apyr Apyra. 
Pa3ÔHBKa CTpyKTypbi XojuiHAea, npHBOAauiaa k pa3Meace- 
BaHHio peKOMÓHHaHTOB, nponexoAHT TOJibKO b npHcyTC- 
tbhh óejiKa FtsK, kotophh jioKajiH3yeTca b eenTe h aBJía- 
eTca HeoóxoAHMbiM A^ia eerperauHH xpomocom h ACJieHHa 
KJieTKH. Eíomhmo bccto npoHero, caHT-MHineHb dif AOJiaceH 
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PMC. 17.11 06biHHO KOJibAeBaa MaTpMHHaa xpoMocoMa penamiMpy- 
eica, o6pa3ya ABe AonepHMx xpoMocoMbi-MOHOMepa, KOTopbie cer- 
perupyiOT no AonepHMM K/ieTKaM. Ho MHorAa bo BpeMfl pen/iMKaiinn 
AonepHne xpoMOcoMbi ycneBaiOT peKOMÓMHupoBaTb n o6pa30BaTb 
AMMep. Ero npuxoAMTCíi pa36nBaTb Ha MOHOMepbi nocpeACTBOM caŇT- 
CneUM(()MHHOM peKOMÓMHaUMM 


pacnoJiaraTbca Ha xpoMOCOMe o6a3aTe;ibHO BHyTpH kohk- 
peTHOH OÓJiaCTH B 30 TOH; eCJIH dif HCKyCCTBeHHO BblHeC- 
th 3a npeAeJibi stoh oÓJiac™, oh He CMoaceT noAAopacaTb 
peaKiiHio. 

TaKHM o6pa30M, onuna c caHT-cneuHcj)HqHOH peKOMÔH- 
HauHeH 0Ka3biBaeTca AocTynm, Kor^a nocjieAOBaTejibHocTb 
ynacTKa TepMHHaijHH peruíHKaiiHH HaxoAHTca no6;iH30CTH 
ot ceň™. Bocnoab30BaTbca stoh omiHen óaKTepna CMoaceT, 
TOJibKo eoiH y Hee ecTb A^Mep, nopoacAeHHbiH coóbiraeM 
roMOJiorHHHOH peKOMÓHHaiiHH. (Ecjih TaKoro A^Mepa HeT, 
to caHT-cneiiHcj)HqHaa peKOMÔHHaiiHa MOKAy AByMa moho- 
MepaMH caMa nopoAHT AHMep!) KaKHM o6pa30M cncTeMa 
Xer y3Haer o cocToaHHH AonepHHx xpomocom: cymecTByiOT 
ji h ohh caMH no ceôe, hjih roMOJioranHaa peKOMÓHHaiina 
oó'beAHHHjia hx b AHMep? 

rioMonb oTBeTHTb Ha stot Bonpoc MoaceT TO OÔCTO- 
aTejibCTBO, hto npouecc cerperauHH xpomocom HanHHa- 
eTca BCKope nocne penjíHKaijHH. Ecjih peKOMÓHHaiiHH 
He npoH3onuio, ABe xpoMOCOMbi OTxoAaT Apyr ot Apyra. 


Ho eciiH Bce-TaKH oôpa30Baaca A^Mep, to HeKOTopbie 
xpoMocoMHbie nocaeAOBaTeabHoc™, npHnacTHbie k pa3- 
AejieHHio TaKHx AHMepoB, 6ynyT orpaHHneHbi b cbohx 
B 03M0acH0CTax OTAaanTbca Apyr ot Apyra h npHHyacAeHbi 
ocTaBaTbca b OKpecTHOCTax cenTbi, rAe Ha hhx BCKope 
HanHeT B03AencTB0BaTb cncTeMa Xer. 

Y ôaKTepHH, oóJiaAaioiAHx chctcmoh Xer, BcerAa ecTb 
roMOJior FtsK, h HaoôopoT; TaKHM o6pa30M, pa3ÔHBKa ah- 
Mepa b oKOJio-cenTaabHOM KaeTOHHOM KOMnapTMeme — 
sto sbojhoijhohho cjioacHBinaaca CHTyauna. FtsK, KpynHbiH 
TpaHCMeMÓpaHHbiH 6e;ioK, npHBa3aH k cenTe 3a N-KOHue- 
BOH AOMeH, aCCOUHHpOBaHHblH C MCMÓpaHOH. C-KOHlje- 
boh AOMeH FtsK HeceT ABe (J)yHKiiHOHajibHbix Harpy3KH. 
OAHa H3 hhx — sto 3acTaBJiaTb CHCTeMy Xer pa3AeaaTb 
xpoMOCOMHHH AHMep Ha MOHOMepbi. KpoMe SToro, FtsK 
oóaaAaeT ATOa3HOH aKTHBHOCTbio, KOTopaa MoaceT 6biTb 
Hcno;ib30BaHa sthm óeaKOM aaa nepeMemeHHa baotib flHK 
in vitro. BTopaa aKTHBHOCTb MoaceT 6biTb HanpaBjíe- 



PHC. 17.12 «HecaHKi4MOHMpoBaHHaa» peKOMÓMHaLiMfl o6-beAMHwia 
reHOMHbie Konnn b AHMep. McnpaBJíflfl cmyaiimo, cncTeMa Xer 06- 
pa3yeT crpyKTypy Xo/i/iMAea b cneAMa/ibHOM caŕíTe dif . Hio6bi pa3- 
6neHne 3 toíí CTpyKTypbi Aa/io ABa mckomwx reHOMHbix MOHOMepa, 
Heo6xoAMM 6eaoK FtsK 
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Ha Ha npoKanKy /(HK cKB03b cerny HanoAOÓne Toro, KaK 
Apyroň óe/ioK, SpoIIIE, TpaHcnopTnpyeT /(HK b npeflcnopy 
npn cnopy/iauHH (cm. pa3 a. 17.8 «/(e/ieHHe BOBJíeKaeT ce- 
napaijHK) xpomocom»). 


17.8 


flejiemie bobjicksct 
cenapaijmo xpomocom 


fOiioHeBbie noHa-ma: 


• Opnfl>KMHbi pen/iMKOHOB, B03MOKHO, npMKperuieHbi KO 
BHyTpeHHeň kjibtohhom MeMÓpaHe. 

• npn Ae/ieHMM xpoMOcoMbi 6bicipo CABuraiOTCíi m nojio>KeHMa 
nocepeAMHe kjibtkm b nojioweHMa a / 4 m 3 / 4 . 


Bo Bpe™ AeJieHHfl AonepHne xpoMocoMbi 3aHHMaiOT no3H- 

UHK) no pa3HbiM cTopoHaM cenTbi. /(ah npaBPWbHoro pac- 

npeAejieHHH (cerperaijHH) bo BpeMH acjichhh sthm RByM 

xpOMOCOMaM HeOÔXOAHMO: 

• Bo-nepBbix, ocBOÓOAHTboí Apyr ot Apyra HacraribKo, 
HToóbi paccraTboí cpa3y nocjie TepMHHaijHH pen- 
jíHKaunn. Jpm 3Toro Ha^o ycTpaHHTb 3am,enjieHHe 
MOJieKyji /(HK b oKpecTHOCTn ynacTKa TepMHHaijHH. 
OócTOHTejibCTBa TaKOBbi, hto k MOMeHTy 3aBepmeHHa 
penjinKauHH AonepHHe MOJieicyjibi JX HK Hy>KAaiOTCfl 
b pacnyTbiBaHHH — 06 stom roBopHT tot cj)aKT, hto 
óojibiiiHHCTBO MyTaunn, npn KOTopbix HapyineHa cer- 
perauHH, npnxoAHTOi Ha reHbi, KOAHpyiomHe Tonon- 
30Mepa3bi — cj)epMeHTbi, yMeiomne nponycKaTb ijenu 
JX HK Apyr CKB03b Apyra. Y cooTBeTCTByiomHx MyraH- 
tob reHeranecKHH MaTepnaJi pacnoJiaraeToi nocepe- 
AHHe KjieTKH oahhm ôojibiiiHM komkom, h o6pa30Ba- 
HHe cenra npnBOAHT k oóocoôjichhio óesMAepHOH 
mieTKH ot KjieTKH, rAe coAepxcaTCH o6e AonepHHe 
xpoMocoMbi. TaKHM o6pa30M, HToóbi ycneniHO pa3- 
MHoacaTboí, óaKTep™ oójrnHa pernaTb Tonojiora- 
necKyio 3aAany pacnyTbiBaHHH pemiHijHpoBaHHbix 
XpOMOCOM. 

• MyTaijHH, HapymaioĽAne caM npoijecc cerperaijHH, 
BCTpenaiOTCH AOBO/ibHO pe^KO. ÄnpHopn hx moxcho 
pa3ACJiHTb Ha rbc rpynnbi: u<uc-j\z HCTByiomHe My- 
TauHH b pery/íHTopHbix nocjieAOBaTejibHocrax-MH- 
rneHHx h mpauc-j\dAC TByiomne MyraijHH b reHax, 
nbH npoAyKTbi oócjiy^cHBaiOT cerperaqHio. 3 thmh 
npoflyicraMH MoryT 6biTb /(HK-CB5i3biBaioiAHe 6e;iKH 
h/ih cj)epMeHTbi, ji0KajiH30BaHHbie b noTeHUHajibHbix 
MecTax npHKpenjieHHH /(HK k oóojiohkc óaKTepHH. 
H Te, h ApyrHe MyraijHH 6buiH HAeHTH(j)HijHpoBaHbi 
TOJibKo b cHCTeMax, oóecnenHBaioiii.Hx cerperaijHio 
n;ia3MHA, xoth HecKOJibKo MyTauHH BTopoň rpynnbi 
(mp^wc-AencTByiomHx) 6 hjio Taioxe oÔHapyaceHO b 
óaKTepHajibHbix xpoMocoMax. CerperaijHio mia3MHA 
Taioxe MoryT HapymaTb MyraijHH b njia3MHAHbix chc- 
TeMax caHT-cneuHcj)HqHOH peKOMÓHHaijHH. 3 th My- 
TaijHH ynamaiOT noTepn mia3MHA, nocKOJibicy H3-3a 
hhx oó^eKTOM cerperauHH craHOBHToi oahh n;ia3- 


MHAHbin AHMep, h no (^eHOTnnnnecKOMy npoHBJíe- 

HHK) HX MOXCHO OTHCCTH K MyTaU,HHM, HapyiuaiOĽAHM 

cerperaijHK). 

B CBoen nepBOHanaAbHOH BepcHH, H3oôpaxceHHOH 
Ha pne. 17.8, MOAeJib cerperaijHH xpomocom noApa3yMe- 
Ba;ia, hto MaTepnaji oóoaohkh ĎaKTepna^bHOH kactkh 
BHeApaeTCH MOKAy caHTaMH npnKpenAeHHH AonepHHX 
xpomocom, pacTa/iKHBan hx b pa3Hbie CTopoHbi. Ha ca- 
mom xce ACJie lOieTonHan cTeHKa h MeMÔpaHa pacTyT, ec/in 
paccMaTpHBaTb bcio noBepxHOCTb kactkh, Henponopun- 
OHajibHo. K TOMy xce, pemiHijHpoBaHHbie xpoMocoMbi 
cnocoÓHbi ôbicTpo nepeMen^aTbCH Ha HOBbie no3HqnH 
(no oahoh h TpeM neTBepTHM kactohhoh rjivl Hbi). Ecjih 

HHľHÓHpOBaTb CHHTC3 6CJ\K2 ÔO TOľO, KaK 3aKOHHHTCH 
penjíHKaqHH, xpoMocoMbi He CMoryT cerpernpoBaTb h 
COXpaHHT CBOK) n03H4HK) nOCepeAHHe KJieTKH. B 0306 - 
HOBJíeHHe CHHTC3a ÓeJIKa 3aCTaBHT XpOMOCOMbI ABHHyTb- 
ch H3 cepeAHHbi Ha no3HijHH no neTBepTHM — xoth caMa 
imeTKa npn otom yzyiHHHTbCH He óy^eT. CjieAOBaTejibHo, 
nepeMeii^eHHe xpomocom Ha HOBbie no3Hi^HH, cootbctc- 
TByioii],He 3Tany KAeTonHoro Rent hhh, hbjihctch aKTHB- 
hhm npoueccoM (xoth 6bi noTOMy, hto 3tot npouecc 
TpeóyeT CHHTe3a 6e;iKa). 

HapymeHHe cerperaqHH — THnnnHbiH 34 )cJ)eKT My- 
TaqHH b reHax muk. B inTaMMax-HOCHTejinx TaKHx Myra- 
u,hh 6e3 r bnnepuoe noTOMCTBO noHBjíneTCH bo MHoro pa 3 
name, neM oôbinHO: bmccto Toro, htoóh cerpernpoBaTb, 
AonepHne xpoMocoMbi ocTaiOTcn no o^Hy CTopoHy cen¬ 
Tbi. MyTauHH b reHax muk HejieTajibHbi; no-BHAHMOMy, 
reHaM muk cooTBeTCTByiOT HeKHe KOMnoHeHTbi annapaTa 
cerperaqHH. TaK, reH mukA 0 Ka 3 ajicn He neM hhhm, KaK 
reHOM tolC : oh KOAnpyeT H 3 BecTHbiH MeMÔpaHHbiH ôejioK, 
3 aAencTBOBaHHbiH b npHKpenjieHHH xpoMocoMbi k 060- 
ji onKe ôaKTepHH. ľeH mukB KOAHpyeT KpynHbin (180 Kfla) 
rjioóyjinpHbiH 6e;ioK, no CBoen opraHH 3 aqHH oneHb no- 
xoxchh Ha syKapHOTHnecKHe 6e;iKH SMC (ot omji. struc- 
tural maintenance of chromosomes — noAAepxcaHHe 
CTpyKTypbi xpomocom). BejiKH SMC ynacTByiOT b kohach- 
caqHH h nonapHOM cKpenjieHHH AonepHHx xpomocom 
(cm. pa 3 A. 31.6 «KoHAeHcaijHfl xpoMocoMbi — cJ)yHKqHH 
KOHAeHCHHOB»). BejiKH, noxoxcHe Ha SMC, 6hjih oÓHapy- 
xceHbi He TOJibKo y E. coli, ho h y Apyrnx óaKTepHH. 

EÍOHHMaHHe pojih 6e;iKa MukB npHiimo c oTKpbrraeM, 
4to HeKOTopbie MyrauHH b ero reHe MoryT 6biTb cynpeccn- 
poBaHbi MyraqHHMH b topA — reHe, KOAHpyiomeM TonoH- 
30 Mepa 3 y I. BbiHCHunocb, hto MukB oópa3yeT KOMmieKc c 
AByMH ApyrHMH óejiKaMH, MukE h MukF. KoMnjieKc MukBEF 
cnHTaeTCH aHa^oroM kohachchhob syKapHOT. Oh yruioTHH- 
eT (KOHAeHCHpyeT) xpoMocoMy no MexaHH 3 My, ocHOBaHHo- 
My Ha CBepxcnHpa^H3aqHH. HapymeHHe cjtyHKíjHH MukBEF 
npHBOAHT k HeyAanHOH cerperaqHH. fle^eKT mo^cho kom- 
neHcnpoBaTb, 3 anpeTHB (npn noMOiAH MyrauHH) Tonon- 
30Mepa3aM pejiaKCHpoBaTb oTpHuaTenbHbie cbcpxbhtkh 
xpomocomhoh /(HK: b pe3yjibTaTe rnioraocTb cBepxBHTKOB 
yBeJIHHHTCH, H KOHACHCHpOBaHHOe COCTOHHHe, HCOÓXOAH- 
Moe A^ia cerperauHH, 6yAeT BoccraHOBjíeHO. 

TaKHM o 6 pa 30 M, no 3 Hij^HOHHpoBaHHe reHemnecKoro 
MaTepnajia b óaKTepnajibHOH ioieTKe moxcct 6biTb CBH3a- 
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17.9 


ho c ero KOHfleHcaijHeH. KaK hmchho oho ocymecTBJía- 
eTca, noKa hoicho; MOAeJib, npHHaTaa Ha ceroAHaniHHH 
AeHb, npHBeAeHa Ha pmc. 17.13. IeHeTHqecKHH MaTepnaii 
hcxoaho 3aHHMaeT b ioieTKe ueHTpajibHoe nojioaceHHe. 
Hto 6 h nponycTHTb otot MaTepnaji nepe3 annapaT pen- 
jíHKauHH, ero npHxoAHTca ( n,eKOH ( n,eHCHpoBaTb. flonepHHe 
xpOMOCOMbl, B03HHKai0ĽG[He B pe3yJIbTaTe peiUIHKaiJHH, 
pacnyTbiBaiOTca noA achctbhcm TonoH30Mepa3, a 3aTeM, 
bo Bce em,e HeKOHAeHCHpoBaHHOM coctouhhh, nocryna- 
10 T b pacnopjDKeHHe MukBEF, kotophh 3aHHMaeTca hx 
KOHfleHcaijHeH yace b nojioaceHHflx, KOTopbie cTaHyT ueH- 
TpajibHbiMH nocjie Toro, KaK ioieTKa pa3Ae;iHTca. 

npeAnojio^ceHHe o (j)H3HnecKOH cba3h 6aKTepHajibHOH 
flHK c KjieTOHHOH MeMÓpaHOH BbiHaniHBa^ocb roAaMH. Ho 
noATBep^CAeHHa noKa AOBOJibHO KocBeHHbie. K hhm otho- 
chtch tot cjiaKT, hto npH 4)paK4HOHHpoBaHHH OaKTepnaiib- 
Hbix KJieTOK MeMÓpaHocoAepacamHe ^paKi^HH 0Ka3biBai0T- 
ca oóorameHbi reHeTHnecKHMH MapKepaMH oKpecmocTeH 
opH/^cHHa, ynacTKa TepMHHaijHH h komiiohchtob pemíHKa- 
THBHOH BHJIKH, a TaiOKe TOT (J)aKT, HTO ÓCJIKH TCX 7KC MeMÔ- 
paHOCOAep^KamHX (jipaKIJHH OKa3bIBaiOTCa HHaKTHBHpOBaH- 
HbiMH b pe3y;ibTaTe pa3HOo6pa3Hbix MyraijHH, MemaiomHx 
HHHIJHaiJHH peruíHKaijHH. 

Bo Bpe™ cnopyjmijHH y Bacillus subtilis OAHa H3 Aonep- 
hhx xpoMocoM AOJDKHa pacnpeAejíHTbca (cerperapoBaTb) b 
HeóojibinoH npeAcnopoBbiH KOMnapTMem (cm. pne. 11.41). 
3 tot HeoóbiHHbiH npoijecc, c nepeHOCOM xpoMocoMbi 
CKB03b eflBa o6pa30BaBmyioca cemry, oóycaoBJíeH óeaKOM 
oflHoro H3 reHOB cnopyaaijHH, spoIIIE. EejiOK SpoIIIE Jioxa- 
;iH30BaH y cenra h, cKopee Bcero, paóoTaeT KaK Hacoc, ne- 
peKanHBaioiij.HH J\ HK b npeflcnopoBbiH KOMnapTMem. 



•17.13 Bo BpeMfl penjiMKaLiMM flHK 6aKTepnajibHoro HytoieoM- 
Aa AeKOHAeHCnpyeTC5i. EeaoK MukB ABJífleTCfl BawHbiM KOMnoHeH- 
tom annapaia KOHAeHcauMM AonepHnx AynaeKCOB xpomocomhoíí 
flHK 6aKTepnn m HeoôxoAMM aha co3AaHna HyKJieoMAOB ywe Ha mx 
OCHOBe 


OflHOKonMŇHbie n/ia3MMflbi 
oó/iaflatOT cneuna^bHbiMM 
CMcreMaMM cerperauMM 


KjnoneBbie noHBT m: 


• y OAHOKOnHÍÍHblX n/ia3MMA Ha Ka>KAblM OpHA>KMH 
6aKTepHa/lbHOH xpOMOCOMbl npHXOAHTCB OAHa KOľlMB n^a3MHAbl, 
a y My/ibTMKonHMHbix n/ia3MMA — 6o/iee, neM OAHa Konna. 

• ľOMO/lOrHMHaB peKOMÓMHaAHB Me>KAy KO/lblieBblMM n/ia3MMAaMM 
nopo>KAaeT AMMepbi n eme 6o/ibWMe MyjibTMMepbi. 

• y n/ia3MHA ecTb cHdeMbi caiÍT-cneuMctwHHOM peKOM6nHaiinn, 
Heo6xoAHMbie pj\n BocciaHOB/ieHHB MOHOMepoB 3 a cneT 
BHyTpHMOJieKy/lBpHOH peKOMÓMHaAHH. 

• y n/ia3MMA TaK>Ke ecTb cMcreMbi cerperauMM, KOTopbie 
rapaHTMpyiOT pacnpeAe/ieHMe Ayn/inunpoBaHHbix n/ia3MMA no 
pa3HbiM AonepHHM K/ieTKaM. 


Kaacflaa pa3H0BHflH0CTb njia3MHfl noimm noAAepacHBaTbca 
y 6aKTepHH-xo3flHHa b xapaKTepHOM HHcne Komín Ia- 
paHTHpoBaHHoe nonaAaHHe koiihh n;ia3MHAbi b KaTK/jyio H3 
AonepHHx KneTOK oóecnenHBaeTca chctcmoh, thii kotopoh 

3aBHCHT OT TOľO, B KaKOM pOKHMe peiUIHIJHpyeTCfl AäHHaa 
KOHKpeTHaa iuia3MHAa: 

• CncTeMbi KOHTpoiia, oóecneMHBaiomHe npHcyTCTBHe b 
KA eTKe eAHHCTBeHHOH KOIIHH IUia3MHAbI, nOXOTKH Ha 
aHa^oraqHyio CHCTeMy ôaKTepHajibHOH xpoMO- 
coMbi. Ohh oóecneHHBaiOT oahh payHA penjiHKan,HH 
iuia3MHAbi Ha Ka^Aoe AeneHHe kjictkh. Mo>kho CKa3aTb, 
hto OAHOKonHHHaa n;ia3MHAa noAAep^KHBaeT napHTeT 
c ôaKTepnajibHOH xpoMOCOMOH. 

• Apyrne cHCTeMbi Kompou AonycKaiOT HajiHHHe mho- 
aceCTBa COÔbITHH HHHIlHaUHH B OAHOM KAeTOHHOM 

iíHioie. B pe3y;ibTaTe b KaacAOH 6aKTepHajibHOH KneTKe 
npHcyTCTByeT no HecKOJibKy Konníí naa3MHAbi. Myab- 
THKonHHHbie naa3MHAbi xapaKTepH3yiOTca onpeAeaeH- 
hhm hhcjiom KonHH, npHxoAHmHxca Ha OAHy ôaKTepn- 
ajibHyio xpoMocoMy. 

Hhcao n;ia3MHAHbix KonHH 3aBHCHT b nepByio onepeAb 
ot MexaHH3Ma Kompojia pemíHKaiiHH. CncTeMa, otbctc- 
TBeHHaa 3 a HHHijHauHio penjíHKauHH, onpeAeaaeT, cko^bko 
naa3MHAHbix ophatkhhob MoaceT npHcyTCTBOBaTb b 6aK- 
TepHH. nocKOJibKy Ka^KAaa ima3MHAa npeACTaBJíaeT coóon 
OAHHOHHblH peiUIHKOH, HHCJIO OpHATKHHOB paBHaeTCa HHC- 
jiy n;ia3MHAHbix MOJieKya. 

Y OAHOKonHHHbix njia3MHA ecTb cncTeMa KOHTpona 
penjíHKauHH, no CBoeMy ocjxjieKTy aHajiormHaa cncTe- 
Me KOHTpojm penjíHKaiiHH 6aKTepHajibHOH xpoMocoMbi 
ĽAHHCTBeHHbiH njia3MHAHbiH opHATKHH MoaceT 6biTb penAH- 
unpoBaH TOJibKO oahh pa3, nocae nero AonepHne ophapkh- 
hh cerperapyiOT no pa3HbiM AonepHHM KjieTKaM. 

y MHOrOKOnHHHblX IUia3MHA, HanpOTHB, CHCTeMa KOH- 
Tpojrn peruíHKaijHH ycTpoeHa TaK, hto AonycKaeT cymecT- 
BOBaHHe i^aioro nyjia opHAacHHOB. Ecjih hhcao ophapkhhob 
caMO no ce6e AOCTaTOHHo bcjihko ( 6o;iee 10 Ha OAHy 6aKTe- 
pnio), CHCTeMa aKTHBHOH cerperai^HH cTaHOBHTca nonpoc- 
Ty He HyacHa, nocKOJibicy Aaace cjiynaHHoe pacnpeAeneHHe 
ima3MHAHbix KonHH no AonepHHM KJieTKaM 6yAeT npHBO- 
AHTb k noTepe n;ia3MHAbi c BepoaTHOCTbio He 6oaee 10 -6 . 
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PMC. 17.14 CucTeMa cerperaunu, npMcymafl mhotmm OAHOKonnííHbiM 
n/ia3MMAaM, coctomt m AByx reHOB, par A n parB, n a/ieMema porS 


B nonyAHiiHHx 6aKTep™ rwa3MHAH BcerAa noAAepacn- 
BaiOT ce6a oneHb aKKypaTHO: noTepa n;ia3MHAbi oôhhho 
cjiyqaeToi He name, hcm oahh pa3 Ha 10 7 kactohhhx Ae^e- 
hhh (Aa)KC jym OAHOKonHHHbix njia3MHA). Chctcmh, koh- 
TpoAHpyioiiiHe cerperaiiHio mia3MHA, HAeHracjiHiiHpyioTCfl 
MyTaiiHaMH, H3-3a KOTopbix nacroTa noTepb ruia3MHAbi no- 
BbimaeTca, HecMOTpa Ha to hto pen/íHKaiiHii npoAOJDKaeT 
hath 6e3 KaKHx-jiHóo HapynieHHH. 

Htoóh rapaHTHpoBaTb ce6e ycTOHnHBoe npHcyrcTBHe b 
óaKTepnajibHOH nonyjiflijHH, njia3MHAa MoaceT no;ib30BaTb- 
ch MexaHH3MaMH cpa3y HecKOJibKHx ranoB. Iljia3MHAaM 
CBOHCTBeHHO HeCTH B Ce6e HHCjlOpMaUHIO O HeCKOJIbKHX 
CHCTeMax, HepeAKO OTHOcam,Hxca k pa3JiHHHbiM THnaM, 
coBMecTHbie ycvumn kotophx HanpaBJíeHbi Ha to, htoóh 
rapaHTHpoBaTb mia3MHAe BbDKHBaHHe. HeKOTopbie H3 othx 
CHCT eM AeňcTByiOT 0K0/ibHbiMH nyTaMH, b to BpeMa KaK Apy- 
rne chctcmh peryjiHpyioT HenocpeACTBeHHO coóhthc pa3- 
AejieHHa. Bce ace Te h Apyrne chctcmh aiyacaT oahoh ijejiH: 
rapaHTHpoBaTb nepeAany ruia3MHAbi bo3mo>kho óojibineMy 
HHCJiy ÔaKTepHH-nOTOMKOB. 

OAHOKonHHHbie rnia3MHAH Hy^aaiOTca b cncrcMax pa3Ae- 
jieHHa. Chctcmh pa3AejieHHa qicaht, htoóh bo BpeMa acjichhh 
K onHH-AyÔAHKaTbi 0Ka3ajiHCb no pa3Hbie cropoHH ceň™ h, Ta- 
khm o6pa30M, nonajiH b pa3Hbie AonepHHe kjictkh. 3H3HMara- 
qecKne aKTHBHOcm, ynacTByioiAHe b pa3AejieHHH KOJibijeBbix 
MOJieKya flHK, BnepBbie 6 hjih onHcaHbi KaK pa3 jijvi iwa3MHA. 
THnmHbiH npHMep TaKOH chctcmh H3o6pa>KeH Ha p vi c, t ľ /ja 
C ncreMa coAepacrrr Aba AOKyca, AOHCTByiomHx b mpanc-m,- 
ncpc, parA h parB, a Taioxe ^wc-AeHCTByioiiiHH 3j\mcm,parS, 
pacnojioaceHHbiH b fl ,HK qyTb HHxce othx tchob. 

BeaoK ParA aBaaeTca ATOa30H. Oh CBa3HBaeTca c 6tn- 
kom ParB; tot, b cbok) onepeAb, CBfl3HBaeT flHK HenoAaaeKy 
ot parS. fle/ieu,Ha jnoóoro H3 Tpex jiOKycoB par npenaTCTBy- 
er HaAAeacam,eMy pa3ACJieHHio AyôJíHKaTOB mia3MHAH. 

Chctcmh Taxoro THna oÓHapyaceHbi y ruia3MHA F, PI, 
Rl. HecMOTpa Ha hx npHHijHnHajibHoe cxoactbo, hhk3koh 
roMoiiorHH MOKAy cooTBercTByiomHMH reHaMH (h A^ace 
MeacAy ^wc-AeHCTByioiAHMH ojieMeHTaMH BpoAe parS) y hhx 
H e npoaioKHBaeTca. 

3acmcht parS nrpaeT b njia3MHAe Ty ace po;ib, hto h 
ueHTpoMepa xpomocomh b syKapnoranecKon loieTKe. Be- 
jiok ParB, CBfi3aBinHH JX HK HenoAajieKy ot parS , — sto oc- 
HOBa CTpyicrypbi, pacnpeAe;wiomeH KonHH ruia3MHA no pa3- 


hhm AonepHHM KJieTKaM. C caMHM parS CBfl3biBaeTai Apyroň 
6 eaoK — 6aKTepHajibHbiH IHF; oh craHOBHTca nacTbio toh 
ace CTpyKTypbi. KoMrweKc ParB h IHF c parS nojiynmi Ha3Ba- 
HHe KOMnjieKca pa3AeaeHHa (partition complex). B nooie- 
AOBaTejibHOCTH parS (ee Rjmm cocTaBJíaeT 34 nH) ecTb canT 
AAa CBa3HBaHHa c ôoikom IHF. noaieAOBaTejibHOCTb parS 
(J)jiaHKnpoBaHa noaieAOBaTejibHOCTaMH boxA h boxB — c 
hhmh cBfi3biBaeTCH 6eaoK ParB. 

BejiOK IHF, «xo 3 ancKHH cjiaKTop HHTerpan,HH» (integra- 
tion host factor), nojrynna CBoe Ha3BaHHe 3a Ty pojib, b ko- 
Topon oh 6 bm 3aMeneH BnepBbie. 3Ta pojib — oépa30BaHHe 
KpynHOH crpyKrypbi, oóycaoBJíHBaioiAeH HHTerpaiiHio cjiara 
jiaMÔAa b xpoMOCOMy 6aKTepHH-xo3aHHa. flaHHaa crpyicrypa 
coctoht H3 óejiKOB, BOKpyr KOTopbix oóepHyra HK; reTepo- 
AHMep IHF, KaK 6bmo CKa3aHO, HrpaeT mnoneByio poab b ee 
o6pa30BaHHH. B oiynae c pa3AeaeHHeM ruia3MHAHbix KonHH, 
pojib IHF, aHaaoranHO, 3aKJnoqaeTca b crnôaHHH flHK TaKHM 
o6pa30M, hto óejncy ParB yAaeTca CBa3aTb cpa3y Aba B3aHMHO- 
yAajieHHbix canTa, b boxA h b boxB (noKa3aHO Ha P n c. i 7.15). 
06pa30BaHHe KOMnjieKca pa3AeaeHHa HHHiiHHpyeTca, KorAa 
IHF CBa3HBaeT parS b npHcyrcTBHH AHMepa ParB. npn stom 
y ApyrHx A^MepoB ParB noaBJíaeTai B03M0)KH0CTb CBH3aTb 
JX HK b KoonepaTHBHon MaHepe. nojiyHHBinaaca crpyicrypa 
o6a3aHa BCTynHTb b KOHTaKT c óejiKOM ParA: sto B3 aHMOAenc- 
TBHe, XOTb OHO H KpaTKOBpeMCHHOe, OHCHb CyiH,eCTBCHHO A^ 
HopMajibHon cjiyHKUHH KOMnjieKca pa3Ae^eHHa. 

KaK H3BCCTHO, flHK-6eJIKOBbIH KOMnjieKC, MOHTHpye- 
Mbin Ha IHF b npoiiecce HHTerpai^HH cjiara jmMÔAa, cbh3h- 
BaeT Abe MOJieicyjibi flHK — nToôbi ohh CMorjiH peKOMÓH- 
HHpOBaTb (cm. pa3A- 19.19 «PeKOM6HHaiiHa cjiara JiiiMÔAa 
npoHcxoAHT b HHTacoMe»). KoMmieKc pa3Ae^eHHa mia3- 
mhahhx KonHH, trč «npaBHT» tot ^ce IHF, HrpaeT oópaTHyio 
no CMbiaiy pojib — rapaHrapyeT paccTaBaHHe Abyx MOJieKyji 
flHK Apyr c ApyroM; KOHKpeTHoro MexaHH3Ma oôecneqeHHa 
stoh rapaHTHH mh noKa He 3HaeM. Bo3mo^cho, kommckc 
pa3ACJieHHfl (J)H3HnecKH ;ioKa^H3yeT flHK b KaKOM-To onpe- 
AejieHHOM MecTe. Eoih, HanpHMep, kommckc pa3Ae;ieHHa 
npHKpemmeT flHK k kactohhoh MeMÓpaHe, to 3aAana no 


«KoMiiJieKC pa 3 Ae/ieHMfi» vopMwpyeTCB Ha parS 
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PHC. 17.15 KoMn^eKC pa3AejieHMíi o6pa3yeTca noc^e Toro, KaK IHF 
CBfl>KeT parS. Ot 3Toro CBíi3biBaHMfl flHK corHeica Ta k, hto noAO- 
ujeAUJMM 6eiiOK ParB CNioweT CBB3aTb Ha Heíí caííTbi, pacno;io>KeH- 
Hbie Ha (Jj^aHrax parS. ľlepBMHHbiíí KOMruiexc reTepoAHMepa IHF n 
OAHoro AMMepa ParB AonoiiHfleTCB nocneAyiomMNm AMMepaMM ParB 
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f1/ia3MHAa 3 a cnra b ji a eT icneTKy npoAyunpoBaTb 
Beti(ecTBO-y6Hif4y m npoTMBOflAue k HeMy 



P MC. 17.16 HeKOTopbie rma 3 MHAbi 3 aciaBJiíuoT KJieTKy-xo 3 flMHa npo- 
AyUMpoBaib AOJirowrpaiomMií ba m KopoTKOWMBymee npoTMBOBAne k 
H eMy. Taxa* ruia 3 MMAa «mctmt» 6 biBiueMy xo 3 flMHy rn 6 eiibio: b pe- 
3 yAbTaie nonyjiflUMfl 6 aKTepnií HanMHaeT cocTOBTb MCKjuoHmejibHo 
H 3 K/ieTOK, B KOTOpblX eCTb A 3 HH 3 B ľlJia 3 MMAa 


cerperauHH pemaeTca o6pa30BaHHeM cen™ MeacAy Tonna- 
mh npHKperuieHHa JJHK. 

y HecKOJibKHx óaicrepHH 6buiH oÔHapyTKeHbi coôcTBeHHbie 
ôe/iKH, poflCTBeHHbie ParA h ParB. Y B. subtilis sth ócjikh nojiy- 
hhjih Ha3BaHHH Soj h SpoOJ cooTBeTCTBeHHO. MyTau,HH no HX 
jiOKycaM nperíHTCTByiOT cnopyjiauHH, nocKOJibKy HapymaiOT 
cerperauHio oahoh H3 AonepHHx xpomocom b npeflcnopoBbiH 
KOMnapTMem (cm. pne. 11.42). B HopMaabHbix cnopyjiHpyio- 
U1HX Knencax 6 cjiok SpoOJ jioicajiH30BaH y noaioca: bo3mo>kho, 
oh yAep>KHBaeT TaM ophtpchh. nocne/íOBaTcnbHOCTb /JHK, c 
KOTOpOH CBH3bIBaeTC5I SpoOJ, BO MHOäCeCTBe KOnHH pa36po- 
caHa no xpoMOCOMe B. subtilis — BepHee, no OKpecTHOcraM 
opumnm pemíHKaunn Ha HHTepBajie, cocraBji5noiij,eM -20% 
A/iHHbi xpoMOCOMbi. CKopee Bcero, SpoOJ CBH3biBacr h crapbie, 
h HOBocHHTe3HpoBaHHbie opH/pcHHbi ao Tex nop, noKa xpo- 
mocomm He pa30HAyTca k npoTHBonojioacHbiM noaiocaM. 

y Caulobacter crescentus ôcjikh ParA h ParB HaxoAATca 
y nojnocoB óaicrepHH, r^e ParB CBB3biBaeT nociieAOBaTejib- 
hocth OKpecTHOCTeH opHTPKHHa, yAepxcHBaa ero b npnno- 
jmpHon oóJiacTH iiHTonjia3Mbi. 3HanHT, y C. crescentus ecTb 
cneiiHajibHbíň annapaT, oTBeTCTBeHHbíň 3a JiOKajiH3aijHio 
opH/pKHHa y nojnoca kjictkh, h cjic/^yioiij.HM 3TanoM zmm- 
3a 3TOH CHTyailHH CTaHeT HAeHTH(J)HKailHa mieTOHHblX KOM- 
noHeHTOB, c KOTopbiMH B3aHMOAeHCTByeT 3 tot annapaT. 


Kan yace roBopHjiocb, 6 o;ibmHHCTBO n^a3MHA o 6 ;ia- 
AaeT HeCKOJIbKHMH He3aBHCHMbIMH CHCTeMaMH, rapaHTH- 
pyK)nj,HMH npaBHiibHoe pa3Ae;ieHHe mia3MHAHbix KonHH. 
3THM nOflHepKHBaeTCfl BatfCHOCTb TaKHX CHCTeM AA^ BbDKH- 
BaHHfl n;ia3MHAbI. CHCTeMbI 2KH3HCHHOH 33BHCHMOCTH 
paóoTaiOT no npHHijHny «^khbcm BMecTe, hjih nopo3Hb 
yMpeMl». Tanaa CHCTeMa rapaHTHpyeT, hto óaicrepHfl, ko- 
Topaa HeceT mia3MHAy, ôy^eT acnTb TOJibKo a o Tex nop, 
noKa 3Ty mia3MHAy He noTepaeT. CymecTByeT HecKo/ibKo 
HaAOKHbix cnocoóoB yóHTb ioieTKy 3a to, hto OHa H3óa- 
BHJiacb ot n;ia3MHAbi. 3th cnocoébi 06 'beAHHaeT oôiijhh 
npHHiinn, noKa 3 aHHbiH Ha P M c. 17 . 16 . Ero cyTb b tom, hto 
n;ia3MHAa-pe3HAeHT HaBB3biBaeT imeTKe h ha, h npoTHBo- 
jiAHe k HeMy OAHOBpeMeHHO. Ha — sto BemecTBO-yÔHHija, 
KOTOpoe AOBOJIbHO CTaÔHJIbHO. npOTHBOBAHe, Ô^OKHpyK)- 
mee AencTBHe aAa, HanporaB, He craÓHjibHO: oho ôbicrpo 
MeTa6o;iH3HpyeTCB. 

IlpeAnojioxcHM, KneTKa noTepa^a rnia 3 MHAy. npoTH- 
BoaAne, no CBoeH npnpoAe, óbicTpo pacnaAaeTca, h TorAa 
BemecTBO-yÓHHija óeenpenaTCTBeHHO npHBOAHT KJieTKy k 
rHÓejiH. TaKHM o 6 pa 30 M, óaKTepHH, noTepaBniHe naa 3 MHAy, 
HeH 36 eacHO noraóaiOT. nonyjiaiina oópeneHa Ha óecKOHen- 
ho AOJiroe coxpaHeHHe b ce 6 e TaKOH naa 3 MHAbi. 

no CBoeH KOHKpeTHOH (J)OpMe CHCTeMbI )KH 3 HeHHOH 
3 aBHCHMOCTH óbiBaiOT pa 3 Hbie. HanpHMep, y mia 3 MHAbi 
F yôHHiia h ero ÓJionaTop npeACTaBaaiOT coôoh 6 en kh. y 
mia 3 MHAbi R 1 eme HHTepecHee: SKcnpeccna TOKCHHHoro 
OejiKa-yÓHHiibi noAaBJíaeTca kopotkoh aHTHCMbícnoBon 
PHK, BbicTynaioiAeH b KanecTBe npoTHBoaAHa. 


17.10 


HeCOBMeCTHMOCTb njia3MMA 
o6yc/iOB/ieHa cxoactbom 
MX peiUIMKOHOB 


KatOHeBbie noHBTMB: 


• ľl/iasMHAbi, npnHaA/ie>KaiAMe k oahoíí rpynne coBMecTMMOCTM, 
MMeioT opnA>KMHbi. pery/iMpyeMbie oahom m tom >ne cMCTeMOM 

KOHTpOJlfl. 


HeCOBMeCTHMOCTb njia3MHA — 3(J)(J)eKT paÓOTbl CHCTeM 
peryaauHH nnoia mia3MHAHbix KonHH h hx pa3AeaeHna. 
rpynnoň cobmccthmocth Ha3biBaiOT Haôop n;ia3MHA, 
H3 KOTopbix jnoôbie Aee He Moryr cocymecTBOBaTb b oahoh 
óaKTepHajibHOH KaeTKe. HecoBMecraMOCTb mia3MHA oóyc- 
jiOBJíeHa hx cxoactbom. n;ia3MHAbi oahoh rpynnbi cobmcc- 

THMOCTH HeOTJIHHHMbl APF OT AP^a — C TOHKH 3peHHa 
HeKOTopbix CHCTeM, oTBeTCTBeHHbix 3a hx noAAepacaHne. 
BjIHflHHe 3THX CHCTeM aKTyaJlbHO Ha OAHOH H3 AByX CTaAHH: 
pemíHKaiiHH RHK nu 60 cerperauHH reHeTHnecKoro MaTe- 
pnaaa. 

npHMeHHTeiIbHO K HeCOBMCCTHMOCTH njia3MHA, MOACab 
HeraTHBHoro Kompojia cTpoHTca b cootbctctbhh c npeA- 
CTaBJíeHHeM o npHcyrcTBHH b KneTKe penpeccopa, KOTopbin 
BbicTynaeT MepnaoM KOHiiempaiiHK opha>khhob. Koht- 
pojib nHOia naa3MHAHbix KonHH ocymecTBaaeTca óaaroAa- 
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HecoBMecTMMbie n/ia3MMAbi noAHMHeHbi oahoíí cxeMe 
BocnpoM3BOACTBa m pacnpeAejieHMfl 


17.11 


K/ieTOMHbiíí amk^ óaKTepMM 

K^eTOHHblíí AH K/l ÓaKTepMM C AByM/l 

c oahoíí ruia3MMAOíí 

HeCOBMeCTMMblMM ruia3MMAaMH 

Ó 

oo 

KneTKa pacTei, 

1 KneTKa paciei 

■ HO HM OAHa M3 

>|r niia3MMAa 

X n/ia3MMA 

pen^HAMpyera 

" He pen/iMAMpyeTCB. 
nocKO^bKy mx 

OpMA>KMHbl 


HeOT/lMHMMbl 


ó~ o 

^ KneTKa Ae/iMTca 

^ K/ieTKa Ae/iMTCB 

O 

ó. 

SBF o 

B Ka>KAyK) K/ieTKy nonaAaeT Komiíi 

HecoBMecTMMbie n^a3MMAbi pacnpe- 

oahoíí M TOÍÍ >Ke n^a3MMAbl 

Ae/iM/iMCb no pa3HbiM K/ieTKaM 


P M C. 17.1 7 flBe n^a3MMAbi HecoBMecTMMbi (to ecTb npMHaAiiewaT 
k oahoíí rpynne coBMecTMMOCTM), ecriM Ha craj\m \AHMi\mi\m pen- 
j\mai\m m opMAWMHbi HeoT/iHHMMbi Apyr ot Apyra (c tohkm 3peHHB 
loieTOHHbix cMdeM, KOTopbix 3TO KacaeTca). Tot >ne npMHUMn npMMe- 
HMM K MOAG/lHpOBaHMK) CerperaAMM XpOMOCOM 


pa CHHTe3y b KJieTKe Tanoro penpeccopa; cjiopMajibHo, 3Ta 
MOAeJIb SKBHBaJieHTHa moactih THTpOBaHHa, OnHCbIBalOĽGieH 
perynaiiHio perníHKaijHH óaKTepnajibHOH xpoMOCOMbi. 

BbOA b CHCTeMy HOBOrO OpHA^KHHa (TO eCTb BTOpOH 
nAa3MHAbi toh ace rpynnbi) mvinrapyeT pe3yjibTaT pemiH- 
Kai^HH n;ia3MHAbi-pe3HAeHTa: Hannijo iipncyTCTBue Asyx 
opH/^CHHOB. PÍ3-3a 3Toro Aioóaa AajibHeHinaa perníHKaijHa 
6 yAcr HaxoAHTbca noA 3anpeTOM a o Tex nop, nona abc 
njia3MHAH He pacnpeAejmTca no pa3HbiM mieTKaM. Tor^a 
B Ka^AOH H3 3THX AOHepHHX KAeTOK ÓyZjeT BOCCTaHOBJíeHO 
hhcjio Konnn, npneMAeMoe b KanecTBe «HHoia Konnn a o 
penjiHKaiiHH» (cm. p m c. i 7. i 7). 

Eoih ABe pa3Hbie roia3MHAbi He CMoaceT pa3JiHnHTb 
Apyraa cucreMa, KOHTpojmpyiomafl coóctbchho pacnpe- 
AejieHHe (cerperaijHio, pa3Ae;ieHHe) n.na3MHA no Aonep- 
hhm mieTKaM, scjxjieKT 6yaeT tcm ace. HanpnMep, eoín abc 
njia3MHAbi oÓJiaAaiOT OAHHaKOBbiMH ^wc-AcncTByK)iAHMH 
caňTaMH aa^ pa3AejieHHíi, KOHKypeHijHa MOKAy sthmh caň- 
TaMH 6yAeT rapaHTnpoBaTb cerperaunio 3 thx n;ia3MHA no 
pa3HbiM KjieTKaM; Kax oieACTBue, ohh He CMoryr 6biTb yAep- 
mHbl OAHOH KJieTOHHOH JIHHHCH. 

HanpoTHB, npHcyTCTBHe n;ia3MHAbi H3 oahoh rpynnbi 
coBMecTHMOCTH He bjihact Ha ycnex pa3MHO^ceHna nna3MH- 
Abi, npHHaATie^KaiAeň k Apyroň rpynne (bo boikom cjiynae, 
HanpaMyio He bjihact). Ha Ka>KAyK) rpynny cobmccthmocth 
OAHOKOnHHHblX mia3MHA B OAHOH ÓaKTepHaJlbHOH KneTKe 
MO)KeT npHXOAHTbCfl TOJIbKO OAHH peniIHKOH, H OH HHKaK 
He B3aHMOACHCTByeT c peniíHKOHaMH Apyrnx rpynn cobmcc- 

THMOCTH. 


CucreMa coBMecMMOCTM ColEl 
KOHTpojmpyeTCB PHK-pery/wnopoM 


KjuoneBbie noHBTMa: 


• fl/iB pen/iMKai 4 MM ruia3MMAbi ColEl HeoóxoAHMO, htoóh 
CH ana/ia nepe3 ee opmawmh npowjia TpaHCKpnni4Ma; npoAyKT 
TpaHCKpMnuMM pacmen/iaeTca PHKa30íí H c o6pa30BaHMeM 
3aipaBOHHoro KOHAa. 

• Pery/iflTopHaa PH KI npeACTaBjíaeT co6o \Á KopoTKyio 

a htm c m bi c/i o By K) PHK; OHa B3anMOAeíícTByeT c TpaHCKpnnTOM 
n npenflTCTByeT pacmen/ieHmo, nopoKAaiomeMy 3aTpaBOHHbiíí 
KOHeLb 

• Ee/iOK Rom ycmiMBaeT B3aMMOAeíícTBMe Me>KAy PHK I n 

TpaHCKpMnTOM. 

Jlynrne Bcero H3yneHa CHcreMa peryjuniHH nnoia KonHH 
(conp^DKeHHaa c scjxjieKTOM HecoBMecmMOCTH) n;ia3MHAbi 
ColEl. 3 to MyjibTHKonHHHaa mia3MHAa co CTaÓHJibHbiMypoB- 
HeM npncyTCTBHa ~20 KonHH Ha KJieTKyE coli. noAAepacaHHe 
HHCJia njia3MHAHbIX KOnHH nOAHHHeHO MexaHH3My HHHIlHa- 
I1HH penjIHKailHH B OpHAäCHHe ColEl (CM. PUC. 17.18). 

PenjíHKauHfl ColEl HanHHaeTca c TpaHCKpHniiHH: chh- 
Te3 PHK CTapTyeT Ha 555 nH Bbirne opHA>KHHa h nponHTbi- 
BaeT opha>khh HacKB03b. fla^bine b npoqecc BioiionaeTca 
4)epMeHT PHKa3a H; b ero Ha3BaHHH OTpa^ceHa cneiiHcjiHq- 
HOCTb k cyócTpaTy (PHK), HaxoAAiACMyca b raópHAe c ,HHK. 


Paapes, bhochmum b PHK, MHHiiMHpyeT pen/iHK34Hio 



J\/\/X/X/Y/'. /\ 

HanMHaera CMHTe3 PHK-npaíÍMepa 






/>v\> 

TpaHCKpnnun5i npoxoAHT opma>kmh 


^ / 


//Y/V/Y/Y/Yŕ 
/X/V/X/V^ 

PHKa3a H pa3pe3aei PHK 



A/\ 

PHK o6pa3yei ycTOííMMBbiíí rn6pnA c AHK 


l>\ 

HaHMHaeTCB CMHTe3 AHK 


PHC. 17.18 Pen/iMKaAMB flHK ColEl HHMUHMpyeTCB pa3pe30M, koto- 
pbiŕí PHKa3a H bhocmt b TpaHCKpMnT-npeAUJecTBeHHMK. no^ynaeica 
npaŇMep co CBOÓOAHbiM 3'-0H 3aipaBOHHbiM kohaom, c KOToporo 
HaHMHaeTca cnHTe3 flHK. npaŇMep o6pa3yeT ycTOíÍHMBbm rn6pnA c 
MaipMHHOÍí Aenbio flHK opnA>KMHa 


17.11 CMdeMa coBMecTHMOCTH ColEl KOHTpoAMpyeTca PHK-peryABTopoM 437 



























PH C. 17.19 PHKI KOMľvieMeHTapHa 5'-KOHueBOÍí oóJiacTM npaŇMepa 


PHKa 3 a H pa 3 pe 3 aeT TpaHCxpnnT — b toh nacm, xoTopan 
KOMiuieMeHTapHa opiwxHHy. Kpafi 3 Toro pa 3 pe 3 a, HMeio- 
iijhh 3'-OH kohoi, ^ajiee Hcnojib3yeTcn b xanecTBe 3 aTpaBXH, 
wm npaHMepa, a jm HHHiinaijHH CHHTe 3 a flHK (Hcnojib30Ba- 
HHe npafiMepoB noApoÓHO oóeyxcAaeTCfl b pa3A. 18.8 «HTo 6 bi 
HanaTb chhtc 3 flHK, HeoóxoAHMa 3 aTpaBKa».) 3 aTpaBjiHioma 5 i 
PHK, hjih npafiMep, oryxcHT scJ^exTopoM cpa 3 y / 17 m a Byx 
peiy/wTopHbix chctcm. Oah3 H3 sthx chctcm hact no nyra 
CHHTe 3 a PHK, xoMiweMeHTapHOH npanMepy; Apyran cncre- 
Ma 3 aAencTByeT óenox — npoAyKT 6 nH 3 ;ie)Kamero Jioxyca. 
3 aTpaBji 5 noniaH PHK o 6 pa 3 yeT c flHK ycTOHHHBbin rn 6 p ha* 
Ynacnoi flHK, o 6 pa 3 yiomHe pynneKc c PHK, pacnonoxceHbi 
Bbirne opnA>KHHa (Boxpyr no3HijHH -20 n -265). 

ľl03HaK0MHMai c enje oahoh MOJieKyjion: PHK L 3to 
ocoóbin bha peiyjnrropHOH PHK, hmooiahh AJiHHy -108 oc- 
HOBaHHH h cHHTbiBacMon c Apyrofi, npoTHBOJiexcameH uenn 
flHK, neM MOJiexyna 3aTpaBJMiomeH PHK. 

B3anMOAencTBne PHK I n PHK-npeAinecTBeHHHxa 
npanMepa nponjunocTpnpoBaHO Ha P M c. 17 . 19 . Chhtc3 
MOJieKynbi PHK I HHHiiHnpyeTca BHyTpn ynacrxa flHK, 
cooTBeTCTByK)mero npaííMepy, h TepMHHHpyeTCfl He- 
MHoro He aoxoaa ao MecTa, rAe HHHijHHpyeTCfl chhtc 3 
PHK-npeAiuecTBeHHHKa npanMepa. TaxnM o6pa30M, PHK 
I KOMnueMeHTapHa 5'-xoHijeBOMy ynacrxy npanMepa. B3a- 
HMOAeHCTBne AByx PHK no npnHiinny xoMnneMeHTapHOC- 
th oiyxcnT cpeACTBOM orpaHHneHHfl Aonycxa npanMepa k 
ynacTHio b HHHiinaiiHH payHAa penjinxaijHH. 

KoHTpTpaHCKpHnT — 3TO MOJiexyna PHK, xoTopaa, 
xax PHK I, BbinojiroieT peiyjwTopHyio (JjyHxijHK) 3a cneT 
xoMmieMeHTapHOCTH Apyron PHK, cnnTaHHOH c toh xce ca- 
moh oójiacrn AByxiienonenHOH flHK. 3tot Tnn peryjnmHH 
cjiyxcHT eme oahhm npnMepoM Hcnojib30BaHHn amncMbic- 
jioboh PHK (cm. pa3A. 13.7 «Pery;miiHfl TpaHCjraiiHH c noMO- 
iAbio Ma^bix MOJiexyn PHK»). 

MyraiiHH, yMeHbinaioiAHe um ycrpaHaiomHe HecoBMec- 
THMOCTb MOKAy IUia3MHAaMH, BpeMa OT BpeMeHH B03HHXai0T 
caMH; hx mo5kho 3axpenHTb cejiexiinen h xapmpoBaTb. Y 
ColEl MyraiiHH, HeHTpajiH3yiomHe HecoBMecTHMOCTb, npn- 
xoahtch Ha ynacTox nepexpbiBaHna mokay PHK I h npanMe- 
poM. nocxonbxy cooTBeTCTByioiAHH ynacTOx ecTb b oóenx 
PHK, oTHomeHHe x scjxjjexry Myraunn moxcct HMeTb jnoóan 
H3 hhx (un h cpa3y o6e). 

KorAa PHK I AOÓaBimioT x chctcmc in vitro , pemiHUH- 
pyiomen HUK ColEl, OHa, He noAaBjwn CHHTe3a PHK-npeA- 
mecTBeHHHxa npanMepa (hh HHHijHauHH TpaHcxpnnijHH, 
hh sjiOHraunn), tcm He MeHee, noAaBjmeT o6pa30BaHne 
axTHBHoro npanMepa. OieAyeT npeAnonoxcHTb, hto PHK I 
nperoiTCTByeT o6pa30BaHHio 3aTpaBOHHoro 3'-xoHija, Ha xo- 


TopbiH, xax yxce roBopnjiocb, B03AencTByeT PHKa3a H. Kax 
BbmcHMOCb, npHcyTCTBHe PHK I MeniaeT PHKa3e H pa6o- 
TaTb. 3tot HHrH6npyK)iAHH acJ^exT oóyc^OB^eH xoMn^e- 
MeHTapHOCTbio noe^eAOBaTe^bHOCTeH PHK I h PHK-npeA- 
mecTBeHHHxa npanMepa. 

06e MO^exy^bi PHK oó^aAaiOT oahoh h toh xce noTeH- 
ijHajibHOH BTopnHHOH cTpyxTypoň xpHTHHecxoro ynacTxa, 
coAepxcaniero npe3yMnTHBHbin 3aTpaBOHHbin xoHeu,: Tpn 
mnínibXH c neTJiHMH Ha xoHu,ax. MyTau,HH, CM^maioiAHe 
HecoBMecTHMOCTb, cocpeAOToneHbi b neTjrax. Cxopee Bcero, 
Hana^bHbiM 3TanoM B3aHMOAeHCTBHa PHK I c xoMn^eMeH- 
TapHOH PHK-npeAiuecTBeHHHXOM npaííMepa HBjíaeTCH xoh- 
TaxT MexcAy neTji^MH. 

noneMy cnapHBaHne PHK-npeAiuecTBeHHHxa c PHK I 
MeniaeT npoBeAeHHio pa3pe3a c o6pa30BaHHeM 3aTpaBon- 
Horo xoHiia? Oó^ncHeHne H3o6pa)xeHO Ha puc. 17 . 20 . 

Ecnn PHK I OTcyTCTByeT, PHK-npeAmecTBeHHHX npaH¬ 
Mepa c})opMHpyeT coócTBeHHyio BTopHHHyio cTpyxTypy (co 
mnnnbxaMH h neTJinMH). Ecnn PHK I npHcyTCTByeT, npeA- 
mecTBeHHHX c Hen B3aHMOAeHCTByeT: Monexynbi o6pa3yx)T 
coBepmeHHbiH PHK-PHK Aynnexc Ha bccm npoTnxceHHH 
PHK I. npn stom BTopnHHan cTpyxTypa npeAuiecTBeHHHxa 


BHeceHMe MHM 4 MMpyiou 4 ero pa 3 pe 3 a 
noflaBJíaeTCfi B3aHMOAeiícTBiieM PHKI 
C TpaHCKpHnTOM-npeAUieCTBeHHMKOM 



PUC. 17.20 B3aMMOfleMCTBue c KOMnjieMeHTapHOM PHK I MOweT 
MeHBTb BTopMHHyK) CTpyKTypy TpaHCKpunTa-npefliuecTBeHHMKa npaŕí- 
Mepa 1/1, TaKMM oópaaoM, npenBTCTBOBaTb paapeay, uHuuuupytomeMy 
CMHTe3 flHK 
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AeňcTBHe PHKI paccmuaHo Ha coôcTBeHHbm, 

MAM a6C0/1K)TH0 MAeHTMMHbIM, reHOM 


B CBoeM reHOMe PHK I B3anMOfleíícTByeT c KawAbiM 
TpaHCKpMnTOM-npeAIJJeCTBeHHMKOM 



PHK I C OTJlMHaiOLAMMMCfl nOC/ieAOBaTe/lbHOCTBMM 
He MoryT AeňcTBOBaTb Ha PHK-npaíÍMep 



P H C. 17.21 MyTaUHH B OÓAaCTM, KOTOpOM COOTBeTCTBytOT PHK I M 
npefliijecTBeHHMK npaňMepa, He bambkdt Ha B3anMOAeňcTBne 3 tmx 
AB yx PHK - npoflyKTOB oflHoro reHOMa. Ho 3 tm MyiauMM MoryT am- 
iiJMTb PHK I bamahma Ha flpyryto, npe>KAe MAeHTMHHyK), nAa3MMAy n 
TeM caMbiM, HapyiAHTb LjeAOCTHOCTb rpynnbi coBMecTMMOCTM 


He HBjíneTCH ÓJiironpHHTHOH /yrn pacmen/ieHna PHKa 3 on H: 
CKopee Bcero, HapynieHa cnocoóHocTb KpnTHHecKoro yMac- 
TKa PHK k o6pa30BaHHio ycTOHHHBoro rnópnAa c JX HK 

CxeMa b uejiOM HanoMHHaeT MexaHH 3 M arreHyauHH 
TpaHCKpHnuHH, tj\c ajibTepHaTHBHbie Bapnambi B3anMO- 
AencTBna ocHOBaHHH nocjieAOBaTejibHOCTH PHK 03HanaK)T 
pa3pemeHHe ji h6o 3anpeT Ha (Jx)pMHpoBaHHe btophhhoh 
CTpyKTypbl, HCOÓXOAHMOH J1M TepMHHaUHH TpaHCKpnniJHH 
PHK-no/iHMepa 3 on (cm. pa3A- 13.2 «ArreHyauHa Kompo/in- 
pyeTca c noMombio ajibTepHaTHBHbix btophhhmx CTpyicryp»). 
3aMeTHM, HTO 3(f)(f)eKT, npOH3BOAHMbIH PHK I, AOCTHraeTCH 3a 
cneT AocTyna k OT^ajieHHbiM yMacTKaM nocjieAOBaTejibHOcm 
KOMnjieMeHTapHOH PHK-npeAinecTBeHHHKy npaHMepa. 

OopMa^bHO 3 Ty MOAejib moxcho OTOxcAecTBHTb c pery- 

JIHTOpHblM KOHTypOM, B KOTOpOM BCeľO ABa 3BCHa. Jlfl HHHafl 
PHK-npeAiuecTBeHHHK npaHMepa 3KBHBajieHTHa no3HTHB- 
HOMy pery/raTopy h HyxcHa jyift HHHynauHH pen/íHKaunn. 
KopoTKaa PHK I aiyxcHT HeraraBHbiM pery/raTopoM, cnocoó- 
hhm HHrnónpoBaTb AencTBne no3HTHBHoro peryjurropa. 

no CBoen cnocoÓHOCTH AeŕícTBOBaTb Ha pa3Hbie n/ia3- 
mhah, BBOAHMbie b icieTKy, PHK I BbicTynaeT b po/in yHH- 
Bepca^bHoro penpeccopa — aHa^ornHHO /iH3oreHHOMy 
penpeccopy jiHMÔ^a (cm. pa3A. 14.9 «Penpeccop h ero one- 
paTopbi (J)opMHpyK)T pernoH HeBOcnpnHMHHBOCTH»). Tojib- 
ko BMecTo óejiKa-penpeccopa, kotopmh CBA3biBaeT HOByio 
flHK, 3Aecb ^eHCTByeT PHK-penpeccop, KOTopaa CBA3biBaeT 
Apyryío PHK — HOBOCHHTe3npoBaHHbiH npeflinecTBeHHHK 
npaHMepa. 

Ha CBH3biBaHne PHK I c PHK-npeAiuecTBeHHHKOM npaH¬ 
Mepa MoaceT BJiHHTb 6e/iOK Rom; ero KOflnpyeT reH, pacno- 


jioxceHHbiH HHXce opHA>KHHa. BejiOK Rom ycn/iHBaeT cba- 
3 biBaHne PHK I c TpaHCKpnnTaMH PHK-npeAiuecTBeHHHKa 
AAhhoh >200 ocHOBaHHH. 3to ycyryÓJiaeT HHrnónpoBaHHe 
o6pa30BaHHH npaHMepa. 

KaKHM o6pa30M Myraunn, BHAOH3MeHínomne Bcero- 
HaBcero BTopnHHyio CTpyKTypy AByx HHnero He KO/jnpy- 
lomnx PHK, MOiyr ncnpaBjííiTb HecoBMecTHMOCTb n/ia3- 
mha? Rnn OTBeTa BOcnojib 3 yeMca .-m c. i /,2 i. TaM noKa 3 aH 
cjiyMan, Kor^a KneTKa coAepxcnT ABa Bapnama nocjieAO- 
BaTejibHOCTH PHK I (h PHK-npefliuecTBeHHHK npaHMepa). 
Ec/ih PHK I h PHK-npe/jiiiecTBeHHHK TpaHCKpn 6 npoBaHbi 
c o/jHHaKOBbix ynacTKOB, ohh CMOiyr B3anMOAencTBOBaTb. 
By^yMH CHHTe3npoBaHbi Ha MaTpnyax pa3Hbix BapnaHTOB 
reHOMa, ohh MOiyr He y3HaTb Apyr Apyra, h B3anMOAenc- 
tbha He nojiyHHTCH. Kohchho, Taxa*! CHTyaura bo3hhkhct 
b c/iyMae Myraunn He npocTO Ha ynacTKe, oómeM /yw AByx 
PHK, ho o 6 fl 3 aTeJibHO b no^oxceHHH, KOTopoe ocoóchho 
aiayajibHO jym hx B 3 aHMOACHCTBHH. B stom cjiyMae xaxc- 
Aan PHK I CMOxceT o6pa30BbiBaTb Ayn^eKC TO^bKO c npeA- 
mecTBeHHHKOM, comeAuiHM c tohho TaKOH xce n^a3MHAbi, 
Kax OHa caMa; nosTOMy ABe n^a3MHAbi — opnrHHaji h My- 
TaHT — 6 yAyT Bec™ ce 6 a Kax npeACTaBHTejibHHijbi pa3- 
Hbix rpynn cobmcctomocth. 


17.12 


KaK npoMcxoflm pen/iMKaun« 
m cerperauMB AH K 

B MMTOXOHAPMAX 3yKapMOT? 


KAioneBbie noHBTMA: 


• PenAMKauMB m pacnpefleAeHue MTflHK no AonepHnM 
mutoxohapmbm HocflT CTOxacTnHecKnň (cAyHanHbíň) xapaKTep. 

• CaMn mutoxohapmh pacnpefleABK)TCB no AonepHnM KneTKaM 
TO>Ke npOH3BOAbHblM oópa30M. 


3a BpeMa loieTOHHoro ynioia mhtoxohaphh 0ÓH3aHbi AyiuiH- 
UHpoBaTbCH, HTOóbi k TOMy MOMemy, KorAa icieTKa HanHeT 
AejíHTbCH, óojiee hah MeHee paBHOMepHO pacnpeAeAHTbCA 
no AonepHHM KJieTKaM. MexaHHKa sthx npoyeccoB b yeAOM 
ACHa — nero HeAb3A cxa3aTb 06 hx pery/raijHH. 

Pa3MH05KeHHe MHTOXOHAPHH B 3yKapHOTHHeCKOH KAeT- 
xe Ha Bcex cbohx ypoBrax (penAHKaupia JX HK, pacnpeAeAe- 
Hne JX HK no nam iahmca mhtoxohapham, pacnpeAeAeHne 

MHTOXOHAPHH B ACAHIACHCA KJieTKe) HOCHT CBOÓOAHblH 

xapaKTep. no Bcen bhahmocth, k AaHHOMy cjiynaK) npnMe- 
hhmo to xce, noAKpemieHHoe BepoATHOCTHbiMH BbiioiaAKa- 
mh, paccyxcAeHHe, KOTopoe yxce npnMeHAAOCb k c^ynaio c 
MHoroKonHHHbiMH nAa3MHAaMH óaKTepnn. Oho 3ByMajio 
TaK: HTOóbi KaxcAOH AOHepHen icieTKe npaKTHHecKH HaBep- 
raKa AOCTaBa^acb xota 6bi OAHa nAa3MHAHaa KonnA, Taxnx 
Konnn aojixcho óbiTb óoAee 10 (cm. pa3A. 17.9 «Oahokohhh- 
Hbie n/ia3MHAbi oó^aAaiOT cneunaAbHbiMH cncTeMaMH cer- 
perayHH»). To xce BepHO h aa^ mhtoxohaphh; ecjm MTflHK 
coAepxcHT aAAeAbHbie Bapnaunn, CAynaHHoe pacnpeAeAe- 
HHe MOXCeT npHBeCTH K nOABAeHHK) KAeTOK, B KOTOpblX eCTb 
TOAbKO OAHH H3 aJIACACH. 


17.12 KaK nponcxoAMT penAMKauna n cerperauna flHK b mmtoxohapmax ayKapnoT? 439 























PeruíHKau.Hfl mt/^HK, CKopee Bcero, Toxce HHHijHHpyeTCfl 
ôecnopaAOHHO, nocKOJibKy HHKaKoro hbhoto Kompou Toro, 
KäKHe KOHKpeTHO KOIIHH MHTOXOHApHaJIbHOTO reHOMa pen- 
JIHIJHpyiOTCfl, HeT. B K20KJ\0U KJieTOHHOM U,HKJie OTACJIbHbie 
MOJieKyjibi mt/ÍHK MOiyr penjiHu,HpoBaTbai 6o/ibiuee hhcjio 
pa3, neM ppyrm. 06mee hhcjio Konnň MHTOxoHApnajibHoro 
reHOMa motkct KOHTpojinpoBaTbCfl no npnHunny «THTpoBa- 
hha Maccbi», ecJjopMyjinpoBaHHOMy rjw óaKTepnn b pa3A. 17.2 
«PeruiHKauHa B3anMOCBH3aHa c KJieroHHbiM ijhkjiom». 

KaxcAafl mhtoxohaphh motkct HMeTb 6ojiee oahoh ko- 
nnn coôcTBeHHoro reHOMa. KorAa mhtoxohaphh acjihtch, 
OHa onoacbiBaeT ee6n KOJibijOM, KOTopoe, OKHMancb, nepe- 
TarnBaeT opraHejuiy HaABoe. 3 to noxoxce Ha AOJieHHe 6aK- 

Tepna^bHon KJieTKH. 

AnnapaT acjichhh mhtoxohaphh pacTHTejibHOH KJieT- 
kh noxoxc Ha annapaT acjichhh óaKTepHH. B hcm nenojib3y- 
ctch tomojiot óaKTepnajibHoro óejiKa FtsZ (cm. pa3A. 17.5 
«Hjm o6pa30BaHra cenTbi hcoóxoahm óejiOK FtsZ»). Y mh- 


P e n/iMKd 4 Mfl MMTOxoHAPMa/ibHOŇ flHK He pery/inpyeTCfl crporo 



ľlocepeAMHe o6pa3yera nepeuoKKa 



O • HymieoMAbi mtAHK 


s Vl. 17.22 PenAMKauufl MMT 0 X 0 HApnajibH 0 M flHK peryjiMpyeTca: 
hmc/ 10 reHOMHbix KOľiMÍí yBejiMHMBaeTCfl nponopuuoHa^bHO pociy 
Maccbi opraHe/uibi. OflHaKo hmcjio payHflOB peruiMKauMM, ripofifleH- 
HblX pa3HblMM KOriMBMM MľflHK, HMK3K He BbipOBHeHO, M 3TO, B COBO- 
KyriHOCTM c HeynopBflOHeHHoŕí cerperauMeŕí, cnocoócTByeT HaKon/ie- 
HMK) reHeTMHeCKMX pa3JlMHMM Me>KAy MMTOXOHAPMBMM 


TOXOHAPHH B ICieTKaX TKHBOTHblX annapaT ACJICHHH COBCeM 
Apyron: b HeM Hcnojib3yeTCH óejiOK ahhhmhh; oh Taoce 
ynacTByeT b OTiiiHypoBKe Be3HKyji ot pa3JiHHHbix MeMópaH 
BHyTpH KJieTKH. 

Mbi Hnnero He 3HaeM o MexaHH3Me pa3AejieHHH MOJie- 
Ky/i mtAHK bo BHyrpeHHeM npocTpaHCTBe mhtoxohaphh: 
B03M07KH0, OHH AOCTaiOTCH AOHepHHM MHTOXOHApHHM 
TOJIbKO nOTOMy, HTO Ha MOMeHT ACJICHHH HaXOAHJIHCb B 
cooTBeTCTByK)iAeH no/iOBHHe opraHejuibi. npn stom bo 3- 
MOTKHOCTb B03HHKH0BCHHH TeHeTHHeCKHX pa3JIHHHH MOK- 

Ay AonepHHMH mhtoxohaphhmh kjictkoh He ynHTbiBaeTCH; 
MexcAy TeM, xa k noxa3aHO Ha p n c. 17 , 22 , Taxne pa3nmm 

MOryT B03HHKaTb. 

PaenpeAe^eHHe mhtoxohaphh no AonepHHM kjictkhm 
npn MHT03e Toxce HMeeT cjiynaHHbin xapaKTep. O cymec- 
TBOBaHHH (MHTOXOHApHaJIbHblx) TCHOB, KOTOpbie MOTyT 
6biTb yTpaneHbi oahoh H3 AonepHHx kjictok, BnepBbie a 0 - 
raAa^HCb, HaójnoAan 3 a coMaranecKoň H3MeHHHBOCTbio y 
pacTeHHH (cm. pne. 4.15). 

Pa3Mepbi mhtoxohaphh Aaxce B OAHOH KJieTKe MOryT 
CHjibHO BapbHpoBam Ha caMOM Aejie, ao chx nop Tax h He 
BbmcHeHO: to jih Ka^an OTAejibHO B3HTan mhtoxohaphh 
npeACTaBJíneT coóoh AHCKpeTHyio opraHCjmy, to jih hbjihct- 
CH HaCTbK) KOHTHHyyMa, B KOTOpOM 06 'beAHHeHbI BCe MHTO¬ 
XOHAPHH KJieTKH. KoHTHHyyM npeóbiBaeT b HenpepbiBHOM 
AHHaMHHeCKOM nOTOKe CJIHHHHH/OÓOCOÓJieHHH OTACJIbHblX 
MHTOXOHAPHH. 

AÔCOJIíOTHO TOHHO H3BeCTHO, HTO b ApOXCXCeBblX KJieT- 
xax mhtoxohaphh MOryT cjiHBaTbCH, nocKOJibKy cnapHBa- 
HHe AByx ranjiOHAHbix niTaMMOB Apoxacen e oópa30BaHH- 
eM ATinjiOHAHoro niTaMMa motkct npHBecTH k noHBjíeHHio 
peKOMÓHHaHTHblX MTflHK. (HTOÓbl peKOMÓHHHpOBaTb, 
MOJieicyjibi MTflHK aojdkhh noBCTpenaTb Apyr Apyra BHyr- 
pn oahoto MHToxoHApnajibHoro KOMnapTMema, 4T0 He- 
B03M0XCH0 6e3 CJIHHHHH MHTOXOHAPHH, yHaCJICAOBaHHblX 
OT pa3HbIX IIITaMMOB.) HOHCK nOXOTKHX COÓbITHH B KJieTKax 

hchbothhx He HMeji hbhoto ycnexa. H3yneHHe AByx kjictok 
noejie cjihhhhh jyift oÓHapyxceHHH KOMnjieMeHTaiiHH (ne- 
perpynnnpoBKH) hx MHTOxoHApnajibHbix a^jiejieň He npn- 
HeCJIO 0AH03HaHHbIX OKCnepHMCHTaJIbHblX A^HHblX. 


17.13 


Ha pemíHKauHK) xpoMOCOMbi E. coli yxoAHT onpeAejieHHoe 
BpeMH, 40 mhh; enie 20 mhh aojdkho npoíiTH, npexcAe neM 
KJieTKa CMOxceT noAejíHTben. Ecjih kjictkh acjihtch nanie, 
neM pa3 b 60 mhh, payHA penjíHKaiiHH HHHU,HHpyeTCH ao 
OKOHnaHHH npeAbiAyiAero KJieTOHHoro UHKJia (KJieTOHHbin 
UHKJI — 3TO nepHOA CymeCTBOBaHHH KJieTKH OT ACJieHHH AO 
AejieHHfl). 3a6jiaroBpeMeHHaH HHHunauHH payHAa penjíHKa- 
I1HH npn KOpOTKOM (<60 MHH) KJieTOHHOM UHKJie npHBOAHT 
K nOflBJíeHHK) «XpOMOCOM C MHOTKeCTBOM BHJIOK». COÓbITHe 
HHHiinauHH payHAa penjíHKaiiHH peryjiHpyeTca nyreM 
THTpOBaHHa KJieTKOH COÓCTBCHHOH MaCCbl, B03M07KH0, 
nepe3 HaKonjieHne óejiKa-HHHiinaTopa. CKopee Bcero, eo- 
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ÔbITHe HHHLJHaUHH HMeeT MeCTO Ha KJieTOHHOH MeMÓpaHe, 
nocKOJibKy b TeneHHe KopoTKoro BpeMeHH noc/ie HHHijHa- 
U.HH OpH/pCHH aCCOUHHpOBaH C MCMÓpaHOH. 

CenTa, pa3fle/miomafl icieTKy, oópa3yeToi Ha MecTe ne- 
pncenTa^bHoro KOJibija. ľeHbi /ioxyca min (C, D u E) koah- 
pyiOT óe^KH-pery^HTopbi Hcnojib30BaHHa nepHcemu/ibHbix 
KOJieu, ocHOBHoro ueHTpa^bHoro wm\ ocraTOHHbix nojrap- 
hhx — npoH3BOflHbix ot ijeHTpa^bHbix ko/ ieu, npeAiuecTBy- 
K3IAHX ICieTOHHblX nOKOJICHHH. ECJIH COITa CHCTeMaTHHeCKH 
He o6pa3yeTca, b kojiohhh óaicrepHH B03HHKai0T čpvmmcH- 
tm c MHoroHHoieHHbiMH AApaMH; H36biTOHHoe oópa30Ba- 
Hne cenT nopoxcAaeT 6e3'bHAepHbie mhhh-kjictkh. 

npouecc o6pa30BaHra cenTbi 3aBHCHT ot B3aHMOAenc- 
tbha MHOxcecTBa TpaHCMeMÓpaHHbix ócjikob. EejiOK ZipA 
HaXOAHTCH BO BHyTpCHHeH MeMÓpaHe ICieTOHHOH OÓOJIOH- 
KH ÓaKTepHH; OH CB5I3bIBaeTCfl C APyTHM ÓeJIKOM, FtsZ, KOTO- 
pbíň noxoxc Ha TyóyjiHH h moxcct nojiHMepH30BaTbCíi. Ilpn 
stom oópa3yeTca BOJiOKHHCTaa cTpyKTypa — Z-KOJibuo. C 
FtsZ cBa3biBaeTCH eme oahh óejiOK, u,HTonjia3MaTHHecKHH 
FtsA. B AäJibHeHineM k Z-KOJibijy npHCoeAHroieTCfl eme He- 
CKOJIbKO npOAyKTOB ftS (BCe HB/IfllOTCfl TpaHCMCMÓpaHHbl- 
mh óejiKaMn). 3 tot npouecc ynopflAoneH, oh npHBOAHT k 
oópa30BaHHio cema^bHoro KOJibija. nocjieAHHMH HaxoAflT 
CBoe MecTo b cemrajibHOM KOJibije óejiOK ceMencTBa SEDS, 
Ha3biBaeMbiH FtsW, h TpaHcnenraAa3a Ftsl (h/ih PBP3); 
coBMecTHO 3 th ABa óejiKa npoAyu,HpyiOT nenTHAor/íHKa- 
hh cenTbi. B x^opon/iacrax h mhtoxohaphhx pacreHHH 
Hcnojib3yeTca noxoxcHH MexaHH3M acj ieHHa c ynacTneM 
FtsZ-noAOÓHoro óejiKa; b mhtoxohaphax xchbothmx Me- 
xaHH3M Renemm hhoh: hx nepoKHMaeT nonojiaM óejiOK, 
nOXOXCHH Ha AHHaMHH. 

njia3MHAbi h ÓaKTepHH oó^aAaiOT cHCTeMaMH cam-cne- 
u,h(J)hhhoh peKOMÓHHauHH; 3 th CHCTeMbi pemaiOT cyAbóy 
AHMepOB, nOpOXCAeHHblX rOMOJIOrHHHOH peKOMÓHHaUHeH. 
Pa3ÓHBKy TaKHx AHMepOB Ha MOHOMepbi ocymecTB/iaeT, Ha- 
npHMep, CHCTeMa Xer; nocjieAOBaTejibHOCTb-MHineHb aa^ 
stoh CHCTeMbi pacnojioxceHa Ha yMacTKe TepMHHaijHH pen- 
JIHKai^HH XpOMOCOMbl. CHCTeMa Xer aKTHBHa TOJIbKO b npn- 
CyTCTBHH Óe/IKa cenTbi, FtSK; B03M0XCH0, T3KHM enOCOÓOM 
aKTHBHOCTb CHCTeMbi OrpaHHHHBaeTCfl CJiyuaflMH Heoóxo- 
AHMOCTH pa3ÓHBKH AHMepa. 

Pa3Ae^eHne pen/iHK iuia3MHAbi c hx noaieAyiomeH 
cerperauneH no AonepHHM KJieTKaM oóycjiOBJíeHO B3anMO- 
AeHCTBneM óejixa ParB c oóJiacTbio parS, rnpn ynacran 
óejiKa IHF cTpoHTca cneuHa^H3HpoBaHHbiH KOMn/ieKC pa3- 
AejieHHH. 3 tot KOMnjieKc rapaHrapyeT cerperaijHK) mia3- 
mhahhx pemiHK no pa3HbiM AonepHHM KJieTKaM. 

MexaHH3M cerperauHH moxcct óbiTb ocHOBaH Ha abhxcc- 
hhh HUK: noxa óejiOK MukB KOHAeHcnpyeT penjiHijHpoBaH- 
Hbie xpoMoeoMbi, hx He bhaho. Kax oóocoó^eHHbie yn/iOT- 
HeHHbie Maccbi AonepHHe xpoMoeoMbi ocJjopMjunoTCfl yxce 
BAajiH Apyr ot Apyra, Kax<Aaa Ha CBoeň nojiOBHHe kjictkh. 

FIjia3MHAbI OÓ^aA^IOT MHOXCeCTBOM pa3^HHHbIX CHCTCM, 
oóecnenHBaioiAHx rapaHTnpoBaHHoe pa3Ae^eHne raa3MHA- 
hhx KonHH, jihóo npHHHMaiOT b hcm HenocpeACTBeHHoe 
ynacTne. Hhcjio n/ia3MHAHbix Konnn xapaKTepH3yeT npn- 
CyTCTBHe KOHKpeTHOH ima3MHAbI B ÓaKTepHHX B KOJIHHeC- 
TBe, 3KBHBaJieHTHOM XpOMOCOMHOH flHK {TOTJ\2i 3TO HHC^O 


paBHHeTCH OAHOH KOnHH Ha eAHHHHHyK) ICieTKy), HJIH B 
ÓOJIbineM KOJIHHeCTBe (MyJIbTHKOnHHHO). HeCOBMeCTH- 
MOCTb AByX pa3HbIX raa3MHA B OAHOH ÓaKTepHaJIbHOH ICieT- 
Ke MOxceT óbiTb oóyc^OB^eHa ocoóchhocthmh MexaHH3MOB 
penjíHKai^HH vm h pa3AejieHHa Konnn. flBe OAHOKonHHHbie 
nJia3MHAbI C OAHHaKOBOH CHCTeMOH KOHTpO^H pen/IHKaiJHH 
HecoBMecTHMbi Apyr c APF 0M » nocKOJibKy oahh payHA pen- 
jíHKauHH xapaKTepn3yeT, hto b reHOMe npHcyTCTByeT TOJib- 
ko OAHa Konna njia3MHAbi. 
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Perm h Kalina 


KPATKOE COflEP>KAHME 



ľJlABbl 


U2I BBefleHne 

KE&fl flHK-nojinMepa3bi — (J)epMeHTbi, co3flatOL4ne flHK 

• flHK cMHTe3npyeTCfl KaK npn no/iyKOHcepBaTHBHon 
pen/inKaunn, TaK n npn penapaunn. 

• 1/1 6aKTepnn, n syKapnomnecKne K/ieTKH HMetoT no 
HecKO/ibKy pa3Hbix flHK-no/wMepa3. 

• y 6aKTepnň oflHa M3 flHK no/wMepa3 oóecnennBaeT 
no/iyKOHcepBamBHyK) pen/íHKaAnto, ocrajibHbie 
y^acTBytOT b penapaunn. 

• Aapo, MMTOxoHflpnn n x/iopon/iacTbi ayKapnoT coAepwaT 
no oflHoň flHK-no/WMepa3e, ocymecTB/ifltomen 
pennnKaunK), nponne no/inMepa3bi noMoratOT 
ocHOBHOMy cfjepMeHTy b xofle pen/inKaunn, a TaK>Ke 
BOB/ieneHbi b npoLieccbi penapaunn. 

K£U flHK-no/inMepa3bi oó/iaAatOT pa3/inHHbiMn 

HyK/iea3HbiMn aKTHBHOCTAMn 

• flHK-no/iMMepa3a I oónaflaeT yHHKa/ibHon 5'-3' 
3K30HyKnea3H0ň aKTHBHOCTbtO, KOTOpafl B COHeTaHMM c 
cnHTe30M flHK MO>KeT óbiľb ncno/ib30BaHa 
HMK-TpaHcnBLinn. 

CEO flHK -no/inMepa3bi KOHTpo/inpyiOT TOHHOCTb pervinKaunn 

• flHK-no/WMepa3bi nacro oóJiaAatOT 3'-5' 
3K30HyK/iea3H0ň aKTHBHOCTbto, KOTopyto ncnonb3ytOT 
A/ifl yAa/ieHMfl HeBepHO noACTaB/ieHHbix ocHOBaHnň. 

• TaKaa KoppeKTnpytomaa aKTMBHOCTb noBbiiuaeT 
TOHHOCTb pen/íHKauHH npnMepHO b 100 pa3. 

KEQ flHK-noAHMepa3bi MMetOT oómyjo CTpyKTypy 

• MHorne flHK-no/iHMepa3bi HMetOT óojibwyK) BbieMKy, 
o6pa30BaHHyto TpeMB AOMeHaMH, HanoMHHatomnMH 
pyKy. 

• flHK jiewnT nonepeK «/iaAOHH» b 6opo3AKe, 
oópa30BaHHoň «6ojibWHM najibueM» n ocrajibHbiMH 
«nanbuaMn». 

|£Q CnHTe3 flHK AB/meTCfl no/iyHenpepbiBHbiM 

• OcymecTB/ifltomafl pen/inKaunK) flHK-pen/wKa3a 

ABn>KeTCB HenpepbiBHO, CMHTe3npyB BeAymyio uenb, 
OAH3KO cnHTe3 OTCTatomen uenn MAeT nocpeACTBOM 
co3AaHMB KopoTKnx cfjparMeHTOB, KOTOpbie 3aTeM 
COeAMHJUOTCfl. 

EEQ HapaóoTKa OAHOuenoHeHHoň flHK AJifl pa3MHO>KeHna 
cf»ara b paMKax MOAe/ibHoň cncTeMbi cpX 

• fljia pennnKaunn HeoóxoAnMa xe/wKa3a — HTOÓbi 
pa3AennTb uenn flHK 3a cneT 3Heprnn rnApo/iH3a ATO. 

• Ee/iOK SSB TpeóyeTCB AJifl noAAepwaHHfl pa3Ae/ieHHbix 
uenen flHK b OAHOuenoHeHHOM coctobhhh. 


• KoMÓMHaunfl xe/inKa3bi, SSB n 6e/iKa A pa3AejiaeT 
(J)X174-AynneKC Ha OAHOLienoneHHoe Ko/ibiio n 
OAHOuenoHeHHbíň jiHHenHbin cfiparMeHT. 

wm Htoów HanaTb cnHTe3 flHK, HeoóxoAMMa 3aTpaBKa 

• BceM flHK-nonnMepa3aM TpeóyeTca 3'-0H 3aTpaBOHHbiň 
KOHeu. 

• 3aTpaBOHHbiň KOHeu MOweT 6biTb oóecneneH PHK- 
3aTpaBKoň (npaňMepoM), OAHOuenoneHHbiM pa3pbiBOM b 
flHK hjih 3aTpaBnBK)mnM 6e/iKOM. 

• fljia pen/íHKauHH flHK cneuna/ibHafl PHK-no/wMepa3a 
(npaňMa3a) cnHTe3npyeT uenb PHK, oóecneHHBatomyK) 
3aTpaBOHHbiň KOHeu. 

• y E.coLi Hanano CHHTe3a flHK MO>KeT nponcxoAnTb 
AByMB cnocoóaMn: b 6aKTepna/ibHOM opnA>KnHe (oriC) n 
B OpHA>KHHe (J)X174. 

• 3aTpaB/ieHne pen/inKaunn Ha AByxuenoHeHHoň flHK 
BcerAa TpeóyeT Ha/iunna pen/inKa3bi, SSB n npaňMa3bi. 

• DnaB — xe/wKa3a, pa3BopaHHBatomafl flHK npn 
pennnKaunn E.coLi. 

CH9 XoAOc|)epMeHT flHK-no/inNiepa3bi coctoht n3 Tpex 

cyÓKOMnAeKCOB 

• PennnKa3a E.coLi flHK-no/wMepa3a III — 3to 900 Kfla 
KOMnneKc c AMMepHoň CTpyKTypoň. 

• Ka>KAafl MOHOMepHafl cyôbeAnHHiia oó/iaAaeT 
KaTa/lMTMHeCKMM UeHTpOM, A M MepM3ai4MOHHOň 
cyóbeAnHMiieň n KOMnoHeHTOM npoueccnBHOCTn. 

• Cneuna^bHbíň óenoK 3arpy>KaeT cyóbeAnHniibi 
npoAeccnBHOCTn Ha flHK, n ohm 3a>KHMaK)T ee b Ko/ibuo. 

• Ha Ka>KAyK) uenb MaTpniibi npnxoAnTCB no OAHOMy 
KaTa/iMTMHecKOMy ueHTpy. 

nlbi 3a>KnM KOHTpoAnpyeT accounaunto MnHnMaAbHoro 
c|)epMeHTa c flHK 

• riojiHMepa3a (MMHMManbHbíň cfjepMeHT) BeAymeň uenn 
OTjinnaeTCfl BbicoKoň npoueccnBHocTbK), nocKonbKy 
3a>KMM yAep>KHBaeT ee Ha flHK. 

• 3a>KHM, accounnpoBaHHbíň c nonnMepa3oň OTCTatomeň 
uenn, AMecounnpyeT b KOHi^e Ka>KAoro cfjparMeHTa 
0Kd3dKn n 3aHOBO coónpaeTCB AJifl cneAyKDiuero 
cfjparMeHTa. 

• XennKa3a DnaB OTBenaeT 3a B3anMOAeňcTBne c npaňMa3oň 
DnaG a^« MHnunaunn cnHTe3a cfiparMeHTa 0Ka3aKn. 

ifcHI KoopAMHnpoBaHne cnHTe3a BeAyineň 
n OTCTatouieň iieneň 

• fl^B cnHTe3a BeAymeň n OTCTatomeň ueneň TpeóytoTCfl 
pa3Hbie KOMnneKCbi cfjepMeHTOB. 



• y E.coli 06 a 3tmx KOManeKca coflepwaT oflHy u Ty we 
KaTa/imunecKyK) cyóbeAMHmjy (DnaE). 

• Y ApyrMx opraHM3MOB AJifl KawflOM M3 ueneŕí 
MoryT TpeóoBaTbCíi pa3JiMHHbie KaTa/imrmecKHe 
cy6-beAMHMUbi. 

ťfejHilHI OparMeHTbi 0Ka3aKM coeflMHflJOTCfl /inra30M 

• Ka>KAbm cfiparMeHT 0 Ka 3 aKM HaHMHaeTca 
npaŕÍMepoM ( 3 aTpaBKoŕí) u 3 aKaHHMBaeTca nepeA 
aieAyiomMM cfiparMeHTOM. 

• flHK no^MMepa3a IycTpaHBeT npaŕíMep 

n nepeMemaeT ero — 3 tot npouecc HanoMMHaeT 

HMK-TpaHCJlBUMK). 

• flHK-/inra3a co3AaeT CBA3b, coeAMHfltomyK) 3'-KOHeu 
cfjparMeHTa 0Ka3aKM c 5'-HanajiOM c/ieAyíomero 
cj}parMeHTa. 

ICTM 1/lHMUMaUMfl M 3/lOHraflMfl y 3yKapMOT 

ocymecTBAfltoTCfl pa3HbiMM noAMMepa3aMM 

• Pen^MKaTMBHaB BM/wa coflepwMT oamh KOMn/ieKC 
flHK-no/iMMepa3a a/npaííMa3a u Aea KOMn/ieKca 
flHK-no/iMMepa3a ô m/mjim e. 

• KoMn/ieKc flHK-no/iMMepa3a a/npaŕÍMa3a MHMUMMpyeT 
CMHTe3 o6eMx ueneŕí flHK. 

• flHK-no/iMMepa3a ô yAJiMHfleT BeAymyio ueríb, a BTopafl 
flHK-no/iMMepa3a ô (hjim flHK-no/iMMepa3a e) yA/iMHaeT 
OTCTatomyK) uenb. 

ifeMi Oar T4 oó/iaflaeT coócTBeHHbiM peruiMKaTMBHbiM 

annapaTOM 

• Oar T4 oó/iaflaeT coócTBeHHbiM pen/iuKaTMBHbiM 
annapaTOM, coctoblamm M3 flHK-no/iHMepa3bi, p32 
SSB, xe/iMKa3bi, npaŕÍMa3bi u conyTCTBytomux 6e;iKOB, 
yBenuHMBatoiuMx CKopocTb u npoueccuBHOCTb. 


ťMBfei OopMupoBaHne peruiMKaTMBHbix bmjiok b opnfl>KMHe 

• 1/lHMAuaunB b On'C TpeóyeT noc/ieAOBaTe/ibHOM cóopKM 
oóiuupHoro 6enKOBoro KOMn/ieKca. 

• DnaA CBB3biBaeTCfl c kopotkhmm noBTopaMM u cfjopMupyeT 
onuroMepHbm KOMn/ieKC, AeHaTypnpytomníí flHK. 

• ĽJecTb MOHOMepoB DnaC CBfl3biBatoT reKcaMep DnaB, n 
Becb 3tot KOMnneKC B3auMOAeŕícTByeT c MecTOM Hana/ia 
pennuKauuu. 

• ľeKcaMep DnaB cfjopMupyeT pen/íHKaTMBHyK) BwiKy; 
T3K>Ke HeoóxoAMMbi rupa3a m SSB. 

hvmiá Cxoactbo Hana/ia peruiMKaflMM y npoKapnoT m 

BkipyCOB 

• 06iuuň npuHunn UHmiuaunu y 6aKTepuíí coctomt b tom, 
hto opuA>KnH mcxoaho ono3HaeTCB 6e/iKOM, KOTopbíň 
o6pa3yeT oóujupHbm KOMn/ieKC c flHK. 

• rijiaBjíeHHK) noABepraeTCB KopoTKnň ynacroK 
A-T-6oraTOÍí flHK. 

• DnaB CBB3biBaeTCfl c KOMn/ieKcoM u cfiopMnpyeT 
pennnKaTMBHyto BwiKy. 

nsWfci npaííMocoMa nepe3anycKaeT pen/inKaflMK) 

• l/lHMAuaunfl pennuKaunn (J)XTpe6yeT, HTo6bi 
npaŕíMocoMa cMecmna SSB c opnfl>KHHa. 

• Ha noBpe>KAeHHOM ynacTKe flHK pennuKaTMBHaB BH/wa 
ocTaHaBjíMBaeTCB. 

• noaieycTpaHeHMfl noBpewAeHMfl AJifl B03o6HOB/ieHHfl 
pen/íHKaAMM TpeóyeTca npaŕíMocoMa. 

• Ee/iOK Tus CBB3biBaeTCfl c caŕÍTaMM ter u npenaTCTByeT 
pacKpyHMBaHMK) flHK 6e/iKOM DnaB, hto npuBOAMT k 
3dBepiueHMK) pen/iMKaukm. 

Pe3K)Me 


18.1 


BBeAeHMe 


Pen/íHKaijHfl aB yxuenoHeHHoň flHK — sto KOMiuieKCHoe 
MeponppwTHe, 3aAeňcTByioiAee uejibiH KOHr/ioMepaT (J)ep- 
MeHTaTHBHblX aKTHBHOCTCH. Pa3^HHHbie aKTHBHOCTH BOB- 

jieHeHbi b cTaflHH a^OHrauHH h TepMHHauHH. 

• PiHHijHauHfl BionoHaeT b ce6a ono3HaHHe opHflxcHHa 
peraHKauHH kommckcom óe^KOB. flo Hana^a chhtc- 
3a flHK MaTpHHHbie ueriH nonmibi 6biTb pa3fle^eHbi h 
(BpeMeHHO) CTa6RÍIH3HpOBaHbI B OflHOUenOHeHHOM co- 
CTOflHHH. nocjie 3TOH CTaflHH B pen/IHKaTHBHOH BHJIKe 
MOxceT 6biTb HHHUHnpoBaH CHHTe3 flOHepHHx ueneH. 

• 3^0Hraupia HaxoflHTca nofl KOHTpojieM flpyroro óejiKO- 
Boro KOMiuieKca (peiuiHCOMbi). 3aMeTHM, hto pemiH- 
coMa cyiflecTByeT K2K komiuickc TO/ibKO óyflyHH acco- 
UHnpoBaHa c flHK kohkpcthoh CTpyKTypbi, npncyifleH 
peiUIHKaTHBHOH BHJIKe H He CyifleCTByeT KaK He3aBHCH- 
Ma^ eflHHHua (b otjihhhc, HanpHMep, ot pnóocoMbi). no 
Mepe npoflBHXceHHfl pemiHCOMbi BflOJib flHK MaTpHHHbie 
u,enH pacKpyHHBaioTCH, a flonepHHe — CHHTe3HpyK)Tai. 

• B KOHue penjíHKOHa HeoóxoflHMO npoBecTH peaicunio 
coeflHHeHHH u/hjm TepMHHauHH. Bcjiefl 3a TepMHHa- 
UHen yflBoeHHbie xpoMOCOMbi flOJixcHbi 6biTb OTflejieHbi 
flpyr ot flpyra, hto TpeóyeT MaHHnyjinpoBaHHfl CTpyKTy- 
paMH flHK Bbicmero nopaflKa. 

HecnocoÔHOCTb penjiHunpoBaTb flHK npHBOflHT k He- 
x(H3Hecnoco6HOCTH KJieTOK b KyjibType. PenjíHKaTHBHbie 


MyTaUHH, C KOTOpbIMH B03M02KH0 paÓOTaTb, flOJDKHbl ÓbITb 
ycjiOBHO-JieTajibHbiMH. B nepMHCCHBHbix ycjiOBHHx (t. e. 
npn oóbiHHOH TeMnepaType HHKyóauHH) Taxne MyraHTbi 
cnocoÓHbi ocymecTBJíHTb penjíHKauHio, a npn óojiee Bbi- 
cokoh TeMnepaType b 42 °C — hct. BcecTopoHHHH aHajiH3 
cepHH TaKHx nyBCTBHTejibHbix k TeMnepaType MyraHTOB 
E. coli n03B0JIHJI BbWBHTb pafl JIOKyCOB, Ha3BaHHbIX reHaMH 
dna. no TOMy, KaK TaKne dna-MyraHTbi BeflyT ce6a npn 
noBbimeHHH TeMnepaTypbi flo HenepMHCCHBHOH, moxcho 
OTCJieflHTb flBe CTaflHH penJIHKan,HH, K KOTOpbIM OHH H 
OTHOOITCfl: 

• BojibniHHCTBO npHHafljiexcHT k KJiaccy SbicTporo pea- 
mpoBaHHH (quick-stop mutants) — ohh npeKpaiflaiOT 
pemíHKauHK) cpa3y npn noBbinieHHH TeMnepaTypbi. 
Ohh flec})eKTHbi no KOMnoHemaM annapaTa penjin- 
KaijHH, KaK npaBHjio, (JjepMemaM, HeoóxoflHMbiM fl ;m 
sjiOHrauHH (pexce — no annapaTy noflflepxcKH CHHTe3a 
npeflinecTBeHHHKOB). 

• MeHbinaa nacTb npHHafl/iexcHT k KJiaccy MeflJieHHoro 
peampoBaHHH (slow-stop mutants) — ohh 3aBepma- 
K)T TeKyiflHH payHfl penjíHKaunH, ho He MOiyr HanaTb 
cjieflyioiflHH. Hx flec})eKTbi npo^BjíHiOTCH b xofle hhhuh- 
auHH b opHflxcHHe cjieflyioiflero payHfla penjiHKau,HH. 
BaXCHyiO pOJIb B HfleHTHCj)HKai4HH KOMnOHeHTOB penJIH- 

KaTHBHoro annapaTa cbirpa^a npnHunnna^bHaa cxeMa skc- 
nepnMeHTOB nofl Ha3BaHneM KOMiuieMeHTau,HH in vitro 
CncTeMa ajih penjíHKaunn in vitro npnroTaBjíHBaeToi Ha oc- 
HOBe rf^^-MyraHTa h HaxoflHTcn b ycjiOBnax, npn KOTopbix 
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npo/jyKT MyTHpoBäBiuero reHa He aKTHBeH. SKCTpaKTbi m 
laieTOK AHKoro rana TecrapyiOT Ha npeAMcr BOCCTaHOBjíe- 
nm 3toh aKTHBHOCTH. EenoK, KOAnpyeMbin noKycoM dna , 
MO)KeT ÓbITb HAeHTH4)HU,HpOBaH H OHHIIjeH KaK aKTHBHblH 
KOMÍIOHCHT «BOCCTaHaB/IHBaK)merO» 3KCTpaKTa. 

KaxcflbiH KOMnoHem peanjíHKaraBHoro annapaTa 6aK- 
TepHň b HacToamee BpeMa npHMeHaeToi h KaK óhoxhmh- 
necKH qHCTbiň npoAyKT j\jm HccneAOBaHHH in vitro , h KaK 
Haôop MyraHTOB no cooTBeTCTByiomeMy reHy /yia ncoieflo- 
BaHHH in vivo. Pen/íHKaTHBHbie chctcmh syxapnoT Taioxe 
noABepraiOTca bmcokoh cTeneHH ohhctkh (h oômhho hx 
KOM noHeHTbi aHa^oranHbi ôaKrepna^bHbiM ôejiKaM), o/jHa- 
KO He RJVÍ Bcex H3 HHX HAeHTH(j)HIJHpOBaH KaiKflbIH OTfle- 
JlbHblH KOMnOHeHT. 


18.2 


AHK-noiiMMepa3bi — $epMeHTbi, 

C03flaK>mneAHK 


KntOHeBbie noHATMa: 


• flHK CMHTe3npyeTCfl KaK npM no/iyKOHcepBaTMBHoŕí 
pen/iMKauMM, Ta k m npn penapapnH. 

• M ôaKTepuu, u ayKapuoTMHecKue KJieTKM uMetOT no HecKO/ibKy 
pa3Hbix flHK-nonuMepa3. 

• y 6aKTepuŕí oflHa m flHK-no/iMMepa3 oóecneHUBaeT 
nonyKOHcepBaTMBHyto pen/iMKaunto, ocrajibHbie ynacTBytoT b 
penapauuM. 

• flAPO, MMTOxoHApnM m xnopon/iacTbi ayKapuoT coAepwaT no 
oahoíí flHK-no/iMMepa3e, ocymecTBjífltomeŕí pen/iMKauMto, 
npoHue nonuMepa3bi noMoratOT ocHOBHOMy (JjepMem-y b xoAe 
pen/iMKaLiMM, a Tame BOB/ieneHbi b npoLjeccbi penapauuu. 


CymecTByeT ab a ochobhhx rana CHHTe3a flHK. 

Ha p m c. 18.1 noKa3aH pe3y;ibTaT nojiyKOHcepBamBHOH 
peiuiHKau,HH. U,enn AynjieKca pa3flejieHbi, h KaiKflaa c;iy- 
xcht MaTpnuen jym CHHTe3a hoboh uenn. MaTpnHHbin Ayn- 
jieKC 3aMemaeTCH AByMa AonepHHMH flymieKcaMH, KaxcAbin 
H3 KOTOpblX COCTOHT H3 OAHOH HCXOAHOH H OAHOH HOBO- 

CHHTe3npoBaHHOH ijeneH. 

Ha pmc 18.2 noKa3aHbi nocjieACTBna penapau,HH. Oah 3 
u,enb flHK 6bma noBpexcACHa. 3 tot ynacTOK Bbipe3aeTai h 
3aMemaeTca HOBOCHHTe3npoBaHHbiM MaTepna^OM. Oep- 

MeHT, KOTOpblH M05KCT CHHTC3HpOBaTb HOByK) U,enb flHK 
Ha flHK-MaTpnue, Ha3biBaeTCfl flHK-3aBHCHMOH flHK-no- 
jiHMepaaoH, H npo-, h syKapnomnecKne icieTKH o6naAa- 
IOT HeCKOJIbKHMH flHK-nOJIHMepa3aMH. ToJIbKO HeKOTOpbie 
H3 3THX (JiepMeHTOB B ACHCTBHTeiIbHOCTH OCymeCTBJWIOT 
pemíHKauHK); hx HHorAa Ha3biBaiOT flHK-peiuiHKa3aMH 
npoHHe flHK-nojiHMepa3bi ynacTByioT b penapaijHH h/hjih 
pennHKau,HH KaK BcnoMoraTenbHbie. 

Bce npo- h syKapnoTHHecKHe flHK-nojiHMepa3bi pa6o- 
TaiOT no OAHOMy oómeMy (JjyHAaMeHTanbHOMy npHHiinny. 
Ohh yAHHHHíOT ijenb flHK, AOÓaBjma k 3'-KOHijy no oaho- 
My HyioieoTHAy, Bbiôop KOToporo AHKTyeTca TpeóoBaHneM 
KOMmieMeHTapHOCTH MaTpnHHon u,enn fl HK. 3 to cxeMara- 
necKH H3o6pa)KeHO Ha pmc. 18.3. 

HeKOTOpbie ÄHK-no^HMepa3bi (JiyHKíiHOHHpyioT KaK He- 
3aBHCHMbie (JiepMeHTbi, HeKOTOpbie (a hmchho — pen;iHKa3bi) 


Rpw pen/iMKanMM Ka>KAan uenb HcxoAHoro Ayniienca 
c^iyxaiT MaTpHAew 



PMC. 18.1 riojiyKOHcepBaTMBHafl pennMKauufl flHK 3aKntoHaeTCB b 
CM me3e a By x HOBbix ueneíí Ha MaTpimax CTapbix 


npH penapaAMH npoMcxoAMT CHHTe 3 KopoTKoro OTpe 3 Ka 
oahoh H 3 itenew Ayn/iexca 



PMC. 18.2 PenapauMB flHK 3aKntoHaeTCB b 3aMeHe KopoTKoro ynac- 
TKa uenn, rAe m Meno MecTO noBpe>KAeHMe 


CHHtea HyK/ieHHOBOH khc/iotm HAet b HanpaBiieHHH 5 ^ 3 ' 



PMC 18.3 flHK CMHTe3npyeTCfl 3a cneT Ao6aBneHnn HyKneoTMAOB 
k 3'-0H-KOHAy pacrymeíí uenn; no3TOMy HOBan uenb pacreT b Ha- 
npaBneHMM EAMHMHHbiíí npeAinecTBeHHMK npeACTaBnneT co6oŕí 
HyKneo3MATpnc|}occ|}aT. ľlpn BCTynneHMM b CMHTe3 npeAinecTBeHHMK 
TepaeT Aee KOHueBbie c|}occ|}aTHbie rpynnbi 
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y £. coli ecrb nfiTb AHK-no/iMMepa 3 


18.3 


OepMeHT 

ľeH 

OyHKUMfl 

I 

polA 

r/iaBHbm (j)epMeHT penapaunM 

II 

polB 

noBTopHbiíí crapT pen/iMKai4MM 

III 

polC 

pen^MKa3a 

IV 

dinB 

TpaHC/iecnoHHaji pen^MKaumí 

V 

umuCÍ 2 C 

TpaHOiecMOHHafl pen^MKaumí 


PMC. 18.4 To/ibKO OflHa M3 flHK-no/iMMepa3 E. coli AB/ifleTca kom- 
noHemoM perviMKa3bi. OcrajibHbie flHK-no/iMMepa3bi ynacTBytoT b 
penapauuM noBpe>KfleHHOM flHK, nepe3anycKe ociaHOBUBiuMxcB 
pen/iMKaTMBHbix b mi o k, a Taione b TpaHCJiecMOHHoŕí pen/iMKauMM (to 
ecTb cnocoócTBytOT npoxofly pen/iuKaTMBHOM bmjikm nepe3 noBpew- 
fleHHbiŕí ynacTOK flHK) 

BCTpOeHbl B ÓO/IblIIHe ÓeJIKOBbie KOMIUieKCbL COÓCTBCHHO CHH- 
Te3 fl HK — jiHiiib oj\m m HecKO/ibKnx c^yHKLjHH pemiHKa3HO- 
ro KOMmeKca, kotophh oóhhho oô^a^acr mhothmh /jpymMH 
aKTHBHOCTflMH, KacaidflHMHCfl paCKpyHHBaHHfl flHK, HHHIJHa- 
U.HH CHHTe3a HOBOH l\CUU H Tfl. 

PMC. 18.4 /jaer oóoómeHHbie CBefleHHfl o flHK-nojiHMe- 
pa3ax E.coli. flHK-no;iHMepa3a III (My/ibmcyó'beflHHHHHbiH 
6e/iOK, pemiHKa3a) OTBenacT 3a chhtc3 iienen flHK de novo. 
flHK-nojiHMepa3a I (KOflHpyeMaa reHOM polÄ) yqacTByeT b 
penapau,HH noBpoK^eHHOH flHK, a Taioxe HipaeT BcnoMora- 
Te^bHyio pojib b nojiyKOHcepBaTHBHOH perníHKaijHH.flHK-no- 
jiHMepa3a II Heoóxo/jHMa /ym nepe3anycKa pemíHKaTHBHOH 
bhjikh, KOTopaa 6bma 3a6;iOKHpoBaHa bcjicactbhc noBpexc- 
ppmvi flHK. flHK no/iHMepa3bi IV h V iio3bo;wiot npoBecm 
pemíHKaiiHK) b oóxoa onpeflejieHHbix thiiob noBpe>KfleHHH. 

B aKCTpaicrax E.coli , H3yMaeMbix Ha npeAMeT cnocoô- 
HOCTH K CHHTe3y flHK, aKTHBHOCTb flHK-nojiHMepa3bi I 
AOMHHHpyeT, nepeKpbiBan ocTajibHbie. Ee aKTHBHOCTb TaK 
BejíHKa, 4 to ACTeKTHpoBaTb paóoTy cJ)epMeHTOB, Ha caMOM 
Aejie OTBcrcTBeHHbix 3a penjíHKaijHio, hcbo3mo>kho! no3To- 
My cHCTeMbi cjiOKeHHa 3a pen/íHKauneH in vitro totobat Ha 
OCHOBe MyTaHTOB polA. 

HeKOTopbie (Jwh KOflnpyioT coócTBeHHbie flHK-no- 
/iHMepa3bi. K hhm OTHoaiTCfl T4, T5, T7 h SPOl. nojiHMe- 
pa3bl 3THX (})arOB OÓJiaÄalOT 5'-3' CHHTCTHHCCKOH H 3'-5' 
3K30HyiUiea3H0H KOppeKTHpyK)iyeH aKTHBHOCTflMH (cm. 
pa3fl. 18.3 <flHK-no^HMepa3bi oóJia/jaiOT pa3JiHHHbiMH 

HyKJiea3HbIMH aKTHBHOCTHMH>>). Bo BCeX CJiyHa^X MyTailHH 
b reHe, KOflnpyiomeM oahhohhhh nojiHnenTH/j (Jwoboh 
flHK-nojiHMepa3bi, npemiTCTByeT pa3MHOxceHHio (})ara. no- 
jiHnenTH/i, (Jwoboh flHK-nojiHMepa3bi accoijHHpyeT c flpy- 
thmh óejiKaMH (cj)ara h/ih coôctbchho 6aKTepHH-xo35iHHa), 
o6pa3ya nojiHOijCHHbiH (J)epMeHT. 

],HpOBaHO HeCKO/IbKO KJiaCCOB 3VKapHOTHMeC- 
khx flHK-nojiHMepa3: ô h e HeoóxoflHMbi pjm peiuíHKaijHH b 
a/jpe, a 3aHHMacrca npaHMHHTOM (HHHu,Hau,HeH) pemíHKa- 
u,hh. npoHHe flHK-nojiHMepa3bi ynacTByioT b penapayHH flHK 
((3 h e) hjih b pemíHKauHH flHK mhtoxohaphh (y). 


flHK-no/iMMepa 3 bi oóaaAaiOT 
pa 3 JHmHblMM HyKJiea 3 HblMM 
aKTMBHOCTDMM 


K/itoneBbie notumifl: 


• flHK-no/iMMepa3a I o6jiaflaeTyHMKajibHOM 5'-3' 3K30HyK^ea3Hoíí 
aKTMBHOCTbK), KOTOpafl B COHeTaHMM C CMHTe30M flHK MO>KeT 
6biTb ucno^b30BaHa HMK-TpaHC^BUMM. 

BMecTe co cnocoÔHOCTbio CHHTe3npoBaTb flHK pemiHKa3bi 
nacTo oó^a^aiOT Hyiuiea3HOH aKTHBHOCTbio. 3'-5' 3K30Hyiaie- 
a3Ha^ aKTHBHOCTb, KaK npaBrao, Hcno^b3yeTCH /ym y/jajieHHa 
HenpaBH^bHO AOÓaB^eHHoro HyioieoTHAa, hto oôecnenHBaeT 
CHCTeMaTHHecKyio KoppeKynio oiiihóok CHHTe3a. TaK perniH- 
Ka3a KoppeKTnpyeT caMa ce6a (cm. pa3A. 18.4 «flHK-nojiHMe- 
pa3bi KOHTpojinpyiOT TOHHOCTb perniHKau,HH»). 

HcTopHnecKH flHK-nojiHMepa3a I E.coli 6biJia nepBbiM 
0XapaKTepH30BaHHbIM flHK-CHHTC3HpyiOmHM (J)epMeHTOM. 
OHa npe/íCTaBjíHeT co6oh oahhohhhh no^HnenTHA Maccoií 
103 Kfla, kotophh MOxceT óbiTb paciflenjieH Ha j\bc nacTH 
nOCpeflCTBOM npOTeOJIHTHHeCKOH oópaôoTKH. flBe TpeTH 
óe^Ka cocTaBHji C-kohiicboh c|)parMeHT, oó^a^aioiyHM no- 
JIHMepa3HOH aKTHBHOCTbio, OCTaBIIiyKO TpeTb — N-kohoj, 
C 3K30Hyi0iea3H0H aKTHBHOCTbio. 

C-KOHiieBOH c|)parMeHT (68 Kfla) nojiy mm Ha3BaHHe 
c|)parMeHTa KneHOBa. Ero ninpoKo ncno^b3yiOT b /iaóopa- 
tophoh npaKTHKe pjm CHHTe3a flHK in vitro. Oh oô/ia/jaeT 
nOJIHMepa3HOH H 3'-5' 3K30Hyi0iea3H0H aKTHBHOCT^IMH. Co- 
OTBeTCTByioiflHe hm KaTajíHTHHecKHe iiempbi b óe^Ke pa3Ae- 
mc t paccroflHHe oko^o 30 Ä (floóaBjíeHHe h y^a^eHne HyK- 
^eoTHfla pa3HeceHbi b npocTpaHCTBe). 

MeHbniHH, N-KOHu,eBOH <J>parMeHT (35 Kfla) oô^a^acr 
5'-3' 3K30Hyioiea3HOH aKTHBHOCTbio — OTpe3aeT Heóo^b- 
mne c|)parMeHTbi uenn flHK (flo 10 HyioieoTHAOB) b oahh 



PMC. 18.6 Ha oahom M3 cfi^aHroB Haflpe3a ufleT 3aMeHa Maiepua^a 
oahoíí M3 ueneŕí. ľlpoucxoflHT HMK-TpaHC/iBUMB: Haflpe3 ABMweTca 
BflO/lb flHK 
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npneM. 3Ta aKTHBHOCTb (b HHTaKTHOM nojiHnenra/je) cko- 
op^HHHpoBaHa c CHHTeTHHecKoň h KoppeicmpyiomeH aK- 
THBHOCTaMH, eooômaa flHK-nojiHMepase I yHHKajibHyio 
cnocoÓHOCTb 3anycKaTb penjíHKaijHK) in vitro c OAHOijeno- 
qeHHoro pa3pbma — HHKa (nick) — b J\ HK. (Hh OAHa Apyraa 
flHK-nojiHMepa3a He cnocoÓHa sto AeJiaTb.) HanHHaa c toh- 
KH pa3pbIBa $OC(J)OAH3(J)HpHOH CB5I3H, (J)epMCHT yAJIHHflCT 
3'-ÓH KOHeu. ľlo Mepe CHHTe3a hobmh cernem pacTymeň 
uenn 3aMemaeT AerpaAHpyiomHH roMOJiorHHHbin yMacTOK. 

3tot npouecc — HHK-TpaHCJiHiiHH — H3o6pa^ceH Ha 
pmc. 18.5. BbrrecHaeMaa uenb Jl HK noABepraeTca AerpaAaijHH 
b pe3y/ibTaTe 5-3' 3K30HyKJiea3H0H aKTHBHoem cjjepMeHTa. 
CBOHCTBa flHK npn stom He MeronoTca, 3a HCKjiiOHeHHeM Toro, 
hto OAHa H3 u,eneH OKa3biBaeTca 3aMem,eHHOH hobochhtc3h- 
poBaHHbiM MaTepnajiOM, a hhk — CABHHyTbiM b Apyroe no- 
jioaceHHe. HHK-TpaHCJiaijHa Hauuia orpoMHoe npaKTHHecKoe 
npHMeHeHHe b KanecTBe ocHOBHoro cnocoôa BBeAeHHa paAHO- 
aKTHBHO MeneHHbix HymieoTHAOB b Jl HK in vitro. 

ConeTaHHe 5'-3' chhtcthhcckoh h 3'-5' 3K30Hyioie- 
a3HOH aKTHBHOCTeH, BepoaTHO, Hcnoab3yeTca in vivo rjiaB- 
hhm o6pa30M jym 3anojiHeHHa kopotkhx OAHOijenoHeH- 
hhx yMacTKOB b AynaeKce flHK. Taxne «6peniH» B03HHKai0T 
b xoAe penaHKaiiHH, a Taioxe nočné yAajieHHa H3 flHK noB- 
pOKAeHHblX OCHOBaHHH. 


yMacTKa. B oômeM cjiyHae noBbinieHHaa npou,eecHBHOCTb 
CHHXcaeT BepoaTHOCTb TaKHx ouihóok Y MyjibTHMepHbix 
,HHK-noaHMepa3 BbicoKaa npoueecHBHOCTb oómhho 
oóecneHHBaeTca oTAejibHOH eyó'beAHHHu.eH, KOTopaa He 
Hy)KHa pjw KaTajíHTHHecKOH aKTHBHOCTH per se. 

• 3aMeHbi cayMaioTca, KorAa BCTpoeHHbiM OKa3biBaeTca 
HenpaBHabHbiH (HeBepHO enapeHHbin) HyKJieoTHA. Hae- 
TOTa TaKHx ouihóok onpeAe/iaeTca 3(})(J)eKTHBHOCTbK) 
caMOKOppeici^HH (proofreading) penjiHKa3bi: (J)ep- 
MeHT npoBepaeT H0B006pa30BaHHyi0 napy OCHOBaHHH 
h yAaaaeT TOJibKO mto AOÔaBjíeHHbíň HyioieoTHA, eejín 
oh cnapeH c MaTpnijeH HeBepHO. 

Bce óaKTepnaabHbie ,II,HK-no/iHMepa 3 bi oÓJiaAaiOT 
3'-5' 3K30Hyiciea3H0H aKTHBHOCTbio (b HanpaB/ieHHH, 06 - 
paTHOM xoAy CHHTe3a). B Hana ne rnara 3/iOHrau.HH Hyx- 
aeoTHA-npeAiuecTBeHHHK 3aHHMaeT no3HijHK) Ha KOHije 
pacTymeň uenn. 06pa3yeTca CBa3b. 3aTeM (JjepMeHT npo- 
ABHraeTca BnepeA eme Ha OAHy napy OCHOBaHHH, nocjie 
nero totob npnHaTb hobmh HyioieoTHA-npeAiuecTBeHHHK, 
h paóoHHH ijhkji noBTopaeTca. Ecjih npoH30iiuia oniHÓKa, 
c|)epMeHT He npoABHraeTca, a yAajiaeT noejieAHHH Ao6aB- 

JieHHblH HyKJieOTHA (PMC. 18.6). 

Pa3Hbie ,H,HK-noaHMepa3bi no-pa3HOMy ycTaHaBJín- 
BaiOT óaaaHc MexcAy CHHTeTHHecKOH h KoppeKTHpyiomeH 
aKTHBHOCTflMH. B HeKOTOpblX CJiyHaflX 3TH aKTHBHOCTH 
«pa3MemeHbi» b oahoh ócjikoboh eyô'beAHHHije, b Apyrnx — 


18.4 


AHK-no/iMMepa3bi Kompo/iupyiOT 
TOHHOCTb penjIMKai^MM 


líniOHeBbie noHjmifl: 


• flHK-noauMepa 3 bi nado oó^aflatOT 3'-5' 3K30HyKaea3Hoŕí 
aKTMBHOCTbK), KOTopyto Mcnoab3ytor yflaaeHMA HeBepHO 
noflCTaBaeHHbix ocHOBaHuíí. 

•TaKaB Koppeimipyiomafl aKTHBHOCTb noBbiiuaeT TOMHOdb 
penauKauuM npuMepHo b 100 pa3. 


ToHHOCTb perniHKau,HH — npo6;ieMa toto xce poAa, mto h a k- 
KypaTHOCTb TpaHCJiaijHH (KOTopyio Mbi yxce paccMaTpHBajiH). 
ToHHOCTb penjiHKau,HH ocHOBaHa Ha cneiiH(J)HHHOCTH cnapn- 
BaHHa a30THCTbix OCHOBaHHH. CaMH no ee6e B3aHMOAeHCTBHa, 
oóycnoB^HBaioiAHe enapHBaHHe, e nacTOTOH 10 -3 noABepraiOT- 
ca omnÓKaM. flencTBHTeabHaa nacTOTa ouihóok penaHKaiinn 
y óaicrepHH eocTaBaaeT Bcero 10 _8 -10 -10 . 3to eooTBeTCTByeT 
oahoh oniHÔKe Ha 1000 payHAOB penjiHKau,HH oahoto reHOMa, 
HJIH 10‘ 6 OUIHÓKH B KaiKAOH HOBOH KOnHH Ttm. 

Oluhôkh, AonycKaeMbie /I,HK-nojiHMepa30H b xoAe pen- 
jíHKaiiHH, AeJiaT Ha ABa iciacea: 

• Cabhth paMKH CHHTbiBaHHa HMeiOT MecTO b pe3yjibTaTe 
nponycKa HymieoTHAa hjih BCT3BKH anniHero. ToMHOCTb 
penaHKaiiHH b naera 3anj,Hiij,eHHOCTH ot cabhtob paMKH 
3aBHCHT OT npOI^eCCHBHOCTH Cj^epMCHTa — TeHAeHlJHH 
coxpaHaTb HenpepbiBHoe cpoactbo e cyócTpaTOM (MaT- 
pniien /I.HK), BMeCTO TOTO HT 06 bI AHCCOllHHpOBaTb HJIH 

aceoiiHHpoBaTb. 3to ocoóchho BaxcHO npn penaHKaunn 
roMonojiHMepHbix OTpe3KOB Jl HK (HanpHMep, a^hhhoh 
noejieAOBaTejibHOCTH dT n :dA n ), rAe npocKajib3biBaHHe 
perníHKaijHH moxcct H3MeHHTb A^iHHy roMonojiHMepHoro 


AHK-no/iHMepa3bi 

OÔ/iaAaiOT 3 K 30 HyK/iea 3 HOM aKTHBHOCTbio 


OepMeHT AoôaB/ifleT paciymeíi Lienu 
OHepeAHoň HyKneomA 


/f 

jji 


IlIJi 

\ 

JJJUij 


Ec/im HyKneoTMA AeŇCTBmenbHO noAxoAm 
k MaTpmie, CMHTe3 MAet Aa^biue 


3" 


mruij 


Ecnw HyK/ieoTMA 6bui Ao6aB^eH HeBepHO, (j)epMeHT 
aHHy^wpyeT npeAbiAyoinŕi mar: rnApojiM3yeTTO.nbKO 
hto ycTaHOB/ieHHyK) CB5i3b m OTnycKaeT HyK/ieoTMA 


JJjjJ 


0H 3" 


JJI 


PMC. 18.6 Ha KawflOM ware CMHTe3a 6aKTepuaAbHafl flHK-noAMMepa- 
3a ycTpauBaeT AonoAHMTeAbHyto npoBepKy: HacKOAbKO xopomo KOHep, 
pacTymeŕí uenM eooTBeTCTByeT Maipnue. Ecam noAMMepa3a HaxoflUT 
oujMÓKy, OHa TyT >Ke yflaABeT TOAbKO hto AoóaBAeHHbiŕí HyKAeoTMA 
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npHHa/yiOKaT pa3HbiM. Ka^aa ,II,HK-nojiHMepa3a xapaicre- 
pH3yeTca onpefle^eHHoň HacTOToň oiuhôok, noHioKacMon 
ee xce KoppeKTHpyromeň aKTHBHOCTbio. B thhhhhom oiynae 
KoppeKu,Ha CHioKaeT nacTOTy oiiihôok pen/íHKapHH c 10~ 5 
Ao 10 -7 Ha napy ochob3hhh. nocrpenjíHKaTHBHbie chctcmh 
pacno3H3BaHHH h KoppeKpHH ouihôok AOBOflHT 3TOT nora- 
3aTCBb ao <10~ 9 (cm. pa3A. 20.7 «KoHTpojib HanpaB/ieHHH 
penapapHH HecoBepmeHHbix nap ochob3hhh>>). 

Pen^HKa3Haa aKTHBHOCTb flHK-no^HMepa 3 bi III 6buia 
OTKpbiTa 6/iaroAapa jiera^bHoň Myau.Hn no jioKycy dnaE, 
KOAHpyiomeMy 130 K^a a-cy6beAHHHu,y c ,HHK-CHHTe3Hpy- 
lomeň aKTHBHOCTbio. 3'-5' 3K30HyKjiea3Haa (KoppeKrapyio- 
maa) aKTHBHOCTb oÔHapyaceHa y Apyroň cy6beAHHHH,bi, e, 
KOAHpyeMoň noKycoM dnaQ. BeAymaa pojib cy6beAHHHH,bi e 
B KOHTpOJie TOHHOCTH pCľUIHKaLl.HH ítl VÍVO ACMOHCTpHpy- 
ctch (J)CHOTHnoM MyraHTOB no dnaQ. Myraunn b hx flHK 
B03HHK3I0T B 10 3 pa3 Mame. 


18.5 


AHK-noiiMMepa3bi 
MMGiOT oómyio apyKTypy 


K/itOHeBbie noHAT m: 


• MHorne flHK-no/WMepa3bi MMetOT óo/ibUjyK) BbieMKy, 
o6pa30BaHHyK) TpeMfl AOMeHaMn, HanoMMHaiomnMn pyKy. 

• flHK jiokmt nonepeK «/iaflOHM» b 6opo3AKe, o6pa30BaHHOM 
«6o/ibiiiMM na/ibueM» n ocra/ibHbiMn «na/ibLjaMn». 


Ha ph c. 18.7 riOKa3aHbi oômne crpyKTypHbie nepTbi Bcex 
ÄHK-no^HMepaa B crpyicrype (J)epMeHTa BbiHjieHHera He- 

CKOJIbKO He3aBHCHMbIX flOMCHOB, KOTOpbie B COBOKyiIHOCTH 
HanoMHHaioT HejiOBenecKyio npaByio pyxy. fl HK CBfl3biBaeTca 
b ôojibinoH BbieMKe, o6pa30BaHHon Tpeivw flOMeHaMH. OcHOBy 
KaTajíHTHMecKoro aKTHBHoro ijempa o6pa3yiOT KOHcepBaraB- 
Hbie aMHHOKHCJIOTHbie MOTHBbl B COCTaBe AOMeHa «JiaflOHb». 



PMC. 18.7 y flHK-no/WMepa3bi ecrb «/iaflOHb» c aKTMBHbiM LjeHTpoM, 
«6o/ibtuoM na/ieu», KOTopbm CBfl3biBaeT flHK n oóecnennBaeT npo- 
ueccMBHOCTb, a Tame 3K30HyK/iea3Hbm flOMeH (co cbomm coócTBeH- 
HblM aKTMBHbIM LjeHTpOM) l/l N-KOHLjeBOM flOMeH 



PMC. 18.8 CTpyKTypHbm aHa/iM3 flHK-no/WMepa3bi (para T7 noKa3a/i, 
hto MaipMHHaB uenb flHK coflepwnT KpyroM mrtá, HanpaB/ieHHbm 
HaBCTpeny BxoflameMy HyK/ieomfly. OoTorpacpna /iK)6e3HO npeflo- 
craB/ieHa Charles Richardson and Thomas Ellenberger, Washington 
University School of Medicíne 


«najibu,bi» npaBRíibHbiM o6pa30M pacnojiaraioT MaTpnijy b ax- 
thbhom ijempe. «Bo;ibmoH najieu,* CBfl 3 biBaeTflHK Ha Bbixofle 
H3 (J)epMeHTa h oóyaiOBJíHBaeT BbicoKyio npoijeccHBHOCTb. B 
aKTHBHOM ijempe caMbie BaacHbie KOHcepBaTHBHbie 06 /iacra 
Bcex Tpex AOMeHOB cĎJiHaceHbi h o6pa3yx)T HenpepbiBHyio 
noBepxHOCTb. 3K30Hyxnea3Haa aKTHBHOCTb HaxoflHTca b He3a- 
BHCHMOM flOMeHe C COÓCTBCHHblM KaTaJIHTHHeCKHM IjeHTpOM. 
N-KOHU,eBOH flOMeH BHeflpeH B 3K30HyKnea3HbIH. no CXOflCTBy 
ôejiKOBOH nocjieflOBaTejibHOcra flHK-no;iHMepa 3 bi noflpa3fle- 
jiaioT Ha naTb ceMeňcTB; «;iaflOHb» flOBOJibHO KOHcepBaTHBHa, 
b to BpeMH xax h « 6 o^biuoH najieu,», h ocrajibHbie «najibu 1 bi» 
npeflcraB^aioT coóoh aHajioraHHbie crpyKTypbi Ha ochobc 
pa 3 HbIX aMHHOKHCJIOTHblX nOCJieflOBaTeJIbHOCTeH. 

B xofle KaTajíHTHnecKOH peaiaj,HH b aKTHBHOM iiempe 
flHK-no^HMepa 3 bi HyiaieoTHflTpH(J)oc(J)aT cnapHBaeTCH c u,e- 
nbK) JlHK. Om Jiemrľ nonepeK «;iaAOHH» b 6opo3flKe, oópa- 
30BaHH0H «6ojibniHM najibu,eM» h «najibu,aMH». Ha p m c, i8.s 
noxa3aHa KpncTajniHMecKaa crpyicrypa T7 flHK-no^HMepa3bi 
b KOMrniexce c fl,HK (b BHfle npaHMepa, rn6pHflH30BaHHoro c 
MaTpnHHOH u,enbK)) h npHxoflaiflHM fljia floôaBJíeHna k npan- 
Mepy HyK/ieoTHflOM. ,flHK npeôbmaeT b flyrniexce EoiaccnMec- 
koh B-$opMbi, xpoMe nooieflHHx flByx HyioieoTHflHbix nap, 
KOTOpbie npnHHMaiOT 6o;iee OTKpbiTyio A-(J)opMy. Pe3Knn 
H3rn6 JlHK SKcnoHnpyeT onepeflHoe ocHOBaHne MaTpniibi 
npnxofltfifleMy HyioieoTHfly. 3'-KOHeu, npaHMepa (pacryíflHH) 
yflep^KHBaera «na^bu,aMH» h «^aflOHbio». no^o^ceHHe flHK 
(j)HKCHpyeTCfl KOHTaKTaMH (J)epMeHTa C (J)OC(J)OflH3(J)HpHbIM 
octobom flHK (TaKHM oópa30M (J)epMeHT npncnocoó^eH k 
paôoTe c jiioôoh HyioieoTHflHOH noaieflOBaTejibHOCTbio). 

B CTpyKTypax flHK-no;iHMepa3 SToro ceMencTBa npn 
CBH3bIBaHHH OflHOH TO^bKO flHK (6e3 npHxoflaiflero HyK- 
^eoTHfla) «6o^binoH najieu,» h «na^bu,bi» HaxoflHTcn b opn- 
eHTau,HH, oTKpbmaioifleH «^aflOHb», c O-cnnpajibio (O, 01, 
02; cm. pne. 18.8), noBepHyTOH ot «^aflOHH». Bepo^THO, 
noBopoT O-cnnpajiH BHyrpb npnBOflHT k 3axBaTy npnxofla- 
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mero HyKjieoTHfla h oôpa30BaHHio aKTHBHoro xaTajíHTHnec- 
Koro ijempa. Kor/ta HyxjieoraA CBH3aH (JiepMeHTOM, «najib- 
Ľjoi» coBepmaiOT 60°-noBopoT k «jiaAOHH», npn stom xoHijbi 
«najibu 1 eB» CMemaioTCfl Ha 30 Ä. «BojibinoH najien,* Taxace no- 
BopaHHBaeTca k jia/j,OHH (Ha 8°). nooie BXjnoneHHfl Hyxjieo- 
TH/ta b flHK oôpaTHbie noBopoTbi aomchob no3BOJwioT flHK 
nepeMecTHTbCH nepe3 (JjepMem, h ijhxji B030ÔH0BJiaeTOL 
9K30HyK/iea3Haa aKTHBHOCTb oTBeTCTBeHHa 3a ycrpa- 
HeHHe HeBepHO cnapeHHbix ocHOBaHHH. Axthbhmh nemp 
3K30HyKJiea3H0r0 AOMeHa HaxOAHTCfl AaJieXO OT «CHHTe3H- 

pyiomero» aKTHBHoro uempa. Hepe/tOBaHne CHHTe3a h pe- 
AaKTHpoBaHHH b HcnojiHeHHH o/tHoro h Toro >xe (jjepMema 
oôycjiOBjíeHO xoHxypeHijHeH 3a 3'-3aTpaBOHHbiH xoHenflHK 
MOK^y AByMfl ero aKTHBHbIMH U,eHTpaMH. B3aHMOAeHCTBHH 
aMHHOKHCJioT aKTHBHoro xaTajíHTHnecxoro ijempa C OCHO- 
BaHHeM HenoAxoAHmero HyxjieomAa HapymaioT paôonyio 
CTpyicrypy (JjepMema. B xaTajíHTHnecxoM ijempe, 3aôJioxn- 
poBaHHOM HeBepHO cnapeHHbiMH ocHOBaHHHMH, «najibu 1 bi» 
He Moryr noBepHyTboí k «jiaAOHH», htoôm cxBaTHTb hobmh 
npHxoAamHH HymieoTHA. 3to /taeT 3 / -KOHu,y .HHK CBOôoAy 
CBH3aTbCH C 3K30HyiUiea3HbIM flOMeHOM, HTO OCymeCTBJíaeT- 
cr noBopoTOM flHK b cocTaBe CTpyKTypbi (jjepMema. 


18.6 


CiiHTe3 AH K nB/ifteľoi 
no/iyHenpepbiBHbiM 


K/uoneBbie noHAT m: 


• OcymecTBjífliomafl penjiMKaumo flHK-peruiw<a3a ABMweTca 
HenpepbiBHO, CMHTe3npyfl BeaymyK) uenb, oflHaKO CMHTe3 
OTCTaHDiueíí uerrn MfleT nocpeflCTBOM C03flaHMfl kopotkmx 
(JjparMeHTOB, KOTopbie 3aTeM coeAMHfliOTCfl. 


AHTnnapajniejibHOCTb ijeneH Ayruiexca flHK cTaBHT nepe/t 
penjiHxauneH cjieAyxjiiiyio npoôJieMy: no Mepe npoABH)xe- 
um penjíHKaTHBHOH bhjixh AonepHne nenn aojdxhm chh- 
Te3HpoBaTbCH Ha oôenx sxcnoHHpyeMbix b xanecTBe MaT- 
pnu, u,enax aynjiexca. Bnjixa jjjbvdkctcr b HanpaBJíeHHH 5'-3' 
no oahoh u,enn h b HanpaBJíeHHH 3'-5' no Apyron u,enH. 
O/tHaxo CHHTe3 HyKjieHHOBOH khcjioth b npnpo/te Bcer^a 
H^eT ot 5'-KOHu,a k 3'-KOHu,y. PemeHHe stoh npoôJieMbi co- 
ctoht b tom, HTO ijenb, He noAxoAfliijaa ajw npiiMOH pemiH- 


Kau,HH, pacTeT xax ijejioe b HanpaBJíeHHH 3'-5', ho /tejiaeT 
3TO CepHilMH KOpOTKHX (JjpaľMeHTOB, XaJKAblH H3 KOTOpblX 
CHHTe3HpyeTca «3a/i,OM Hanepejj», npnneM pacrymHM, xax h 
nojio^ceHO, oxa3biBaeTCfl 3'-xoHeii,. 

PaccMOTpHM noApoÓHee peraoH, pacnojio^ceHHbiH He- 
nOCpeACTBeHHO 3a peiIJIHXaTHBHOH bhjikoh (PHC. 18.9). Mbl 
onnnieM npoHCxoAflmne coôbmw c yneTOM OTJiHMHTejib- 
HblX OCOÔeHHOCTeH KaJKAOH H3 HOBOCHHTe3HpOBaHHbIX U,e- 

nen flHK: 

• Chhtc 3 Be^ymeň (jiHAHpyiomeH) -ijeirn (leading strand) 
Mo^ceT npeACTaBjmTb coôoh HenpepbiBHbiH «npo6er» b 
5-3'-HanpaBJieHHH, no Mepe pacKpynHBaHHa MaTpnn- 
Horo LymieKca. 

• ^jm CHHTe3a oTCTaiomeň u;enH (lagging strand) Heoô- 
XOAHM OTKpbITblH 0Tpe30K OAHOU,enOMeMHOH MaTpHU,bI, 
Ha kotopom (JjparMeHTflHK pacTeT b HanpaBJíeHHH, 06 - 
paTHOM ABH5KCHHIO BHJIKH. ľíOCJie CHHTC3a CepHH T3KHX 

5'-3'-(f)parMeHTOB ohh coe/tHHflioTCfl c o6pa30BaHneM 
HenpepbiBHOH OTCTaiomeň u,enH. 
npepbiBHCTaa perníHKauna MO^ceT ôbiTb OTCJie^ceHa c 
noMonj,bio KopoTKoro HMnyjibca MeneHHa pa/i,HoaKTHBHOC- 
Tbio. MeTKa oÔHapy^cHBaeTCH b cocTaBe kopotkhx (Jjpar- 
MemoB flHK, ceAHMeHTHpyK)nj,Hx b HHTepBajie ot 7S ro 
11S, MTO COOTBeTCTByeT AAHHe B 1000-2000 OCHOBaHHH. 
Taxne cJjparMeHTbi OKa3aKH oôHapy^HBaioTCH b pemiH- 
u.npyioiij.eHCH flHK h npo-, h syxapnoT. ľíocjie yBejiHneHHa 
npOAOJKCHTeJIbHOCTH HHXyÔaUHH C paAHOaXTHBHOCTbK) 
MeTXa BXOAHT B COCTaB ÔOJIblIIHX XyCXOB flHK. 3TO H3MeHe- 
Hne CBH3aHO c o6pa30BaHHeM xoBajieHTHbix cB5i3eH Mexc/ty 
(JjparMemaMH Oxa3axn. 

OTCTaiomaa u,enb dojotcna ôbiTb CHHTe3npoBaHa b BH^e 
(JjparMeHTOB Oxa3axn. B TeneHne AOJiroro BpeMeHH ocTa- 
Bajiocb HeacHbiM, CHHTe3npyeTC5i Be/tyntaji uenb TaxnM >xe 
o6pa30M hjih — HenpepbiBHO. Bca HOBOCHHTe3npoBaH- 
Haa flHK E. coli oÓHapyacHBajiacb b bhac xopoTxnx (Jjpar- 
MemoB. Ha nepBbiH B3rjiaA, sto 3HanHJio, mto o6e uenn 
CHHTe3HpyioTca npepbiBHCTO. OAHaxo oxa3ajiocb, mto He Bce 
3TH xycxH flHK npeACTaBJWJiH coôoh bonafide (JjparMeHTbi 
Oxa3axH; HexoTopbie nceBAO(J)parMeHTbi nojiynajiHCb b pe- 
3yjibTaTe pa3pbiBOB u,enH /],HK, Ha caMOM A^Jie aBjíaBineHca 
npoAyKTOM HenpepbiBHoro CHHTe3a. Hphmhhoh pa3pbiBOB 
ôbuio BCTpaHBaHHe b JIHK HexoToporo xojiHnecTBa ypaunjia 
BMecTO THMHHa. nocjie yAajieHHa ypaunjia chctcmoh pena- 
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pau,™ h nora Ha ero Mecro He BcrpoeH thmhh, Beflymaa 
penb 0Ka3biBaeTCH pa3opBaHHoň. 

TaKHM o6pa30M, oTcraiomaa u,enb CHHTe3HpyeTca npe- 
pbiBHcro, a Be^ymas penb — HenpepbiBHO. 3 to HBJíeHHe 
Ha3biBaioT no^yHenpepbiBHoň peiumicaipieH (semidis- 
continuous replication). 


HapaóoTKa OAHOuenoMewHOÍí AH K 
AJisi pa3MH0)KeHMfl 4>ara b paMKax 
MOfle/lbHOM CMCTeMbl (J)X 


fOnoneBbie noHflTMfl: 


• fl/ia penjiMKauMM HeoóxoflMMa xejim<a3a — Hľoóbi pa3flejiMTb 
Lienu flHK 3a cneT 3Heprnn rnApo/iM3a ATO. 

• Be/iOK SSB TpeóyeTCB /yia noAAepwaHMfl pa3Ae/ieHHbix ueneM flHK 
b OAHOuenoneHHOM coctobhmm. 

• KoMÓMHauMB xejim<a3bi, SSB n 6ejwa A pa3Ae/ifleT<|)X174-AynjieKC 
Ha OAHOLienoHeHHoe KOJibLjo m OAHOuenoneHHbm jiMHeíÍHbiM 
(JjparMeHT. 

no Mepe CBoero npoflBHJKeHHH perníHKaTHBHaa BmiKa pac- 
KpyHHBaeT flBOHHyio cnHpajib .flHK. OflHa H 3 yeneH MaTpHijbi 
BCKope onaTb nepexoflHT b (jjopMy flyiweKca, Ha stot pa 3 06 - 
pa 3 ya ero c BeuymeH flonepHeH yenbio, no Mepe ee CHHTe 3 a. 
flpyraa nojiOBHHa MaTpHijbi flOJibine ocTaeTca oflHOuenoMeM- 
hoh, flo Tex nop noxa flOCTaTOMHO npoTOKeHHbin ee ynacroK 
He OKa^KeTCH otkphtbim /yw CHHTe 3 a (JjparMeHTa ÓKa 3 aKH 
OTCTaioifleH yenn b oôpaTHOM HanpaBJíeHHH. reHepaiyifl 
OflHoyenoneHHoro coctohhhh flHK h ero noflflep^caHne rb- 
jiae tcr KpnTHHecKHM acneKTOM Bceň pemíHKaĽi.HH. fljm nepe- 
BOfla flByxflenoHeHHOH flHK b oflHoyenoHeMHoe coctohhhc 
H eOÔXOAHMbI J\BR THna CjjepMeHTaTHBHblX aKTHBHOCTeH: 

• XejiHKa 3 a — sto (jjepMem, pa3AejwiomHH uenn flHK, 
oôbiHHO HcnoAb3yH rHflpojiH3 ATO fljia oôecneneHHa 
HeOÔXOflHMOH SHeprnH. 

• EejiOK SSB (single-strand binding protein) CBfl 3 biBaio- 
iflHH 0 flH 0 u,en 0 HeHHyK) flHK, npeflOTBpaiflaeT nepexofl 
pa 3 flejieHHbix yeneH b coctohhhc flymieKca. Mo;ieKy;ibi 
SSB CBH 3 biBaiOTca c flHK KaK MOHOMepbi, ho oômmho b 
peacHMe KoonepaijHH: nepBHMHbiH KOMrmeKc oĎJierMaeT 
CBfl 3 biBaHne nooienyiomHx MOHOMepoB. 

CyiflecTByeT mhojkcctbo CHTyau.HH, b KOTopbix xejíHKa- 

3 aM npnxoflHTCH pa 3 AejwTb yenn AynjieKca HyKJieHHOBOH 
KHCJioTbi: pa 3 flejieHne yeneH b tomkc pocTa peruíHKaTHBHOH 
bhjikh, KaTajiH 3 MHrpaijHH (peKOMÔHHaynoHHbix) cTpyicryp 
XojuinfleH BflOJib flHK, h t^. y E. coli ecTb ABeHa/jiiaTb pa 3 Hbix 
xejiHKa 3 . B oôifleM cjiynae xejiHKa 3 a — MyjibTHMep. CaMaa 
pacnpocTpaHeHHaa ({jopMa xejiHKa 3 bi — rexcaMep. Oh oôbin- 
ho nepeMemaeTCH Bjjojib flHK, nojib 3 yacb CBoen MyjibTHMep- 
hoh CTpyKTypOH /yw CBfl 3 biBaHHA c flHK no mhohhm TOMKaM. 

Ha mc • noxa 3 aHa oóoóiyeHHaa cxeMaranHaa mo- 
flejib fleHCTBHH reKcaMepHOH xejiHKa 3 bi. OHa cioiOHHa npn- 
HHMaTb oflHy KOH(J)opMayHio, KOTopaa CBH 3 biBaeT flymieKc 
flHK, h ApyryK), KOTopaa CBA 3 biBaeT OflHoyenoHeMHyio flHK 
Hx nepeflOBaHne npnBOflHT b achctbhc motop, pacmiaBJífl- 


Xe/iHKa3bi pacn/ieiaiOT AHK, ncnonb3ya 3Hepr»no ATO 



PHC, 13» 10 ľeKcaMep flHK-xeiiMKa3bi Aen>KeTCB BAO/ib oahom M3 
ueneŕí flHK. CBB3biBaBCb c AByxuenoneHHbiM ynacTKOM, xenMKaaa, 
CKopee Bcero, MeHfleT cbohd KOH(})opMauMK). Mcnojib3yB tmapojim 3 
ATO, (})epMeHT pa3AenneT uen m Ayn/ieKca, noc^e nero B03BpaiAaera 
b KOHCpopMaumo, HeoóxoAMMyK) A-n^ CBB3biBaHMB oamhohhom i\en\A 

KiiflHH AynjieKC h TpeóyioiflHH rnflpoAH3a ATO (oahoh mo- 
AexyAbi ATO floCTaTOHHO, MTOÓbi pa30MKHyTb OAHy napy 
ocHOBaHHH). XejiHKa3a HannHaeT pacmieTaTb flHK Ha oaho- 
yenoMeMHOM ynacTKe, npHMbiKaioiyeM k flynAeKq^. OepMeHT 
MO^ceT (J)yHKn,HOHHpoBaTb c onpeflejieHHOH nojiapHOCTbK), 
npeflnoMHTaa OflHoyenoMeMHyio flHK c 3 '-kohiiom (3-5'-xe- 
jiHKa3a) ah6o c 3'-kohu,om (5-3'-xejiHKa3a). 

OcoôeHHOCTH npouecca pa3flejieHHH yeneH mo)kho npo- 
HjnnocTpHpoBaTb Ha npHMepe xoporno H3yneHHOH KOHBep- 
chh flByxyenoMeMHOH flHK (J)ara cJ>X174 b OTflejibHbie oah- 
HOHHbie yenn. Ha - " J noKa3aHO, KaK oflHHOMHaa yenb 

cxoflHT c KOAbyeBOH yenn (HanoMHHaa «KaTímj,eeoi KOAbu,o»), 
mto y^ce 6buio noKa3aHO Ha pne. 16.6. PeaKyna MO^ceT HMeTb 
MecTO h b oTcyTCTBHe perníHKayHH, flocTaTOMHO flOCTynHOc- 
th flHK /yrn Tpex ynoMHHyTbix ôejiKOB in vitro. 

A-6ejiOK (J)ara bhocht OAHOuenoneMHbiH pa3pbiB b (+)- 
yenb BHpycHOH flHK b opH/pcHHe penjíHKaiyrH. B npHcyrc- 
tbhh flByx ôeiiKOB 6aKTepHH-xo3HHHa (Rep h SSB) h ATO 
Haflpe3aHHaa flHK pacnAeTaeTOi. BejiOK Rep npeflCTaBAHeT 
coôoh xeAHKa3y, KOTopaa pa 3 fleAaeT yenn; SSB yAep^cHBaeT 
hx b oflHoyenoMeMHOH (J)opMe. Bcaok SSB E. coli npeflCTaB- 
jwe t coôoh TeTpaMep b 74 Kfla, KOTopbíň KOonepaTHBHO 
CBH3biBaeTca c oflHoyenoMeMHOH flHK. 

3HaneHHe KOonepaTHBHOCTH b tom, mto eciiH OAHa 
MOJieKyjia ôejiKa CBH3a^acb, to CAeAyioiyeH CBH3aTbcn y^Ke 
ropa3flO Aerne. TaKHM o6pa30M, KaK ToiibKo peaK u,hh cbr- 
3bmaHHn cTapTOBajia Ha flaHHOH MOAeKyAe flHK, OHa CTpe- 
MHTeAbHO pacnpocTpaHAeTCA, noKa bcr OflHoyenoMeMHaa 
flHK He noKpoeTCA 6e;iKOM SSB. OôpaTHTe BHHMaHHe, mto 
stot ôeAOK He rbjirctcr flHK-pacnAeTaioiyHM; ero (J)yHKn,na 
3aKAK)MaeTCA AHiiib b cTa6ruiH3aijHH flHK, y^ce npeôbiBaio- 
iyeH b oflHoyenoMeMHOM coctoahhh. 

B HopManbHbix o6cTOflTe;ibCTBax in vivo peaKynn 
pacmieTaHHH, noKpbmaHHa h perníHKayHH HflyT nAOTHbiM 
CTpoeM. no Mepe npoflBHAceHHA perníHKaTHBHon bhjikh 
flHK CBfl3biBaeTCfl SSB, KOTopbiH flepacnT yenn pa 3 fleneH- 
HblMH H rOTOBbIMH CJipKHTb MaTpHU,aMH. B penAHKaTHBHOH 

BHAKe SSB pacxoflyeTCA CTexnoMeTpHMecKn. Oh hcoóxoahm 
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LJenM flHK 4>X174 
pa3i>eAMHiiiOTCfi TpeMa 6e/iKaMH 


18.8 


Htoón HanaTb ciihtg3 A H K, 
HeoóxoflMMa 3aipaBKa 



flHK<|)X174 Mo>KeT6biTb pa3Ae/ieHa Ha oflMHOHHbie i\en n 
KOMÓMHauMeíí Tpex 3H3MMaTMHecKMx aKTMBHOCTeíí: 6e/iOK A Haflpe- 
3 aeTflHK, xejim<a3a Rep pacn/ieTaeľflHK, 6ejiOK SSB CTa6nnn3npyeT 
OAMHOHHbie uenn 

pjm HeCKOJIbKHX CTa/JHH penJIHKäU,HH; 55^-MyTäHTbI HMeiOT 
(J)eHOTHn «6bicTporo pearnpoBaHHfl* h npoflBjunoT Hapy- 
rneHHH He TOJibKo penjíHKan.HH, ho TaioKe peKOMÔHHaijHH h 
penapaynn. HeKOTopbie (J)arH (HanpHMep, T4) Hcno;ib 3 yK)T 
pa3Hbie SSB; sto yKa3bmaeT Ha cneu,H(J)HHecKHe B3aHMO- 
AChctbhh MCTKffy SSB h KOMnoHeHTaMH perníHKau.HOHHoro 
annapaTa (cm. pa3A. 18.14 «Oar T4 oôJia/iaeT coôcTBeHHbiM 
penjíHKaTHBHbiM annapaTOM»). 



Hioóbi HanaTb pen/iMKaumo, flHK-noJiMMepa3e Heoóxo- 
Amm 3'-0H KOHeu 


KniOHeBbie noHama: 


• BceM flHK-no/iMMepa3aM Tpeóyera 3'-0H 3aTpaBOHHbm KOHeLy 

• 3aipaBOHHbm KOHeu MOweT 6biTb oóecneneH PHK-3aipaBKOM 
(npaiÍMepoM), OAHOuenonenHbiM pa3pbiBOM b flHK min 
33TpaBJlBK)lAMM 6e/lKOM. 

• flna penjiMKauMM flHK cneLiMa/ibHafl PHK-no/iMMepa3a (npaŕÍMa3a) 
CMHTe3MpyeT uenb PHK, oóecneHMBatomyK) 3aTpaBOHHbm KOHeiy 

• Y £ coli Hana/io CMwe3a flHK MO>KeT nponcxoAHTb AeyMfl cnocoóaMM: 
b 6aKrepnajibHOM opMAWMHe (oriC) n b opnA>KMHe<|)X174. 

• 3aTpaB/ieHne pen/iMKaumí Ha AByxuenoneHHOM flHK BcerAa 
TpeóyeT wanmm penjim<a3bi, SSB m npaŕÍMa3bi. 

• DnaB — xe/iMKa3a, pa3BopaHMBaK>mafl flHK np m pen/iMKaunn 

£ coli 

Hh oflHa flHK-no;iHMepa3a «He yMeeT» HHHu,HHpoBaTb chh- 
Te3 yenn de novo. Ha pmc. 18.12 naoôpaaceHbi ocoôeHHOcm 
npouecca HHHUHauHH. Chhtc3 hoboh ijenH moxcct ôbiTb Ha- 
naT jiHinb co CBo6oflHoro 3'-OH KOHu,a, «3arjiy6AeHHoro» no 
OTHOmeHHK) K KOMmieMeHTapHOH (MaTpHHHOH)-U,enH, KOTO- 
paa flOJDKHa ôbiTb nepeBefleHa b oflHHOHHoe cocTomne. 

YnacTOK u,enH co CBOôoflHbiM 3'-OH kohijom Ha 3 brcaeT- 
cn 3aTpaBKoň, hjih npaHMepoM. Oh moxcct «npnHHMaTb» 
pa3JiHHHbie (J)opMbi. THnbi 3aTpaBOHHbix peaKu,HH npe/y 
CTaBjíeHbi Ha p ti L j: 

• Ha MaTpHfle CHHTe3npyeTCfl noaieflOBaTejibHOCTb PHK, a 
noTOM flHK-no;iHMepa3a HanHHaeT yzyiHHaTb ee 3'-OH- 
KOHeu,. 3 tot cnocoô b ochobhom h ncno;ib3yeTCfl /y m 
pemíHKauHH kjictohhoh flHK, a TaioKe flHK HeKOTopbix 
BnpycoB (cm. pne 17.18 b pa3fl. 17.11 «CncTeMa cobmcc- 
thmocth ColEl KompojinpyeTCfl PHK-peryjiaTopoM»). 

• Yxce roTOBaa flHK cnapHBaeTCfl c MaTpHijeH, no3BOJuw 
CBoeMy 3'-OH-KOHyy nooiyxcHTb 3aTpaBKOH flj m cnme- 
3 a flHK. 3tot MexaHH3M Hcno;ib3yeTCfl peTpoBnpycaMH 
pjm 3 aTpaB^eHna oôparaoH TpaHCKpnnijHH PHK (cm. 
pne. 22.6 b pa3fl. 22.4 «flHK peTpoBnpyca rbhrctcr npo- 

flyKTOM OÔpaTHOH TpaHCKpHniJHH»). 

• 3aTpaBOHHbiH KOHefl o6pa3yeTca nocpeflH flHK-flyn- 
AeKca. CaMbiH pacnpocTpaHeHHbiH cnocoô — BHece- 
HHe HHKa, KaK HHHflHaU.HH «KaTHIflerOC5I KOAbU,a» 
(cm. pne. 16.5). B stom oiynae OflHa H3 uenen flymieKca 
no Mepe HOBoro CHHTe3a OKa3biBaeTCH BbrrecHeHHOH. 
(OÔpaTHTe BHHMaHHe Ha OTJIHMHe OT HHK-TpaHCJWIJHH 
(pne. 18.5), b xofle KOTopoň HaxoflaiflaacH b hhkc (ofl- 
Hon,enoMeMHOM pa3pbme) flHK-nojiHMepa3a I OflHOBpe- 
MeHHO 3aHHMaeTCH h chhtc30m, h flerpaflau,HeH flHK.) 

• PeaKu,HK) 3aTpaB;weT ôejioK, «HaBH3biBaioiflHH» HyKneorafl 
flHK-noAHMepa3e. 3Ty peaKn,HK) ncnoAb3yioT HeKOTopbie 
BHpycbi (cm. pne. 17.18 b pa3fl. 17.11 «CHcreMa cobm eera- 
mocth ColEl KOHTpojinpyeTca PHK-peryjiaTopoM»). 

3Tan 3aTpaB^eHna, npHBOflaiflHH k oôpa30BaHHio 3'-OH- 

KOHua, TpeôyeTca /y m 3anycxa CHHTe3a KaK Be/tyiyen, TaK h 
OTCT aK)nj,eH yenen. Beflyiyaa u,enb HyxcflaeTcn b pa 30 B 0 H 
HHHu.nau.HH, KOTopaa HMeeT mccto b oppyyKHHe. flj m OTCTa- 
loiyeH ijenH HeoôxoflHMa cepna HHHflHaflHH, t. k. /ym Kmjip- 
ro (J)parMeHTa OKa 3 aKH 3 anycK CHHTe3a mcr de novo. Kaxc- 
flbiH (JjparMeHT OKa3aKH HaMHHaera noc^eflOBaTejibHOCTbK) 
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CymecTByiOT pa3Hbie cnocoôbi nojiyqeHHfl cBtróoAHbix 3 '-kohuob 


AHK-nonnNiepa3bi He cnocoÓHbi HHMUHupoBaTb cMHTe3 flHK Ha Ayn-neKce 
min oAHOuenoHeHHoií uenu 6e3 3aipaBKn (npaŇMepa) 
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B Ayn^eKC bhocmtcb HaApe3, Kcrropbiči 
npeAOCTaB^fleT CBOÓOAHbiií KOHeu AHK-no;iMMepa3e 


HailDG3 (HUK) 



3aipaBOHHbm HyK/ieoTMfl npenoAHocmcfl óejiKOM. cbb 3 bi Ba lomu m flHK 



PH C. 18.13 fl/ia HaHajiacnHTe3aflHK-noAMMepa3e HeoóxoflMM 3 aTpa- 
BOHHbiM 3'-KOHeu; ero mo>kho no/iyHMTb HecKOJibKMMM cnocoóaMM 


PHK- 3 aTpaBKH, pa 3 MepoM npnMepHO c /jecaTOK ocHOBaHHH. 
flHK-nojiHMepa 3 a HapaiyHBaeT ee 3'-OH-KOHeiy 

Ha a o6pa30BaHHeM 3 aTpaBKH paôoTaeT (J)epMeHT 
npaňMa3a. V E.coli sto npoAyKT reHa dnaG, oh oóJia/jaeT 
OCOÔOH PHK-nOJlHMepa3HOH aKTHBHOCTbK) H npeACTaB- 
jircy coóoh oahhohhhh nojiHnenraA b 60 Kfla (ropa3AO 
Mejibne PHK-no^HMepa 3 bi). ľIpaHMa 3 a nno;ib 3 yeTai pjui 
nOJIHMepH3aiJHH pHÔOHyKJieOTHAOB JlHIIIb B OCOÔblX 06 - 

CTO^TejibCTBax, a hmchho ajih CHHTe3a kopotkhx (J)par- 
MeHTOB PHK, Hcno;ib 3 yeMbix b KanecTBe npaHMepoB 
CHHTe 3 a flHK. npaHMa 3 a DnaG KpaTKOBpeMeHHO acco- 
llHHpyeT C penjlHKaTHBHbIM KOMrniexcoM h CHHTe3HpyeT 
npaHMep (oôhhho H 3 11-12 ocHOBaHHH). Oh HaHHHa- 
eTCfl noc;ieflOBaTe;ibHOCTbK) pppAG, HanpoTHB TpnmieTa 

3'-GTC-5' MaTpHijbi. 


HeKOTopbie chctcmh no/ib 3 yioTCfl ajibTepHaTHBaMH npaň- 
Ma 3 e DnaG. Tax, Me>Kay AByMa cfiaraMH, Ml 3 h G4, cjiy^KHBiiiH- 
mh oó'beicraMH paHHHx HCC/ieAOBaHHH no perníHKaiyiH, 6 bmo 
oÓHapy^ceHO HHTepecHoe pa 3 JiHMne. Y G4 jm 3 aTpaBJieHHa 
Hcno^b 3 yeTca DnaG, a y Ml 3 — ôaKrepnajibHaa PHK-no;iH- 
Mepa3a. 06a (J)ara hmoot xapaKrepHyio ocoôeHHOCTb: caHT 
npaHMHHra OTMeneH ocoôoh btophhhoh crpyicrypoH flHK 
Y E. coli oÔHapy^ceHO /jBa Tnna 3 aTpaBJieHmi: 

• CncTeMa oriC (no Ha3BaHHK) ôaKrepnajibHoro canTa Ha- 
najia perníHKaunn) ocHOBaHa Ha accounaunn npanMa3bi 
DnaG c ôejiKOBbiM KOMimeKcoM b pemíHKaTHBHOH bhjikc. 

• CncTeMa 4>X (no Ha3BaHHio (J)ara <J>X174) TpeóyeT Ha- 
jihhhh KOMmieKca HHHu.Hau.HH, cocTomyero H3 Aonoii- 
HHTejibHbix KOMnoHemoB — Tax Ha3bmaeMOH npaň- 
mocomh (cm. pa3A. 18.17 «npaHM 0 C 0 Ma nepe3anycKaer 
penjiHKau,Hio»). 

nosTOMy MHor^a o pemíHKOHax roBop^T, hto ohh tyX 
jihôo oriC rana. 

Tnnbi (J)epMeHTaTHBHOH aKTHBHOcra, npnHHMaiomcH 
ynacTne b HHHiynaĽi.HH, o6o6nj,aeT p m c. I8.14. Xoth b Hexo- 
Topbix pemíHKOHax E. coli KOHKperabie 6eiiKH Moryr 3aMe- 
HflTbCfl aJIbTepHaTHBHbIMH, OAHH H Te 7KC THnbl aKTHBHOCTH 
HeoôxoAHMbi Bcer^a. Xe;iHKa3a TpeôyeTca /ym o6pa30BaHHa 
OAHHOMHbix yeneH, 6e;iOK SSB noAAepiKHBaeT u,enn b o/jh- 
HOMHOM COCTOHHHH, npaHMa3a CHHTe3HpyeT PHK-3aTpaBKy. 

DnaB hbjihctoi u,eHTpa^bHbiM KOMnoHemoM h b <J>X, h 
b oriC pemíHKOHax. 3 tot óejiox o 6 ^a/i,aeT 5-3'-xejiHKa3- 
hoh aKTHBHOCTbio, pacn^eTaioiycH .HHK. 3HeprocHa6)KeHHe 
peaKu,HH npoHexoAHT 3 a cneT pacmemieHHfl ATO. DnaB, 
no cyTH, npeAcraBjweT coôoh aKTHBHbiH KOMnoHeHT «tom- 
kh pocTa». B pen^HKOHax oriC DnaB hcxo/jho ca^nrca Ha 
opH/^CHH b cocTaBe óo^binoro KOMn^exca (cm. pa3/j. 18.13 
«ÔopMHpOBaHHe pemíHKaTHBHblX BHJIOK B OpH/pCHHe»). 
DnaB o 6 pa 3 yeT Tonicy pocra, b kotopoh yenn MaTpnMHoro 
AymieKca pa3,ae^noToi no Mepe npo.aBiwceHHa pemíHKaTH- 
boh bhjikh. Oh HBjíaeTOi nacTbio/],HK-no^HMepa 3 Horo kom- 
rnieKca h B 3 an MOfleHCTByeT c DnaG-npaHMa30H, HHHu,HHpya 
CHHTe3 (J)parMeHTOB Oxa3aKH oTCTaioiyeH yenn. 


18.9 


Xojio(|)epMeHT AHK-noAMMepa3bi 
COCTOMT M3 TpeX CyÔKOMÍlJieKCOB 


KmoneBwe noHaTmi: 


• PenAMKa 3 a E. coli flHK-nojiMMepa 3 a III — 3to 900 Kfla 
KOMľuieKC c AHMepHOÍí CTpyKTypoíí. 

• Ka>KAafl MOHOMepHaB cy6i>eAMHMua oónaAaeT KaTajiMTMHecKMM 
ueHTpoM, AHMepn3auMOHHOíí cyóbeAMHMAeŕí m KOMnoHemoM 
npoueccnBHOCTM. 

• CneAMajibHbiŕí óe/iOK 3arpy>KaeT cyóbeAMHimbi npoueccnBHOCTM 
Ha flHK, n ohm 3a>KMMaK)T ee b kojí b 140 . 

• Ha KajKAyio uenb Maipnubi npMxoAMTCB no OAHOMy 
KaiajiMTMHecKOMy ueHTpy. 


Tenepb Mbi MO^ceM coothccth cyÓTeAHHHMHyio CTpyioypy 
/],HK-nojiHMepa 3 bi III E. coli co bccmh HeoóxoAHMbiMH /ym 
CHHTe 3 a HHK aKTHBHOCTHMH (b CBeTe hx HeAaBHero pac- 
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PMC, 18.1** MHHUHaunfl pen/iMK3i4MM oóecneHMBaeTca coBMecTHbiMM 

ycmiMAMu ue/ioro pafla pa3/iMHHbix 6e/iKOB 

CMOTpeHHH) h nonbiTaTbCH CMOflejinpoBaTb ee ptúc tbhc. 

Xo^o(J)epMeHT (pernincoMa) npe/jcraBjíaeT coôoh 900 k^I, a 

KOMruieKc, co,aep^camHH pecxrb 6e;iKOB, noApa3£e;ieHHbix 

Ha neTbipe rana cyÔKOMruieKCOB: 

• JXbc KonHH KaTajíHTHHecKoň «cepflu 1 eBHHbi». Kauc^aa 
«cepAU,eBHHa» co/jepacnT cyó'be/jHHHny a (c flHK-no- 
jiHMepa3HOH aKTHBHOCTbio), cyó'beflHHnny e (3'-5' xop- 
peicrapyiomyio 3K30Hymiea3y) h cyó'be/jHHHijy 0 (cth- 
MyanpyiomyK) 3K30Hyiuiea3y). 

• flBe KonHH flHMepH3yiomeH cyô'beAHHHu.bi x, KOTopbie 
cayacaT /yia CKpenaeHna MHHHMajibHoro (J)epMeHTa. 

• flBe KonHH 3aMWHa (clamp), KOTopbie OTBeTCTBeH h m 
3a yzjepacaHne MHHHMajibHoro (J)epMeHTa Ha hx flHK- 
MaTpHqax. Kaac^biH 3aacnM coctoht H3 roMO^HMepa 
cyô'be/íHHHĽi, p, 3aMKHyToro b oôxBaT flHK, oôecnenH- 
Baa npoqeccHBHOCTb. 

• KoMnaeKC y npe/jCTaBjíaeT coóoh rpynny H3 nara 6eji- 
kob, o6pa3yiomHx ioi3Mn-jioy l n,ep — npncnoco6;ieHHe 
/yia HaKJia/i,biBaHHa 3aacnMa Ha flHK. 

Mo/jejib côopKH flHK-noaHMepa3bi III H3o6paaceHa Ha 

p M c. 18.15. Xoao^epMeHT MOHTnpycTca Ha JX HK b Tpn 3Tana: 

• Gmaaa KasMn-jioy/íep coe/^HHaeT p-cyô'beflHHHijbi c 
KOMnueKcoM npaňMep-MaTpHiia, ncno;ib3ya SHeprnio 
rn/jpo;iH3a ATÓ. 


• CBa3bmaHHe c JX HK mchrct KOH(J)opMauHK) p-cy&beAH- 
HHiibi (b tom Mecre, me OHa KOHTaicmpyeT c KasMn-jio- 
yaepoM) Táx, hto OHa oÔHapyaoiBaeT BbicoKoe cpo/jcTBO 
k MHHHMajibHOMy (pepMemy (no;iHMepa3e). B pe3ynbTaTe 
nojiHMepa3a Toace 0Ka3biBaerca npnKpenaeHHon k/IJHDK. 

• JX HMep x CBa3biBaeTca c (J)epMeHTOM (no;iHMepa 30 H) h 
B binojiHaeT cboio /jHMepH3yioii]yK) (J}yHícu,HK), CBa3brcaa 
BTopoň MHHHMajibHbiíi (J)epMeHT (no;iHMepa3y), acco- 
u,HHpoBaHHyK) co BTopbiM p-3aacHMOM. I0i3Mn-jioyAep 
OTBenaeT 3a OKpyaceHne Kaac^OH H3 flByx n,enen MaTpn- 
ilbi napoň p-AHMepoB, a Taxace 3a CHarae p-KOMnaeKca 
c JX HK no 3aBepmeHHH CHHTe3a. 

XoaocJ)epMeHT J^HK-noanMepasbi III acHMMeipnHeH, 
nocKoabKy KJBMn-jioyflep b hcm Bcero o/íhh. BcjieflCTBne stoh 

aCHMMCipHH MHHHMaJIbHblH (J)epMeHT B eľO nOJIOBHHKaX 

pa3JiHnaioTca no CBoefi oiocoôhocth «paccraBaTbca» c JX HK 
3to cooTBeTCTByeT pa3JiHHHio cToanj,Hx nepe/j hhmh 3a£an: 
opm nojiHMepa3a CHHTe3npyeT HenpepbiBHyio Beflymyio 
u,enb (He «OTnycKaa» MaTpHuy), a flpyraa — (J)parMeHTapHyio 
OTcraioiuyio uenb (to h pp io /mccouHHpya h peaccouHnpya 
c MaTpHiieň). KjBMn-jioy/jep Haxo,zjHTca npn toh cy&be/^HHH- 
u,e, KOTopaa crpoHT OTcraiomyio uenb, OKa3braaa en lononeBoe 
coAeHCTBne b CHHTe3e oóocoóaeHHbix (J)parMeHTOB OKa3aKH. 



P MC. 18.15 CóopKa xoJioc})epMeHTa flHK-nojiMMepa3bi III npoxoflm b 
HecKO/ibKO CTaflMií. Xo^oc})epMeHT CMHTe3MpyeT o6e HOBbie uerm flHK 
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18.10 


3a>KMM KOHTpojwpyeT 
aCCOLtMaUMK) MMHMMa/lbHOrO 
(|)epMeHTa c flHK 


KniOHeBbie noHATMa: 


• riojiMMepa3a (MMHMMa/ibHbm cfjepMeHT) Beflymeií uerin 
OTJIMHaeTCfl BblCOKOM ľipOUeCCMBHOCTbK), ľlOCKO/lbKy 33>KMM 
yAep>KMBaeT ee Ha flHK. 

• 3a>KMM, accouMMpoBaHHbm c no/iMMepa30M OTCTatomeŕí uenu 
AMCCOUMMpyeT b KOHLie Kawfloro (fjparMeHTa 0 k333km m 3aHOBO 
co6npaeTCfl cneAyKJmero (fjparMeHTa. 

• Xe/im<a3a DnaB OTBenaeT 3a B3anM0A6MCTBne c npaMMa3oŕí 
DnaG aji* mhmum3limm CMHTe33 (fjparMeHTa 0K333KM. 


Bnaroflapa p-cyô'beflHHHijaM xojiocpepMeHT flHK-no;iHMepa- 
3 bl III OTJIHMaCTCa BblCOKOH npOqeCCHBHOCTbK). p-Cy 6 'beflHHH- 
u,bi o 6 pa 3 yioT Ko;ibijeo 6 pa 3 HbiH flHMep, KpenKo CBímHHbiH c 
flHK, ho cnocoÓHbiH CKOJib 3 HTb BflOJib ee AyruieKca. Ha 

npeACTaBJíeHa MOflejib p-KOAbua no OTHomeHHio kaboh- 
hoh cnnpajiH flHK, C 03 flaHHafl Ha ocHOBaHHH flaHHbix Kpnc- 
TaA/iorpa(J)HHecKoro aHajiH 3 a. Kojibijo HMeeT BHeuiHHH flna- 
MeTp 80 Ä h BHyrpeHHiOK) noAOCTb flnaMeTpoM 35 Ä — noMTH 
BflBoe rnnpe abohhoh cnnpajiH flHK (20 Ä). npocTpaHCTBO 
MOKfly KOJibqoM óejixa h flHK 3 ano;iHeHO boaoh. KäJKflaa 
p-cyó'beflHHnn.a HMeeT TpH rjioóyjiapHbix flOMeHa co cxoahoh 
opraHH 3 au,HeH (xotb hx aMHHOKHCJioTHbie nocjieflOBaTejib- 
HOCTH OTJIHMaiOTCa). BCJieflCTBHe 3 TOTO flHMep HMeeT rneCTH- 
KpaTHyio CHMMeTpnio, OTOÔpaxeHHyio flBeHa/maTbio a-cnn- 
paJIflMH, BbICTHJiaiOIII,HMH BHyTpeHHIOK) nOBepXHOCTb KOAbU,a. 

flHMep OKpy^caeTflynjieKC, o 6 pa 3 yfl cKOJib 3 fliflHH 3 a>KHM, 
no 3 BOJiínoiu,HH xoAO(J)epMeHTy CKo;ib 3 HTb BflOJib flHK. TaKaa 
CTpyicrypa oô'bflCHfleT BbicoKyio npoijeccHBHOCTb — (J)ep- 
Mem npocTO He MoaceT cocKOMHTb c flHK! nojio>KHTe;ibHbie 
3 apaflbi b a-cnnpa^flx Ha BHyrpeHHeH CTopoHe KOJibija mo- 
ryr B 3 aHMOfleHCTBOBaTb c flHK nepe 3 nocpeflHHMecTBO mo- 
jieKyji boám (KOTopoe oóJiemaeT ycTaHOBjíeHHe h pa 3 pbiB 
KOHTaKTOB). BCAKOBblH 3 a>KHM He KOHTaKTHpyeT c flHK Ha- 
npaMyio, TaK mto mo^kct exaTb BflOJib Hee. KaK Ha cajia 3 Kax. c 
MOJieKyjiaMH BOflbi b KanecTBe CMa 3 KH. 

. Kax 3 a)KHM HaioiaflbiBaeTC^ Ha flHK? Oh npeflCTaBjw- 
eT coóoh KOAbu .0 cyó'beflHHHu,, oôxBaTbmaioiflHX flHK; ero 
cóopKa hjih y^ajieHne 3 Hepro 3 aBHCHMbi, mto oôecneMHBa- 
eTca KJiSMn-jioyflepoM (KOMnjieKc y). Oh npeflCTaBJíaeT co- 
ÔOH 3 aMKHyTbIH neHTaMep, CBfl 3 bIBaiOmHH OTKpbITyK) (J)op- 
My p-KOAbqa, roTOByio /y m 3 axBaTa flHK. ô-cyô'beflHHHija 
KJi 3 Mn-jioyflepa OTKpbreaeT KOJibijo no oflHOMy H 3 cthkob 
MOK fly p-cyô'beAHHHqaMH. TaKHM oópa 30 M, KJiSMn-jioyflep 
caAHTCfl Ha BepxyniKy 3 aKpbiToro 3 a>KHMa, oópamaa k HeMy 
cboh ATOa 3 HbiH aKTHBHbin u,eHTp, h pacxoflyeT SHeprHK) 
THApojiH3a ATO Ha oTKpbmaHHe 3a>KHMa h BKJiaflbiBaHne 
flHK b ero u,eHTpa^bHyio nojiocTb. 

Ba 30 Bbin npHHqnn moacjih flBOHCTBeHHoro (j)yHKu,HO- 
HHpOBaHHH penAHKa 3 bI COCTOHT B TOM, MTO B TO BpeMfl KaK 
o ah a ee nojiOBHHKa HenpepbiBHo 3 amnra chhtc 30 m Befly- 
men ijenn, flpyraa b ynioiHMecKOM pe)KHMe HHHijHHpyeT 
h TepMHHnpyeT (J)parMeHTbi OKa 3 aKH oTcraiomen ijenn 
BHyrpn óojibmoH OAHoqenoMeMHOH neTJín, KOTopyio 06 - 
pa 3 yeT ee nojiOBHHKa MaTpnqbi. Ha npnBefleHa 



flHMep cyóbeAMHMu p xo^oc})epMeHTa flHK-no^MMepa3bi 
III oxBaľbiBaeT Ayn/ieKC flHK 3aMKHyTbiM KO^buoM. Ha cxeMe flHK 
HaxoAmcfl b ueHTpe, ABe cyóbeAMHMUbi p, pacno^o>KeHHbie b opn- 
eHTauMM «ro^OBa-xBOd», noKa3aHbi opaHX<eBbiM m KpacHbiM ABeia- 
mh. nepenenaiaHo M3 CeLL voľ 69, Kong, X. P., et aL pp. 425-437. 
Copyright 1992, c pa3peweHMfl Elsevier. JlK)6e3HO npeAOdaB^eHo 
John Kuriyan, University of California, BerkeLey 


flHK-pen/iMKa 3 bi oéjiaAaiOT no/iHbiM Ha6opoM aKTHBHocieň 


ľlpeAbiAyiMMM ((jparMem 0Ka3aKM 



CneuMa^bHbíň 
óe^OK coeAMHfleT 
xejim<a3y c AeyMA 

MOAy/lflMM 
no^MMepa3bi 

KaTajiMTMHecKMe 

cyó-beAMHMUbi 

flHK-no^MMepa3bi 

flHK 33KJ1K)HeHa 

B CKOJlb 3 flmMM 33 >KMM 

|| Cipe^Ka 

’U o6o3HaHaei 

y y 3'-KOHeU 


PacrymMM 

(JjparMeHT 

ÓKa3aKM 


CaňT 

cneAyKDmero 
(JjparMeHTa 
0Ka33KM i 



ľlpaíÍMaaa 


Xejiw<a3a, aAanTMpywDLAafl flHK noA pen/iMKaTMBHyio 
BM/ixy, coeAMHeHa c AeyMfl Kaia/iMTMHecKMMM cyóbeAMHMuaMM flHK- 
no^MMepa3bi. Ka>KAaB M3 hmx yAep>KMBaeTCfl Ha flHK CKO/ib3fliAMM 
33 >kmmom. ľlo^MMepa3a, KOTopafl CMHTe3MpyeT BeAymyK) Lien b, ABM>KeT- 
a\ no flHK HenpepbiBHo. ľlo/uiMepa3a, KOTopaB CMHTe3MpyeT OTdaK)- 
myK) uenb, cxoamt c flHK b KOHue Ka>KAoro (fjparMeHTa 0K333KM, mo6bi 
CHOBa accouMMpoBaTb c npaŕÍMepoM b neT^e, o6pa3yeMOM oamhomhom 
uenbK) MaipMUbi, cnHTe3a c^eAyioiAero (fjparMeHTa 0K333KM 
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CnHTe3 /íHAnpyioiueM m OTCTatomeň ueneň cKoopAMHHpoBaH 



P H C. 18.18 KaWflblM MMHMMa/lbHbIM (J)epMeHT Pol III CMHTe3npyeT 
AOHepHHDK) uenb flHK. Be/iOK DnaB OTBenaeT 3a npoflBMweHMe Bceŕí 
pen/IMKaTMBHOM BM/1KM 

oôoómeHHaa cxeMa paôora TaKon pemiHKa3bi. PeruíHKa- 
THBHyK) BHJiKy co3AaeT xe^HKa3a (b xapaicrepHOH (J)op- 
Me — reKcaMep-KOJibijo), KOTopaa nepeMemaeTca b Ha- 
npaBjíeHHH 5'-3' no MaTpHije OTCTaiomeň ijenn. Xe;iHKa3a 
coeAHH^eTCH c flByMa KaTajíHTHnecKHMH cyô'beflHHHu.aMH 
flHK-no;iHMepa3bi, Kaacflaa H3 KOTopbix, b cboio onepeflb, 
aCCOIJHHpOBaHa CO CKOJIb3flmHM 3a^CHMOM. 

flj m flHK-no;iHMepa 3 bi III 3 Ta MOflejib MO^ceT 6 biTb onn- 
caHa b TepMHHax HnzjHBH/iyajibHbix KOMnoHeHTOB (J)epMeH- 
THoro KOMmieKca, sto noKa 3 aHO Ha p n c. ís.is. C Ka>KflOH 
qenbK) MaTpnijbi accou,HHpoBaHO no oflHOMy MHHHMajibHO- 
My (J)epMeHTy. Xo^o(J)epMeHT HenpepbiBHO jjjbwkctcr Bflo;ib 
MaTpnijbi /ym Beflymeň yenn; MaTpHija /ym OTCTaiomeň ijenH 
<<npoTacKHBaeTcn» c OTcraBaHHeM, o 6 pa 3 ya ucrmo. DnaB co- 
3 flaeT TOMKy pacmieTaHHH, nepeMemaacb bhh 3 no xofly flHK. 

DnaB KOHTaKrapyeT c T-cyô'beflHHHu.en (x-cyô'beflHHH- 
yaMH) KJiSMn-AoyAepa, ycTaHaBjíHBaa TaKHM o 6 pa 30 M npa- 
Myio CBH 3 b MOK/iy KOMruieKCOM xejiHKa 3 bi-npanMa 3 bi n mh- 
HHMajibHbiMH (J)epMeHTaMH flHK-no;iHMepa 3 bi III. y TaKoro 
cu,enjieHHa ecTb j \Ba sdpdpeKTX IlepBbiH — yBejmneHne cko- 
POCTH /JBH)KeHHfl MHHHMaJIbHOľO ČptpMCHTZ B fleCflTb pa 3 . 
BTopoň — npeAOTBpameHHe cocKaKHBaHna no;iHMepa 3 bi c 
Be/iymeH yenn, t. e. noBbimeHHe npoijeccHBHOCTH. 


Chhtc3 BeflymeH ijenn npnBOflHT k o6pa30BaHHio 
neTJín OAHOuenoMeMHon flHK, c^y^caiyeH MaTpnij.eH /yia 
CHHTe3a OTCTaiomeň yenn, h 3Ta neTJia yBejiHHHBaeTca 
no Mepe npoflBH>KeHHfl tomkh pacrnieTaHna. nocjie hhh- 
unauHH (J)parMeHTa Oxa3aKH no;iHMepa3a OTcraiomeH 
yenn npoTarHBaeT oflHoyenoHeHHyio MaTpnijy CKB03b p- 
3a^cHM, CHHTe3npy5i HOByK) u,enb. ŤaKHM o6pa30M, neTjm 
OAHOu,enoMeMHOH MaTpmjbi BMemaeT no MeHbuieH Mepe 
OflHH (J)parMeHT OKa3aKH, BruioTb flo OKOHnaHna ero chh- 
Te3a n npHBefleHHfl no;iHMepa3bi b roTOBHOCTb HanaTb 
cjie#yiomHH. 

Hto nponcxoAHT no 3aBepmeHHH (JiparMeHTa Oxa3a- 
kh? Bce KOMnoHeHTbi penjíHKaTHBHoro annapaTa (J)yHKu,H- 
OHnpyioT npou,eccHBHO (t. e. npeóbrcaioT accoijHHpÓBaH- 
HbiMH c flHK), 3a HCKjnoneHHeM npaHMa3bi h p-3a>KHMa. Ha 
pne. 18.9 noKa3aHO, xax ohh flHCCon,HHpyK)T no 3aBepme- 
hhh CHHTe3a (JiparMeHTa, OTnycKaa neTJiio. BcKope KJiSMn- 
jioy/jep npHBAexaeT hobhh p-3a>KHM pjui HHHu,Hau,HH c;ie- 
Ayiomero (J)parMeHTa OKa3aKH. B kxxrom TaKOM ynioie 
no;iHMepa3a OTCTaK)nj,eH yenn nepexoAHT H3 o/jHoro p- 
3a^cHMa b ApyroH, He noKH^aH penjinKaTHBHbiH KOMnjieKc. 



PUC. 18.19 no 3aBepiueHMi CMHTe3a onepeAHoro (})parMeHTa 0Ka3aKM 
CKO/ib3flmMM 33 >kmm OTnycKaeT OTCTatomyK) uenb c MaipHueŕí. Tot >Ke 
33>KMM BMeCTe CO CBOMM MMHMMaJlbHblM (})epMeHTOM HaKJiaflblBaeTCfl Ha 
flHK b caŕÍTe MHMUMauMM CMHTe3a c^eflyHDmero (})parMeHTa 0 k 333 km 
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Hto OTBenaeT 3a pacno3HaBaHHe caňTOB 
chhtc 33 cfiparMeHTOB Ok333kh? B pen^HKOHax oriC cBH3b 
npaňMHHra c peruíHKaraBHOft bhjikoh oôecneHHBaeTca 
flBOHKHMH CBOHCTB3MH DnaB: ÔyflyHH Xe/IHK330H, npOflBH- 
raiomeň peruíHKaraBHyio Bmixy, oh b to xce BpeMH npo- 
h3boaht B3aHMOAeňcTBHe c npaňMa3oň. Ilocjie CHHTe3a 
33TpaBKH npaňMa3a ocBo6o*flaeTCH; c flHK ee CMemaer, 
no-BHflHMOMy, caMa flHK-no^HMepa3a III. JJjium 3aTpa- 

BOHHOH PHK K'OJIC6jICTCH b IipC'ACJiaX OT BOCbMH flO MCTbip- 
HaflpaTH OCHOB3HHH. 


18.11 


KOOPAMHMpOBaHMe CMHTe 3 a 
Beflymeŕi m OTCTatomeií ueneíí 


fíniOHeBbie noHATMa: 


• fl/ia CMHTe3a BeflymeM n OTCTatomeŕí ueneŕí TpeóytOTca pa3Hbie 
KOMn/ieKCbl (})epMeHTOB. 

•Y E. coli 06 a 3tmx KOMn/ieKca coflepxoT oflHy my >Ke 
Kaia/íHTHHecKyto cyóbeAMHMuy (DnaE). 

• Y Apyux opraHM3MOB fl/ia Ka>Kfloň M3 ueneŕí MoryT TpeóoBaTbca 
pa3^MHHbie KaTa/iMTMHecKne GyčteflHHHUbi. 


Ka^an HOBaa n,enb flHK CHHTe3HpyeTCfl HHAHBHAyajibHbiM 
KaTäJIHTHHeCKHM MOAyJieM. PHC. 18.20 nOKa3bIBaeT, HTO 3TH 
A Ba MOjayjia Benyr ce6a no-pa3HOMy, nocKOJibKy HOBbie ueriH 
flHK pacTyr b npoTHBonojio>KHbix HanpaBjíeHHax. Oahh 
(J) epMeHTHbiH MO/iyjib a bh^kctca BMecTe c tohkoh pacmieTa- 
hha h CHHTe3HpyeT Be/iyiii.yK) u,enb HenpepbiBHO. flpyroň mo- 
Ayjlb JlBimCTCR Ha3aA OTHOCHTeJIbHO flHK, BAOJIb OTKpblTOH 
OAHHOMHOH qenH. B KXKfíblÚ OTfleJIbHblH MOMCHT BpeMCHH 
OTKpbiT jiHinb HeôojibinoH KycoK MaTpHu,bi. no 3aBepmeHHH 
CHHTe3a o^Horo (J)parMeHTa OKa3aKH hcoôxoahmo HanaTb 
CHHTe3 cjie/jyiomero r^e-TO Heno/jajieKy ot tohkh pocTa Be- 
flymeň ueriH. 3 to, b cboio onepeAb, rpeóyeT TpaHCJiOKaiiHH 
(J)epMeHTHoro MOAyjia, CHHTe3Hpyiomero oTCTaiomyio ijenb, 
OTHOCHTeJIbHO flHK. 

TepMHH «(J)epMeHTHbiH MOAyJib» ocraBjmeT otkphthm 
B onpoc 06 ’OAHOTHnHOCTH (JjepMeHTOB, CHHTe 3 HpyK)LU,HX 
Be^ymyio h OTCTaioiuyio u,enH. y E. coli , o kotopoh Mbi Ha- 
HÓOJiee OCBeAOMJieHbl, eCTb TOJIbKO OflHa pa 3 HOBHAHOCTb 
KaTajíHTHHecKHx cyô'beAHHHii flHK-nojiHMepa3bi, Hcnojib- 
3yeMbix b penjiHKau,HH — ôejiOK DnaE. AKTHBHaa pen;iHKa 3 a 
npeACTaBJíaeT coóoh AHMep, h Ka^aa nojiOBHHKa AHMepa 


BeAyiAaH h OTCTaiomafl uenn flHK 
CHHTe3HpyiOTCfi OTAe/lbHblMM CjjepMeHTHblMH MOfiyAAMM 


BeAyiAníí (JjepMeHTyA/iMHfleT cboío uenb HenpepbiBHO 

i'TTTTTTTTTi 1 1 

OTCTaíomMM (JjepMeHT cnHTe 3 npyeT Bce HOBbie (JjparMeHTbi 



PUC. 18.20 ľloAMMepa3bi Beflymeŕí n OTCTatomeŕí ueneŕí flHK pa3He- 
ceHbi b npocTpaHCTBe 


flpOHCXOAMT AM peuMpKyjifltiMA noAMMepa3bi 

no MatpMAe OTcraioiAeM nenn? 


McnoAb3yera Ta >Ke caMaB Kaia^muHecKaB cyó'beAUHMAa 

.aMuTTTi ií ujj^^ m. . v 

I_ i 


mimi 


l/lcnoAb 3 yeTCB APyraB Kaia^muHecKafl cyóbeAMHMAa 


iiiiriiivviviiimiiKiii 


vV 


J1 i 1 1 


niimi 


1 


í 


PUC. 18.21 Mofle/ib nepeMemeHMM noAMMepa3bi no MaTpmje, coot- 
BeTCTBytoman BepxHeíí nacTM pMcyHKa^peóyeTHenpepbiBHOM peuMp- 
KyAflUMM OflHOrO M TOľO >Ke (})epMeHTHOrO MOflyAB. B COOTBeTCTBMM c 
HM>KHeM HaCTbK) pMCyHKa, CMHTe30M OTCTatOUieM UenM 3aHMMaeTCB 
MH0>KecTB0 (})epMeHTHbix MOflyneíi: Ka>KflbiM HOBbiŕí (})parMeHT0Ka3a- 
KM CMHTe3MpyeTCB HOBbIM MOflyneM 


coAepucHT DnaE b KanecTBe KaTajíHTHnecKOH cyô'beAHHH- 
ijbi. DnaE (JjyHKíiHOHHpyeT npn noflAep^cKe Apyrax ôcjikob 
(pa3Hbix /yiH Be/iynieH h OTcraiomeH u,eneH). 

Picnojib30BaHHe pen;iHKa30H OAHoranHbix KaTajíHTH- 
necKHx cyô'beAHHHu,, bo 3 mojkho, aTHnHHHO. Y ôaKTepHH 
Bacillus subtilis npHcyTCTByioT ^Be pa3Hbix KaTaJíHTHnec- 
khx cyô'beAHHHUbi. PolC — roMOJior DnaE E. coli — ot- 
BeTCTBeHHa 3a chhtc 3 BeAynj,eH u,enH. Po/íCTBeHHbiH 6e- 
jiok, DnaE BS , rbjirctcr KaTajíHTHnecKOH cyô'beAHHHijeH, 
CHHTe3HpyiomeH oTCTaiomyio u,enb. Pen;iHKa3bi syxapH- 
ot npHAep^cHBaioTca toh ^ce cxeMbi (chhtc 3 Be/^ymeH h 
OTCTaion^eH u,eneH oTAeiibHbiMH KOMnjieKcaMH ôcjikob), 
OflHaKO HeflCHO, OflHHaKOBbl JIH KaTaJIHTHHeCKHe Cy&bZRW- 
HHU,bI 3THX KOMnJieKCOB (CM. pa3A- 18.13 «PÍHHIlHan i HH H 
3JiOHraiiH5i y syxapHOT ocyni,ecTBJi5ieTC5i pa3HbiMH nojiH- 
Mepa3aMH»). 

BajKHeHineH 3aAaneH nojiyHenpepbiBHOH chctcmh, hc- 
nojib3yK)nj,eH oT/íejibHbiH (JjepMeHTHbiH MO^yiib chht e- 
3a Ka^OH H3 u,eneH, ^bjirctcr 6ecnepe6oHHaa chhxpohh- 
3ailH5I paÔOTbl 3THX MO^yJICH. PiHbIMH CJIOBaMH, KaK CHHTe3 
BeAynj,eH u,enH 0Ka3biBaeTC5i CKOopAHHHpoBaH c chhtc30m 
OTCT aiomeH? Ha puc. i 8 .2 i npe/vio^ceHO ABe bo 3 moähhx 
moacjih. CorjiacHO nepBOH, oahh h tot ^ce KOMnjieKc pe- 
yTHjiH3HpyeTca ajm CHHTe3a Bceň nepeAbi (JjparMeHTOB 
Oxa3aKH. CorjiacHO btopoh, KOMnjieKc AHCCOu,HHpyeT c 
flHK, HTOÓbi Apyroň KOMnjieKc CMor npHOceAHHHTbcn h 
CHHTe3HpOBaTb HOBblH (JjpaľMeHT OKa3aKH. KaK Mbl BH- 
AeiiH b pa3A* 18.10 «3a^cHM KOHTpojmpyeT accou,HaiiHio 
MHHHMaiibHoro (JjepMema c flHK», npHeMjieMa hmchho 
nepBaa MOAejib. 
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18.12 


Oparnemu 0«a3aKM 
coeAMHAioTDi /inra30M 


KiiiOHeBbie noHama: 


• Ka>KflbiM (})parMeHT 0Ka3aKM HaHWHaeľca npaíÍMepoM 
(3aTpaBKoŕí) m 3aKaHHMBaeTCB nepefl cneflyiomMM (JjparMeHTOM. 

• flHK no/iMMepa3a I ycrpaHaeT npaŕíMep n nepeMemaeT ero — 
3 tot npouecc HanoMMHaeT HMK-TpaHcnaumo. 

• flHK-Jinra3a C03flaeT CBa3b, coeflWHatomyK) 3'-KOHeu (})parMeHTa 
0K333KM c 5'-HaHaJiOM cneflyiomero (})parMeHTa. 


Tenepb mcokho nonoiiHHTb npeflcraBjíeHHe o tom, KaK 
npoHexoAHT coeAHHeHHe (J)parMeHTOB OKa3aKH. 06m,™ 
nopaflOK coóbiTHH c;ieAyK)nj,HH: chhtc 3 PHK-3aTpaBKH 
(PHK-npaňMepa), npoflOJDKeHHe ee b BH/je flHK, yfla^eHHe 
PHK-3aTpaBKH, 3aMeHa ee cerMemoM flHK h KOBajieHTHaa 
ciiiHBKa coceAHHx cj)parMeHTOB 0Ka3aKH. 

Kax noKa3aHO Ha p n c. is. 22 , chhtc 3 (J)parMeHTa Oxa- 
3aKH TepMHHHpyeTCH BnpHTbiK k Hanajiy PHK-npaňMepa 
npeAbmymero (^pameHTa. Ecjih npaňMep yópaTb, ocTaHeT- 
ca «6penib». Ero 3ano;mfleT (cKopee, He flaeT ôpernn o6pa- 
30BaTbca) flHK-nojiHMepa3a I; MyraHTbi pot He cnocoÔHbi 


AOJDKHbiM o6pa30M coeflHHHTb (J)parMeHTbi 0Ka3aKH. 5'-3' 
3K30HyKJiea3HaH aKTHBHOCTb yónpaeT PHK-npaňMep, oaho- 
BpeMeHHO 3aMemm ero noaieflOBaTe^bHOCTbio flHK — npo- 
AO^ceHHeM 3'-0H KOHn,a aieAyiomero (f>parMeHTa 0Ka3aKH. 
3 tot npoijecc SKBHBajieHTeH HHK-TpaHCJiau,HH, 3 a HCioiiOHe- 

HHeM Toro, HTO HOBOCHHTe3HpOBaHHbIH MaTepHaJI CMeiAaeT 

c MaTpHu,bi cerMem PHK, a He flHK. 

y MjieKonHTaioiAHx (rfle flHK-no;iHMepa3a jiHineHa 5'- 
3' 3K30HyKJiea3H0H aKTHBHOCTH) (J)parMeHTbI 0Ka3aKH co- 
eAHHHK)Toi b ABa 3Tana. Chhtc3 (J)parMeHTa CMemaeT PHK- 
3aTpaBKy npeflbiAymero (J)parMeHTa, ocTaB jwk ero «CBHcaTb». 
Ha puc. I 8.23 noKa3aHO, KaK (J)epMeHT FEN1 nojmocTbio 
yAajiaeT stot «xboct». B stoh peaKijHH FEN1 paôoTaeT KaK 
3HAOHyioiea3a, ho, noMHMO SToro, oh o6;iaflaeT 5'-3'-3K30- 
Hymiea 3 H 0 H aKTHBHOCTbio. npw penapaiiHH FEN1 MO^ceT 
cfleiiaTb HaApe3 paaom co CMemeHHbiM HyKjieoTHflOM, a 3a- 
TeM, B0Cn0JIb30BaBUIHCb CBOeH 3K30Hymiea3H0H aKTHBHOC- 
TbK), OHHCTHTb OKpeCTHOCTb. 

3aAep^aca c yAajieHHeM «xBOCTa» mokct npHBecTH k ce- 
pbe3HbiM nooieACTBHHM Ha yqacTKax c noBTopffloiflHMHOi 
noaieAOBaTejibHOCTHMH. np^Mbie noBTopbi Moryr 0Ka3aTbca 
CMeiAeHbi OTHOCHTejibHO MaTpniibi h oiiihóohho cnapeHbi c 


KaxcAbiíí (jjparMeHT 0 k333kh CHHTe3MpyeTc« OTAe/ibHO 
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CMHT63npyeT PHK-3aipaBKy 
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yA^MHfleT PHK-3aipaBKy 



TmTTTnTr.m^irrfrrr, 


CnHTe3npyeTCfl 
c^eflyíoiMMM (jjparMem 
0K333KM 


',,.ITI..Tl.lH „l i ll. M. 1 


iillllllM 




iiiirviriiiviii 


ií 


1 


flHK-nojiMMepa3a I 
3aMeHfleT PHK-3aipaBKy 
MaTepnajiOM AHK no npuHminy 
HMK-TpaHC/1BI4MM 
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r.Tnirr.mr.T.iTTrrrry 

■ ■ ■ ■ 

',nm;minrmm;;nTrmi 

AHK-^nra3a 3aK^enBaeT cibiK 
f Me>Kfly c|)parMeHTaMM 

■i 

iu 

lllllKIIIIIIIUIIIIIIIIlIflIIflIIIIUIIIIIIIIIII 



iiniini 


P HL. 18.22 CnHTe3 (^parMema 0Ka3aKM BKJitonaeT b ce6a CMHTe3 PHK-3aTpaBKM, ee HapamMBaHMe 
MaTepna/iOM flHK,yfla/ieHne 3aipaBKn npeflbiflymero (})parMeHTa, 3aK/ienBaHne CTbiKa 


18.12 (PparMeHTbi 0K33aKM coeflMHaiOTca /inra30M 457 
















































3HAOHyKJiea3a FEN1 yAajweT ncno/ib30BaHHbie PHK-3aipaBKM 


PHK-3aTpaBKa PHK-3aTpaBKa 
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CnHTe3npyeTCB 
cjDparMeHT 0Ka3aKM 


yty 


ľlpaíÍMep «c/iyinMBaeTCfl» c fíHK 
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FENl ero cpe3aeT 

Tn m TTTiTr 
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Jlnra3a 3aKJieMBaeT cTbiK 


mu Ha flpyroM 0Tpe3Ke; najiHHApoMHbie nocjie/íOBaTejibHoc- 
th Moiyr o6pa30BbiBaTb mnHjibKH. 3 to C03£aeT yrpo3y H3Me- 
HeHna HHCJia noBTopoB nocjie peruiHKau,HH (cm. pne. 6.28). 
Y/jajum «xboct», FENl, t3khm o6pa30M, npe/íOTBpamaeT hh- 
AyKu,Hio noaBJíeHHB b reHOMe Aejieu,HH hjih /jyruíHKau.HH. 

nocjie yflajieHHa/3aMemeHHa PHK-3aTpaBKH c|)parMeH- 
Tbl OKa3aKH HeOÓXOflHMO ClUHTb BMeCTe. 3'-rH/ípOKCHJIbHbIH 
kohoj, Ka>KAoro c|)parMeHTa npHMbiKaeT k 5'-(j)occ|)aTHOMy 
KOHu,y npe/íbmymero. 3 tot cthk 3aniHBaeT <f>epMeHT flHK- 
jmra 3 a JlHra3bi ecTb h y npo-, h y oyxapHOT. Y MyTaHTOB 
lig~ <f>parMeHTbi Oxa3aKH ocTaiOTca HecoeAHHeHHbiMH. 

flHK-jiHra3bi E. coli h T4 oóJia/iaiOT oómen oiocoóhoc- 
TbK) CHIHBaTb CTblKH MOK^y 3'-rH/ipOKCHJIbHbIM H 5'-Cj)OC(|)aT- 
HbiM KOHu,aMH, hto noKa3aHO Ha p i/ic. 18.24. 06a <f>epMeHTa 
npoBOAHT AByxcTyneHHaTyio peaKijHio, o6pa3ya KOMruieKC c 
AMO. OepMeHTbi E. coli h T4 Hcnojib3yiOT pa3Hbie Kocjm- 
Topbi. OepMeHT E. coli HcnoJib3yeT HAfl (HHKOTHHaMHAa/je- 
HHHAHHyK^eoTHA) b KanecTBe KO(£>aKTopa, b to Bpem xa k 
(j)epMeHT T4 Hcnojib3yeT ATO. AMÔ b cocraBe cfiepMeHTHoro 
KOMmieKca xpenmea Ha CTbixe k <f>oc(f>aTy, Mexpy (})0C(})aT0M 
h 3'-rHApoKCHjiOM o6pa3yeTca c|)occ|)OAH3c|)HpHaa CBa3b, hto 
Bcj\cľ k BbiCBOÓo^eHHio <f>epMeHTa h AMÔ 


PPSC. 18.23 FENl AB/ifleTCfl Hymiea30M, pačoTaiomeŕí c oamhohhoíí 
L jenbio, BbiÓMBUjeíícíi m AyruieKca noA A^MCTBHeM 3aMemeHMa hobo- 
CMHT63MpOBaHHOM UeľlblO. Cpe3afl 3TM «XBOCTbl», FENl OCB 06 o>KAaeT 
HOBOCMHT63MpOBaHHyiO flHK OT MCn0Jlb30BaHHblX 3aipaB0K 


flHK-.nwra3a ncno/ib 3 yeT AM<& 

A*a o6pa30BaHMB npoMewyTOHHoro npoAy*<a 



OepMeHT + ATO 

M/IM i 

OepMeHT+FIAA J 

OepMeHT-AMO 

I ? 

AfleHMH-PM6o3a-o-P-0 

Ô 

"O-P-CT 



pt.‘C - ; / * flHK-/inra3a 3aK/ienBaeT ctuk Me>KAy coccahhmm Hyx- 
/íeoTMAaMM 


18.13 


MHHUHaUMB M 3/10HraUMB 

y 3 yKapnoT ocymecTB/iBJOTCB 

pa3HbiMM no/iMMepa3aMM 


KmoHeBbie noHATMa: 


• PeruiMKaTMBHafl bm/iio coAep>Km oamh KOMn/ieKc 
flHK-no/imviepa3a a/npaŕÍMa3a m Aea KOMn/ieKca 
flHK-no/iMMepa3a ô m/mjim e. 

• KoMn/ieKC flHK-no/iMMepa3a a/npaíiMa3a MHMUMMpyeT CMHTe3 
o6enx Aeneíí flHK. 

• flHK-no/iMMepa3a ô yAnMHaeT BeAyiAyio Ljenb, a BTopaa 
flHK-no/iMMepa3a ô ( mv\ flHK-no/iMMepa3a e) yA/iMHfl6T 
OTdaioiAyio uenb. 


SyKapHOTHHecKHe k/ictkh pacnoJiaraiOT óojibiiiHM hhcjiom 
flHK-nojiHMepa3, KOTopbie b oóiiihx nepTax moxcho yiorc- 
jíHTb Ha TpeóyioniHeca jyw nojiyKOHcepBaTHBHOH peruiH- 
Kau,HH h ynacTByiomHe b penapau,HH. PerniHKau,Ha a/iepHOH 
flHK TpeóyeT ynacTna flHK-nojiHMepa3 a, ô h e. Bce ocrajib- 
Hbie a/iepHbie flHK-noJiHMepa3bi 3aAencTB0BaHbi b CHHTe3e 
cerMeHTOB hoboh flHK Ha 3aMeHy noBpe^AeHHOMy MaTe- 
pHajiy. H3 Ta6jiHu,bi Ha p m c. is.2s cjie/iyeT, hto Bce a/iepHbie 
pemiHKa3bi — oto óojibniHe reTepoTeTpaMepHbie <f>epMeHTbi. 
B xax(AOM oiynae o^Ha H3 cy6 t b£j\mmi\ oTBeHaeT 3a KaTajiH3, 
ocTajibHbie 3aACHCTB0BaHbi bo BcnoMoraTejibHbix (f)yHKij,Hax 
Bpo/je npaňMHHra, npou,eccHBHOCTH, KoppeKu,HH. Bce oth 
( f)epMeHTbi perniHu,HpyioT flHK c bmcokoh TOHHOCTbio, to 
tkc jxcmcľ h nyTb MeHee KOMmieKCHbiH MHTOxoHApHajibHbíň 
(j)epMeHT. Penapau,HOHHbie nojiHMepa3bi ycTpoeHbi ropa3AO 
npome, MHorae H3 hhx coctoht H3 oahoh cyó'beAHHHu.bi-MO- 
HOMepa (KOTopaa, o/jHaKO, motkct (J)yHKu,HOHHpoBaTb b koh- 
TeKCTe KOMmieKca Apyrnx 4)epMeHT0B penapau,HH). H3 nojin- 
Mepa3, ynacTByion^Hx b penapau,HH, TOJibKoflHK-nojiHMepa3a 
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AHK-no/iMMepa3bi ocymecTBJíaioT peruiMKaiinio h penapaiimo 


AHK-no/imviepa3a 

OtyHKUMfl 

CTpyKTypa 

a 

PenjiMKauMfl 

C BblCOKOM TOHHOCTblO 
PeruiMKauMfl b fiApe 

350 nAa TeTpaMep 

ô 

" 

250 nAa TeTpaMep 

E 

" 

350 nAa TeTpaMep 

Y 

Pen/iMKauMfl 

B MMTOXOHApMfIX 

200 nAa AMMep 

p 

PenapauMfi 

C BblCOKOÍÍ TOHHOCTblO 

Penapaumí 

Bbipe3aHHoro HyK/ieoTMAa 

39 nAa MOHOMep 

í 

r) 

l 

PenapaLjMfl 

C nOHM>KeHHOÍÍ TOHHOCTblO 
npoHTeHMe 

TMMMHOBblX AMMepOB 
PenapauMfi 

noBpe>KAeHHoro ocHOBaHmi 

Mcnojib3yeTCfl 

bo BpeMfi MePi03a 

reTepoMep 

MOHOMep 

MOHOMep 

K 

AejieuMfl m 3aMeHa 

OCHOBaHMÍÍ 

MOHOMep 


í ; C. h / : B 3yKapM0TMH6CKMX K/16TK3X eCTb MH0>K6CTB0 pa3JlMH- 
Hbix flHK-no/iMMepa3. Paóoia (JjepMemoB pen/iHKaunn ouiMHaeTCfl 

BblCOKOM TOHHOCTblO. OepMeHTbl penapaLJMM (3a MCKJ1IOH6HM6M flHK- 
no/iMMepa3bi |3) AonycxaiOT MeHbiuyK) TOHHocrb BocnpoM3BeAeHMfl 
HyK/i60TMflH0M nocneAOBaTe/ibHocTM. OepMeHTbi pen/iMKaunn bxoabt 
B COCTaB OÔlilMpHblX 6e/lKOBblX KOMľUieKCOB, Tfle KaWflafl CyÓteAMHM- 
ua MM66T cbok) KOHKpeTHyio aKTMBHocTb. OepMeHTbi penapauMM op- 
raHM30BaHbi b 6o/iee npodbie CTpyKTypbi 


P no tohhocth CHHTC3a 6jiH3Ka k peruiHKa3aM: Bce ocTajibHbie 
AejiaiOT oiiihókh ropa3AO name. Chhtc3 MHTOxoHApnajibHOH 
flHK uejíHKOM (BK/nonaa penapaijHio n peKOMÓHHaijHio, Ha- 
paBHe c penjiHKau,Heň) oéecnenHBaeT flHK-nojinMepa3a y. 

Bce Tpn ímepHbix flHK-pemíHKaabi BbinojimnoT pa3Hbie 
(J)yHKU,HH: 

• flHK-nojiHMepa3a a HHHijHHpyeT CHHTe3 hoboh 
u,enH. 

• flHK-nojiHMepa3a ô sjiOHrnpyeT BeAymyio u,enb. 

• flHK-nojiHMepa3a e motkct ynacTBOBaTb b CHHTe3e ot- 
craiomeH yenn, OAHaKO BbiCTynaeT n b Apyrnx pojiax. 

flHK-nojiHMepa3a a aBJíaeTca ocoóeHHoň, nocKOJibKy 
cnocoôHa HHHijHHpoBaTb HOByio u,enb. OHa ncnojib3yeT- 
ca /yia HHHu,Haij,HH oóenx, BeAymen n oTCTaiomeň, yenen. 
OepMeHT cynj,ecTByeT b BH/je KOMnjieKca H3 180 Kfla KaTajiH- 
THHecKoň cyó'beAHHHu.bi, accou,HHpoBaHHOH c fi-cyô'btRu- 
hh u,eň (HeoóxoAHMoň, no-BHAHMOMy, aah cóopKn) n AByMa 
MeHbiiiHMH óejiKaMH c npaňMa3Hoň aKTHBHocTbio. MHor/ja 
3Ty noJiHMepa3y Ha3biBaiOT nojiHMepa3a a/npaňMa3a, hto 
OTpaacaeT coBMemeHHe <f>yHKU,HH 3aTpaBJieHHa n y/yinHe- 
um u,eneň JX HK. 

ľIojiHMepa3a a/npaňMa3a CBa3biBaeTca b opn/pome c 
KOMnjieKCOM HHHu,Haij,HH h CHHTe3npyeT KopoTKyio nocjie- 
AOBaTejibHOCTb /y ihhoh okojio 10 pnóoHyKjieoTHAOB, 3a ko- 
TopbiMH cjie^yiOT 20-30 Ae30KCHpn6oHyKjieoTHAOB (nHOiyta 
ee Ha3biBaiOT h,HHK). 3aTeM nx 3aMeiyaeT c|)epMeHT sjioHra- 


u,hh. Jljw BeAymeH u,enn sto flHK-nojinMepa3a ô. 3 tot mo- 
MeHT pemíHKaunn Ha3biBaiOT «nepeKjnoHeHHeM nojiHMepa3». 
Oh oôycjioBJíeH B3aHMOAencTBHaMH MOKAy HecKOJibKHMH 
KOMnOHeHTaMH HHHU,HaTHBHOrO KOMmieKCa. 

flHK-nojiHMepa3a ô — sto BbicoKonpou,eccHBHbiH <$cp- 
MeHT, KOTopbin b HenpepbiBHOM poKHMe CHHTe3HpyeT Be- 
Aymyio u,enb. TaKaa BbicoKaa npou,eccHBHOCTb — pe3yjibTaT 
B3aHMOAencTBHa c AByMa ApyraMH óejiKaMH, RF-C h PCNA. 

OyHKu,HH RF-C n PCNA aHajiorHHHbi <f>yHKu,HaM y h p 
KOMnoHeTOB xojioc|)epMeHTa flHK-nojiHMepasbi III E. coli 
(cm. pa3A. 18.10 «3axcHM KOHTpojiHpyeT accouHau,Hio mh- 
HHMajibHoro ^epMeHTa c Bejiox RF-C KaTajiH3HpyeT 

Hajio^ceHHe PCNA (3aacHMa) Ha JX HK. Oh CBa3biBaeTca c 3'- 
kohu,om uJX HK h, nojib3yacb rHApojiH30M ATO, OTKpbiBaeT 
KOJibu,o PCNA jyvi «o6xBaTa» flHK. npou,eccHBHOCTb flHK- 
noJiHMepa3bi ô noAAepxcHBaeTca ócjikom PCNA, KOTopbin 
npHKpenjiaeT stot ^epMeHT k MaTpHu,e. (PCNA, proliferating 
celí nuclear antigén — ímepHbin aHTHreH npojiH^epHpyio- 
mHx K/ieTOK.) no CBoeň KpHCTajiAHHecKoň cTpyicrype PCNA 
HanoMHHaeT p-3axcHM E. coli : TpHMep o6pa3yeT KOJibu,o bok- 
pyr JX HK. ľlpH BceM otjihhhh ot AHMepHoro p-3mHMa no 

aMHHOKHCJIOTHOH nOCJieAOBaTeJIbHOCTH H CyÓ'beAHHHHHOH 
opraHH3au,HH, PCNA BbinojiHaeT Ty >Ke (J)yHKu,Hio. 

C OTCTaioiyen yenbio Bce He Tax onpeAejieHHO. Bo 3 moxc- 
ho, 3JiOHrau,Hio OTCTaioiyen yenn npoBOAHT Ta ^ce flHK-no- 
jiHMepa3a ô. OHa cnocoÓHa AHMepH30BaTbca h cnocoÓHa 
6biTb aHajioroM penjiHKa3bi E. coli (cm. pa3/c 18.9, «Xojio- 
(f>epMeHT flHK-nojiHMepa3bi coctoht H3 Tpex cyÓKOMnjieK- 
cob»). HeKOTopbie A^HHbie yKa3biBaiOT Ha to, hto OTcraio- 
nj,yio u,enb MO^ceT 3JioHrHpoBaTb flHK-nojiHMepa3a e, xotb 
eň Taioxe npHnHCbmaiOT h Apyrae pojiH. 

Oóiyaa MOAejib noApa3yMeBaeT penjíHKaraBHyio BHJiKy 
c oahhm KOMnjieKCOM flHK-nojiHMepa3bi/npanMa3bi h ABy- 
Ma ApyrHMH flHK-nojiHMepa3HbiMH KOMnjieKcaMH. OAHa H3 
hhx — flHK-noJiHMepa3a ô, Apyraa — hjih ô, hjih e. JXb 2. kom- 
njieKca flHK-nojiHMepa3bi ô/e BeAyT ce6a TaK ace, KaK ABa 
KOMnjieKca flHK-nojiHMepa3bi III b penjiHCOMe E. coli : OAHa 
CHHTe3HpyeT BeAymyio u,enb, Apyraa — (f)parMeHTbi OKa3a- 
kh OTCTaioiyen u,enH. 9K30HyKJiea3a MF1 yAajiaeT PHK-3a- 
TpaBKH ^P^rMCHTOB OKa3aKH. flHK-jiHra3a I cniHBaeT cth- 
kh MeacAy roTOBbiMH 4)parMeHTaMH. 


18.14 


Qar T 4 oó/iaAaei coódBeHHbiM 
pemiMKaTMBHbiM annapaTOM 


KmoHeBbie noHBTMB: 


• Oar T 4 oó/iaAaei coódBeHHbiM pe ruín Kain b h bi m annapaTOM, 
cocTOfliAMM M3 flHK-nojiMMepa3bi, p 32 SSB, xe/iMKa3bi, 
npaíÍMa3bi m conyTCTByioiAMx óe/iKOB. yBe/iMHMBaioiAMX CKopodb 
m npoueccMBHOdb. 


B pe3yjibTaTe BHeApeHHa (f>ara T4 b KneTKy E. coli , He- 

CKOJIbKO npHBHeceHHblX HM 4)yHKU,HOHaJIbHbIX CHCTeM 3a- 
MeiyaiOT hjih 3aTpyAHaiOT cooTBeTCTByioiAHe KjieTOHHbie 
(J)yHKU,HH 6aKTepHH-X03aHHa. OyHKU,HH X03HHHa He flBJía- 
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lOTCfl ocHOBHbiMH Hcnojib3yeMbiMH (JjaraMH. flerpa^auna 
kjictohhoh AHK Ba^CHa jyin Hero KaK hctohhhk HyK/ieora- 
AOB, peyTHjiH3HpyeMbix npn CHHTe3e (Jwoboh A HK. (ľlo 
cocTaBy ocHOBaHHň cJjaroBaa AHK OTJiHHaeTca ot kjictoh- 

HOH HCn0JIb30BaHHeM rH/íp0KCHMeTHJILI,HT03HHa BMCCTO 
U,HT03HHa.) 

Ko/íHpyeMbie cJwom c|)yHKij,HH CHHTe3a AHK b hhcJjhijh- 
pOBaHHOH KJieTKe MOXCHO HAeHTHCjjHyHpOBaTb C riOMOmblO 
MyTau,HH, 3aMe/ymiomHx npoAyKLjHio 3pejibix c|)aroB. Ha- 
cymHbie (£>ara ({jyHKUHH HAeHTHC|)HUHpyioT c noMombio 
yc;iOBHo-JieTa^bHbix MyTaunn, pa3AejiaeMbix Ha neTbipe <f>e- 
HOTHnHHecKHx miacca: 

• MyTau,HH, npn KOTopbix CHHTe3 A HK noJiHOCTbio ot- 
cyTCTByeT. Ohh BbiKJHonaiOT remi, npo/iyKTbi KOTopbix 
bxoaat b cocTaB penjíHKaTHBHoro annapaTa jihóo ynac- 
TByioT b nocTaBKe npeAiuecTBeHHHKOB (ocoóchho mj\- 
p0KCHMeTHJIU,HT03HHa). 

• MyTau,HH, npn KOTopbix chhtc 3 AHK cTapTyeT c ono3- 
AaHHeM (BCJie/íCTBHe HapynieHHa HHHUHayHH peruíHKa- 
u,hh). 3to Tax Ha3biBaeMbie MyTaHTbi AHK-3aAepxcKH. 

• MyTau,HH, npn KOTopbix chhtc3 AHK CTapTyeT, ho bcko- 
pe 0Ka3biBaeTca 3a6jioKHpoBaH BCJieACTBHe HapynieHHa 
peryjiaTopHbix cJjyHKíjHH, AHK-Jinra3bi h HeKOTopbix 
(f)epMeHTOB, ynacTByiomHX b AerpaAayHH AHK xo35iHHa. 
3to Tax Ha3biBaeMbie MyTaHTbi AHK-apecTa. 

• MyTau,HH, nopaxcaiomHe óejiKH, yHacme KOTopbix b 
penjíHKauHH hc cTOJib cymecTBeHHO — HanpnMep, 
ynaCTByiOmHe B rJII0K03HJIHp0BaHHH rHApOKCHMeTHJI- 
UHT03HHa AHK. 

Chhto3 AHK T4 KaTajiH3Hpyerca MyjibmcJjepMeHTHbiM 
komiuickcom, coópaHHbiM H3 npoAyKTOB He6oJibinoH rpyn- 
nbi Hacynj,Hbix reHOB (f>ara. 

BejioK reHa 32 (gp32) BbicTynaeT b KanecTBe SSB (cm. 
pa3fl. 18.7 «Hapa6oTKa OAHoyenoHeHHOH AHKajih pa3MHO- 
^ceHHa <f>ara b paMKax MOAejibHOH chctcmh 4>X»), oTJinna- 
eTca BbicoKoň CTeneHbio KoonepaTHBHOCTH h hcoôxoahm 
b óojibiiiHx KOJiHnecTBax. CpeAH óejiKOB TaKoro rana gp32 
6bui oxapaKTepH30BaH nepBbiM. Bepojrmo, HajiHnne Ta- 
Koro óejixa hcoóxoahmo (J)ary, nocKOJibKy SSB E. coli He 
noflxoflHT Rím peruíHKaTHBHOH bhjikh T4. gp32 o6pa3yeT 
KOMnjieKC c flHK-nojiHMepa30H (jjara T4, sto B3aHMOAenc- 
TBne Mo^ceT 6biTb Ba>KHbiM 3JieMeHTOM KOHCTpyKUHH pen- 
JIHKaTHBHOH BHJIKH. 

Cnocoó 3aTpaBJieHHa CHHTe3a AHK chctcmoh c|)ara T4 
tot >Ke, hto h y xo3aHHa. C OAHoyenoHeHHOH AHK T4 b Ka- 
necTBe MaTpHijbi óejiKH reHOB 41 (p41) h 61 (p6l) cobmcc- 
tho CHHTe3HpyiOT KopoTKHe PHK-3aTpaBKH. Ohh Be/íyT ce6a 
aHajiorHHHO óejiKaM DnaB h DnaG E . coli . npoAyKT reHa 41 
npeflCTaBJíaeT coóoh ajibTepHaTHBy DnaB. 3to reKcaMepHaa 
xeJiHKa3a, HcnoJib3yiomatf SHeprnio rHApoJiH3a ITO /y m 
pacruieTaHHfl AHK. KoMnjieKC p41/p6l npoyeccHBHO npo- 
ABnraeTca b 5'-3' HanpaBJíeHHH cHHTe3a oTcraiomeň uenn, 
nepno/íHHecKH HHHyHHpya (pparMeHTbi OKa3aKH. flpyroH 
6cjiok, npo/iyKT reHa 59, 3arpyxcaeT KoMnjieKC p41/p6l Ha 
A HK; /y m cóopKH xejiHKa3bi Ha HK hcoóxo/íhmo CMecTHTb 
c Hee óejioK p32 

npo/iyKT reHa 61 hcoóxoahm b Ko/innecTBe, ropa3flo 
MeHbineM, neM óojibiiiHHCTBO penjíHKaTHBHbix óejiKOB T4. 


Ha KJieTKy npHxoflHTca Bcero 10 KonHH gpól. (3to oôcto- 
aTejibCTBO AOJiroe BpeMa npenaTCTBOBajio ero oÓHapyxce- 
hhk). Oh TpeóyeTca CHCTeMe b CTOJib Majibix KOJiHnecTBax, 
HTO He BOCnpHHHMaJiea KaK HeOÓXOAHMblH KOMnOHeHT, a 
CHHTajiea npHMeebio npenapaTOB gp32.) AHajiorHHHO DnaG 
E. coli , npo/jyKT reHa 61 oéjiaAaeT npaHMa3HOH aKTHBHoe- 
Tbio. npaňMa3a paeno3HaeT Ha MaTpHye nocjieAOBaTejib- 
HocTb 3'-TTG-5' h CHHTe3HpyeT neHTapHÓOHyioieoTH/íbi e 
nocjieAOBaTejibHocTbio BH/^a pppApCpNpNpNp. B npncyTc- 
tbhh noJiHoro penjíHKaTHBHoro annapaTa oth npaňMepbi 
AOCTpaHBaiOTca ao yenen AHK. 

npoAyKT reHa 43 — AHK-nojiHMepa3a e oóhhhoh 
5'-3' CHHTe3HpyioiyeH aKTHBHOCTbio, AonojiHeHHOH 3'-5' 
3K30HyKJiea3H0H KOppeKTHpyiOiyeH aKTHBHOCTbio. OHa 
KaTajiH3HpyeT chhtc3 AHK h yAaJiaeT 3aTpaBKH. CKopocTb 
npoABH^ceHHa AHK-nojiHMepa3bi $ara T4 no OAHoyeno- 
neHHOH MaTpnye HepaBHOMepHa. Hcthhho OAHoyenoHeH- 
Hbie ynacTKH (JjepMeHT npoxoAHT óbicTpo; OAHaKO nepe3 
ynacTKH c Bbipa^ceHHOH btophhhoh CTpyKTypon MaTpnybi 
(f>epMeHT npoxoAHT ropa3AO Me/yieHHee. B npoxo^AeHHH 
3thx «3aTopoB» npn coxpaHeHHH CKopocTH AHK-no^HMe- 
pa3e T4 noMoraiOT «6ejiKH AOCTyna». 

Apyrne Tpn óejiKa (f)ara T4 TaK h Ha3biBaK)Tca: «6ejiKH 
AOCTyna nojiHMepa3bi». Ohh yBejiHHHBaiOT epo^CTBO flHK- 
nojiHMepa3bi k A HK, a Taioxe yBejiHHHBaiOT ee CKopocTb h 
npoyeecHBHOCTb. npo/iyKT reHa 45 (p45) o6pa3yeT Tpn- 
Mep, KOTopbíň paóoTaeT KaK cKOJib3amHH 3a>KHM. no CBoeň 
CTpyKType TpHMep noAOÓeH (3-AHMepy E. coli b tom, hto oh 
KOJ ibyoM oxBaTbiBaeT AHK, KpenKO ac p>Ka AHK-noJiHMepa- 
3y y MaTpHybi. 

npoAyKTbi reHOB 44 h 62 o6pa3yiOT Apyr e ApyroM Tee- 
HblH KOMnJieKC, OÓJiaAaiOIAHH ATOa3HOH aKTHBHOCTbio. 3 to 
SKBHB ajieHT y ô KJi3Mn-jioyAepa, h ero pojib coctoht b Hajio- 
^ceHHH p45 Ha AHK. npn Hajio^ceHHH Ha A HK p45-3a)KHMa 
c p43-AHK-nojiHMepa30H pacxoAyeTca (nyTeM THApojiH3a) 
neTbipe MOJieKyjibi ATO. 

CTpyKTypa T4 penjiHCOMbi b yejiOM cooTBeTCTByeT pen- 
jiHcoMe E. coli. OHa coctoht h 3 AByx xojio(f)epMeHTHbix 
nojiOBHHOK — no oahoh Ha BeAyiyyio h oTCTaiomyio yenn. 
B a^hhom cjiynae AHMepH3yioiAHec5i KaTajiHranecKHe cyÓT- 
eAHHHybi (p43) B3aHMOAeHCTByiOT HanpaMyio, a p32 npn- 
HHMaeT ynacTHe b KoopAHHayHH achctbhh AByx AHK-no- 
jiHMepa3Hbix MOAyJien. 

npncTajibHO paccMOTpeB ABH^ceHHe penjíHKaTHB- 
HOH BHJIKH H ee OKpeCTHOCTH, OÓpaTHM BHHMaHHe Ha 
Apyrne CBH3aHHbie c penjíHKayHeH $ara ^hki^hh. Hx 
H apymeHHa HaÓJiiOAaiOTca y MyTaHTOB AHK-3aAep^CKH h 
AHK-apecra. Tpn H3 neTbipex reHOB, MyTayHH b KOTopbix 
Bbi3biBaiOT AHK-3aAepxcKy — 39, 52 h 60, — KOAnpyiOT 
Tpn cyó'beAHHHii.bi T4 TonoH30Mepa3bi BToporo mna, 
aKTHBHOCTb KOTopoň HyxcHa 6opb6bi co CBepxcnn- 
pajiH3auneH MaTpnubi (cm. pa3A- 19.13 «TonoH30Mepa3bi 
H3MeHaioT hhcjio CBepxBHTKOB, pejiaKCHpya hjih cBepx- 
cnHpajiH3ya AHK»). Bo3mo^cho, KaKOH-TO 3Tan penjíHKa- 
u,HH A HK T4 conpa^ceH c H3MeHeHHeM ee Tonojiornn no 
CpaBHeHHIO C HCXOAHOH JIHHeHHOH (})OpMOH. B03M0^CH0 
Taxxce, hto TonoH30Mepa3a oóecnenHBaeT poTayHio A HK 
BnepeAH penjíHKaTHBHoň bhjikh. 
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&nn peruiMKaiiMM Heo6xoAMM craHAapTHbiií Ha6op 
3H3MMaTMHeCKMX aKTMBHOCTeŇ 


OyHKUMfJ 

E. coli 

HeLa/SV40 

QarT4 

XejiMKa3a 

DnaB 

T-aHTnreH 

41 

PeKpyTMHr xe^MKa3bi/npaPiMa3bi DnaC 
CTa6n^M3aUMfJ OflMHOHHblX 

T-aHTureH 

59 

ueneň Maipm^bi 

SSB 

RPA 

32 

CMHTe3 3aTpaBKM 

DnaG 

Pola/npaíÍMa3a 

61 

CKO^b3fJlUMÍÍ 33>KMM 

(3 

PCNA 

45 

Hajio>KeHMe 3a>KMMa (ATQaaa) 

KOMnjieKC yb 

RFC 

44/62 

KaiajiM3 no/iMMepn3ai4MM 
HyK/ieOTUflOB 

Kopoeofj Pol III 

Polô 

43 

flnMepn3auMB xojioctDepMema 

T 

? 

43 

Yfla^eHne PHK 

Poli 

MF1 

43 

JlurupoBaHne 

PHK-/1U2030 

flFIK-^Mra3a 1 

T4AHK- 

/wa3a 


P M C. 18.26 Bo Bcex pen/iMKaTMBHbix bm/ikbx Hy>KHbi oahm m Te we 
cj)yHKUMM 


Upu cpaBHeHHH pemíHKaTHBHbix annapaTOB T4 n 
E. coli BHAHO, KaK pa3Hbie CHCTOMbl HCnOJIb3yiOT aHaJlO- 
rHHHbie nyTH ppn pemeHHa npoóJieM, CBjmHHbix c pen- 
jíHKaiiHeň. Tenepb mh MO^ceM cpaBHHTb 3H3HMaTHHecKHe 
aKTHBHOCTH h cTpyKTypbi, accou,HHpoBaHHbie C periJIHKa- 
thbhhmh BHJiKaMH E. coli, T4 h mieTOK HeLa (nejiOBeKa). B 
TaÓJiHue Ha p M c. is .20 nepenHCJieHbi (JiyHKUHH c npHCBoe- 
HHeM HX KOHKpeTHbIM ÓCJIKaM. H3BeCTHbie CBOHCTBa ÓeJIKOB 
penjíHKaTHBHoro KOMnjieKca moxcho HHTepnpeTHpoBaTb b 
T epMHHax cxo/íCTBa hx (J)yHKH,HH, Bmnonafl pacnjieTaHHe, 
npaňMHHr, CHHTe3 h cniHBaHHe <f>parMeHTOB. KoMnoHeHTbi 
KOMPOU CHCTOMbl B3aHMO/íeHCTByK)T CTpOľO OHOpHOHHblMH 
cnocoóaMH. 3 to HJunocTpHpyeTca TeM oócTOATejibCTBOM, 
hto <f>ary T4 TpeóyiOTca coócTBeHHbie xeJiHKa3a, npaHMa3a, 
3a^CHM h t. p., KOTopbie He Moiyr 6biTb 3aMeHeHbi cootbctc- 
TByiOmHMH ÓaKTCpHaJIbHblMH ÓCJIKaMH. 


18.15 


OopMMpOBaHMe penjIMKaTMBHblX 
BMJ 10 K B OpM/pKMHe 


K/ii04eBbie noHBTMB: 


• 1/lHmjnaAMfl b On'CipeóyeT nocneAOBaiejibHOM cóopKM 
o6ujnpHoro 6e/iKOBoro KOMn/ieKca. 

• DnaA CBfl3biBaeTCfl c kopotkmmm noBTopaMM m ())opMMpyeT 
0 /inroMepHbiíí KOMn/ioKC, AeHaTypnpyiomMM flHK. 

• LUecTb MOHOMepoB DnaC CBB3biBaiOT reKcaMep DnaB, n Becb 
3TOT KOMľl/ieKC B3aMMOA6ÍÍCTBy6T C MeCTOM HaHa/ia pen/lMKaUMM. 

• ľeKcaMep DnaB (JjopMMpyeT pen/inKaTHBHyio Bn/my; TaK>K6 
HeoóxoflMMbi rnpa3a n SSB. 


fl/ia Hanajia u,Hiuia penjíHKau.HH flByxu,enoHeHHon flHK Tpe- 
óyeTca HecKOJibKO CMeHaioniHx flpyr flpyra aKTHBHOcren: 

• flBe uenH flHK /jojdkhm npeTepneTb nepBOHanajibHoe 
pa3ACJieHHe. 3 to, no cym, peaKiyra njiaBJíeHHH Ha He- 
óojibinoM ynacTKe. 


• ToHKa pacmieTaHHfl HanHHaeT flBHraTbca BflOJib flHK; 
nojiynaeTCfl perníHKaTHBHaa BHjixa, npoflOJDKaiomafl 
ABH^ceHHe bo BpeMfl ojioHrauHH. 

• nepBbie HyioieoTHAbi hoboh u,enH bxoaht b cocraB 3 a- 
TpaBKH. Ee CHHT 03 TpeóyeTca oahh pa 3 pim Beflymen 
u,enH, a /ym OTcraiomen yenn hmoot mccto b Hanajie 
Kaxc£oro cJipanvieHTa OKa 3 aKH. 

TaKHM o6pa30M, HeKOTopbie npoijeccbi, oraoanflHecfl 
K HHHU,HaU,HH, npOHCXOflHT HCKJIIOHHTeJIbHO B OpHfl)KHHe; 
Apyrne BOcnpoH3BOflflTCfl npn HHHu,Hau,HH <f>parMeHTOB 
Oxa3aKH b xopc 3JiOHrauHH. 

fljIH pa3paÓOTKH ÓeCKJieTOHHOH SKCnepHMeHTaJlbHOH 
CHCTCMbi penjiHKau,HH 6biJiH Hcnojib30BaHbi njia3MHAbi, He- 
cyujHe nocAe/íOBaTejibHOCTb oriCE.coli. HHHu,Hau,Ha penjiH- 
Kau,HH b oriC in vitro HaHHHaeTca c o6pa30BaHHa KOMnjieKca 
H3 meč™ óejiKOB: DnaA, DnaB, DnaC, HU, rapa3bi h SSB. 
H 3 meč™ ôejiKOB, ynacTByiomHX b npeflnpaHMHHre, DnaA 
3acjiy^cHBaeT oTflejibHoro BHHMaHHa xax eflHHCTBeHHbin 
yHHKaJIbHO 3a/íeHCTBOBaHHbIH B SJIOHraUHH «BH3aBH». Kom- 
njieKC DnaB/DnaC o6pa3yeT ocHOBy «ManiHHbi» HHHu,na- 
U,HH B OpH/l^CHHe. 

nepBan ara#™ o6pa30BaHHa HHHu,HaTopHoro kom- 
njieKca — CBfl3biBaHHe óejixa DnaA c oriC. 3Ta peaKyna 
onHpaeTca Ha j \Ba rana noBTopnioiiiHxca nocJie/íOBaTejib- 
HOCTen flHK: b 9 nH h b 13 nH. 3th noBTopbi cobmcctho 
onpe/íejiaiOT rpaHHu,bi MHHHMajibHoro opup^mm npoTH- 
^CeHHOCTbK) 245 nH, HTO nOKa3aHO Ha PMC. 18.27. OpH/pCHH 
aKTHBHpyeTca, Kor,aa CBa3biBaHHe DnaA c flHK npHBJíeKaeT 
Apyrne óejiKH; nocjieAOBaTejibHOCTb coóhthh H3o6pa^ceHa 
Ha PMC. 18.28. 

KoHceHcycHbie nocjieAOBaTejibHoc™ b 9 nH Ha npa- 
boh CTopoH c oriC cJiyxcaT canTaMH nepBOHanajibHOH 
noca/jKH MOHOMepoB DnaA, KOTopbie, KoonepaTHBHO 
CBfl3biBaacb c flHK, o6pa3yiOT u,eHTpajibHyio nacTb, Ha 
KOTopyio HaMaTbiBaeTca flHK oriC. 3aTeM DnaA B03Aenc- 
TByeT Ha rpu A-T-óorarax TaHAeMHbix noBTopa b 13 nH, 
pacnojio>KeHHbix Ha jieBon CTopoHe oriC. B npHcyTCTBHH 
ATO DnaA pacnjiaBJíaeT flHK othx canTOB c o6pa30BaHH- 
eM oTKpbiToro KOMnjieKca. Bce 13 nH-noBTopbi aoji^chh 
6biTb oTKpbiTbi, HToóbi npoyecc nepemeji Ha cjie/íyioiiiyio 
CTa/íHIO. 

HTax, ot AByx po neTbipex MOHOMepoB DnaA cba- 
3biBaiOTca c opha^chhom h £Ba npe/ínpaHMHpyioiiiHX 
KOMnjieKca DnaB-DnaC — no o^HOMy Ha Kaxc/íyio H3 bh- 
jiok AByHanpaBJíeHHon penjíHKayHH. KaxcAbiH KOMnjieKC 
DnaB-DnaC coctoht h 3 mecra MOHOMepoB DnaC, npn- 
BH3aHHbix k reKcaMepy DnaB. Kaxc/íbiH KOMnjieKC DnaB- 
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Ay caMbiM /íeBbiM 13 nH-noBTopoM m caMbiM npaBbiM 9 rm-noBTopoM 
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Pa3AejieHne ueneú MHimrnipyeTCfi b opMAHUfHe 



PMC. 18.28 «ľlpeAnpaŕÍMMHr» 3aK/noHaeTCfl b noc/ieflOBaie/ibHoíí 
accouMauMM 6e/iKOB c opmawmhom m o6pa30BaHMM mmm KOMn/ieKca, 
pa3Ae/iíuomero Lienu flHK 


DnaC nepeHOCHT rencaMep DnaB Ha npoTHBonojioacHyio 
u,enb flHK. DnaC rHflpojiH3yeT ATO fljia Toro, HTOÓbi ot- 
nycTHTb DnaB. 

npeAnpaňMHpyioiiiHH KOMnjieKC o6pa3yeT b oriC 6eji- 
KOBbin arperaT Maccon 480 Kfla, cooTBeTCTByiomHH c<f>epe 
paflnycoM 6 hm. Ha sjieiopoHHbix MHKpo<j)OTorpa(|)Hax 
oh BbirjiaAHT Kax TeMHbiH crycTOK. nocjie Hanajia penjiH- 
Kau,HH paflOM co crycTKOM craHOBHTca bhach ny3bipeK 
(PMC. 18.29). 

YnacTOK flHK, Ha kotopom u,enH pa3flejieHbi b oTKpbi- 
TblH KOMnjieKC, fl0CTaT04H0 BeJIHK, HTOÓbl CBa3aTb o6a 
reKcaMepa DnaB, nooTOMy flBe penjíHKamBHbix bhjikh 
HHHu,HHpyioTca OAHOBpeMeHHO. Korfla DnaB caflHTca, to 
CMeniaeT DnaA c 13 nH-noBTopoB h yBejiH4HBaeT npo- 
TaaceHHOCTb OTKpbiToro ynacTKa. 3aTeM, nocpeflCTBOM 
CBoen xeJiHKa3HOH aKTHBHOCTH, DnaB yBejiHHHBaeT 
npoTOKeHHOCTb ynacTKa pacnjieTeHHOH flHK. KaacflHň 
rencaMep DnaB aKTHBHpyeT oflHy npaňMa3y DnaG — b 
oahom cjiynae, 4To6bi HHHijHHpoBaTb Beflymyio u,enb; b 
ApyroM — 4To6bi HHHijHHpoBaTb nepBbin <f>parMeHT Oxa- 
3aKH oTCTaiomen u,enH. 

Eme ABa óejixa TpeóyiOTca b noflflepacKy peaKu,HH pac- 
naeTaHHa. ľHpa3a oiyacHT mapHHpoM, no3Bo;iaiomHM ofl- 
hoh u,enH flHK BpamaTbca BOKpyr flpyron (3Ta peaKu,Ha 


óojiee ACTajibHO oôcyxmaeTca b pa3A. 19.15 «rnpa3a flenc- 

TByeT nOCpeACTBOM HHBepCHH BHTKOB»); 6e3 y4aCTHfl TH- 
pa3bi pacnjieTaHHe reHepnpoBajio 6bi TopcnoHHbie Hanpa- 
yKcnm BHyrpn MOJieicyjibi flHK. Bejiox SSB CTa6njiH3HpyeT 
OAHOU,eno4e4Hyio flHK no Mepe ee noaBJíeHHa. npoTaaceH- 
HOCTb y4acTKa flHK, pacrmeTeHHoro k Ha4ajiy penjíHKaijHH, 
Bepoarao, cocTaBJíaeT <60 nH. 

BeJioK HU E . coli — oto flHK-CBa3biBaiomHH 6 cjiok o 6- 
mero 3Ha4eHna. Ero npncyTCTBHe Heo6a3aTejibHO aaa Ha4a- 
Jia penjíHKauHH in vitro , ho CTHMyjinpyeT 3Ty peaKunio. HU 
cnocoóeH crnóaTb flHK h y4acTByeT b craHOBJíeHHH OTKpbi- 
Toro KOMnjieKca. 

3aTpaTbi OHeprnH b (f)opMe ATO HeoóxoflHMbi Ha He- 
CKOJibKHX oTanax npefl-npaHMHHra; ohh Taione TpeóyiOT- 
ca fljia pacnjieTaHna flHK. Ot rnApojiH3a ATO 3aBHCHMbi 
h xeJiHKa3Haa aKTHBHOCTb DnaB, h paóoTa rnpa3bi. Tax- 
ace ATO HyacHa fljia flencTBHa npanMa3bi h fljia aKTHBau,HH 
flHK-nojiHMepa3bi III. 

BcaeA 3a reHepnpoBaHneM pemíHKaTHBHOH bhjikh npo- 
hcxoaht peaKiina npanMHHra, flaiomaa Ha4ajio Beflymen 
u,enH. Mbi 3HaeM, 4T0 aah OToro HcnoJib3yeTca chhtc3 PHK, 
ho ACTajiH npou,ecca HeH3BecTHbi. HeKOTopbie Myraiinn b 



PMC. 18,29 Ee/iKOBbiŕí KOMnaeKC b oriC mo>kho yBMAeib b 3 /ieKTpoH- 
Hbiíí MMKpocKon. Bn3yajiM3aAMfl npoBeAeHa c Mcno/ib30BaHneM aH- 
Tme/i k 6 e/wy DnaB. BepxHfm ())OTorpa())MB nepenenaiaHa m FunneL 
B. E., et al. J. Biol. Chem. 1987. 262: 10327-10334. Copyright 1987 
by American Society for Biochemistry & Molecular Biology. Ooto- 
rpa())Mfl juo6e3HO npeAOcraBJíeHa Barbara E. FunnelL University of 
Toronto. Hm>khbb (J)OTorpa())Mfl nepenenaiaHa M3 Barker, T. A., et al. 
J. Biol. Chem. 1987. 262: 6877-6885. Copyright 1987 by American 
Society for Biochemistry & Molecular Biology. OoTorpa())Mfl /no6e3HO 
npeAOCTaB/ieHa Barbara E. FunnelL University of Toronto 
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dnaA Moiyr 6biTb cynpeccHpoBaHbi MyTaijHaMH PHK-no- 
jinMepa3bi — npH3HaK ynacTHa DnaA b 3Tane HHHunauHH, 
TpeóyiomeM CHHTC3a PHK, in vivo. 

PHK-nojiHMepa3a MO^ceT Hcnojib30BaTbca j\jm chhtc- 
3a 3aTpaBKH c npHMbiKaiomHX k opH/pKHHy TpaHCKpnn- 
IJHOHHblX HHHU,. B03M0)KH0, TCpMHHHpyfi CHHTC3 PHK 
Ha camax opHfl>KHHa, OHa oóecnenHBaeT CBOÓOflHbiH 
3'-OH KOHeu, ajih 3aTpaBJieHHa flHK-noJiHMepa3bi III (no 
aHajiornn c ncnojib30BaHHeM D-neTejib b mhtoxohaph- 
ajibHbix opHA^CHHax — sto oócyxcAaeTca b pa3fl. 15.10 
«B MHTOXOHflpHflX OpHfl)KHHbI penJIHKaiJHH HMeiOT BH p 
D-neTejib»). 

flpyron BapnaHT oó'bacHeHna pojih PHK-nojiHMepa- 

3bl COCTOHT B TOM, HTO aKT TpaHCKpHniJHH COnpjDKeH CO 
CTpyKTypHbiMH H3MeHeHHaMH, ÓJiaronpHaTCTByiomHMH 
HHHU.Han.HH. 3Ty upcK) no/íKpenjiaeT HaójnofleHHe, hto 
T paHCKpHnu,Ha Heo6a3aTejibHO HaHHHaeTca b opn/pcHHe: 
OHa 3(f)(f)eKTHBHO COflCHCTByeT HHHU,Han,HH in vitro Ha pac- 
ctohhhh j\o 200 nH ot opH/pcHHa h c JiioóoH u,enbio flHK B 
KanecTBe MaTpHijbi. OnaTb >Ke in vitro aKT TpaHCKpHnijHH 
CHH)KaeT Heoéxo/íHMOCTb CBepxcnHpa^H3au,HH flHK — eme 
o/jhh apryMeHT b nojib3y Toro, hto BJiHaHHe TpaHCKpHnu,HH 
oóycjiOBJíeHO BHeceHHeM b jioKajibHyio CTpyKTypy flHK H3- 
MeHeHHH, noMoraiomHx njiaBJíeHHio. 


18.16 


Cxoactbo HaMa/ia 
pen/iMKauMM 
y npoKapMOT m BiipycoB 


K/iiOHeBbie noHBTMa: 


• Oóiumíí npMHi4Mn m h 1/1141/131411 n y óaKTepMŕí coctoht b tom, mto 
opnfl>KMH McxoflHO ono3HaeTca 6e/iKOM. KOTopbiíí o6pa3yei 
OÓlUMpHblM K0MÍ1/16KC C flHK. 

• ľl/iaB/ieHMio noABepraeicíi kopotkmíí yMacroK A-T-6oraioíí flHK. 

• DnaB CBfl3biBaeTca c komímokcom m (J)opMi/ipy6T pen/iMKaTMBHyio 
BM/lKy. 


flpyryío CHCTeMy pnn H3yneHHH B3aHMOfleHCTBHH b opHfl- 
)KHHe npeflCTaBJíaeT (j)ar mMÔpx KapTa oójiacra ero opHfl- 
)KHHa noxa3aHa Ha P h c. 18.30. HHHi4Hau,Ha penjiHKau,HH 
b opnjpKHHe JiaMÓ^a TpeóyeT TpaHCKpnnuHOHHOH aKTH- 


AKTMBHbIM npOMOTOp 3KTMBMpyeT OpMAMCMH 


Pr/0r 

► C'O j dl O 

3 flecb flo^>KHa 
HaHaTbCfi TpaHCKpununfj, 



HTOÓbl 3flecb 
Hana/iacb pen/niKamia 


P H C. 18.30 1 /lHmjnnpyeMafl b P R TpaHCKpMrmnfl HeoóxoflMMa ajia ax- 
TMB 3 I 4 MM OpMA>KMHa JlflMÓAa 


Bau,HH, HanHHaioifleHca b P r . KaK h pm oiynaa c or/C, sto 
He o6a3aTejibHO noApa3yMeBaeT, hto nojiynaiomaaca npn 
stom PHK cjipcht 3aTpaBKOH pm Beflymen u,enH. AHajio- 
raa Me>Kfly flByMa CHCTeMaMH noflCKa3bmaeT, hto chhtc3 
PHK, BepoaTHO, 3anycKaeT Kanne-To cTpyKTypHbie H3Me- 
HCHH5I B OÔJiaCTH OpHfl^CHHa. 

HHHflHauHB Tpeóycr ynacTHH npoflyKTOB reHOB O h P 
cjsara, a Taioxe HecKOJibKHx ócakob xo3aHHa. Bejiox O CBA3bi- 
Bacrca c oph/i^chhom jiaMÓfla, 6e;iOK P B3aHMOfleHCTByeT c 
ócjikom O h c óaicrepHajibHbiMH OejiKaMH. Opupyam pacno- 
Aaracrca BHyTpn reHa O, TaK hto 6e/iOK O paôoTaeT Heaa^eKO 
ot MecTa, r^e oh 6bm CHHTe3HpoBaH. 

Pa3HOBHAHOCTH cjsara nofl Ha3BaHHeM Xdv jiHineHbi cno- 
COÓHOCTH BbI3bIBaTb HH^eKflHIO. Ohh npeflCTaBJIHIOT COÓOH 
KOpOTKHe reHOMbl, COflep^CaiflHC BOK) HH(J)OpMaU 1 HK), KOTO- 
paa HeoóxoflHMa flna pen/iHKau,HH. flHK Xdv cyiflecTByeT b 
O aKTepHH KaK njia3MHAa h mo^cct 6biTb penjiHflHpoBaHa in 
vitro npn ynacTHHH ôejiKOB O h P BMecTe c OaKTepHajibHbi- 
mh OejiKaMH penjíHKauHH. 

BejiKH O h P jiflMÓfla coBMecTHO c DnaB o6pa3yiOT kom- 
njieKC b opnflxcHHe JiaMÓfla, oriX. OpH/pcHH coctoht h3 flByx 
oóJiacTen, hto noKa3aHO Ha phc. 18.3i: oóJiacTb, 3aioiiOHa- 
loiflaa b ce6e cepnio H3 neTbipex caňTOB CBfl3biBaHHa óejiKa 
O, coceflCTByeT c A-T-6oraTOH oóJiacTbio. 

nepBaa CTyneHb HHHu,Hau,HH — sto CBfl3biBaHHe O c 
flHK. 06pa3yeTca KOMruieKC flHaMeTpoM okojio 11 hm, koto- 
pbíň HHorfla Ha3biBaiOT «0-coMa». O-coMa BioiiOHaeT b ce6a 
okojio 100 nH (60 Kfla) flHK. B Hen ecTb neTbipc caňTa cbh- 
3biBaHHa óejiKa O, no 18 nH Ka^cflbiH, hto cocTaBJíaeT okojio 
34 Kfla flHK. Ka)KflbiH caňT npeflCTaBJíaeT coóoh najiHHflpoM, 
H, BepOaTHO, CB5I3bIBaeT CHMMCrpHHHblH O-flHMep. nO-BHAH- 
MOMy, b Kax(flOM H3 caHTOB flHK o6pa3yeT H3ra6, KOTopbiH 
ycHJiHBacrca npn CBa3biBaHHH óejiKa O. 

Ecjih flHK CBepxcnHpajiH30BaHa, CBa3biBaHHe óejiKa O 
Bbi3biBaeT b opH/pcHHe CTpyKTypHbie H3MeHeHHa. Henoc- 
peflCTBeHHO npHMblKaiOIflHH K 0-CB5I3bIBaiOmHM CaHTaM 
A-T-6oraTbiH ynacTOK craHOBHTca ya3BHM fljia Hyioiea3bi 
SI — (JjepMeHTa, y3Haioiflero HecnapeHHyio flHK. 3to hh- 
AHKaTop peaKflHH njiaBJíeHHa, KOTopaa HMeeT MecTO paflOM 
c KOMnjieKCOM óejiKOB O. 

Pojib óejiKa O aHajiorHHHa pojín DnaA b oriC : oh nofl- 
roTaBJíHBaeT opHflacHH k CBa3biBaHHio DnaB. Coóctbch- 
Hbin óejiOK JiaMÓfla, P, 3aMeHaa DnaC, npHBHocHT DnaB 
b opHflacHH. C noaBJíeHHeM óejiKa P (f)ara JiaMÓ^a h ôejiKa 
DnaB OaKTepHH npefl-npaňMHpyioiflHH KOMnjieKC yBejiH- 
HHBaeTca h craHOBHTca acHMMeTpHHHbiM. Oh BKJnonaeT b 
ce6a óojibme flHK (Bcero okojio 160 nH), paBHO KaK h 6eJi- 
kob. Ocoóaa pojib ^aroBoro 6eJiKa P — HHrHÓnpoBaHHe 
xejiHKa3HOH aKTHBHOCTH DnaB. 3anycK pBuyKcum penjin- 
KaTHBHOH BHJIKH npOHCXOflHT, KOľfla ÓeJIOK P noKHflaeT 
KOMnjieKC. 

HeKOTopbie ócjikh BaacHbi AJia penjíHKauHH, He ynac- 
TBya HenocpeflCTBeHHO b CHHTe3e flHK. HHTepecHbiMH 
npHMepaMH TaKoro pofla cjiyacaT DnaK h DnaJ. DnaK — 
manepoH, poflCTBeHHbin oóbiHHOMy fljia syKapnoT crpecc- 
OeJiKy. Ero cnocoÓHOCTb B3aHMOfleHCTBOBaTb c flpyrHMH 
OejiKaMH b KOH(J)opMau,HHHO-3aBHCHMOH MaHepe HrpaeT 
pOJIb BO MHOľHX KJieTOHHblX aKTHBHOCTaX, B TOM HHCJie — 
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OpMAMMH JlflMÔAa aKTMBMpyetCfl 6e/l KOM O 


18-nH caíÍTbi CBfJ3biBaHMfj O 


A-T-6oraiaB oó/iacľb 


i--1 i--1 

IV III II I 40 nH 

/\ZV\/\/\ y\A /X./X/Xj>Xj\Y\!/X/\yX 


Be/ion 0 
CBB3biBaeifíHK 


i 


. yx/x/xeŕvy\arsúrx/x/x s’\y\y\y\y\ y\/v 

i 


flHK ruiaBmcfl(ee uenu 
JlOKa/lbHO pa3Ae^BIOTCB) 


sX/X/' /XsXsX/'^/'X/'^’X/Xs'X 


1 


SX/X 


PMC. 18.31 0pma>kmh pen/iMKauMM/iíiMÔAa coAep>Km Aee 06 /iacTM. Hana/ibHbiM aian mnnunauMn Ka- 
Ta/iM3npyeT 6 e/ioK 0, CBzi3biBaiomMM cepmo m neTbipex caíÍTOB b zieBoŕí 06 /iacTM opMA>KMHa. 3aieM b 
cm6>khom A-T-óoraioíí oó/iacm npoMcxoAm pa 3 AezieHne Aeneŕí flHK. Ha pwcyHKe flHK M 3 o 6 pa>KeHa 
b BMAe npziMoro Ayn/ieKca, Ha caMOM Aezie opma>khh jiflMÓAa n3orHyT 


b penjiHKau,HH. Bo3mo>kho, pojib DnaK h DnaJ coctoht 
b pa36opKe npeA-npaňMHpyioiiiero KOMnjieKca: Bbi3biBaa 
BbicBo6o>KAeHHe óejiKa P, ohh «no3BOJunoT» perníHKaunn 
HanaTbca. 

ripoiieccbi HHHu,Hau,HH b oriC h b orik noxoxcn (ohh 
BK/nonaiOT OAHHaKOBbie 3Tanbi h nepeKpbiBaioniHeca Haóopbi 
komiiohohtob). ľlepBbiH 3Tan coctoht b y3HaBaHHH opujym- 
m 6e/iKOM, o6pa3yioiiiHM KOMnjieKC c flHK — DnaA pjw oriC 
h 6cjiok O jv m orik. B pe3yjibTaTe flaHHoro STana kopotkhh 
ynacTOK AT-6oraTOH flHK 0Ka3biBaeTca pacnjiaBJíeH. nocae 
3Toro upcr «3arpy3Ka» DnaB, hto TpeóyeT ynacTHa ôcjikob, 
OTJiHHaioniHxca pjm oriC , orik h Apyrnx oph/pchhob. Kor/ja 
b KOMnjieKC «BCTynaeT» DnaB, o6pa3yeTca pemíHKaTHBHaa 
BHjiKa h npoHcxo/iHT CHHTe3 PHK-3aTpaBKH, nocae nero Ha- 
HHHaeTca penjiHKau,Ha. 

CoóbiTna b oriC h b orik «BiiHCbiBaiOTca» b oómyio 
MOAejib aKTHBau,HH opupymm. HenTo no/ioÓHoe nponc- 
XOAHT C Opn/PKHHOM BHpyca SV40 B KJieTKaX MJieKOnHTa- 
ioiuhx. flBa reKcaMepa T aHTnreHa (óejiKa, KOAnpyeMoro 
BnpycoM) CBa3biBaiOTca c cepnen noBTopmomHxca canTOB 
flHK. B npHcyTCTBHH ATO CTpyKTypa flHK H3MeHaeTca, 
hto npHBOAHT k peaKu,HH njiaBJíeHHa. B cjiynae BHpyca 
SV40 pacnjiaBJíeHHbifí ynacroK kopotkhh h He A-T-6ora- 
TblH, HO OTJIHHaeTCa Heo6bIHHbIM COCTaBOM a30THCTbIX oc- 
HOBaHHH: OAHa u,enb flHK coctoht noHTH H3 oahhx TOJib- 
ko nnpHMHAHHOB, a Apyraa — H3 nypHHOB. HenoflajieKy 
ot 3Toro cama pacnojioaceH flpyron BaacHbiH ynacroK. Oh 
COCTOHT H3 nap OCHOBaHHH A-T, no KOTOpbIM flHK co- 
myTa; noca^Ka T-aHTnreHa npnBOflHT k ee flajibHeniiieMy 
njiaBJíeHHio. HHTepecHoe otjihhhc ot npoKapnoTHHecKHX 
CHCTeM COCTOHT B TOM, HTO T-aHTHľeH CaM 06j \ 2 }\ 2Cľ XC ~ 
/iHKa3HOH aKTHBHOCTbio, oóecnenHBaiomeH pacnjieTaHHe 
flHK, h 3KBHBajieHT DnaB stoh chctcmc He HyxceH. 


18.17 


ripaíÍMocoMa 

nepe3anycKaei pen/íHKaumo 


KmoneBbie noHATi/ia: 


• V\H\Ai\\Aai\m pen/iMKaAMM <t>Xipe6yeT, moóbi npaŕÍMOcoMa 
CMecTM/ia SSB c opMA>KMHa. 

• Ha noBpe>KAeHHOM ynacTKe flHK penziu Kain BHazi BnziKa 
ocTaHaB/iMBaeTczi. 

• ľloc/ieycTpaHeHMzi noBpewAeHMfl aíib B03o6HOB/ieHM5i 
pen/iMKaiiMM TpeóyeTca npaŕÍMOcoMa. 

• Be/iOK Tus CBfl3biBaeTCzi c caíiTaMM ter n npenziTCTByeT 
pacKpyHMBaHmo flHK óe/iKOM DnaB, hto npMBOAm k 
3aBepiueHHK) pen/inKaiinn. 


B paHHHx paóoTax no perniHKau,HH sKCTeHCHBHoe ncnojib- 
30BaHHe (f>ara <()X174 npHBeJio k OTKpbiTHio cjioxchoh chc- 
TeMbi 3aTpaBJieHHa (npanMnpoBaHHa). flHK <J)X174 caMa no 
ce6e He aBJíaeTca cyócTpaTOM rjw penjíHKaTHBHoro annapa- 
Ta, nocKOJibKy «rojiaa» flHK He roflHTca b KanecTBe MaTpn- 
Ubi. flra Hana^a npou,ecca HeoóxoAHMa OAHOuenoneHHaa, 
noKpbiTaa óejiKOM SSB (f>opMa flHK. CóopKa npaňMOCOMbi 
nponcxoflHT Ha yHHKajibHOM came OflHon,enoHeHHon flHK, 
KOTopbin Ha3biBaeTca canTOM cóopKH npaHMOCOMbi (pri- 
mosome assembly site; C 0 KpanieHH 0 ,p^). CanT pas moxcho 
Taioxe Ha3BaTb canTOM Hanajia CHHTe3a KOMimeMeHTapHOH 
u,enn (})X174. npaHMOCOMa coctoht H3 meč™ ócjikob: PriA, 
PriB, PriC, DnaT, DnaB h DnaC. CnocoÓHOCTb PriA CMemaTb 
SSB c OAHOLtenoHeHHOH flHK hbjihctcb kjhohcboh hjw no- 
caflKH npaHMOCOMbi Ha flHK. 

HecMOTpa Ha to hto npaHMOCOMa hcxoaho o6pa3yeTca 
Ha yHHKajibHOM caHTe pas flHK cJ)X174, npaňMepbi hhhu,hh- 
pyiOTca Ha MHO>KecTBe canTOB. HToóbi AOÓpaTbca pp cnepy- 
íoniero caňTa, PriA nepeflBHraeTca BflOJib flHK, CMemaa SSB. 
KaK h b pemíHKOHax oriC , b pemíHKOHax cpX lononeByio poAb 
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PeiuiMKaiuta MoweT 6biTb npMociaHOB/ieHa M 3 - 3 a noBpexcAeHHM b AHK 



-hu i 8 Pen/iMKauMíi npMocraHOBjíeHa M3-3a noBpewAeHHoro 
ocHOBaHMA v\m pa3pbiBa b MaipMHHOM i\env\ 


PeKOMÔHHauMB BoccraHaBJíMBaeT 3 acipBBiuyio BH/wy 


.. < \l|||| | i„ || ,|, 

l!»HII,ll.illl.l<i > .... 
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P14C. 13.33 Eoim fle())eKT MaTpmjbi MeiuaeT pen/iMKaAMM matu AaAbwe, 
noBpe>KAeHHbiM cerMemflHK Mo>KeT6biTb Bbipe3aH. Ero OTcyľCTBMe kom- 
neHCMpyeTca aKTOM peKOMÓMHaAMM c nepexoAOM uenM M3 BToporo AOHep- 
Hero Ayn/ieKca. ľlocjie pa3BOAKM rn6pnAa AOHepHMX Ayn/ieKCOB pen/iMKa- 
i\m B03o6HOB/ifleTCfl, 6pewn 3ano/iHfliOTCfl HOBbiM Maiepna/ioM 


b pacruieTaHHH h npaHMHHre HipaeT DnaB. 3auana PriA — 
norpy3Ka DnaB /ym o6pa30BaHna peruíHKaTHBHOH bhjikh. 

HccAeAOBaTejien nojiroe Bpem ynHBJíaji tot (j)aKT, hto 
b opu/pcHHe 4>X Hcnojib3yeTca KOMimeKCHaa crpyKTypa, He- 
HyxcHaa /ym penjíHKayHH óaKTepnajibHOH xpoMOCOMbi. ľlo- 
neMy óaKTepna oóecneHHBaeT <f>ary stot KOMnjieKC? 

OTBeT Ha 3 tot Bonpoc Kpocrca b 3acrpflBiiiHx peruíHKa- 
THBHblX BHJIKaX. Ha PH C. 1 S. 3 2 npOBCACHO CpaBHeHHe ABH- 
xcyiyeHca peruíHKaTHBHOH bhjikh c tcm, hto npoHCXo/jHT, 
OCJIH OflHO H3 OCHOBaHHH flHK nOBpe^AeHO HJIH B O/JHOH 

H3 ee uenen npoH30meji pa3pbiB (hhk). H b tom, h b ApyroM 
cjiynae chhtc3 J \HK npnocTaHaBJíHBaeTca, a peruíHKaTHBHaa 
BHJiKa 3acTpeBaeT hjih pa3pyniaeTca. noKa HeacHO, ocTaiOTca 
KOMnOHOHTbl BHJIKH aCCOIJHHpOBaHbl C /(HK HJIH AOMOHTHpy- 
lOTca. 3acTpflBiim BHJiKa — pacnpocrpaHeHHoe aBJíeHHe; no 
pa3HbiM oyeHKaM, ot 18 ao 50% ioictok E . coli cTajiKHBaiOTca 
b xo^e pemíHKaTHBHoro yniuia c stoh npoÓJieMOH. 

CHTyayHio cnacaeT aKT peKOMÓHHayHH, npn koto- 
poM noBpe^CAeHHe Bbipe3aeTca h hobwh /jyruieKC 3aMe- 
HaeT oóJiacTb AByxyenoHeHHoro pa3pbma (cm. pne. 20.20 
b pa3A. 20.8 «CHCTeMbi peKOMÓHHayHOHHOH penapayHH 
E . coli »). ripHHijHn aKTa penapayHH ocHOBaH Ha tom, hto 
b HH(J)opMau,HOHHOM ruiaHe KOMnjieMeHTapHbie yenn flHK 
AyôjinpyiOT Apyr Apyra. Ha phc„ i 8.33 noKa3aHbi Kjnone- 
Bbie sTanbi aicra penapayHH. no cyra, HH(J)opMau,Ha c He- 
noBpoKAeHHoro AonepHero AynJieKca HcnoJib3yeTca .zyia 
nOHHHKH nOBpOKACHHOH nOCJie/íOBaTeJIbHOCTH. npn 3TOM 
o6pa3yeTca ranHHHaa pw peKOMÓHHauHH nepeKpecTHaa 
CBa3Ka. PaóoTy no co3flaHHio stoh cba3kh BbinoJiHaeT cne- 
u,HajiH3HpoBaHHaa (J)epMeHTHaa cncreMa, cneyHajiH3Hpyio- 
iyaaca Ha roMOJiornHHOH peKOMÓHHayHH. no mhchhio pw 
HccjieAOBaTejieH, rjiaBHOH KOMneTeHyneH stoh chctcmm b 
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06biMHO penjlHKaTMBHbie BHJIKH BCTpeHaiOTCB AO TepMMHaAMM 


Bhjikh BCTpenaiOTCfj 


H B3aMMHO yHMHTO>KaiOTCfl 



P M C. 18.35 y E. coli ynacTKH TepMMHauMM ter HaxoflflTCfl 3a MecTOM 
BCTpeHM pen/lMKaTMBHblX BM/IOK 


KJieTKe HRjweTCH hmchho penapaura noBpexcAeHHOH JX HK b 
3aCTpflBIIIHX peruíHKaTHBHbix BiuiKax. 

nocjie HcnpaBJíeHHa noBpoKAeHHfl penjíHKamBHyio 
BiuiKy HeoôxoAHMO nepe3anycTHTb. Ha pmc. 18.34 noKa- 
3aHO, Kax nepe3anycK BbinojiHaeToi nocpeACTBOM cóopKH 
npaHMOCOMbi h «nepe3arpy3KH» DnaB, KOTopbin b stom 
cjiynae npoflBjweT xejiHKa3Hyio aKTHBHOCTb. 

PeaKTHBaiiHa peruíHKaTHBHOH bhjikh — cTaH^apTHaa 
peaKiira (h noTOMy Baxam). noTpeÔHOCTb b Hen bo3hh- 
KaeT, B03M0JKH0, B ÓOJIblDHHCTBe peiUIHKaTHBHblX UHKJIOB 
XpOMOCOMbl. 

npH TepMHHailHH penjIHKaiJHH BHJIKH AOJDKHbl 6bITb 
OCTaHOBJíeHbl H AeMOHTHpOBaHbl. KaK 3TO npOHCXOAHT? 

/ÍBHxceHHe bhjiok ocTaHaBJíHBaiOT cneiinajibHbie nocjie- 
AOBaTe^bHOCTH JIEK — ter sjieMeHTbi b xpoMOcoMe E . coli 
hjih hx aHajiorn b HeKOTopbix mia3MHAax (cm. pmc. 18.35). 
Oómen nepratí sthx ojicmchtob flBjweTai KOHceHcycHaa 
nocjieAOBaTejibHOCTb b 23 m, Korapaa cji^cht catíraM cbh- 
3biBaHH5i npoAyicra reHa tus — 36 Kfla óejiKa, HeoóxoAHMoro 


benoK Tus 0Ka3biBaeT ofiHocropoHHee AeMCTBHe 

AHKflocTynHa, 

AHK 3a6-noKupoBaHa. 

penjiMKaumí 

penjiMKauufl 

npoflo^JKaera 

TepMMHupyeTCfj 
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PMC. 18.36 Ee/ioKľus acuMMeipMHHO CBA3biBaeT caŇT ter, 6/ioKnpyfl 
pen/iMKaumo mnbKO no oflHOMy m flByx HanpaB/ieHMÍí 


pjm TepMHHaijHH. Tus CBa3biBaeTca c KOHceHcycoM h 0Ka- 
3biBaeT aHTHxejiHKa3Hoe Actícrene, ocraHaBJíHBaa pacnjie- 
TaHHe JX HK DnaB. Be/jymaa u,enb b npoAOJDKeHHe CBoero 
CHHTe3a jiokht BruioTHyio k ter sjieMemy, b to BpeMa KaK 
ó/iHacaHiim HHHu,Hau,Ha (JjparMeHTa oTcraiomeň ijenn 
OTOflBHHyra ot ter Ha 50-100 riH. 

pmc. 18.36 HanoMHHaeT HaM, hto Tus ocTaHaBJíHBaer 
/íBHxceHHe peruíHKaTHBHOH bhjikh jiHiiib b oflHOM HanpaBJíe- 
hhh. PacniH(})poBKa KpncTajuiHHecKotí cTpyKTypbi KOMnjieK- 
ca Tus-ter noKa3biBaeT, hto óejioK Tus CBa3biBaeTca c flHK 
acHMMeTpHHHO. a-cnnpajiH óejiKa yAepxcHBaiOT ABOtíHyio 
cnnpajib c KOHija, hto ÓJiOKnpyeT penjíHKaTHBHyio BHjiKy. 
BujiKa, HAymaa b npoTHBonoJioxcHOM HanpaBJíeHHH, np tj\- 
nOJIOJKHTeJIbHO, MOJKeT CMeCTHTb Tus H npOflOJIXCHTb CBOe 
/íBHxceHHe. H3yneHHe chctcmh TepMHHau,HH in vivo 3aTpyA- 
HeHO TeM, hto KJieTKa cnocoÓHa cnpaBjraTbca c ee yrparatí, 
nocKOJibKy MyTau,HH ter h tus HejieTajibHbi. 


18.18 


Pe3K>Me 


Chhtc3 flHK npoHCxo/íHT nyTeM nojiyHenpepbiBHotí pen- 
jiHKau,HH. npH stom pocT BeAymetí u,enH JX HK hact He- 
npepbiBHO ot 5'- k 3'-KOHuy, a oTCTaiomaa u,enb (Korapaa 
b uejiOM pacTeT b npoTHBonojio>KHOM, 3'-5', HanpaBJíe¬ 
HHH) MOHTHpyeTCfl H3 KOpOTKHX (jjparMCHTOB OKa3aKH, 
KaXC/íblH H3 KOTOpblX CHHTe3HpyeTCfl OT 5'~ K 3'-KOHU,y. H 
BeAyuiaa u,enb, h KaxcAbíň ({jparMemr OKa3aKH oTCTaiometí 
u,enn HHHijHHpyiOTCfl PHK-3aTpaBKOH (npaHMepoM), 
KOTopyio y/íJiHHaeT flHK-nojiHMepa3a. Y Bcex npo- h sy- 
KapnoT ecTb no HecKOJibKy pa3HOBHAHocretí sraro <f>ep- 
MeHTa. Y E. coli h Be/jymyio, h oTCTaiomyio u,enn chhtc3h- 
pyeT flHK-nojiHMepa3a III. PaóoTa flHK-nojiHMepaabi III 
TpeóyeT cofleHCTBHa pa3JiHHHbix óejiKOB. HeKOTopbie H3 
HHX BXOAflT B COCTaB penJIHCOMM, BHyTpH KOTOpOH (J)ep- 
MeHT (J)yHKU,HOHHpyeT. 

PenjiHCOMa, hjih xojio(f)epMeHT flHK-nojiHMepa3bi 
III, — aCHMMeTpHHHblH flHMep H3 J\ ByX CyÓKOMnJieKCOB. 
Oh CHHTe3npyeT KaxcAyio H3 flByx hobbix u,enen flHK ot- 
AeJIbHOH CBOeH nOJIOBHHKOH. KaTaJIHTHHeCKHH KOpOBblH 
^epMeHT (GyO^eAnKniia a) KaxcAOH nojiOBHHKH npou.ec- 
chbho ABH^ceTca no MaTpHu.e, yAep^CHBaeMbiH 3a^CHMOM 
P, KOTopbiH oópa3yeT KOJibu.o b oxBaT flHK. 3a>KHM Ha- 
KJiaAbiBaeTca Ha flHK KOMnjieKcoM KJi3Mn-JioyAepa. Cxo- 
>KHe no CTpoeHHio napbi 3a^CHM/KJi3Mn-JioyAep mnpoKO 
pacnpocTpaHeHbi b npo- h syKapnoTHHecKHx penjíHKa- 
THBHblX CHCTeMaX. 

no Mepe npoABH^ceHHH oahoh nojiOBHHbi A^Mepa 
penjincoMbi BAOJib MaTpnu.bi BeAymeH u,enH, a pyran nojio- 
BHHa npoTHľHBaeT nepe3 ceóa MaTpnuy OTCTaiomen u,enH 
b oópaTHOM HanpaBJíeHHH, hto conpoBOJKAaeTca o6pa- 
30BaHHeM neTJiH MaTpniibi flHK. HacTb oópa3yioiAeHCH 
neTJIH — CHHTe3HpyeMbIH B AäHHblH MOMeHT (J)parMeHT 
OKa3aKH b AynJieKce c MaTpHu,en. nocjie 3aBepmeHna 
CHHTe3a $parMeHTa nponcxoAHT pa3T>eAHHeHHe KaTa- 
jíHTHHecKOH cyó'beAHHHu.bi h flHK oTCTaiomeň u.enn, c 
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nocjieAyioiijHM npHKperuieHHeM Ha caňTe 3aTpaBJieHHa 
c/ie/tyiomero <f>parMeHTa OKa3aKH. 

BejiOK DnaB oóecnenHBaeT xeJiHKa3Hyio aKTHBHOCTb 
B penJIHKaTHBHOH BHJIKe; ero aKTHBHOCTb 3UBHCHT OT 
pacmeruieHHfl ATO. B penjíHKOHax oriC DnaB motkct ca- 
MOCTOaTeJIbHO BJIHflTb Ha aKTHBHOCTb npaHMOCOMbl, ne- 
pnoAHHecKH B3aHMOfleHCTBya c DnaG — npaHMa30H, chh- 
Te3HpyiomeH PHK. 

Oar T4 KO/tnpyeT penjíHKaTHBHbin annapaT, cocToamHH 
H3 ceMH óejiKOB: flHK-nojiHMepa3bi, xejiHKa3bi, SSB ^epMeH- 
tob 3aTpaBJieHHa h «6cjikob /jocTyna». no/joÓHbie cf)yHKUHH 
TpeóyiOTca h b flpyrnx pemíHKaTHBHbix CHCTeMax, b tom 
HHCJie npn penjiHKau,HH JJHK Bnpyca SV40 b KJieTKax HeLa. 
Pa3Hbie (f)epMeHTbi (flHK-no;iHMepa3a a h /],HK-noJiHMepa- 
3a Ô, COOTBeTCTBeHHO) HHHU,HHpyiOT H OJIOHľHpyiOT HOBbie 
i/enn JX HK b KJieTKax syrapnoT. 

B CHCTeMe <t>X /yra 3aTpaBJieHHa Taioxe TpeóyiOTca 
DnaB, DnaC h DnaT. PriA — KOMnoHeHT, KOTopbíň on- 
pe/jejuieT caňT cóopKH npaHMOCOMbl (pas ) b penjíHKOHax 
())X. PriA CMemaeT SSB c JJHK, npn stom pacxo^yeTca ATO. 
PriB h PriC — /jonojiHHTejibHbie KOMnoHeHTbi npaňMOCO- 
Mbi. Ba>KH0CTb npaHMOCOMbl fljia óaKTepnajibHOH kjictkh 
coctoht b tom, 4to OHa Hcnojib3yeTca /yia nepe3anycKa 
penjiHKau,HH b BHJiKax, KOTopbie «3acTpajiH» H3-3a noB- 
poKAeHHH JJHK. 

06n/aa cxeMa aKTHBau,HH opn/pcHHa BKJuonaeT b ce6a 
nepBOHanajibHoe JioKaabHoe miaBJíeHHe bohhoh oih- 
pajín, 3 a KOTopbiM c/ie/iyeT óojiee niHpoKoe pacmieTaHHe 
c o6pa30BaHHeM o/jHHOHHbix u,eneH. PeruíHKai/roi b oriC 
E. coli HHHijHHpyeTca, Kor/ta DnaA CBa3biBaeTca c cepn- 
en 9 nH-noBTopoB, a 3aTeM — c cepnen 13 nH-noBTopoB, 
r/je stot óejioK HcnoJib3yeT SHeprnio mppojimz ATO pjm 
pa3flejieHHa u,eneH JJHK. npe/jnpaHMHpyiomHH komiuickc 
DnaC-DnaB CMen/aeT DnaA. DnaC BbiCBo6o>K/taeTCfl b xo/te 
ATO-3aBHCHMOH peaKn,HH; k DnaB npnxo/tHT pemiHKa3a, h 
penjiHKau,Ha HHHu,HHpyeTca b cfjopMe j\Byx bhjiok, crapTyio- 
mnx b npoTHBonojioxcHbix HanpaBJíeHHax. ľloxoxcHe coóbi- 
Tna HMeiOT MecTo b opH/pcHHe cj)ara jwMÓ/ta, r/je b hhx yuac- 
TByiOT 6eaK O h P (f>ara — aabTepHaTHBa óaKTepnaabHbix 
ócjikob DnaA h DnaC, COOTBeTCTBeHHO. npn pemíHKavHH 
SV40 <f>yHKijHOHajibHbie CBOHcrea cpa3y HecKOJibKHx yuacr- 
hhkob npou,ecca coneTaeT b ce6e T-amrireH. 

flocTyn DnaA b opH/pcHH — BaacHaa cocTaBJíaioii/aa 
CHCTeMbi, onpe/íejiaioii/aa, Kor/ja /jojDKHbi HanaTbca pen- 
/IHKaTHBHbie UHKJIbl. IlOMHMO BCeTO npOUeTO, oriC AOJDKeH 
KOHKypnpoBaTb c caňTOM dat 3a CBa3biBaHHe DnaA. rioaie 
Toro KaK HHHu,Hau,Ha cocToaaacb, DnaA, no ]\ /jeHCTBHeM 
«CKOJib3an/ero 3aacnMa» (3, ra/i,poJiH3yeT cboio ATO, TaKHM 
o6pa30M HHaKTHBHpyaCb. 

B JX HK opH/pcHHa E. coli ecTb canra /yia MO/jH(j)HKa- 
u,hh MeTHjia3on Dam, b tom nnc/ie b cocTaBe 13-nH caňTOB 
CBa3biBaHHa DnaA. Opn/pcnH npeóbiBaeT b nojiyMemjiHpo- 
BaHHOM «3aMopoaceHHOM» cocToaHHH okojio 10 mhh noc/ie 
HHHu,Hau,HH penjíHKaTHBHoro u,HKJia. B npoAoaaceHne sto- 
ro nepno/ta oh accou,HHpoBaH c MeMÓpaHOH h pe-HHHi/H- 
au,Ha penjiHKau,HH penpeccHpoBaHa. B stoh «3aMopo3Ke» 
(ceKBecTpnpoBaHHH) opujymm ynacTByeT óeaoK SeqA, ko- 
Topbin MoaceT B3anMO/íeHCTBOBaTb c DnaA. 
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ľOMOJlOrMMHafl 

m caíÍT-cneuMc|)imHa 5 i 

peKOMÓMHaUMfl 

KPATKOE COflEPWAHME ľ/lABbl 1 


|£ÉI BBeAeHMe 

KEB ľoMO/ioruHHafl peKOMÓMHaiiMfl npoMcxoAMT Me>KAy 

XpOMOCOMaMM B COCTOflHMM CMHancMca 

• XpoMOCOMbi AO/i>KHbi CMHancMpoBaTb (nonapHO 
c6/lM3MTbCfl) AJlfl o6pa30BaHMfl XM33M. 

• CiaAMM Meíío3a MoryT 6biTb cooTHeceHbi c coóbmiflMM 
MO/ieKy/iflpHoro ypoBHfl. 

BB Pa3pbiB m BOceoeAMHeHMe c ynacTMeM 

reiepoAyn^eKCHoŕí flHK 

• K/llOMeBbIM COÓbITMBM pBKOMÓMHaUMM Me>KAy AByMfl 
Ayn^eKCaMM flHK flB/lfleTCfl 06 M 6 H OAMHOMHbIMM 
uenflMM. 

• KorAa uenb flHK OAHoro Ayn/ieKca BbiTecH/ieT CBoero 
«ABOÍÍHMKa» M3 APyroro Ayn/ieKca # o6pa3yeTCfl 
pa3BeTB^eHHafl cipyKTypa. 

• TaKOÍí oómbh reHepMpyeT Ha xpoMOCOMe 
reiepoAyn-neKCHbiM ynacroK, coAepmamMM no oahoíí 
uenM flHK ot Ka>KAoro M3 mcxoahwx Ayn/ieKCOB. 

• flBa peuMnpoKHbix oÓMeHa HeoóxoAMMbi a/ib 
o6pa30BaHMA cobahhbhhoíí MO/ieKy/ibi. 

• CoeAMHeHHafl MO/ieKy/ia pa3BOAMTCfl Ha ABa 
o6oco6/ieHHbix Ayn/ieKca nocpeACTBOM pa3pbiBa AByx 
CBB3biBaiOLUMx ueneií. 

• ľlo/iyMaTCfl peKOMÓMHaHTbi m/im HeT, 33bmcmt OTTOľO, 
b K3KM6 uenM flHK npM pa3Ae/ieHMM 6yAyT BHeceHbi 
pa3pbiBbi: b Te, mto ynacTBOBa/iM b peuMnpoKHOM 
oÓMeHe, m/im b Apyryío napy. 

KEB A B yxuenoHeHHbie pa3pbiBbi MHMLjMMpyiOT 

peKOMÓMHaAMK) 

• PeKOMÓMHaUMfl MHMUMMpyeTCfl AByXUenOMeMHbIM 
pa3pbiBOM, BHOCMMbiM Ayn/ieKC-peuMnMeHT. 

• fleíícTBMe 3K30HyK/iea3bi reHepMpyeT 3'- 
OAHOuenoMeMHbie kohuh, KOTopbie BTopraioTCfl b 
A yn/ieKc-AOHop. 

• HoBbm CMHTe3 flHK BOCdaHaB/iMBaeT pa3pymeHHbiM 
MaiepMa/i. 

• TaK o6pa3yeTCB o6i>eAMHeHHafl peKOMÓMHaHTHaa 
MO/ieKy/ia, b kotopom Aea Ayn/ieKca flHK coeAMHeHbi 
ynacTKOM reiepoAyn/ieKca. 

KEB PeKOMÓMHMpytOlAMe XpOMOCOMbl COeAMHeHbl 

CMHanTOHeMHbIM KOMÍl/ieKCOM 

• B Hana/ie Meíío3a roMO/iorMMHbie xpomocomh o6pa3yioT 
napbi b cMHanTOHeMHOM KOMn/ieKce. 

• XpoMaTMHOBbie Maccbi roMO/ioroB pa3Ae/ifleT óe/iKOBbiíí 
KOMn/ieKc. 


muwsm 


19.7 


CMHanTOHeMHbm KOMn/ieKC o6pa3yera nocne 

BHeceHMA AByxAenoneHHbix pa3pbiBOB 

• flByxuenoMeMHbie pa3pbiBbi, KOTopbie MHMUMMpyioT 
peKOMÓMHauMio, npeAiuecTByioT o6pa30BaHMio 
CMHanTOHeMHoro KOMn/ieKca. 

• Ec/im peKOMÓMHauMfl 3a6/ioKMpoBaHa, CMHanTOHeMHbIM 
KOMn/ieKc He o6pa3yeTCfl. 

CnapMBaHMe xpomocom m o 6 pa 30 BaHMe 

CMHanTOHeMHoro KOMn/ieKca npoMcxoAflT 

He 3 aBMCMMO Apyr ot Apyra 

• MyrauMM, HapywaiomMe xoa cnapMBaHMfl xpomocom m/im 
o6pa30BaHMe CMHanTOHeMHoro KOMn/ieKca, He b/imaiot 
H a Apyroíí. 

EaKTepMa/ibHaa CMCTeMa RecBCD ctmM yn m pyeTCfl 

noc/ieAOBaTe/ibHOCTBMM chi 

• KoMn/iexc RecBCD 06 /iaAaeT HyK/iea 3 Hoií m xe/iMKa 3 Hoií 
aKTMBHOCTflMM. 
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• Oh cBA3biBaeTCfl c flHK HM>Ke noc/ieAOBaTe/i bHocTM 
chi , pacn/ieTaeT Ayn/ieKC m pa3pywaeT OAHy M3 ueneíí b 
H anpaB/ieHMM 3'-5' no Mepe npoABM/KeHMfl k caíVry chi . 

• B caííTe chi KOMn/ieKc TepaeT cyóteAMHMuy RecB m 
H aMMHaeT npoflB/iflTb HyK/iea3Hyio aKTMBHOCTb. 

Ee/iKM nepeHOca uenM KaTa/iM3MpyiOT accMMM/iflAMio 

OAHOAenoHeHHOM flHK 

• Ee/ioK RecA, o6pa3y/i c|)M/iaMeHTbi c flHK, K3Ta/iM3MpyeT 
BTopmeHMe CBo6oAHoro 3'-KOHua OAHOuenoMeMHOM 
flHK b Ayn/ieKC m 3aMemeHMe eio uenM-ABOÍÍHMKa. 

CMCTeMa Ruv pa3Ae/iaeT CTpyKTypbi Xo/uiMAefl 

• KoMn/ieKC Ruv oópaóaTbiBaeT ctwkm 
peKOMÓMHMpyioiMMx MO/ieKy/i. 

• Be/iOK RuvA ono3HaeT crpyKTypy crbiKa, a RuvB 
AB/iíieTCfl xe/iMKa30M, KaTa/iM3MpyiomeM MMrpauMio 
BeTBM. 

• Ee/ioK RuvC pa3pe3aeT ctwkm c o6pa30BaHMeM 
npOMOKyTOMHblX npOAyKTOB peKOMÓMHaUMM. 

KoHBepcMB reHa Kax MexaHM 3 M MOKa/iJie/ibHOM 

peKOMÓMHaAMM 

• ľeTepoAyn/ieKc flHK, bo3hmklumm b xoAe peKOMÓMHauMM, 
coAep>KMT HeKOMn/ieMeHTapHbie ocHOBaHMA, ec/iM 
peKOMÓMHMpyioiMMe a/i/ie/iM He MAeHTMMHbi. 

• CMCTeMbi penapauMM MoryrycrpaHflTb HecooTBeTCTBMfl, 
M3MeHflfl noc/ieAOBaTe/ibHOCTb oahom M3 ueneíí TaK, 
MToóbi 0Ha CTa/ia KOMn/ieMeHTapHa Apyroíí. 






63E3 CBepxcnMpa/iM3aLjMfl 3aiparnBaeT CTpyKTypy flHK 

• CBepxcnMpa^M3auMfl npoMcxoAMT TO/ibKO b 3aKpbiTOÍí 
flHK, He MMeiomeíí cboóoahwx kohuob. 

• 3aKpbuoíí AB/iíieTCfl flHK, 3aMKHyrafl b Ko/ibuo, m/im 
npeflCTaB^eHHafl /íMHeííHoíí MO/ieKy/ioíí c kohi43mm, 
3aKpen^eHHbiMM 6e/iKOBOÍí crpyKTypoíí. 

• BcflKafl 3aKpbua5i MO/ieKy/ia flHK xapaKTepM3yeTCB 
nopflflKOM 3auen/ieHMíi, npeACTaB/unoiAMM coóoíí cyMMy 
MMC/13 BMTKOB flBOÍÍHOÍÍ CľlMpa/lM M MMC/13 CBepXBMTKOB 

(Lk = Tw+ Wr). 

• nocpeflCTBOM nepepacnpefle^eHMfl bmtkob M3M6H6HM6 
CTpyKTypbi aboííhoíí cnnpa/iM MOweT KOMneHCMpoBaTb 
M3M6H6HM6 ee CKpyMMB3HMfl B ľipOCTpaHCTBB. 

• ľlopAflOK 3auen^eHMA MoweT 6biTb M3M6H6H mribKO 
c noMOiMbio pa3pbiBa xmmmmbckmx CBfl3eíí b flHK m 
o6pa30BaHMfl HOBblX. 

ÍHEI TonOM30Mepa3bl M3NieHflK)T HMCJIO CBepXBMTKOB, 
pe/iaKCMpyB m/im CBepxcnMpa/iM3yfl flHK 

• TonoM30Mepa3bb M3MeHflfl nopflflOK 3auen/ieHMíi, 
pa3pymaiOT b flHK xmmmmbckmb cba 3M, MeH/noT 
KOHc|)opMauMio aboííhoíí cnnpa/iM b npocTpaHCTBe M 
BOCCTaH3B/lMB3IOT CBJ13M. 

• TonoM30Mepa3bi nepBoro TMna, paóoTa/i, pByr OAHy 
uenb flHK; Tonon30Mepa3bi BToporo TMna AeíícTByioT c 
BH6C6HM6M AByXUenOMeMHblX pa3pblBOB. 

iítňlM Tonon30Mepa3bi pa3pbiBatOT i \euv\ flHK m CHOBa mx 
CKAeMBatOT 

• TonoM30Mepa3bi I TMna BCTynaiOT b KOBa/ieHTHyio CBB3b 
c oahmm M3 pa3opBaHHbix kohuob m, noc/ie BpameHMíi 
oahoíí uenM BOKpyr Apyroíí, CHOBa acneMBaiOT KOHUbi 
flHK. HenpepbiBHaji nepeAa xmmmmockmx CBA3eíí 
«KOHcepBMpyeT» 3HeprMio, m paóoia CMdeMbi He TpeóyeT 
3Hepro3aipaT. 

QjjBB Tnpa3a AeíícTByeT nocpeACTBOM MHBepcMM bmtkob 

• ľMpa3a E.coli — TonoM30Mepa3a BToporo TMna, 
Mcno/ib3yiomafl 3Hepmio rMApo/iM3a ATO a^b BHeceHM/i 
B flHK OTpMUaTe^bHblX CBepXBMTKOB. 

teta Cnei4MaAM3MpoBaHHaB peKOMÓMHaLjMfl 3aAeíícTByeT 
cneuM(J)MHHbie caííTbi 

• CneuMa^M3MpoBaHHafl peKOMÓMHauM/i onocpeAOBaHa 
B33MMOAGÍícTBMeM Me>KAy onpeAe/ieHHbiMM (He 
06fl3aTe/lbH0 ľOMO/lOrMMHblMM) C3MT3MM. 

• Oar /uiMÓAa MHTerpnpyeT b 6aKTepMa/ibHyio xpoMOCOMy 
nocpeACTBOM peKOMÓMHauMM Me>KAy caíÍTOM <J)ara m 
caííTOM att Ha xpoMocoMe E.coli. 

• fl>ar Bbipe3aeTCfl M3 xpoMocoMbi nocpeACTBOM 
peKOMÓMHauMM Me>KAy caííTaMM Ha kohlibx /íMHeííHoro 
npoc|)ara. 

• ľeH int cf»ara nm6f\a KOAMpyeT MHTerpa3y, 
K3Ta/iM3MpyioiAyio peaKUMio MHTerpauMM. 

iitMki CaííT-cnei4M())MHHaB peKOMÓMHaLjMfl conpoBO/KAaeTCfl 
pa3pblBOM M BOCCOeAMHeHMeM 

• HaApe3bi co CMemeHMeM b 7 nH npoM3BOAflTCíi b attB m 
attP M KOHLJbl COeAMHflIOTCfl KpeCT H3KpeCT. 

imi:i CaííT-cneuM(J)MHHaB peKOMÓMHaLjMfl HanoMMHaeT 
T0ľl0M30Mepa3HyK) aKTMBHOCTb 

• l/lHTerpa3bi poACTBeHHbi TonoM30Mepa3aM, m peaKUM/i 
peKOMÓMHauMM HanoMMHaeT AeíícTBMe TonoM30Mepa3bi, 


3a MCK/noneHMeM Toro, mto HMKOBaHbie uenM pa3Hbix 
Ayn/ieKCOB cK/ieMBaioTc/i BMecTe. 

• PeaKUMB « ko h ce p b m pyeT» 3HeprMio, Mcno/ib3yji 
KaTa/iMTMMecKMÍí TMpo3MH b 4)epMeHTe a/ib pa3pymeHMfl 
(J)OC(t)OAM3(l)MpHOÍÍ CBA3M M npMBJ13KM K «pB3HOMy» 3'- 
KOHUy. 

• flBe cyóteAMHMUbi cfjepMeHTa CBA3biBaioTCfl c Ka>KAbiM 
M3 caííTOB peKOMÓMHauMM, m ABa TaKMx AMMepa 
CXOAflTCfl, MTOÓbl o6pa30BaTb kom n/ieKC, B KOTOpOM 
npoMcxoAMT peaKUMíi nepeHoca. 

tíäKäá PeKOMÓMHauMB (J)ara abmóas npoMcxoAMT b 

MHTaCOMe 

• 1/lHTerpauMíi (J)ara nmOpa npoMcxoAMT b oólumphom 
KOMn/ieKce, KOTopbiíí, noMMMO npoMMx, coAep>KMT 6e/ioK 
IHF xo3BMHa. 

• PeaKUMB Bbipe3aHMB TpeóyeT ynacTM/i 6e/iKOB Int m Xis 
m y3HaeT kohuh flHK npo<})ara b KanecTBe cyócTpaTOB. 

IPJW1 Mo/iHaiAMe m aKTMBHbie AOKycbi nepeKAtonatoTCB npM 

CMeHe TMna cnapMBaHMB y Apo>K>Keíí 

• IloKyc MAL OTBeMaioiAMÍí 3a im cnapMBaHM/i y 
Apo>K>Keíí, MomeT AaBaTb reHOTMn MATa m/im MATa. 

• flpo>K>KM c AOMMHaHTHbiM a/i/ie/ieM HO nepeKnionaiOT 
TMn cnapMBaHMB. 

• A/i/ie/ib, HaxoA/UAMÍícfl b /íoKyce MAT, Ha3biBaiOT 
3KTMBHOÍÍ KaCCeTOÍÍ. 

• EcTb eme ABe MO/mamMx KacceTbi, HMLa m HMRa. 

• riepeK/noMeHMe npoMcxoAMT, ec/iM MATa 3aMeHíieTCfl 
HMLa M/i m ec/iM MATa 3aMeH/ieTCíi HMRa. 

/loKyc MAT KOAMpyeT 6eAKM-peryABTopbi 

• B ran/ioMAHbix K/ieTKax TMna a, MATa aKTMBMpyeT 
reHbi, onpeAe/iíiioiAMe a-cneuM(J)MMHbie (JjyHKUMM, 
HeoóxoAMMbie a/ib cnapMBaHM/i, m MHaKTMBMpyeT reHbi, 
oóyc/ioB/iMBaioiAMe TMn cnapMBaHM/i a. 

• B K/ieTKax TMna a MATa He TpeóyeTc/i. 

• B Ann/ioMAHbix K/ieTKax npoAyKTbi reHOB a 1 m a 2 
KOonepaTMBHO penpeccMpyioT ran/ioMA-cneuMc|)MHHbie 
reHbi. 

iifkŕM Mo/inaiAMe KacceTbi b HML m HMR penpeccMpoBaHbi 

• HML m HMR penpeccMpoBaHbi c ynacTMeM 3/ieMeHTOB- 
caíí/ieHcepoB. 

• B MMC/io /íoKycoB, HeoóxoAMMbix a/ib noAAep/KaHMíi 
penpeccMM HML m HMR, bxoaat SIR1-4, RAP1 m reHbi 
rMCTOHa H4. 

• CBfl3biB3HMe KOMn/ieKca ORC c caíí/ieHcepaMM 
HeOÓXOAMMO A/1B MH3KTMB3I4MM. 

ihKA OAHOHanpaBAeHHbiíí nepeHoc MHMUMMpyera 
/íOKycoM-pei^MnMeHTOM (MAT) 

• riepeK/noMeHMe TMna cnapMBaHMH MHMUMMpyeTC/i 
AByxuenoMeMHbiM pa3pbiBOM, KOTopbiíí 3HAOHyK/iea3a 
HO BHOCMT B ZlOKyC MAT. 

|£££J ľlepeKAtOHeHMe KOHTpoAMpyera pery/i/ujMeM 

3KcnpeccMM HO 

• 3HAOHyK/iea3a HO CMHTe3MpyeTCfl b ran/ioMAHbix 
MaTepMHCKMx K/ieTKax, m nepeK/noneHMe 
«Bbl/lMBaeTCíl» B HOBblíí TMn CnapMBBHM/l OÓeMX 
AOMepHMX K/ieTOK. 

ťfeJUá Pe3K)Me 
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BBefleHMe 


Eo reHeTHMecKOH peKOMÓHHaijHH He 6buio 6bi h sbojiio- 
u,hh. Ecjih 6bi oÓMeH MaTepHäJiOM MOK/jy (roMOJiorHM- 
HblMH) XpOMOCOMäMH 6bIJI HCB03M0)KeH, CO^epaCHMOe 
KaxgjOH OT/J,eJIbHO B3aTOH XpOMOCOMbI OCTaBaJIOCb 6bl 
3a(J)HKCHpOBaHHbIM B BHfle KOHKpeTHblX aJUieJICH. B03HH- 
Kaiomne ÓJiaronpnaTHbie MyTaunn hcbo3mo>kho 6bmo 6bi 
OTflejíHTb ot HeĎJiaronpnaTHbix MyTau,HH. CeraeHT J\ HK, 
cjiyacamHH MHineHbio j\j\n HeóJiaronpnaTHbix MyraijHH, no 
AJiHHe cooTBeTCTBOBaji 6bi ijejiOH xpoMocoMe, a He oTyje- 
jibHO B3aTOMy reHy. B KOHije kohijob, HaKomieHHe xpoMo- 
comoh AejieunoHHbix MyTauHH BocnpenaTCTBOBa^o 6bi ee 
(J)yHKLI,HOHHpOBaHHK). 

ľlepeTacoBbiBaa reHbi, peKOMÓHHauna cayacHT HHCTpy- 
MeHTOM pa3/j,ejieHHa B03HHKaK)m,HX MyTaunn c nocjieflyio- 
men hx npoBepKOH b KanecTBe 0Tfle;ibHbix ojicmchtob b 
pa3Hbix coneTaHMax ajmejien. PeKOMÓHHauna paóoTaeT n 
Kax cpeACTBO pacnpocTpaHeHna ójiaronpnarabix a;uie;ieH, 
H KaK epeACTBO 3JIHMHHHpOBaHHH HeÓJiaronpHflTHblX 2J1- 
jiejien 6e3 y/jajieHna Bcex ocTaabHbix reHOB, c kotophmh 
3tot a;uie;ib accouHnpoBaH. TaxoB 6a3Hc /yia ecTecTBeH- 
Horo oTóopa. 

PeKOMÓHHauHH, o KOTopoň cennac iima peMb, nponc- 
xoaht Mex^y cTporo cooTBeTCTByiomHMH nocjie/iOBaTe/ib- 
HOCTaMH J\ HK, TaK MTO HH OflHOH napbl OCHOBaHHH y pe- 
KOMÓHHaHTHblX xpOMOCOM He flOÓaBJíaeTCa H He TepaeTCa. 
B ijejioM ace Bbi/jejiaiOT Tpn rana peKOMÓHHaunn, o6meH 
nepTOH KOTopbix aBJíaeTca to, mto b pe3y;ibTaTe flymeKCbi 
flHK cJ)H3HMecKH oÓMeHHBaiOTca MaTepnaaoM: 

• PeKOMÓHHaijHK) MOK^y roMOJiornMHbiMn nocae/joBa- 
TejibHocTaMH J\UK Ha3biBaioT oču^eu, hjih roMOJionra- 
hoh, peKOMÓimaiuieii y synapnoT 0Ha nponcxoaHT 
npn Meno3e, kuk y caMijoB (bo BpeMa cnepMaToreHe- 
3a), Tax h y caMOK (bo BpeMa ooreHe3a). Mbi noMHHM, 
MTO Ha COOTBeTCTByiOmeH CTa^HH MeH03a H3 MeTbipeX 
XpOMaTHA B peKOMÓHHaUHH yMaCTByiOT JIHIIIb RBC (cm. 
pa3A. 2.7 «PeKOMÓHHauHa — sto pe3yabTaT c})H3HMec- 
khx nepecTpoeK flHK»). 

• flpyron npouecc jiokht b ochobc peKOMÓHHaunn mok- 
fly onpeAeaeHHbiMH napaMH noc;ieflOBaTe;ibHOCTeH. 
3to BnepBbie 6buio onncaHO y npoKapnoT, r/je caňT- 
cneu,H(^HMHaH (cneu,najm3HpOBaHHaH) peKOM- 
ÔHHai^HH npoH3BOAHT HHTerpaunio c})aroBbix reHo- 
mob b óaKrepnaabHyK) xpoMocoMy. B Hen ynacTByioT 
cneu,H(J)HMecKHe noc;ieflOBaTe;ibHocTH cJwoboh h óax- 
TepnaabHon J\ HK, co/jepacamne kopotkhh ynacTOK ro- 
MOJIOľHH. OepMeHTbl, npHMaCTHbie K 3TOMy COÓbITHK), 
AencTByioT aniiib Ha KOHKpeTHyio napy nocJieflOBaTeab- 
HocTen-MHineHeH, BCTynaiomHX b MOKMOJieKyaapHoe 
B3aHMO/j,eHCTBHe. MexcMoaeKyaapHbie peaicunn Toro 
ace po/ja HMeiOT mccto bo BpeMa fleaeHna óaKTepnn /yia 
pa3AeaeHna /jByx MOHOMepHbix KOJibijeBbix xpomocom 
H3 AHMepa, o6pa30BaBineroca b pe3yabTaTe roMOJiornM- 
HOH peKOMÓHHaUHH. riOXOXGie peaKU,HH MOiyr npHBO- 
AHTb k HHBepcHH cneu,H(J)HMecKHx ynacTKOB óaKTepn- 
aabHOH XpOMOCOMbI. 


• TpeTba pa3HOBH/iHOCTb peKOMÓHHauHH no3BoaaeT 
HOMy ceraerny HK ôbiTb BCTaBJíeHHbiM b flpyron i 
oTHOCHTejibHO cxo^CTBa hx nocjieflOBaTejibHoc 
IlepeHOC — sto cnocoó nepeMemeHHa onpeAeaeHí 
3JieMeHTOB H3 oflHoro MecTa Ha xpoMocoMe b ppy 
MexaHH3Mbi nepeHoca ocHOBaHbi Ha «pa3pbme h i 
coeAHHeHHH» u,eneň ^K, mto poahht hx c npoi^e 
MH peKOMÓHHaUHH (cm. m. 21 «TpaHcno30Hbi», h r; 
«PeTpoBHpycbi h peTpono30Hbi»). 

• B pa^e oôeToaTejibCTB /yia KOHTpojia 3KcnpeccHH re 
Hcnoab3yeTca hx nepecTaHOBKa. npn stom Moryr o( 
30BbiBaTbca HOBbie reHbi, noAxoflaujne/yia 3Kcnpeca 
AaHHbix ycaoBHax, KaK b cjiyMae c HMMyHorjioóyjiHHí 
nepecTaHOBKa reHOB Taoce MoaceT 6biTb «otbctct] 
Ha» 3a nepeioiiOMeHHe aKTHBHoro cocToaHHa c o ry 
npeAcymecTByioiij.ero reHa Ha Apyroň, KaK b cjiyMae c 
noM cnapnBaHHa y Apoa^cen, r pp nocaeflOBaTeabHí 
b aKTHBHOM aoKyce MoaceT 6biTb 3aMeHeHa Apyron i 
jieflOBaTeabHocTbio H3 MoaMamero aoKyca. 06a i 
nepecTaHOBOK no CBoeMy MexaHH3My noAOÓHbi Tp; 
no3Hu,HH; Ha caMOM fleae, hx moíkho paccMaTpHBaTt 
TpaHcno3HijHK) cneunaabHoro Ha3HaMeHHa. 

• En^e oflHH Tnn peKOMÓHHauHH Hcnoab3yeTca BHp 
mh c PHK-reHOMOM. B xo^e ero noanMepa3a npn c 
Te3e PHK <<nepecKaKHBaeT» c oahoh MaTpnubi Ha / 
ryio. B pe3yabTaTe HOBOCHHTe3npoBaHHaa Moaei 


ToMOiiorMMHbie AHK MoryT pexoMÔMHMpoBaTb 
no /iio 6 oMy no/io>KeHMK> 


rio/io>KeHMe 1 


I 


rio/io>KeHMe 2 


I 


rio/io>KeHMe 3 


\ 


PMC. 19.1 06mafl (roMoaornMHafl) peKOMÓMHauMfl mo>K6t npoi^ 
t m b juo 6 o\á tomk 6 flByx roMoaorMMHbix MoaeKya flHK 


19.1 BBefleHMe * 













































P M C. 19.2 CaMT-cneuMc|)MMHafl peKOMÓMHaunfl nponcxoAHT Me>Kfly ABy- 
Mfl KOHKpeTHbIMM TOMO/lOrMMIHblMM HytOieOTMflHblMM ľlOCJieAOBaTejlbHOC- 
TflMM (0TM6H6HHblMM 3e/ieHblM LIB6T0M). B OCTa/lbHblX MaCTflX peKOMÓM- 
HMpyiomMe MO/ieKy/ibi Moryr cKo/ibyroflHO cn/ibHO pa3/iMMaTbca 


coneTaeT b ce6e HH(j)opMaijHK) ot oóohx «poAHTe;ieH». 
TaKOH MexaHH3M peKOMÓHHaUHH Ha3bIBaiOT bbi 6 o- 
pOM koiihh h oh BKpaTije o6cy>KAaeTca b pa3A. 22.4 
^HK peTpoBHpyca aBJíaeTca npoAyKTOM oóparaoH 
TpaHCKpHIILI,HH». 

flaBaňTe paccMOTpHM npnpoAy h nocjie/jCTBHa oónieH 
(roMOJiorHMHOH) h cneij,HajiH3HpoBaHHOH (caňT-cneiiH- 
(})HMHOH) peKOMÓHHaUHH. 

Ha p M c. 19.1 yTOMHaeTca, mto oómaa peKOMÓHHaijHa 
npoHexoAHT MOKAy flByivta roMOJiornMHbiMH Ay™eKcaMH 
JX HK h MoxceT cjiyHHTbca b jiioóoh tohkc no Bceň hx /yiHHe. 

flBe XpOMOCOMbI HaApe3aiOTCa B SKBHBaJieHTHblX TOHKaX H 
3aTeM cHOBa coeAHHaioTca, o6pa3ya peunnpoKHbie peKOM- 



CaíÍT-cneuMc|)MMHafl peKOMÓMHaunfl MOweT 6biTb ncno/ib30- 
BaHa /yifl npeBpameHMA KO/ibija-AMMepa b Aea Ko/ibueBbix MOHOMepa 


ÓHHaHTbi. B TOMKe CKpemnBaHHfl (oc})op]vnieHHOH Ha pncyH- 
xe b BH^e X) xaamaa H3 xpoMocoM-yMacmnn, cocTbiKyeTca c 
BTOpOH xpOMOCOMOH. Upu 3TOM flHK ľJIOÓaHbHO He MCHfl- 
eTca; npoAyKTbi h npemnecTBeHHHKH hmoot oflHy h Ty xce 
CTpyKTypy h roMOJiornMHbi. 

CneiiHa^H3HpoBaHHaa peKOMÓHHaijHa nponcxoAHT 
TOJibKo MOKAy cneu,H(J)HMecKHMH caHTaMH. Pe3y;ibTaTbi 3a- 
bhcht ot MecTonojioxceHHa flByx peKOMÓHHnpyioiiiHx can- 
tob. Ha p M c 19*2 noKa3aHo, k2lk MOKMOJieKyjiapHaa peKOM- 
ÓHHaiira MOKffy KOJibijeBOH h jihhchhoh HK BCTaBJíaeT 
Ko^biieByio RHK b jiHHeHHyio. Ha :s.: noKa3aHO, kuk 
BHyTpnMOJieKyjmpHaa peKOMÔHHauna MOKuy AByMa canTa- 
mh Ha Ko^biieBOH flHK BbicBoóoxcAaeT ABe KOJibijeBbix flHK 
MeHbinero pa3Mepa. CneijHa^H3HpoBaHHaa peKOMÓHHaiina 
3anacTyio ncno;ib3yeTca /yia TaKoro po^a opraHH3aunoH- 
hhx npeo6pa30BaHHH, o 6 yc;ioBjieHHbix MecTonojioace- 
HHeM peKOMÓHHHpyiOIIlHX CaHTOB. MHOroe H3BCCTHO 06 
ocymecTBJíaiomHx cneu,HanH3HpoBaHHyK) peKOMÓHHaunio 
c})epMeHTax, cxoxcnx c Tonon30Mepa3aMH, Mbe achctbhc 
HanpaBAeHo Ha H3MeHeHne CBepxcnnpa^H3auHH flHK. 


19.2 


roMOiiorMMHan peKOMÓMHaiiiHi 
npOMCXOAMT MOKfly XpOMOCOMdMH 
B C 0 CT 0 BHI 1 M CMHaflCMCa 


KniOHeBbie noHATMfl: 


• XpOMOCOMbI flO/DKHbl CMHaľlCMpOBaTb (nOnapHO c6/lM3MTbCfl) 
A/lfl o6pa30BaHMfl XMa3M. 

• CTaAMM MeŇ03a MOryT 6blTb COOTHeceHbl C COÓbITMflMM 
MOJieKy/iflpHoro ypoBHfl. 


ľoMOJiorHMHaa peKOMÓHHauna — sto peaKijna MeacAy ABy¬ 
Ma AynjieKcaMH flHK. OepMeHTbi, npnMacTHbie k Hen, Moryr 
Hcno^b 30 BaTb b KanecTBC cyócrpaTa jnoóyio napy tomo- 
jiornMHbix nooieAOBaTejibHOCTeH (xoTa HeKOTopbie THnbi 
nocjieAOBaTejibHOCTeH Moryr 6biTb npeAnoMTHTe;ibHee Apy- 
rnx). Ha npocrpaHCTBe HHAHBHAyajibHoro reHOMa nacTOTa 
peKOMÓHHaiiHH KOJieÓJieTca noA BAnaHneM TAOÓa^bHbix n 
;iOKa;ibHbix bo3achctbhh. 06niaa nacTOTa MoaceT cym,ecT- 
BeHHO pa3JiHMaTbca Aaa ooijhtob h cnepMaT030HA0B; Tax, 
MenoTHMecKaa peKOMÓHHaiina nponcxoAHT y xcchiahh 
BAB oe name, neM y My^cMHH. BHyTpn reHOMa nacTOTa 3aBH- 
CHT OT CTpyKTypbl XpOMOCOMbI — B MaCTHOCTH, OÓMCH Lie- 
naMH noAaBAaeTca b6ah3h KOHAeHcnpoBaHHbix h HeaKTHB- 
hhx ynacTKOB reTepoxpoMaraHa. 

ľoMOJiorHMHaa peKOMÓHHauna nponcxoAHT bo BpeMa 
AAHTejibHOH npoc})a3bi Meno3a. Ha >h npoBeAeHa 
napa^e^b MeacAy bhahmhmh H3MeHeHnaMH xpomocom (b 
TeneHne nara cTaAHH mchotomcckoh npoc})a3bi) h MOJie- 
KyjiapHbiMH B3anMOAeHCTBHaMH no oÔMeHy MaTepna^OM 
MOKAy AynjieKcaMH ^HK. 

ToMKa oTcneTa MeH03a — momcht, KorAa cTaHOBaTca 
bhahh oTAeAbHbie xpoMOCOMbi. Kaamaa H3 hhx npeABa- 
pnTejibHo npopenAHiinpoBa^acb h coctoht H3 AByx cecT- 
Phhckhx xpoMaTHA, coAepacamHx AynneKC flHK. Ťomojio- 
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PeKOMéHHaqun nponcxoAm Ha onpeAeneHHbix craAMfix Mei*03a 


Xoa Meŕío3a 


B3anMOAeMCTBMíi Mo/ieKy/i flHK 


JlenTOTeHa: 
KOHfleHCMpOBaHHbie 
XpOMOCOMbl CTaHOBBTCB 
BMflMMblMM, OHM 
npMKpen/ieHbi 
K BflepHOM OÓOilOHKe 



\/\£\/\/a/a/ 

\/\/\/\/\/\/ 


VV/WW 

VA/A//v4\A.// 


Kawflafl xpoMocoMa 
pen/iMUMpoBaHa 
M COCTOMT M3 flByX 
CeCTpMHCKMX 
XpOMaTMfl 


3MroieHa: 
KopoTKMe ynaciKM 
rOMO/lOrMHHblX 
XpOMOCOM 
o6pa3yK)T napbi 



GKf\áA/A/. Hhmum3umb 
\ZA/?k/A// A// 
\/A/A/A/A/\// 
\/A/AJÄ*A/K& 


riaxMTeHa: 

CMHanTOHeMHbIM 

KOMn/ieKc 

pacnpocTpaHBeTCB 

no Bceň fl/iMHe 

rOMO/lOľMHHblX 

XpOMOCOM 



X/X/V^/X/W 
VVV V \/A// 


\Z\pJ. /\/\.' 


\S\Z\Z\'\/\// 


OÓMeH uenBMM 

ToMO/iorMHHbie 

Ayn/ieKCbi 

OÓMeHMBaHDTCB 

OflMHOHHbIMM 

uenBMM 


flMn/iOTeHa: 

XpOMOCOMbl 

pa3fle/lBK)TCB, 

HO npOflOJDKaiOT 
yflep>KMBaTbCB BMecie 
M3-3a XM33M 



vwvw 


/j\j \/A/ 



W\'W\/ 


Accmmm/ibumb: 
perMOH oÓMeHa 
uenBMM 
paciBMpBeTCB 


flMaKMHe3: 

XpOMOCOMbl 
KOHfleHCMpyiOTCB 
TepBHDT CBB3b 
C flflepHOM 06 /lOHKOM, 
XMa3Mbl 0CT3K)TCB, 
CTaHOBflTCfl BMflHbl 
Bce neTbipe xpoMaTMflbi 



WWW 

X/X/X/X/X/X/ 


\/A/A/A/sK/A// 
X/X f\/A/\/A// 


Pa3fle/ieHMe 


P M C i y. í; MeííoTMMecKafl peKOMÓMHauMfl npMypoMeHa k npoc|)a3e nepBoro Ae/ieHMA Meíío3a. Cra- 
AMio npoc|)a3bi mo>kho onpeAe/iMTb no BHeiuHeMy bmay xpomocom. Xota Ka>KAaa MeííoTMMecKafl xpo- 

MOCOMa COCTOMT M3 AByX pen/lMK (CeCTpMHCKMX XpOMaTMA), 33M6THblM 3T0 CT3H0BMTCfl TO/lbKO B KOH- 
ue nepBoíí npoc|)a3bi. Ha M0/i6Ky/iflpH0M ypoBHe, Ka>KAoe coóbiTMe KpoccMHroBepa 3aTparMBaeT ABe 
M3 MeTbipex roMO/iorMMHbix AByxuenoMeMHbix MO/ioKy/i flHK 


THHHbie XpOMOCOMbl nOflXOAaT ppyľ K Apyiy H HäMHHälOT 
cnapHBaHHe no oahomy hjih 6o;iee ynacTxaM, o6pa3ya 6 h- 
Ba^eHTbi. CnapHBaHHe npoflOJDxaeTca j \o Tex nop, noxa 
xaxc/jaa xpoMocoMa He nporaBonocTaBHTca roMOJiory no 
Bceň CBoen jyimie. CnapHBaHHe xpomocom Taxace Ha 3 bi- 
BaiOT CHHancHCOM (KOH'biorauHeH). no ero 3aBepmeHHH 
roMOJiorHMHbie xpoMocoMbi 0Ka3braai0TCfl JiaTepaabHO ac- 
couHnpoBaHbi b c})opMe CHHanTOHeMHoro KOMiuieKca 
C XapaKTepHOH CTpyKTypOH, HIOaHCbl XOTOpOH BapbHpyiOT 
JXJm pa3HbIX BHAOB OpraHH3MOB. 

PeKOMÔHHauna MOKffy XpOMOCOMaMH — 3TO (J)H3HMeC- 
KHH OÓMeH MaCTHMH, KOTOpblH MexaHHCTHMCCKH OÓbIMHO 
npeflCTaBJíaeT coóoh pa3pbiB h boccoc^hhchhc. J\bc He- 
cecTpnHCKHX xpoMaTH^bi (xaa^aa co/jepacnT /jynjiexc flHK) 
OKa3biBaiOTca pacceneHbi nonepeK, a 3aTeM nofliiíHTbi ppyv 


k Apyry. Kor/ja xpoMocoMbi HanHHaioT pacxo/jnTbca, moxcho 
H aÓJiiOAaTb, xax ohh yaepxcHBaiOTca BMecTe AHCxpeTHbiMH 
o 6 pa 30 BaHnaMH, Ha 3 biBaeMbiMH xna 3 MaMH. Hhcao h pac- 
npefleJieHHe xna3M paccMaTpHBaioT xax HHAnxaTopbi reHe- 
ranecxoro CKpeiAHBaHHa Ha MOJiexyjiapHOM ypoBHe (cm. 
pne. 19-4). B TpaAHijHOHHOM aHa;iH3e npnHaTo cnnTaTb 
COOTBeTCTBHe MOK/iy XHa3MOH H MOJieKyjiapHbIM CKpeiAH- 
BaHHeM B3aHMHO 0AH03HaMHbIM. Xna3MbI 3aMeTHbI H nOCJie 
OKOHMaTeJIbHOH KOHAeHCaUHH XpOMOCOM, KOľ/ja CTaHOBaT- 
ca bhahh Bce neTbipe xpoMaraAbi. 

KaxoBa >xe ocHOBa sthx coóbiTHH Ha MOJiexyjiapHOM 
ypoBHe? Kaxc/jaa eecTpHHCKaa xpoMara^a coAepxoiT oahh 
AymieKC J\ HK, Tax mto xaa^bíň ÓHBaaem coAepxaiT neTbipe 
AynaexcHbix Moaexyjibi HK. /Via pexoMÓHHauHH TpeóyeT- 
ca MexaHH3M, xoTopbiH no3Boaaa 6bi ABycnnpajibHOH flHK 
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PMC. 19.5 PeKOMÓMHaUMfl o6yCAOBA6H3 B33MMOA6MCTBM6M KOMľl/16- 
M6mapHbix ueneíí M3 pa3Hbix AynAeKCOB 


OAHOH XpOMaTHflbl B3aHMOACHCTBOBaTb C /J,ByCIIHpaJIbHOH 

ace flHK xpoMaTH^bi Apyroň (roMOJiorHHHOH) xpomoco- 
Mbi. 3Ta peaKijHa AOJDKHa óbiTb B03M0)KHa Afla jiioóoh napbi 
cooTBeTCTByioiAHX Apyr Apyry noaieAOBaTejibHocTeň AByx 
MOJieicyji b BbicoKocneii,HcJ)HMHOH MaHepe, no3BOJiaiomeH 
OÓMeHHBaTb MaTepHa^ C BblCOHaHUieH TOHHOCTbK), BnJIOTb 
pp OTflCJIbHO B3HTOH napbl OCHOBaHHH. 

HaM H3BeCTeH JIHUIb OAHH MexaHH3M 0n03HaBaHHfl HyK- 
jieHHOBbiMH KHCJioTaMH noejieflOBaTejibHOCTeH flpyr Apyra: 
no npHHiinny KOMrnieMeHTapHocra Meacfly oflHHOHHbiMH 
uenaMH. Ha p m c. 19.5 npeAcraBJíeHa oónjaa MOAejib ynacraa 
OAHHOMHbix uenen b peKOMÓHHaijHH. Ha nepBOM 3Tane b 
K aacAbin AynneKc flHK BHocaTca pa3pbiBbi, 4T0 bmcboóoik- 
AaeT oflHy hjih o6e uenn flymieKca. Ecjih xoTa 6bi oflHa H3 
uenen 3aMemaeT CBoero roMOJiora b flpyroM flynneKce, flBa 
AynjieKca oópa3yioT rnópHfl. 3 tot 3$cj)eKT 3aKpen;iaeTca 
pacnpocTpaHeHneM itióphahoh 30Hbi, t. e. yBeJiHneHneM 
npoT5DKeHHocra 3aMemeHHoro ynacTKa. Oómch oóchmh 
uenaMH Moacer CBa3aTb ABa AynjieKca flHK Ha MaHep MOJie- 
KyjiapHoro CKpeiflHBaHHa, KOTopoe noAAOKHT «pa3pbmy h 
BOCC oeAHHeHHio» (to ecTb nocTynaer b KOMneTeHunio co- 
OTBeTCTByiOIAHX (J)epMeHTHbIX CHCTeM). 

Ha ceroAHfliiiHHH AeHb Mbi He b coctoahhh hctko npn- 
BH3aTb COÓbITHa MOJieKyJiapHOľO ypOBHa K H3MCHCHHaM Ha 
ypoBHe xpoMocoM. HeAOCTaTOMHo noApoÓHa HH(})opMauHa 
o MOJieKyjiapHOH npnpoAe peKOMÓHHaijHH b icieTKax Bbi- 
ciiihx synapnoT (rAe mcho 3 noABepra;ica caMOMy npncrajib- 
HOMy HaójnoACHHio). Jlniiib HeAaBHO, ÓJiaroAapa HeKOTopbiM 
oÓHappKeHHbiM y ApoaoKeň MyTaunaM, cra;io B03M0>KHbiM 
cooraec™ paA «Mo;ieKy;iapHbix» 3TanoB co CTaAHaMH Men- 


03a, h to npn6^H3HTe^bHO. CymecTByeT AeTa^bHaa HHcJiop- 
Maijna o npouecce oÓMeHa reHeTHnecKHM MaTepna^OM 
MOKAy AynJieKcaMH fl HK y óaKTepnn, ho y hhx peKOMÓH- 
Hauna npeACTaBJíaeT coóoh CKopee B3aHM0ACHCTBHe Me>KAy 
orpaHHMeHHbiMH ynacTKaMH, neM o6pa30BaHne nap nojiHo- 
pa3MepHbiMH reHOMaMH. CHHancHC ayKapHOTHnecKHx xpo- 
mocom npoAOJDKaeT ocraBaTbca caMOH TpyAHOoó'bacHHMOH 
Ha MOJieKyjiapHOM ypoBHe nacrbio npouecca. 


19.3 


Pd3pblB M BOCCOeAMHeHMe 

c yqacTMeM 

reTepOAyn/ieKCHOíí flHK 


KmoMeBbie hohatma: 


• KaiOMeBbiM co6biTM6M peKOMÓMHauMM Me>KAy AByMfl Ayn/ieKcaMM 
flHK ABAfleTCfl 06M6H OAMHOMHbIMM uenflMM. 

• KorAa uenb flHK OAHoro Ayn/ieKca BbiT6CHfl6T CBoero 
«ABOiíHMKa» M3 APyroro Ayn/ieKca, o6pa3yeTCB pa3B6TBA6HHafl 
CTpyKTypa. 

• TaKoíí o6m6h reHepMpyeT Ha xpoMocoMe reTepoAynAeKCHbiíí 
ynacTOK, coAepmaiAMÍí no oahoíí uenM flHK ot Ka>KAoro M3 
MCXOAHblX Ayn/ieKCOB. 

• flBa peuMnpoKHbix oÓMeHa HeoóxoAMMbi a/ib o6pa30BaHMA 
C06AMH6HH0ÍÍ MOAOKyAbl. 

• CoeAUHeHHafl MoaeKyaa pa3B0Amcfl Ha ABa oóocoóaeHHbix 
AynaeKca nocpoACTBOM pa3pbiBa a By x cBB3biBaioiAMx ueneíí. 

• riOAyMaTCfl peKOMÓMHaHTbl MAM H6T, 33BMCMT OT TOTO, B K3KM6 
UenM flHK npM pa3AGA6HMM 6yAyT BHeceHbi pa3pbiBbi: b Te, mto 
ynacTBOBaAM b peuMnpoKHOM oÓMeHe, mam b Apyryío napy. 


Akt coeAHHeHHa flByx Ayn^eKCHbix Jl HK ^eacnT b ochobc 
Bcero npouecca peKOMÓHHaunH. noceMy Haní Moneicyjiap- 
HO-ÓHonornMecKHH aHa^H3 3Toro aBneHHa HanHeTca c pac- 
mnpeHHa npeACTaBjíeHHH 06 ncnojib30BaHHH cnapnBaHna 
a30THCTbIX OCHOBaHHH Me^Cfly KOMnJieMCHTapHblMH OAH- 
HOMHbiMH uenaMH, ynacTByiomHMH b peKOMÓHHaijHH. U,e- 
aecoo6pa3HO npeACTaBHTb ce6e peaKijnio peKOMÓHHaiiHH b 
TepMHHax oÓMeHa oahhohhmmh uenaMH (xoTb Mbi h yBH- 
AHM, MTO OHa Heo6a3aTeJIbHO HHHU,HHpyeTCa TOJIbKO TaK), 
nocKonbKy CBOHCTBa C03AaHHbix TaKHM oópa30M MoneKya 
cym,ecTBeHHbi pnn noHHMaHHa npoueccoB, cocTaBnaioiAHx 
OCHOBy peKOMÓHHailHH. 

pmc. 19.6 HnniocTpHpyeT npouecc, HanHHaioiflHHca c 
pa3pbiB0B b HAeHTHMHbix TOMKax roMonorHMHbix uenen 
AByx cnapeHHbix /(HK-AynjieKcoB. Pa3pbiB no3BOJiaeT 06- 
pa30BaBinHMca cboóoahwm KOHu,aM ABnraTbca. KaacAaa 
u,enb ocraBJíaeT CBoero napTHepa h coBepmaeT cnapnBa- 
HHe (KpOCCHHrOBep) CO CBOHM KOMnJieMeHTOM B APyrOM 
AynjieKce. 

PeiinnpoKHbiH oÓMeH uenaMH 3aKpennaeT CBa3b MOKAy 
AynJieKcaMH Jl HK. CBa3aHHyio TaKHM oópa30M napy AynneK- 
COB Ha3bIBai0T COeflHHeHHOH MOJieKyjIOH. TOMKy, B KOTO- 
poH oTflenbHaa uenb J\UK nepexoflHT c oflHoro AynneKca Ha 
ApyrOH, Ha3bIBai0T peKOMÓHHaHTHbIM COeflHHeHHeM. 

TaM, rfle hact peKOMÓHHauna, b cocTaBe Ka)KAoro ynac- 
TByioiflero b hch AynaeKca Jl HK ecTb ynacTOK, coAepacaniHH 
no oahoh uenn ot KaacAoro ynacTByioiflero b hch flyimeKca 
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mcokho, nocKOJibKy BeTBb Morjia MHrpHpoBaTb yxce noc;ie 
H30JIflIJHH MOJieKyJIbl. 

MnrpaijHfl BeTBH b npoMOKyTOMHOM npoAyKTe pexoM- 
ÓHHaUHH II03B0JIHeT peKOMÓHHaHTHOMy COeAHHeHHK) ABH- 
raTbca b jiioóom h3 AByx HanpaBjíeHHH. CKopocTb caMonpo- 
H3BOJibHOH MHrpauHH bctbh tohho He onpeAejieHa, ho no 
ou,eHK2M in vitro , Bepoflrao, iieAOCTaTOHHa, MToôbi oóecne- 
nHTb o6pa30BaHHe npoTíDKeHHbix ynacTKOB reTepoAynjieKC- 
hoh J\ HK b ecTecTBeHHbix ycjiOBHíix. OieAOBaTejibHo, jnoóafl 
3KCTeHCHBHa« MHrpaiJHfl BeTBH in VÍVO flOJIXCHa KaT2JIH3H- 
pOBaTbCH (J)epMeHTOM peKOMÓHHaUHH. 

CoeAHHeHHaH MOJieKyjia — npoAyicr oÔMeHa ijemiMH — 
AOJDKHa 6biTb pa3dejieua Ha ABe oóocoójieHHbix AynJieKc- 
hhx MOJieKyjibi. Pa3Ae^eHHe TpeóyeT eme napbi oAHOije- 
noMeMHbix pa3pbiBOB. CaMbiH jierKHH cnocoô pa3o6paTbCfl 
B B03M0XCHbIX HCXOAaX — paCCMOTpeTb COeAHHeHHyiO MO- 
jieKyjiy b oahoh njiocKocra k 2 lk cTpyicrypy Xojump£n. B 
stom noMoxceT pmc. 19 . 8 , r^e H3o6paxceHa Ta xce cTpyicrypa, 
mto h Ha pne. 19-6, ho c oahhm h 3 AynJieKCOB, noBepHyTbiM 

OTHOCHTeJIbHO APyrOľO. HCXOA peaKlJHH 3aBHCHT OT TOľO, 
Kaxaa napa ijeneH óyneT nepepe3aHa. 

Ecjih pa 3 Ae;ieHa ôy^eT napa ijeneH, KOTopaa He hhh- 
iinnpoBa^a oÓMeH ijenflMH, nojiyMHTCfl, mto Bce neTbipe hc- 
xoahhx ijenn óbuin b KaKOH-To momcht nepepe3aHbi. Tax 
BbicBoóoxcAaiOTCB ciuiaňc-peKOMÔHHaHTHbie MOJieicyjibi 
J\ HK. JXyuncKC /JHK o/jHoro poAHTejifl KOBajieHTHo npnBH- 
3aH k AymieKcy flHK Apyroro poAHTejifl nepe3 ynacTOK reTe- 
poAynjieKCHOH J\ HK. MexcAy MapxepaMH, pacnojioxceHHbiMH 
no o6e cTopoHbi reTepoAyrweKCHoro ynacTKa, 3ac})HKCHpo- 
BaH CTaHAapTHblH aKT peKOMÔHHailHH. 


PHC. 19.6 Akt peKOMÓMHaunM flByx roMO/iorMMHbix AByxu6noM6MHbix 
Mo/ieKy/i BK/HOM36T b ce6fl 3Tanbi BHeceHMB Haflpe30B, KpocciiHroBe- 
pa oflMHOMHbix ueneň n MMrpauMM betbm 

flHK. 3tot ynacTOK Ha3biBaeTca raGpHAHoň AHK, hjih re- 
TepOAyruieKCHOH JJfiK 

PeKOMÓHHaHTHoe coeAHHeHHe oTjiHMaeTCfl TeM, mto mo- 
xceT ABHraTboí BAOJib AyrweKca. TaKyio MoÔHjibHocTb Ha3bi- 
BaiOT Mnrpau,Heň bctbh. 19.7 ujmiocTpHpyeT Mnrpa- 
UHK) OAHHOMHOH U,enH B JJ)TLľíCKCC. TOMKa BeTBJíeHHfl MOXCeT 
MHrpnpoBaTb b ji ioóom HanpaBjíeHHH no Mepe 3aMemeHH5i 
oahoh uenn Apyron. 

Mnrpau,HH bctbh BaxcHa ajih Hac no npnMHHaM k2lk Teo- 
peTHMecKoro, Tax h npaKTHMecKoro CBOHCTBa. B cjjyHAaMeH- 
TajibHOM miaHe, OHa npHAaeT peKOMÓHHHpyiomHM CTpyKTy- PUČ. 19.7 Mnrpaun5i betbm mmei matu b jiioóom m Aeyx HanpaB- 

paM AHHaMHMHOCTb. C npaKTHMCCKOH TOMKH 3peHHH, H3-3a /íeHMÍÍ: ABe MAeHTMMHblX OAMHOMHblX l\en\A pa 3 Ae/lfllOT K 0 Mľl/ 16 M 6 H- 

Hee ycTaHOBHTb in vitro ncxoAHyio TOMKy bctbachhh hcbo3- TapHyio uenb 
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P MC. 19.8 Pa3Ae/ieHne crpyKTypbi Xo/i/iMAea MoweT nopoflMTb pe- 
KOMÓMHaHTOB M/IM BepHyTb MCXOflHbie MO/ieKy/lbl, B 33BMCMMOCTM 

ot Toro, no KaKMM uenaM npoíÍAyT pa 3 Ae/iaiomMe HaApe 3 bi. 0 ah3Ko 
BC/ 16ACTBM6 MMrpaLJMM BeTBM, /HO 60 ÍÍ npOAyKT pa3Ae/ieHMfl 6 yAeT co- 
Aep>KaTb TMÓpMAHblM yMBCTOK 


Ecjih npoBecTH HaApe3bi cTpyKTypbi XoJuiHAea no TeM 
AByM ijenaM, KOTopbie yxce ôburn pa3pe3aHbi, Apyrne ABe 
ocraiOTCfl HeTpoHyTbiMH. TaKoe pa3AeAeHne BbicBoóoxcAaeT 
ncxoAHbie (poAHTejibCKne) AynJieKCbi nOHTH HeTpOHyTbIMH, 
3 a HCioiiOMeHHeM Heóojibinoro ynacTxa reTepoAynjiexca, oc- 
Taiomeroca noc/ie coóbiTna pexoMÓHHaijHH. Taxne MOJiexy- 
Jlbl Ha3bIBaiOT 3aiLiaTOMHbIMII peKOMÔHHaHTaMH (patch 
recombinants). 

3th a^bTepHaTHBHbie pa3pemeHna coeAHHeHHon mo- 
jiexy/ibi 3HaMeHyioT cneAyiomHH npnHijHn: oÔMen i^enmu 
Mejtcdy dyruieKCcmu JJpíK ecezda ocmaejmem aied e eude 
ynacmm zemepodyrmeKCuoú /JHK, odnaico 3mom oÔMen 
MOMem u ne conpoeoMdambcn peKOMÔunai^ueú 0jianzoe 
zemepodyruieKCHOzo ynacmm. 

KaxoBa MHHHMa/ibHäa AAHHa ynacTxa oahhomhoh uenn, 
TpeóyeMaa aa« ycraHOBJíeHna cbh3h MOKAy pexoMÓHHnpy- 
ioiahmh AynJieKcaMH? B sxcnepnMeHTax no HHTpoAyKn.HH 
B ÓaKTepniO KOpOTKHX rOMOJIOľHMHblX nOCJieAOBaTCJIbHOC- 
Ten (c njia3MHAon hjih c})aroM b xanecTBe HocnTe/w) Macro- 
Ta peKOMÔHHaiiHH pe3KO naAa^a aaa ynacTxoB roMOJiornn 


Kopone 75 nH — paccroflHHa, omyTHMo óojibinero, neM j\c- 
chtok nH, HeoóxoAHMbin jym accounaunn xoMnneMeHTap- 
hhx oAHOuenoMeMHbix ynacTKOB. 3to 03HanaeT, mto m* pe- 
KOMÓHHau.HH TpeóyeTca HenTo óojibinee, neM peHaTypaiina 
KOMnjieMeHTOB xa k TaxoBaa. 


19.4 


AByxuenoMeMHbie pa 3 pbiBbi 
MHMMMMpyiOT peKOMÓMHaUMK) 


K/noneBbie noHBTMíi: 


• PeKOMÓMHaAMíl MHMAMMpyeTCfl AByXUenOHeHHbIM pa3pblBOM f 
BHOCMMbIM B Ayn/ieKC-p6l4MnM6HT. 

• AeíícTBMe 3K30HyK/iea3bi reHepMpyei 3'-OAHouenoMeMHbie 
KOHUbi, KOTopbie BTopraiOTCfl b Apyroií Ayn/ieKC-AOHop. 

• HOBblíí CMHT63 AHK B0CCTaHaB/lMBa6T pa3pymeHHblM 
MaiepMa/i. 

• Tax o6pa3yeTCB oôbeAMHeHHaa poKOMÓMHaHTHaa Mo/iexy/ia, 
b KOTopoíí ABa Ayn/ieKca AHK coeAMHeHbi ynacTKOM 
reiepoAyn/ieKca. 


06maa MOACJib peKOMÓHHaiiHH Ha pne. 19.4 noxa3biBa- 

eT, K2LK B OAHOM H3 AyHJieXCOB AOJDKCH ÓbITb npOH3BCACH 
pa3pbiB, MToóbi OAHHOMHbie uenn Morjin cTaTb AOCTyn- 
HbiMH aii« ynacTna b reHeranecxoM oÓMeHe. Ha pne. 
19.6 npnBeAeHa MOAejib, coniacHO xoTopoň pa3pbiBbi b 
OAHHOMHbix ijenax nponcxoAHT He3aBHCHMO n nocjieAO- 
BaTejibHO. Ha caMOM Rent, oómch reHeTHMecxHM MaTepn- 
a/iOM HHHijHHpyeTCfl AByxiienoneHHbiM pa3pbiBOM. 
CoOTBeTCTByiOIAyK) 3TOMy yTBepXCACHHK) MOACJIb HJUIIOC- 
TpnpyeT P M c. 19 . 9 . 

PeKOMÓHHaunio HHHu,HHpyeT 3HAOHyKnea3a, pa3pc- 
3aK)maa oahh H3 AynJiexcoB-napraepoB (peunnneHT). 
flencTBne 3X30Hyx^ea3bi npeBpaiAaeT pa3pe3 b npoôeji. 
3x30HyKnea3a (nx MoaceT óbiTb Hecxo/ibxo) «o6xycbiBaeT» 
uenb A.HK no KaxcAyio cTopoHy pa3pe3a, ocTaBAaa OAHOue- 
noneMHbie «xboc™», oKaHMHBaioiAHeca Ha 3'-OH. Oahh h3 

3 THX CBOÔOAHblX 3 '-KOHUOB 3 aTeM BTOpraeTCa B TOMOAO- 

rnMHyio o6;iacTb Apyroro AynJiexca (AOHopa). 3 tot npo- 
uecc Ha3biBaiOT BTopxceHneM, wim HHBa3neH, oahhomhoh 
uenn. 06pa30BaHne reTepoAynAexca A.HK conpaxceHo c 
noaBJíeHneM Tax Ha3bmaeMOH D-neTAH, b xoTopyio «yxo- 
Aht» BbiTecHaeMaa uenb AynJiexca-AOHopa. 3Ta D-neT/ia 
pacTeT ôjiaroAapa penapaTHBHOMy CHHTe3y A.HK, npn xo- 
TopoM BToprniHHca CBOÓOAHbiH 3'-xoHeu HcnoAb3yeTca b 
xanecTBe 3aTpaBxn. 

Hepe3 HexoTopoe BpeMa D-neTAa craHOBHTCfl Tax Be- 
Jinxa, mto AOcraraeT pa3Mepa npoôeAa b xpoMaTHAe-peiiH- 
nneHTe. KorAa BbiTecHaeMaa H3 AOHopa OAHHOMHaa uenb 
D-neTAH AOcraraeT Aa^bHero (jieBoro) xpaa npoóe^a co 
CBOÓOAHbiM («jinnxHM») 3 '-kohiiom, hx xoMnAeMeHTapHbie 
nocjieAOBaTejibHOCTH B3aHMOACHCTByiOT. Tenepb npoóe/i, 
(JjjiaHXHpoBaHHbiH ynacTxaMH reTepoAynAexcHOH A.HK, 3a- 
noJiHeH OAHOuenoMeMHOH D-neTJien. 

UcaocTHOCTb AynAexca Ha noBpexcACHHOM ynacrxe pe- 
u,HnneHTa MoxceT óbiTb BoccraHOB/ieHa nocpeACTBOM pena- 
paTHBHoro CHHTe3a c Hcnojib30BaHneM 3 / -xoHiia Ha jicboíí 
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PHC. 19.9 PeKOMÓMHauMíi MrnmunpyeTCfl AByxuenoHeHHbiM pa3pbi- 
bom; oh pa3pacTaeTCfl b npoóea c amhkmmm KpaflMM, oamh M3 koto- 
pbix HaMMHaeT BTopraTbca b roMOAorMHHbm Ayn/ieKC 


cropoHe npoóejia b KanecTBe 3 aTpaBKH h D-neTjieH b Kanec- 
TBe MaTpHUbi. B more penapauna npoóejia 3aHHMaeT rez 
OTAejibHbix payH^a CHHTe3a OAHOijenoMeMHOH HK. 

MHipaijHa BeTBeň npeo6pa3yeT nojiyHHBinyioca crpyK- 
Typy b AByx/iyn^eKCHyio MOJieKyjiy c ppyMn peKOMÓHHaHT- 
HbiMH coeAHHeHHHMH. /Via pa3AejieHHa coeAHHaiomHe ijenH 
AOjdkhm 6biTb nepepe3aHbi. 

Ecjih coeAHHeHHa HaApe3aiOTca no oahhm h tom ace 
uenaM, to BbiCBoóoxcAaiOTca ncxoAHbie HeKpoccoBepHbie 
MOJieKyjibi, KaxcAaa — c yMacTKOM H3MeHeHHOH reHera- 
MecKon HH(J)opMauHH, Kax cJieA nepeHeceHHOH pexoM- 
ÓHHaiiHH. Ecjih nepepe 3 aiOTca nporaBonojiojKHbie napbi 
iienen, pe3y;ibTaT npeACTaBjíaeT coóoh reHeranecKHH 
KpoccoBep. 

CTpyKTypa AByxcBa3Hoň MOJieKyjibi po pa3BOAKH cjiy- 
)KHT FUIAIOCTpaUHeH npHHIJHnHaJIbHOH pa3HHllbI MtyKffy 
MOAeabio c AByxuenoMeMHbiM pa3pbiBOM n moacji^mh, onn- 
paiOmHMHCA JIHIHb Ha OÓMeH OAHHOMHbIMH ueiIAMH (MOAe- 
JIH OAHOH lienH). 

• Kax cjieACTBHe AByxuenoHeHHoro pa3pbrea, no 06 a xpaa 
ynacTKa, BOBJíeHeHHoro b oómch ijenaMH, oópa3yioTca 
rerepoAynaeKCbi flHK. Meagay sthmh cerMeHTaMH reTe- 
poAymieKca HaxoAHTca ynacTOK, kotopmh y peuHnneH- 
Ta 6bui pa 3 pymeH (cm. pne. 19-9). Tenepb oh (y oóenx 


peKOMÓHHHpoBaBiiiHx MOJieKyji) no nocaeAOBaTejib- 
HOCTH COOTBeTCTByeT flHK AOHopa. TaKHM 0Ôpa30M, 
pacnoaoxceHHe reTepoAynjieKCHbix nocjieAOBaTejib- 
HocTen acHMMeTpHMHO, a nacTb oahoh MOJieKyjibi 6buia 
KOHBepTnpoBaHa b nocaeAOBaTeAbHocTb Apyroň. Bot 
noneMy oAHy H3 xpoMara^ — HHHijHHpyiomyio — Ha- 
3biBaioT peijHnHeHTOM. 

• B Bapnamax «MOAe;ieH oahoh ijenH», rpt ynacTOK HK 
AerpaflHpyeT h CHHTe3HpyeTca 3aH0B0, HHHijHHpyiomaa 
xpoMaTH^a, HaoóopoT, cjiyxcnT aohopom reHeTHMecKon 
HH(J)opMauHH. Kax caeACTBHe peunnpoKHoro oÓMeHa 
OAHHOMHbiMH uenaMH, b K 20 KP 0 M AyimeKce flHK reTe- 
po/iynaeKCHbiH MaTepnaa noKpbiBaeT ynacTOK ot caňTa 
oÓMeHa po MnrpnpyioiijeH bctbh (pne. 19.6). 

Moflejib c AByxuenoMeMHbiM pa3pbiBOM He npeyMeHb- 
rnaeT BaxcHOCTH oópa30BaHna reTepoAynaeKCHOH HK, 
KOTOpoe npeÓbIBaeT eAHHCTBCHHO B03M0XCHbIM CpeACTBOM 
B3anMOAeHCTBHa MexcAy AByMa AynjieKCHbiMH MoaeKyaaMH. 
«riepeioiaAbiBaHHe otbctctbchhocth» HHHUHnpoBaTb pe- 
KOMÓHHaiiHio c o^ho- Ha AByxijenoHeHHbie pa3pbiBbi, mok- 
Ay TeM, HecKOJibKo MeHaeT Haní B3r;iaA Ha to, xax KaeTKa 
<<ynpaBJiaeTca» c coóctbchhoh J\ HK. 

YMacrae AByxiienoMeMHbix pa3pbiBOB cHanaaa Kaacerca 
HeoacHAaHHbiM. Kax TOJibKo MOJieKyaa J \HK 0 Ka 3 aaacb pac- 
ceMeHa HaABoe, nyTH Ha3aA hct. CpaBHHTe coóbiTHa, H3oó- 
paaceHHbie Ha pne. 19.6 h 19.9. B «moacah oahoh uenH» 

HH rpt He npOHCXOAHT HHKaKOH nOTepH HH(})OpMaUHH. B 
MOAeiiH c AByxuenoMeMHbiM pa3pbiBOM noTepa HH(})opMa- 
u,hh He3aMeAAHTejibHo cjieAyeT 3a HHHiiHHpyioiAHM pa3pe- 
30M. Jlioóaa OUIHÓKa B BOCCTaHOBJíeHHH 3TOH HH(})OpMailHH 
MoaceT 0Ka3aTbca c})aTaabHOH. C Apyroň cTopoHbi, caMa cno- 
COÓHOCTb K BOCCTaHOBJíeHHK) yTpaMCHHOH HH(})OpMailHH 

nyTeM KonHpoBaHHa ee c Apyroro AynJieKca — sto BaxcHeH- 
UIHH PJW KJieTKH CTpaxyiOIAHH (})aKTOp. 


19.5 


PeKOMéiiHMpyioiAMe 
XpOMOCOMbl COeAMHeHbl 
CMHaflTOHBMHblM KOMÍI/ieKCOM 


KniOMeBbie noHATMfl: 


• B HanaAe Meíío3a roMoaorMMHbie xpoMocoMbi o6pa3yiOT napbi b 
CMHaľlTOHOMHOM K0MľlA6KC6. 

• XpoMaTMHOBbie Maccbi roMoaoroB pa3Aea5ieT óeAKOBbiíí 
KOMnaeKC. 


B ocHOBe peKOMÓHHaiiHH 3aao)KeH tot napaAOKC, mto po- 
AHTejibCKHe xpoMocoMbi, Ha nepBbiH B3r;iaA, HHKorAa He 
OKa3bIBaiOTCa B KOHTaKTe, AOCTaTOMHO ÓJIH3KOM pjm TOTO, 
MToóbi peKOMÓHHauHa JIHK Bce-TaKH npoH3ouma. Xpo¬ 
MocoMbi BCTynaiOT b mcho3 b c})opMe penaHiiHpoBaHHbix 
nap (cecTpHHCKHx xpoMaraA), KOTopbie BocnpHHHMaioT- 
ca raa 30 M Kax xpoMaTHHOBaa Macca. Ohh cnapHBaiOTca, 
oópa3ya CHHanTOHeMHbiH komiijickc, h mhothc roAbi 
CMHTajIOCb, MTO 3Ta CTaAHa KaK-TO CBa3aHa C peKOMÓH- 
HaiiHeň — bo3mo)kho, Kax HeoóxoAHMoe BCTynjieHHe k 
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oÓMeHy MaTepnajiOM flHK. Eoiiee CBOKaa TOHKa 3peHna 

COCTOHT B TOM, HTO CHHanTOHCMHblH KOMIUieKC — 3TO, 
CKopee, nocjie,acTBHe, Hexcejín npnHHHa peKOMÓHHaiiHH. 
OcraeTca onpeAejíHTb, KaK cTpyKTypa CHHanTOHeMHoro 
KOMruieKca coothochtca c KOHTaKTaMH Mexgiy MOJieKy- 
jiaMH flHK. 

CHHancHC HanHHaeTca, Koiyja Kaxgiafl xpoMocoMa 
(napa cecTpHHCKHX xpoMaTH/j) KOHAeHcnpyeTca BOKpyr 
CTpyKTypbi (ohcbhaho, 6e;iKOBOH), Ha3biBaeMoň aKcnajib- 
HblM 3JieMeHTOM. AKCHaJIbHbie SJieMCHTbl COOTBCTCTByiO- 
mnx xpoMOCOM 3aTeM conocraBjwiOTai, o6pa3ya CHHan- 
TOHeMHblH KOMIlJieKC B (J)OpMe TpeXHaCTHOH CTpyKTypbl, 
b cocTaBe KOTopoň aKcna^bHbie 3;ieMeHTbi, Ha3biBaeMbie 
Tenepb jiaTepajibHbiMH sjieMeHTaMH, 0TAe;ieHbi Apyr ot 
Apyra peHTpajibHbiM sjicmchtom. ľlpHMep npeAcraBJíeH 
Ha PI/IC. 19.10. 

Ha H3o6paxceHHOH craAHH KaxcAaa xpoMocoMa npe/j- 
craBiieHa Maccoň xpoMaTHHa, orpaHHneHHOH jiaTepajibHbiM 
sjieMeHTOM. Rľ 2 l ^aTepajibHbix siieMeHTa pa 3 Ae;meT tohkhh, 
ho raoTHbíň, u,eHTpajibHbiH sjieMeHT. TpnmieT napa^^e^b- 
HblX miOTHblX TOKeň JIOKHT B OAHOH nJIOCKOCTH, KOTOpäH 

H3rn6aeTca h 3aKpyHHBaerca BAOJib CBoeň och. PaccroflHne 
MtyKffy rOMOJIOrHHHblMH XpOMOCOMaMH, B MOJieKyjIflpHblX 

MacniTaóax, nopaAOHHoe: 6o;iee 200 hm, npn AHaMerpeflHK 
b 2 hm. TaKHM o6pa30M, DiaBHaa npoóiieMa c noHHMaHHeM 
ponH CHHanTOHeMHoro KOMmieKca coctoht b tom, hto, pa- 
ÓOTaa «COBMeCTHTeJieM» rOMOJIOrHHHblX xpoMOCOM, oh npn 
3TOM OTHIOflb He npHBO^HT rOMOJlOrHHHbie MOJieKyJIbl flHK 
b KomaKT Apyr c ApyroM. 

BHflHMyiO CBfl3b AByX CTOpOH CHHanTOHCMHOTO KOM- 
rnieKca y^ajioch HaóiiiOAaTb nniub y rpnóoB h HaceKOMbix. 
C(J)epHHecKHe hjih ynmnppmtcKnt cba 3 Kh, pacnoiioxceH- 
Hbie nonepeK KOMmieKca, nojiyHHJín Ha3BaHHe yanoB, hjih 
peKOMÔHHailHOHHblX y3CJIKOB; ohh BcrpenaiOTai C TOÍÍ 
xce nacTOToň h pacnpeAe;ieHbi Tax xce, xax xna3Mbi. B hx Ha- 
3BaHHH oTpaxceHa HaAOKAa, hto ohh-to h oxaxcyToi caňTa- 
MH peKOM6HHaU,HH. 

Hcxoah H3 MyTau,HH, Hapymaion^Hx o6pa30BaHHe CHHa¬ 
nTOHeMHoro KOMraexca, moxcho ycTaHOBHTb npHHacraocTb 
KOHKpeTHbix TnnoB 6e;iKOB k ero CTpyKType. Ha P M c. 19.11 
npeAcraBJíeHO MOJieKyjwpHoe BHAeHne CHHanTOHeMHoro 
KOMnjiexca. XapaKTepHbie nep™ ero CTpyKTypbl onpeAe;w- 
lOTCfl pjsyMR THnaMH 6e/IKOB: 

Kore3HHbi o6pa3yiOT jym xaxcAon napbi cecTpHHCKHX 
XpOMaTHA O/JHHOHHyiO npHMOJIHHeHHyK) OCb, OT KOTOpOH 
«pacryT» xpoMaTHHOBbie neTJin. 3Ta crpyKTypa — 3KBHBa- 
jieHT jiaTepajibHoro ojieMema c pne. 19.10. Kore3HHbi npn- 
Ha/yiexcaT k oómen rpynne 6e;iKOB coe/jHHeHHfl cecrpnH- 
ckhx xpoMaTHA, npnHacTHbix k KOHTpojiio hx cerperaijHH 
npn MHT03e nm MeH03e. 

JlaTepajibHbie siieMeHTbi coe/jHHeHbi nonepenHbiMH 
4)™aMeHTaMH, KOTopbie SKBHBajieHTHbi u,eHTpajibHOMy 
sjieMemy c pne. 19.10. Ohh o6pa30BaHbi óejixaMH Zip. 

MyTau,HH, nopaxcaiomHe ôejixn, HeoóxoAHMbie jyw 
(J)opMHpoBaHHa ;iaTepa;ibHbix s^cmchtob, oÓHapyxcnBa- 
iotch b reHax, Ko/j,HpyiomHx Kore3HHbi. Cpe^H xore3HHOB, 
ynacTByiomHx b Meňo 3 e, — Smc3p (kotophh Hcno^b 3 yeTca 
Taxxce npn MHT03e) n Rec8p (KOTopbíň cneu,H({)HHeH Rím 



PMC. 19.10 CMHariTOHeMHblM KOMľl/ieKC npMBOflMTXpOMOCOMbl B CTbl- 
KOBOHHyio no3numo. Bocnpon3BeAeHO no D. von Wettstein. 1971. 
Proc. Natl. Acod. Sci. USA. 68: 851-855. <J>OTorpac()M5i /no6e3HO 
npeflocTaBjíeHa D. von Wettstein, Washington State University 



PH C. 19.1i Ka>KAa5i napa cecrpw-icKMx xpoMaTMA MMeeT ocb m ko- 
re3MHOB c otxoaíuammm ot Hee neT^AMM. flBe t3kmx och, CK/ieeHHbix 
6e/iK3MM Zip, o6pa3yioT CMHanTOHeMHbiŕí KOMn^exc 


Meňo3a n po^CTBeHeH MHTOTHHecKOMy xore3HHy Scclp). 
Kore3HHbi, no-BHAHMOMy, CBH3biBaiOTca co cneu,H({)HHec- 
KHMH CaHTaMH B/JOJIb XpOMOCOMbl — KaK npH MHT03C, TaK 
n npn Meňo3e. CKopee Bcero, ohh nrpaiOT CTpyKTypHyio 
po;ib b cerperau,HH xpomocom. B Meňo3e o6pa30BaHHe 
AaTepaAbHblX 3AeMeHTOB MOXCeT ÓbITb hcoóxoahmo 
n03AHHX CTaAHH peKOMÓHHailHH, nOTOMy HTO, XOTH MyTa- 
u,hh b Kore3HHax He npenaTCTByioT o6pa30BaHHio AByxu,e- 
nOHeHHblX pa3pbIBOB, OHH-TaKH ÓJIOKHpyiOT OÓpa30BaHHe 
peKOMÓHHaHTOB. 

y MyTaHTOB no zipl naTepajibHbie 3JieMeHTbi o6pa3yioT- 
cfl n npoAOJibHO coBMemaiOTca, ho b 6jih3khh CHHancnc He 
BCTynaiOT. Y óe^xa Zipl N-kohiicboh aomch HaxoAHTca b 
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Spoll co3AaeT AByMenoqeMHbie pa3pbiBbi 


uempajibHOM 3;ieMeHTe, a C-xoHu,eBOH — b jiaTepajibHbix 
3;ieMeHTax. flBa /jpyrnx 6e;ixa, Zip2 h Zip3, JioxajiH3yioTCfl 
Tax >xe, Kax Zipl. rpynna 6e;ixoB Zip o6pa3yeT nonepenHbie 
cjDHJiaMeHTbi, KOTopbie CBH3biBaiOT ^aTepajibHbie 3;ieMeHTbi 
nap cecTpHHCKHx xpoMaim 


CliHdnTOHeMHblM KOMflJlBKC 
o6pa3yeTCii noc/ie BHeceHMfl 
flByxuenoneHHbix pa3pbiBOB 


KmoneBbie noHjrmji: 


• flByxuenoHeHHbie pa3pbiBbi, KOTopbie w-imiMMpyioT 
peKOMÓMHaumo, npeAiuecTByiOT o6pa30BaHmo CHHamoHeMHoro 
KOMľi/ieKca. 

• Ecjim peKOMÓMHauMfl 3a6/iOKnpoBaHa, CMHanTOHeMHbm 
KOMľi/ieKC He o6pa3yeTC5i. 


19.6 


Kax AOCTOBepHO noxa3aHo j\m Apoxoxeň, AByxu,enoHeHHbie 
pa3pbIBbI HHHU,HHpyiOT H rOMOJIOTClHHyK), H CaHT-CneiJH- 
cjDHHHyio peKOMÓHHauHio. Tax, AByxu,enoMeMHbie pa3pbiBbi 
BOBJíeneHbi b H3MeHeHHe rana cnapnBaHHfl, npn xotopom 
HM eeT MecTo 3aMeHa o/jhoh nocjie/i.OBaTejibHOCTH m jipy- 
ryx) (cm. pa3A. 19.23 «OAHOHanpaB;ieHHbiH nepeHOC hhh- 
u,HHpyeTCH AOxycoM-peuHnHeHTOM ( MAT)» ). Taxxce /jByxije- 
noHenHbie pa3pbiBbi B03HHxai0T m paHHHx 3Tanax Meno3a, 
b caňTax ropHMHx Tonex pexoMÓHHau.HH. Hx MecTonojio- 
xceHHe He cooTBeTCTByeT xaxHM-TO ocoóbiM TnnaM noaie- 
AOBaTejibHOCTeň. Mame Bcero «ropaHHe tohxh» Haxo/jaToi 
b paňoHax npoMOTopoB h Booóme b oójiacnix xpoMaTHHa, 
OTJiHnaiomHxcH xopomeH AOCTynHOCTbio. 4acTOTa pexoM- 
6HHau,HH yóbiBaeT no rpa^nemy b o/jHy hjih b o6e CTopoHbi 
ot ropanen tohxh. ľopmaK Tonxa ToxcecTBeHHa carŕry, no 
xoTopoMy pexoMÓHHauHH HHHu.HnpyeTCH, a rpa/jHeHT ot- 
paxcaeT pa36poc pexoMÓHHaunoHHbix npoueccoB no flHK 
H HX BepOflTHOCTHyiO CyiI^HOCTb. 

Tenepb Mbi moxccm ncTOJixoBaTb po;ib AByxu,enoHeH- 
HblX pa3pbIBOB B MOJiexyJIÍipHblX TepMHHaX. KOHIJbl, 06- 
pa3yK)mnecH npn AByxu,enoHeHHOM pa3pbiBe, óbiCTpo 
npeo6pa3yx)TCH b /yiHHHbie OAHon.enoMeMHbie S'-KOHijbi, 
xax noxa3aHO b mo/jcjih m pne. 19-9. Apoxoxn, MyraHT- 
Hbie no rad50, y xoTopbix ójioxnpoBaHO npeo6pa30BaHne 
«o6py6xa» b OAHOuenoneHHbiH «otpoctox», .aec^exTHbi no 
pexoMÔHHa u,hh. 3to npn3Hax Toro, mto AByxu,enoHeHHbie 
pa3pbiBbi HeoóxoAHMbi /yia pexoMÓHHaiiHH. BbimeynoMH- 
HyTbin rpa/jneHT onpeAejweTca yóbreaiomeH no Mepe y/ja- 
JieHHH OT TOMXH pa3pbIBa BepOHTHOCTbK) TOľO, MTO 3X30- 
Hyx^ea3a yxopoTHT flHK ro 3Toro Mecra, n Ha stom MecTe 
6y/jeT oAHHOHHaa u,enb. 

y MyraHTOB no rad50 S'-xoHiibi AByxu,enoHeHHbix 
pa3pbiB0B coeAHHeHbi c óe^xoM Spoll, xoTopbin roMO- 
jiornneH xaTajinraHecxHM cyó'beAHHnu.aM Tonon30Mepa3 
II. B03M0>KH0, Spoll — 3T0 T0n0H30Mepa30n0A06HbIH 
4)epMeHT, reHepnpyiomHH AByxu,enoHeHHbie pa3pbiBbi. 
Mo/jejib Taxon peaxijHH npe/jCTaBJíeHa Ha pkc. 19.12. B 
Heň AonycxaeTCH, hto Spoll oópaTHMO B3anM0AeHCTByeT 


/AfA/A/A/A/A 


OÓpaTMMbIM pa3pblB 


H 


a /xr\/\ 


Spoll 

/A/A/A. 

i 


JA/A/A 


Spoll 


fluccoMMaMMB 

KOMn/ienca 





PMC. 19.12 Spoll KOBa/ieHTHo npmiJMT k 5'-K0HuaM b AByxuenoneH- 
Hbix pa3pbiBax 


c flHK; pa3pbiB npeo6pa3yeTca b AOJiroBpeMeHHyio CTpyx- 
Typy B3anM0AeHCTBneM c ApyrnM ócaxom, xoTopbíň ahc- 
cou,npyeT xoMraexc Spoll-flHK. 3a ycrpaHeHneM Spoll 
CAe^yeT r£úctbh£ Hyxnea3bi. En;e xax MHHHMyM RtBWľb 
pa3Hbix óeAXOB TpeóyeTca rjw npou,eccnpoBaHHH AByxije- 
noneHHbix pa3pbiB0B. O^Ha rpynna ócaxob TpeóyeTCH jy\n 
npeo6pa30BaHHH AByxu,enoHeHHoro pa3pbiBa b napy S'-OH 
OAHOuenoneHHbix xohu,ob. flpyran rpynna ócaxob npH^a- 
eT OAHOU,enOHeHHbIM XOHU,aM CnOCOÓHOCTb x BTOp>KeHHK) 
b roMOJiornHHbiH Ayn^exc Jl HK. 

KoppejiflijHfl MexcAy pexoM6nHau,HeH h o6pa30BaHH- 
eM CHHanTOHeMHoro xoMraexca AOCTOBepHO ycraHOBJíeHa 
h, xax noxa3ajin pa6o™ nocjieAHnx jieT, Bce MyTaiinn (y 
Drosophila hjih y Apoxoxeň), oTMeHniomne o6pa30BaHne 
xpoMOCOMaMH nap, npennTCTByioT Taxxce h pexoMÓHHaunn. 
CncTeMa nopoxc^eHn^ AByxu,enoHeHHbix pa3pbiB0B, hhhu,h- 
npyioninx pexoMÓHHaunio, OTJiHHaeTca Bceoómeň xoHcep- 
BaTHBHOCTbK). ľOMOJlOTU Spoll ÓblJIH H/I i eHTH({)HLI 1 HpOBaHbI 
y pn^a Bbicmnx syxapnoT, a MyTau,HH no cooTBeTCTByiomeMy 
reHy y Drosophila ÓAoxnpyeT bcio MeHOTnnecxyio pexoMÓn- 
Hau,Hio. 

Cyui,ecTByeT HecxoAbxo xchbhx chctcm, jyw xoTopbix 
npn pexoMÓHHaiiHH moxcho npoBecTH cpaBHeHne coóbiTHH 
MOJiexyjwpHoro h u,HTOAornHecxoro ypoBHeň. HeAaBHnn 
nporpecc b aHajiH3e Meňo3a y Saccharomyces cerevisiae 
pe3K)MnpoBaH Ha puc. 19.13, r^e npeACTaB^eHa BpeMeHHäa 
pa3BepTxa coóhthh. 

( ZI,ByxLi 1 enoHeHHbie pa3pbiBbi noHBJíniOTCH, a 3aTeM nene- 
3aiOT, b TeneHne 60 mhh. IlepBbie coeAHHeHHbie MOAexynbi 
(xax nojiaraiOT — npoMexcyTOHHbie npo/iyxTbi pexoMÓHHa- 
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PMC. 19.13 flByxuenoneHHbie pa3pbiBbi b flHK noflB/iflioTCfl oflHOBpeMeHHO c aKCMa/ibHbiMM 3/ieMeH- 
T3MM xpomocom; flByxuenoneHHbie pa3pbiBbi MCHe3aioT bo BpeMB CTaHOB/ieHMB cMHanTOHeMHbix kom- 
n/ieKCOB. CoeflMHeHHbie MOJiexy/ibi flHK fleieKTMpyiOTCfl, HaHMHaa c 3MroieHbi, Bľi/ioTb flo noflB/ieHMfl 
nepBbix peKOMÓMHaHTOB b KOHfle naxMTeHbi 


Uhh) fiohbjihiotch BCKope noc;ie HCHe3HOBeHHa AByxueno- 
neMHbix pa3pbiBOB. CyflH no noe;ieflOBaTe;ibHOCTH coómthh, 
flByxu.enoHeHHbie pa3pbiBbi, HHflHBHflyajibHbie peaxu,HH 06- 
pa30BaHHfl XpOMOCOMHblX nap H (J)OpMHpOBaHHe peKOMÓH- 
HaHTHbix cTpyKTyp CMemnoT flpyr flpyra b o/jhom h tom xce 
MecTe Ha xpoMocoMe. 

flByxu.enoMeMHbie pa3pbiBbi noaBjunoTCfl b npoflOJixce- 
Hne nepnofla (J)opMHpoBaHHa aKcnajibHbix sticmchtob. Ohh 
HCH e3aiOT bo BpeMa npeBpameHna xpomocom b CHHanTo- 
HeMHbie xoMnjiexcbi. Taxan pacx^aflxa coóbiTnň no BpeMe- 
hh flpyr oTHocHTejibHO flpyra cooTBeTCTByeT npeflCTaBJíe- 
HHK) O TOM, HTO CHHanTOHCMHblH XOMmieXC — pe3yflbTaT 
HHHU.naLI.HH peXOMÓHHaiJHH nOCpeflCTBOM BHeceHHH flByX- 
u,enoHeHHbix pa3pbiBOB n nepexofla ot hhx k 6o;iee no3- 
flHHM npoMexcyTOMHbiM npoflyKTaM pexoM6HHau,HH. 3 to 
npeflCTaBfleHne noflxpemieHO Ha6;nofleHHeM, hto MyTaHTbi 
no rad50 He MoryT npeBpaiflaTb aKcnajibHbie siieMeHTbi b 
CHH anTOHeMHbie xoMiwexcbi. 3 to onpoBepraer Tpa^nun- 
OHHoe BHfleHHe CHHanTOHeMHoro xoMmiexca xax cHMBOJia 
HeoóxoflHMOCTH o6pa30BaHHa xpoMOCOMaMH nap b npefl- 
flBepnn MOJiexyjwpHOH pexoMÓHHaijHH. 

Cjioxcho onpefleflHTb, nponcxoflHT ji n pexoMÓHHa- 
i\m Ha CTaflnn cnHancnca, nocxo;ibxy o pexoMÓHHaijHH 
cyflHT no B03HHKHOBeHHio pexoMÓHHaHTOB nociie 3aBep- 
rneHna Meno3a. OTCJiexcHBaa B03HHKHOBeHne pexoMÓH- 
HaHTOB y flpoxoKen npaMO no npoflyxijHH Mo;iexy;i flHK, 
coflepxcaiflnx flnarHOCTHMecKne canTbi pecTpHXu,HH, y/ja- 
Jiocb noxa3aTb, hto pexoMÓHHaHTbi noflBJunoTCfl b koh- 
i;e naxHTeHbi. 3 to oTOflBnraeT bo BpeMeHH 3aBepmeHne 
peKOM6HHau,HH nociie (J)opMHpoBaHHfl cnHanTOHeMHbix 

KOMmieKCOB. 


TaKHM o6pa30M, CHHanTOHeMHbin xoMmiexc o6pa3y- 
eTca nociie flByxu,enoHeHHbix pa3pbiBOB, KOTopbie hhhijh- 
npyiOT peKOMÓnnaunio, n npoflOJDxaeT cymecTBOBaTb flo 
(J)OpMHpOBaHHa peKOMÓHHaHTHblX MOJieKyjI. MaflOBepOHT- 
ho, mto oh HeoóxoflHM /yia pexoMÓHHaijHH xax TaxoBOH, 
noTOMy xax HexoTopbie MyTaHTbi, jiniueHHbie HopMaiib- 
Horo CHHanTOHeMHoro xoMmiexca, MoryT nopoxcflaTb pe- 
KOMÓHHaHTOB. A BOT MyTaHTbl, y KOTOpblX peXOMÓHHaiJHfl 
noflHOCTbio noflaBfleHa, CHHanTOHCMHblH xoMmiexc He 06 - 
pa3yioT. noxoxce, CHHanTOHeMHbiH KOMraexc o6pa3yeTca 
xax cfleflCTBne HanaBmeHca pexoM 6 nHau,HH, b ciiefl 3a pa3- 
óneHneM xpomocom Ha napbi, h TpeóyeTca nm nocjieflyio- 

IflHX CTaflHH MeH03a. 

C Tex nop, xax 6bma npefl^oxceHa MOfleiib pexoMÓn- 
Haunn nepe3 o6pa30BaHne CTpyxTypbi Xofl^Hflea, npeflno- 
flarajiocb, hto pa3fle;ieHHe stoh cTpyxTypbi flaeT Hanajio 
jih6o HexpoccoBepHbiM npoflyxTaM, ji h6o xpoccoBepHbiM 
pexoMÓHHaHTaM — b 3aBHCHMOCTH ot Toro, xaxne uenn 
ynacTBOBajín b pa3fle;ieHHH (cm. pne. 19.8). HeflaBHne H3- 
MepeHHa BpeMeH npoflyxunn xpoccoBepoB h HexpoccoBe- 
poB 3acTaBJiaiOT b stom ycoMHHTbca. KpoccoBepbi BnepBbie 
noflBjraiOTCfl crabHO noefle nepBoro noKBJíenm coeflHHeH- 
hmx MOflexyfl, a HexpoccoBepbi — noHTH oflHOBpeMeHHO c 
coeflHHeHHbiMH MOJiexynaMH (cm. pne. 19.13). Ecjih 6bi o6a 
rana pexoMÓHHaHTOB flBJííuincb npoflyxTaMH oflHoro h Toro 
xce npouecca pa3flefleHHa, hm cfleflOBajio 6bi noaBflHTbCB b 
oflHO h to xce Bpem HaófliOAaeMoe pacxoxcfleHHe no Bpe¬ 
MeHH MoxceT 03HanaTb, hto xpoccoBepbi o6pa3yioTca, xax 
npexcfle h flyMajín, pa3BflefleHHeM coeflHHeHHbix Mo^exy^, 
b to BpeMfl xax fljw npoflyxu,HH HexpoccoBepoB MoxceT cy- 
iflecTBOBaTb xaxoň-To flpyroH nyTb. 
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19.7 


CnapuBaHue xpomocom 
m o6pa30BaHMe cHHamoHeMHoro 
KOMfuiexca npoiicxoAflT 
He3aBMCMMO Apyr ot Apyra 


KmoHeBbie noHAT m: 


• Myiaunu, HapyiuaiomMe xoa cnapMBaHMfl xpomocom mv\ 
o6pa30BaHne CHHamoHeMHoro KOMn/ieKca, He bjimaiot Ha Apyroŕí. 


flHCKpHMHHHpOBaTb npOUeCCbl CnapHBaHHH XpOMOCOM H 
o6pa30BaHHa cHHanTOHeMHoro KOMiweKca noMoraioT scj)- 
(j)eKTbi AByx MyTauHH, Kaag^aa m KOTopbix ÓJioKnpyeT oahh 
H3 sthx npoueccoB, He Hapymaa Apyroro. 

npn MyTau.HH reHa b zip2 xpoMOCOMbi CTaHOBaTca b 
napbi, ho CHHanTOHeMHbix kommckcob He o6pa3yiOT. 3Ha- 
hht, y3HaBaHHe roMOJioraMH Apyr Apyra nponcxoAHT He3a- 
BHCHMO OT peKOM6HHaU,HH HAH 0Ópa30BaHHa CHHanTOHeM¬ 
Horo KOMmieKca. 

TOHHOCTb aCCOUHaUHH TOMOJIOrHHHblX XpOMOCOM y 
S. cerevisiae KOHTpojinpyeTca reHOM hop2. Y MyTaHTOB no 
hop2 npn Meňo3e CHHanTOHeMHbie KOMmieKCbi o6pa3yiOTca 
B HOpMaJIbHblX KOJIHHeCTBaX, HO KaXC/JblH OTAeabHO B3HTbIH 
KOMnjieKc coAepxcHT HeroMOJiorHHHbie xpoMOCOMbi. TaKHM 
o6pa30M, o6pa30BaHHe CHHanTOHeMHbix kommckcob k2lk 
TaKOBblX He 3aBHCHT OT rOMOJIOľHH (H nOTOMy He MOXCeT 
ÓbITb OCHOBaHO Ha CKOJIbKO-HHÓyAb npOTHXCeHHOM epaB- 

HeHHH nocAeAOBaTeabHOCTeH flHK). B HopMe po;ib hop2 

COCTOHT B yAepacaHHH HerOMOJIOrHHHblX XpOMOCOM OT B3a- 
HMOAeHCTBHa. 

B CHHanTOHeMHbix KOMnjieKcax HeBepHO cnapeHHbix 
xpomocom y MyTaHTOB hop2~ AByxyenoHeHHbie pa3pbiBbi 
o6pa3yiOTca, ho He penapnpyioTca. nojiyqaeTca, hto b to 
BpeMa Kax o6pa30BaHHe CHHanTOHeMHoro KOMmieKca Tpe- 
6yeT AByxuenoneHHbix pa3pbiBOB, oho He TpeóyeT cKOJibKo- 
HHÓyAb SKCTeHCHBHOH peaKUHH sthx pa3pbiBOB c yHacraeM 
roMOJiorHHHOH flHK. 

HeacHO, hto nponcxoAHT b naxHTeHe ao Toro, xax 
AeTeKTnpyiOTca flHK-peKOMÓHHaHTbi. Bo3mo>kho, stot ne- 
Phoa OTBeAeH /ym no3AHHx 3TanoB peKOMÓHHaijHH (pac- 
npocTpaHeHHe 30Hbi oÓMeHa ijenaMH, chhtc 3 flHK, pa3Ae- 
jieHHe CTpyKTypbi XojuiHAea). 

Ha cjie/jyiomeH cTa^nn Meňo3a — AnmioTeHe — cHHa- 
nTOHeMHbin KOMnjieKc pacnaAaeTca; xna3Mbi TorAa cTaHO- 
BHTCa BH/JHbl KaKTOHKH, nO KOTOpbIM XpOMOCOMbI CBJmHbl. 

3to Bcer^a pacu.eHHBajiocb xax HH/jHKaTop oóMeHa reHe- 
THnecKOH HH({)opMauHeH, o/jHaKo MOJieKyrcapHaa npnpoAa 
xna3M HeH3BecTHa. Bo3mo>kho, ohh npeACTaBJíaiOT coóoh 
ocTaTOHHoe fiBJíeHHe npoiueAinero oÓMeHa hjih xce CBa3b 
Mexc^y roMOJiorHHHbiMH xpoMoeoMaMH coxpaHaeTca TaM, 
r^e npoyecc oÓMeHa reHeTHHecKOH HH^opMau.neH eiye 
He noJiyHHJi pa3Ae;ieHHa. no3/jHee b MeH03e xna3Mbi nepe- 
MemaiOTca k KOHijaM xpomocom. Taxaa noABHACHOCTb ro- 
BOpHT O TOM, HTO XHa3MbI OTOÓpaXCaiOT, CKOpee, OCTaTOK 
peKOM6HHaU,HH, HeM ACHCTBHTeJIbHblH npoMOKyTOHHbiH 
npoAyKT. 

PeKOM6HHau,HOHHbie coóbiTna nponcxoAaT b pa3- 
p03HeHHbIX carnax MeHOTHHeCKHX XpOMOCOM, HO nOKa 


Mbl He MOXCeM npHBH3aTb HX K AHCKpeTHbIM BH3yaJIH3y- 
eMblM CTpyKTypaM — peKOM6HHaU,HOHHbIM y 3 £JlK 2 LM H 
xna3MaM. floKonaTbca a o MOJieKyjiapHbix ochob o6pa3o- 
BaHHa pa3po3HeHHbix cTpyKTyp noMoraeT HAeHTH(j)HKa- 
una ôejiKOB, ynacTByioiAHx b peKOM6HHau,HH y ApoxcaceH, 
C «npHBa3KOH» HX K AHCKpeTHbIM CaHTaM. B HHCJie TaKHX 

ôejiKOB — MSH4 (poACTBeHHHK óaKTepnaAbHbix ócakob, 
ynacTByioiAHX b penapau.HH HeBepHoro cnapHBaHHa), a 
TaKxce Dmcl h Rad51 (KOTopbie roMo;iorHHHbi óe^xy RecA 
E. coli). TOHHbie ({íyHKIJ.HH 3THX ÔeJIKOB B peKOM6HHaU,HH 
He ycTaHOBJíeHbi. 

PeKOM6HHau,HOHHbie Kpoi^eccbi noABepaceHbi oóiyeMy 
KOHTpOJIK). JlHHIb HeÓOAblUOe HHCJIO eAHHHU, B3aHMOACHC- 
TBHa b peajibHoc™ A03peBaeT xax KpoccoBepbi, h pacnpe- 
AeAeHbi ohh TaKHM o6pa30M, hto, b oóiyeM CAynae, Kaxc^aa 
napa roMOJioroB oópeTaeT no o^HOMy hjih no ABa Kpocco- 
Bepa; BMecTe c TeM BepoaraocTb OTcyTCTBna KpoccoBepoB 
y napbi roMOJioroB oneHb HH3Ka (<0,1%). Bo3mo)kho, sto 
pe3yAbTaT pa6o™ cahhoh cncTeMbi KpoccoBepHoro 
KOHTpojm, noTOMy hto HeejiyHaHHOCTb KpoccoBepoB b 
u,eAOM HapymeHa y HeKOTopbix MyTaHTOB. Eo;iee Toro, Ha- 
jiHHHe peKOM6HHau,HH HeoóxoAHMO j\m TeneHna MeH03a, 
h cymecTByeT «KOHTpojibHO-nponycKHaa» CHCTeMa, 6 ao- 
KHpyiomaa MeH03, ecjín peKOMÔHHaunn He npoH3oniAO. 
Ejiok cHHMaeTca, ecjín peKOM6HHau,Ha ycneniHO 3aBep- 
rneHa; Taxaa CHCTeMa npeAOxpaHaeT K/ieTKy ot nonbiTOK 
cerpernpoBaTb xpoMOCOMbi npexcAe, neM coBepníHTca 
peKOMÓHHauna. 


19.8 


BaKTepMa/ibHan CMCTeMa 
RecBCD CTHMyiiMpyeTcn 
noc/ieAOBaTejibHocTíiMM chi 


KjuoHeBbie noH5iTM5i: 


• KoMn^exc RecBCD oóJiaAaeT Hymiea3Hoŕí m xeaMKa3Hoŕí 

aKTMBHOCTflMM. 

• Oh CB5i3biBaeTC5i c flHK HM>Ke nocaeAOBaieabHocTM 
chi, pacn^eiaeT Ayn/ieKC n pa3pyiuaeT OAHy M3 ueneŕí b 
HanpaB/ieHMM 3'-5' no Mepe npoABM>KeHM5i k caŕíiy chi. 

• B caŕíTe chi KOMnjieKc Tep^eT cyó-beAMHMuy RecB n HaHMHaeT 
np051B/151Tb HyKAea3HyK) aKTMBHOCTb. 


npnpoAa aBAeHHH, cBa3aHHbix c oómchom yenaMH MOKAy 
MoaeKy^aMH flHK, 6bma BnepBbie oxapaKTepH30BaHa jyin 
óaKTepnaAbHbix chctcm. 3Aecb peaKyna pacno3HaBaHHa co- 
CTaBAaeT HeorbeM^eMyio nacTb MexaHH3Ma peKOM6HHau,HH 
h 3aAeHCTByeT orpaHHneHHbie oó^acTH MOJieKyji flHK, a He 
xpoMOCOMbi yejíHKOM. npn stom oóiahh nopaAOK MOJiexy- 
AapHbix coóbiTHH y óaKTepnH h syKapnoT noxoac oahhoh- 
Haa uenb H3 pa3opBaHHOH MOJiexyjibi B3aHMOAencTByeT c 
AynjieKcoM-napTHepoM; oÔAacTb MOJieKyjiapHoro cnapHBa¬ 
HHa pacnpocTpaHaeTca; HaKOHeu,, 3HAOHyioiea3a pa3Ae^aeT 
ynacTHHKOB. OepMeHTbi KaacAoro STana H3BecTHbi, ho bo 3- 
MOXCHO, HTO OHH — AHIlIb HaCTb KOMnOHCHTOB, HeOÓXOAH- 
MblX AJia peKOM6HHan,HH. 
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BaKTepnajibHbie (jiepMeHTbi, 3afleňcTB0BaHHbie b pe- 
KOMÓHHaUHH, ÓbIJIH HfleHTH(J)HUHpOBaHbI no HaJTHHHKD B 
hx reHax Myrapufi rec~. no cjieHorany MyraHra rec~ ot- 
JMHaioTCfl HecnocoÓHOCTbio k oôipeň (roMOJioranHoň) 
peKOMÓHHaijHH. Bcero obuio nAeiiTiKjmpiipoBauo, no pa3- 

HblM OpeHKaM, OT fleca™ flO flBaflpaTH TaKHX ROKyCOB. 

BaKTepnHM, Kax npaBH/io, He CBoňcTBeHHa nepecra- 
HOBKa ÔOJIblIIHX M3CCHBOB AByxpenoHeHHoň ,ZI,HK, HO y 
npoKapHOT Moryr ôbiTb pa3Hbie nyTH HHHpnapHH peKOM- 
ÔHHapnH. B HeKOTopbix oiynaux ncno/ib3yeTca flHK co 
CBOÔOflHbIMH OflHOflenOHeHHbIMH 3'-KOHLI,aMH: flHK MO- 
xceT «nocTynaTb» b OAHOpenonenHoň (JjopMe (Kax npn ko- 
H'biorauHH; cm. pa3fl. 16.10 «nepeHOc T-flHK npoHexoflHT 
aHajiorHHHO nepenocy/UIK npn KOHiaora pim 6aicrepHň»); 
oflHopenoHeHHbie ópciint Moryr B03HHK3Tb npn oo/iy-ie- 
hhh; oflHopenoneHHbie «xbocth» Moryr Taioxe nopoxc- 
flaTbCH (J)arOBbIMH rCHOM3MH, npOXOflHIflHMH penAHKapHK) 
no rany «KaTHmerocH KO/ibpa->. Bce xce b cmyapHH, Korpa 
ynacTByKDT ABe AymieKCHbix MOJieKynbi (xax npn peKOMÔn- 
HapHH b Meňo3e y ayxapHOT), OAHopenoneHHbie ynacTKH n 
3-KOHpbi HeoôxoAHMO reHepnpoBaTb. 

Oahh H3 MexaHH3MOB reHepapHH noAxo/pupnx koh- 
POb 6bm oTKpbiT b cbh3h c cyipecTBOBaHHeM onpepejieH- 
HblX «rOpflHHX TOHeK», CTHMyJIHpyiOIflHX peKOMÓHHapHK). 
3ra «ropflnne tohkh», oTKpbiTbie y cftara jisim 6 p,<i b (J)opMe 
MyraHTOB chi, coflepxcaT OAHOHyK/ieoTHAHbie 3aMeHbi, co- 
3AaK)ipne noaieflOBaTe/ibHOCTH, craMyjinpyioipHe pexoM- 
ÔHHapnio. 3th caňTbi «noflBe^n Hac» k ôejiKaM-ynacTHH- 
KaM pcKOMOiinapini. 

Oôipeň /yia sthx caňľOB HBAfleTCH ko h cra hth aa hcchm- 
MCTpHHHaa IIOtVIC/KJBaTCJIbHOCTb H3 8 nH: 

5' GCTGGTGG 3' 

3' CGACCACC 5' 

Il(X3tyi0B;]Tc;ibH0CTb chi ecrecTBeHHbiM o6pa30M 
BcrpeHaeTca b flHK E. coli npnMepHO oahh pa3 Ha Kaxc/íbie 
5-10 TnH. Ee OTcyTCTBne b flHK cjxtra jbimo/ri aiikoi'o rana, a 
Taxxce b /ipymx rcHeraHecKHx .-wicMCHTax, noKa3biBaeT, hto 
/Via pexoMÔHHapHH OHa He cyu/ccTBCHiia. 

nocaeflOBaTeabHOCTb chi CTHMynnpyeT pexoMÔHHa- 
pHio Ha HHTepBaae po 10 toh ot ce6a. CaflT chi moxcct 
ÓbITb aKTHBHpOB3H AByXpenOHeHHbIM pa3pbIBOM, CAe- 
aaHHbiM Ha paccToaHHH b HecKxwibKO mH no OAHy ero 
KOHKpeTHyio CTopoHy (BnpaBo ot nouieAOBaTe/ibHOCTH, 
npHBeAeHHOH Bbime). 3Ta 33BHCHMOCTb OT OpneHTapHH 
H3BOAHT Ha npepno/ioxeHne, mto annapaT pexoMÓHHa- 
Phh AoaaceH accopHHpoBaTb c flHK Ha Kpaio pa3pbiBa, h 
Mo>KeT 3aTeM flBnraTbca BAO/ib pynjieicca nniiib b oahom 
HanpaBaeHHH. 

CaňTbi chi aBjíaioTCH peaeBbiMH pna cjDepMeHTa, koah- 
pyeMoro reHaMH recBCD. 3tot KOMnaexc npoaBjíaeT He- 
CKo;ibKo aKTHBHOCTeň. Bo-nepBbix, sto MoipHaa Hyioiea3a, 
pa3pymaioipaa flHK, hcxoaho HAeHTHcfmpHpoBaHHaa Kax 
aKTHBHOCTb 3K30Hyioiea3bi V. Bo-BTopbix, paóoTaa Kax xe- 
aHKa3a, oh mokct pacroieem //ynAexc flHK b npHcyrcTBHH 
CB)i3biBaioincľo oAHopenoHeHHyio /U IK ocana SSB. B-Tpe- 
TbHx, oh oÓJiapaeT AT$a3Hoň aKTHBHocTbio. Ero ponb b 


peKOMÔHHapHH, bo3mo>kho, coctoht b oóecneneHHH OAHO- 
penonenHoro ynacTKa co cBoóoAHbiM 3 '-kohpom. 

Ha p m c. i9.i a noKa3aHO, Kax cxoopAHHHpoBaHbi ara 
peaxpHH Ha cyôcrpaTeflHK, coAepjKaipeň caflT chi. RecBCD 
CBa3bmaeT AByxpenoMeMHbíň KOHep flHK J]pe H3 ero cy6v- 
eAHHHp oóaaAaiOT xeanKa3Hoň aKTHBHocTbio: RecD cjiyHK- 
pHOHHpyeT c 5'-3'-noaapHOCTbio, a RecB (JjyHKpnoHnpyeT 
c 3'-5'-noaapHocTbio. CHanaaa TpaHcaoKapmo bao/ib B.HK 
h pacnaeTaHne abohhoh cnnpajín BeAeT cyô'beAHHnpa 
RecD. no Mepe npo/iBiixeiiiia RecBCD pa3pymaeT bmcbo- 
6o>KAaiomyiocH OAHHOHHyio penb c 3'-kohpom. KorAa kom- 
naexc AOCTHraeT caňTa chi, oh y3HaeT BepxHioio penb caň- 
Ta chi b ee oahhohhoh cfiopMe. 3to 3acTaBaaeT cjiepMeHT 
npepBaTb ABnaceHne. nocae stoto oh pa3pe3aeT BepxHioK) 
penb flHK Ha paccToaHHH ot neTbipex ao meč™ Hyioieo- 
thaob BnpaBo ot chi. Y3HaBaHHe caňTa chi npnBOAHT k 
AHceopHapHH m h HHaKTHBapnn cy6i>eAHHHpbi RecD, h 
Ha stom cjiepMeHT jiHinaeTca Hyioiea3Hoň 3kthbhocth. Oa- 
Haxo oh npoAOJixcaeT paôoTaTb xeanKa3oň — Tenepb hc- 
noab3ya xax cpeACTBO nepeABimeHna aniiib cy6i>eAHHHpy 
RecB — npHMepHO b noaoBHHy npexHeň CKopocTH. Htot 
BceMy — o6pa30BaHHe oAHopenoHeMHoň flHK c nocaeAO- 
BaTeabHOCTbio chi m cboóoahom 3'-KOHpe. 3to — HAeajib- 
Hbíň cyôcTpaT pjvi peKOMÓHHapnn. 



PMC. 19.14 Hytcnea3a RecBCD flBMjKeTca no flHK, pacmenjum ee. 
floMflfl flo caňTa chi, RecBCD bhocmt b Hero 3 HflOHyKaeo/imBHecKMM 
HaApe 3 , TepneT cyôteAMmmy RecD n BMecie c Heň - cboio Hyioie- 
a3Hyio aKTHBHOCTb. OcTaTOK, RecBC, coxpaHneT xenMKa3Hyio 3 Ktbb- 
HOCTb m npoflojbKaeT ABnraTbca no flHK b mcxoahom HanpaB/ieHMM 
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19.9 


6e/iKM nepeHOca uenw 
Kaia/iM3npyK)T acamwifliimo 
oflHOuenoHeHHOÍí flHK 


KmoHeBbie noHama: 


• Ee/ioK RecA, o 6 pa 3 ya cfjmiaMeHTbi c flHK, KaTa/iM 3 MpyeT 
BTop>KeHMe CBo 6 oflHoro 3'-KOHua oflHouenoHeHHoŕí flHK b 
A yn/ieKC m 3 aNiemeHMe eio uenn-flBOMHMKa. 


BeJiox RecA E. coli 6bui nepBbiM npwviepoM 6ejiKa-nepe- 
HOCMHKä ijenn flHK. ľlpHHunn, 3ajio>KeHHbiH b stot Tep- 
mhh, oó'beAHraeT HecKOJibKo 6e;iKOB óaKTepHH h apxeóaK- 
TepHH, 6e;iOK S. cerevisiae Rad51 h 6e;iOK Dmcl BbícniHx 
syxapnoT. AHajiH3 MyTaHTOB no rad51 y ApoxoxeH noKa3bi- 
BaeT, hto stot miacc 6e;iKOB nrpaeT qeHTpajibHyio pojib b 
peKOM6HHau,HH. y Taxnx MyTaHTOB HaKan^HBaiOTca AByx- 
ĽtenoMeMHbie pa3pbiBbi n HopMajibHbie cnHanTOHeMHbie 
KOMmieKCbi He o6pa3yioTca. 3 to noAKpenjiaeT MHeHne, 
hto oÔMeH uenaMH Mexc^y AymieKcaMH flHK npnnacTeH k 
o6pa30BaHHio CHHanTOHeMHoro KOMnjiexca, h yKa3biBaer 
Ha B03M0xcH0CTb po/jCTBa Mexcfly npoueccaMH CHHancHca 
SyKapHOTHHeCKHX XpOMOCOM H aCCHMHJIfllJHH OAHHOHHOH 
ijenn flHK y OaKTepnH. 

BaKTepnajibHbiH 6e;iOK recA oó^a^aer flByMa coBep- 
IIieHHO pa3HbIMH THnaMH aKTHBHOCTH. Oh MOXCeT CTHMy- 
jinpoBaTb npoTea3HyK) aKTHBHOCTb npn SOS-OTBere (cm. 
pa3A. 20.10 «RecA 3anycKaeT SOS-CHcreMy») h moxc er npo- 
MOTHpOBaTb CnapHBaHHe OCHOBäHHH M&KJjy OAHOUenOHeH- 
hoh flHK h ee komujicmchtom b MO^Kyjie-AynjieKce. 06 e 

aKTHBHOCTH npHBO/JHTCÍI B /jeHCTBHe OAHOIjenOHeHHOH flHK 
B npHCyTCTBHH ATO. 

flHK-o 6 pa 6 aTbiBaiomaa aKTHBHOCTb RecA npHcno- 
caóJMBaeT oAHHOHHyio uenb k 3 aMemeHHio CBoero tomo- 
jiora b Aynjiexce b xo/je peaxuHH, nojiyHHBiueH Ha 3 BaHne 


norjiomeHHH, hjih accHMHjraijHH, oahhohhoíí ijeim. 

PeaKura 3 aMemeHHx moxcct npoH 30 HTH Mexcfly MOJiexyjia- 
mh flHK b HecKOJibKHx KOH(})HrypaijHflx npn coôjhoachhh 
Tpex yCJIOBHH: 

• OflHa H 3 MOJieKyn flHK flOJixaia HMeTb oflHOuenoneH- 
HbiH ynacTOK. 

• OflHa H3 MOJieKyji flOJixoia HMeTb cboôoahhh 3'-KOHeu,. 

• OAHOuenoHeHHbiH ynacroK h 3'-KOHeu, flOJixaibi mxo- 
AHTbca BHyTpH ynacTKa KOMiuieMeHTapHOcra sthx mo- 
jiexyji. 

PeaKUHio HJuiiocTpHpyeT kí c. i k ?. Korfla jiHHeHHax 
OAHHOHHaa uenb BTopraeTca b flyiuieKC, OHa BbiTecraeT 
ncxoAHoro napmepa CBoero KOMiuieMeHTa. 3a peaiayieH 
npome Bcero aieflHTb, CflejiaB flOHopa jihôo peuHnneHTa 
KoxbueBOH MOJieKyjiOH. PeaKura pa3BHBaeTca b HanpaRJie- 
hhh 5'- y BflOJib u,enH, nen napmep nofljiextHT BbiTecHeHHio 
h 3aMemeHHio, h 3aKjiKmeTCfl b nepecraHOBKe uenen, (xax 
MHHHMyM), O AH a H3 KOTOpblX HMeeT CBOÔOflHblH 3'-KOHeiJ. 

Acchm wmuyiÄ oahhohhoh ijenn noTeHijHajibHO poflc- 
TBeHHa HHHUHaUHH peKOMÓHHaiJHH. 06e MOfleJIH o&b- 
eAHraeT HeH 36 excHOCTb npoMexcyTOHHoro npo/iyKTa, b 
KOTOpOM OAHa HJIH OÓe OAHHOHHbie U,enH KpOCCHHryíOT 

c OAHoro AyiuieKca Ha Apyron (cm. pne. 19.6 h pne. 19.9). 
3tot 3Tan KaTajiH3npyeT RecA. B ôaKTepnajibHOM kohtck- 
CTe, RecA ACHCTByeT Ha cyôcrpaTbi, nopoxcAeHHbie RecBCD. 
OnocpeAOBaHHoe RecBCD pacruieTaHne h pa3pe3 Moryr 
ôbiTb Hcnojib30BaHbi jym co3AaHHa kohu,ob, KOTopbie, b 
cbok) OHepe/jb, HHHu,HHpyK)T oópa30BaHHe reTepoAynjieKc- 
Hbix coeAHHeHHH. RecA MoxceT B3HTb oAHHOHHyio u,enb c 3'- 
kohuom, BbiCBOÓOAHBiiiHMca npn Ha^pese RecBCD no caHTy 
chi, h 3acraBHTb B3aHMOAencTBOBaTb c roMOJioranHOH noc- 
jieAOBaTejibHOCTbio Aynjiexca, C03AaBax TaKHM oôpa30M co- 
eAHHeHHyio MOJieicyjiy. 

Bce ôejiKH ceMencTBa nepeHOCHHKOB u,enH y ôaicrepHH 
h apxeôaicrepHH Moryr arperapoBaTb c OAHOuenoneHHOH 



RecA KaTajiH3HpyeT saMeHy oahom m ueneň AByuenoMeMHOH AH K oamhomhom uenbto 


P ; - Ee/ion RecA oóecneHMBaeT BCTpaMBaHMe HyjKepoflHoň oahhohhom uenM BMecro oahom 

M 3 uen e ň ncxoAHoro Ayn/ieKca; a^^ 3 Toro y oahom M 3 KOHKypMpyioiAMx ueneň ao/dkch óbiTb cboóoa- 
HblM KOHeu 
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hjih flyimeKCHOH flHK, o6pa3ya pjm HHbie cjjHjiaMeHTbi. Ha 
bhtok c{)raaMeHTa (xoTopbiH HMeeT enHpajieBHAHyio CTpyx- 
Typy c rjiyôoKHM acejioÓKOM, eoAepacamHM flHK) npnxo- 
AHTca rnecTb MOHOMepoB RecA. CTexHOMeTpna cBa3biBaHHa 
paBHaeTca TpeM HyxjieoraAaM (hjih napaM ocHOBaHHH) Ha 
oahh MOHOMep RecA. RHK yAepacHBaeTca b cjjopMe (b noji- 
Topa pa3a pacTaHyron no OTHomeHHio k AynaeKcy flHK B), 
Ha bhtok KOTopoň npnxoAHTca 18,6 HyxjieoTHAOB (hjih nap 
ocHOBaHHH). KorAa CBa3aH AymieKc RHK, oh KOHTaKTHpyeT 
c RecA CBoeH MaaoH 6opo3AKOH, ocTaBjíaa óojibmyio 6opo3- 
Axy AOCTynHOH /yia bo3moxchoh peaxuHH c flpyroň MOJiexy- 
jioh RHK. 

B 3 aHMOfleHCTBHe MOK/iy AByMa MOJiexyjiaMH RHK npo- 
hcxoaht BHyTpn TaKHX (JjHjiaMeHTOB. npn noniomeHHH 
oahhohhoh u,enH AynaeKcoM RecA npeacAe Bcero yBa3biBaeT 
OAHHOMHyio u,enb b (JjHjiaMeHT. 3aTeM 3axjixmeT Ty/ja ace 
AynaeKc, bo3moxcho, c o6pa30BaHHeM KaxoH-TO pa3HOBHA- 
hocth TpexuenoMeMHOH cTpyKTypbi. B stoh chctcmc ch- 
HancHC (cóJinaceHHe) MOJiexyji npeAinecTByeT c{)H3HHecKO- 
My oÓMeHy MaTepnajiOM, noTOMy KaK peaxijHa eÓJinaceHHa 
MOJiexyn MoaceT HMeTb mccto Aaace b OTcyTCTBHe cboóoa- 
hhx KOHU.OB, Kor^a oÓMeH uenaMH HeB03MoaceH. 06 mch 
uenaMH, npn ynaeran CBoóoAHoro 3'-KOHu,a, nponexoAHT 
BHyrpn ({)HaaMeHTa, h RecA ocTaeTca CBa3aH e ijenbio, 6 hb- 
meň hcxoaho oahhohhoh, Tax hto b KOHu,e peaxijHH RecA 
0Ka3biBaeTca cBa3aH e AynaeKCHOH MOJiexyjiOH. 

Bee óejixn ceMeňcTBa Moiyr npoMOTHpoBaTb ochobhoh 
npouece oÓMeHa ijenaMH, He TpaTa SHeprnio. RecA, OAHa- 
ko, HHTeHCH(J)Hij 1 HpyeT 3Ty cbok) aKTHBHOCTb, no;ib3yacb 
THApoaH30M ATO. no xo/iy peaxij.HH ATO THApoJiH3yeTca 
b óoabiiiOM KoannecTBe. ATO MoaceT BJinaTb Ha xoH(j)op- 
MauHio RecA noepeACTBOM aajiocTepHnecxoro scjjcjjexTa. B 
KomaKTe e ATO flHK-CBasbiBaiomHH eaňT RecA npoaBJíaeT 
BbicoKoe cpoactbo k flHK; sto HyacHO flaa CBa3biBaHHa flHK 
h jyw peaKu,HH enapHBaHHa. Thapojih3 ATO nepeBOAHT 
flHK-CBasbiBaiomHH eaňT RecA b xoH(j)opMauHio e hh3Khm 
cpoactbom k RHK, KOTopaa HeoôxoAHMa aa^ BbicBOôoacAe- 
HHa reTepoAynaeKca. 

KaTajiH3HpyeMyio RecA peaxijHio MeacAy oaho- h AByx- 
uenoneMHOH R HK MoacHo pa3Ae;iHTb Ha TpH (j)a3bi: 

• MeAJieHHaa «npecHHanTHqeexaa» cj)a3a, b xoTopoň RecA 
noaHMepH3yeTca Ha OAHOuenoneHHOH R HK; 

• óbicTpoe cnapHBaHHe oahhohhoh ijenn c KOMmieMeH- 
tom b AynaeKce c o6pa30BaHHeM reTepoAynjieKCHoro 
eoeAHHeHHa; h 

• MeAJieHHoe 3aMemeHHe oahoh H3 u,eneH AynJiexea e 
o6pa30BaHHeM npoTaaceHHoro ynacTxa reTepoAynaex- 
choh RHK. 

npHcyTCTBHe óejixa SSB cTHMyjinpyeT peaxijHK), o6ee- 
nenHBaa OTcyTCTBHe y eyócTpaTa btophhhoh CTpyKTypbi. 
Bee ace HenoHaTHO, xa k SSB h RecA babocm MOiyr achctbo- 
BaTb Ha oahh h tot ace eerMeHT RHK. Tax ace xax SSB, 
paexoA RecA nponopijHOHajieH TeneHHio peaxu,HH, h, Ha- 
BepHoe, oh TaK ace, xax SSB, npoaBjíaeT xoonepaTHBHOcTb 
npn CBa3biBaHHH flHK pjm o6pa30BaHHa 4)raaMeHTonoAo6- 
hoh cTpyKTypbi. 

KorAa OAHon,enoneMHaa Moaexyaa R HK B3aHMOAeňc- 
TByeT e AynaeKCOM, to oh oxa3biBaeTca paenaeTeH Ha 


ynacTKe pexoMÔHHaHTHoro eoeAHHeHHa. nepBbiH ynacTox 
reTepoAynaeKca MoaceT Aaace He yxaaAbiBaTbea b o6me- 
npHHaTbiH ABycnnpaabHbiH c{)opMaT, ho Bee ace eocToaTb 
H3 AByx ueneň, aceou.HHpoBaHHbix 6ok o 6ok. YnacTox 
TaKoro Tnna Ha3biBax)T napaHeMiraecKHM coeAHHeHH- 
eM b npoTHBonoaoacHOCTb x^acemecKOMy iuieKTOHe- 
MnaecKOMy nepenaeTeHHio uenen b abohhoh ennpajiH. 
napaHeMHMecKoe eoeAHHeHHe HecTaónjibHO; RMihuzu- 
iiihh xoa peaxu,HH o6yc;ioB;ieH ero nepexoAOM b (J)opMy 
abohhoh ennpajiH. 3tot nepexoA SKBHBaaeHTeH cópoey 
OTpnuaTeabHbix cBepxBHTKOB, h jxj ia Hero MoaceT 6biTb 
HeoóxoAHM (J)epMeHT, KOTopbiH pemaeT npoóaeMy pae- 
mieTaHHa/cnjieTaHHa c noMOiAbio BHeeeHHa BpeMeHHbix 
pa3pbiBOB, no3BoaaioiAHx u,enaM BpaiAaTbea Apyr othoch- 
TeabHO Apyra. 

Bee peaKn,HH, KOTopbie mm oócyacAajín ao chx nop, eo- 
CTaBaaiOT annib nacTb noTeHu.HajibHoro eoóbiTHa pexoMÔH- 
HauHH: BTopaceHHe b oahh AynaeKC oahhomhoh u,enH. R Be 
AynaexcHbix Moaexyabi MoryT B3aHMOAeHCTBOBaTb Apyr c 
ApyroM npn noAAep>KKe RecA npn ycaoBHH, hto OAHa H3 
hhx eoAepacHT OAHOu,enoHeHHbiH ynacTox npoTaaceHHoe- 
TbK) KaK MHHHMyM B 50 HyKJieOTHAOB. OAHOUenOMeMHblH 
ynacTOK MoaceT 6biTb b c{)opMe «XBOCTa» y jihhchhoh Moae- 
xyabi hjih b (jjopMe ópernn b KOJibu,eBOH MOJiexyjie. 

PeaKuna MeacAy nacTHMHO AynJiexcHOH h nojiHOCTbio 
AynjiexcHOH MOJiexyjiaMH BeAeT k oÓMeHy uenaMH. npn- 
Mep H3o6paaceH Ha pmc, i9.i 6. AecHMHJiauna HanHHaeTca 
Ha oahom KOHu,e jihhchhoh MOJiexyjibi, rAe BTopraioiAaaea 
OAHHOMHaa u,enb 3aMemaeT CBoero roMOJiora b AynjieKce 
no oóbiMHOH exeMe. KorAa peaxuna AOCTHraeT ynacTKa, 
AByxuenonenHoro y oóenx MOJiexyji, BTopraiomaaca b Apy- 
toh AynJieKC uenb noxnAaeT CBoero H3HanajibHoro napT- 
Hepa, xoTopbiH 3aTeM enapnBaeTca c Apyroň (BbiTecHae- 
MOH)-u,enbio. 

Ha stom 3Tane MOJiexyjia HMeeT CTpyxTypy, hcotjih- 
HHMyio ot pexoMÓHHaHTHoro eoeAHHeHHa e pne. 19.8. Pe- 
axu,Ha, noAAep^HBaeMaa RecA in vitro , MoaceT nopoacAaTb 
CTpyxTypbi XojuiHAea, h sto 3HanHT, hto (JjepMem MoaceT 
onoepeAOBaTb peunnpoxHbiH nepeHoe u,eneH. O reoMeT- 
pnn cBa3aHHbix RecA MeTbipexuenoneHHbix HHTepMeAHaTOB 
Maao mto H3BecTHO; npeAnojioacHTejibHO ABe AynJiexcHbie 
MOJiexyjibi MoryT paenojiaraTbea 6ok o 6ok b MaHepe, coot- 
BeTCTByiomeH TpeôoBaHHaM peaxu,HH oÓMeHa. 

XapaxTepH3auna óhoxhmhhccxhx peaxuHH in vitro 
OCTaBJíaeT OTKpbITbIMH MHOaceCTBO B03M0aCH0CTeH (J)yHK- 
UHOHHpoBaHHa óejiKOB nepeHoea u,enH in vivo. Hx ynacTne 
HHHUHHpyeTca HajiHnneM OAHon,enoHeHHoro S'-kohua. y 
óaxTepnH oh name Bcero o6pa3yeTca BcaeACTBne npouee- 
CHHra AByxijenoHeHHoro pa3pbiBa ócjikom ReeBCD. Oa- 
hhm H3 eaMbix nacTbix oócToaTejibCTB noAXjnoneHHa stoh 
onu,HH aBJíaeTca penjíHKaraBHaa BHjixa, «3acTpaBmaa» Ha 

MecTe noBpeacAeHHa RHK (cm. pa3A. 20.9 «PexoM6HHauHa 

cayacHT BaacHbiM MexaHH3MOM nenpaBjíeHHa oiiihóok pen- 
jiHxauHH»). nepeHoe RHK npn xoH'bJorau.HH, KorAa RecA 
HeOÓXOAHM jyvi peKOM6HHau,HH e XpOMOCOMOH X03aHHa, 
yace ÓJinace x pexoM6HHau,HH b TpaAHijHOHHOM CMbieae. Y 
Apoacacen AByxu,enoMeMHbie pa3pbiBbi MoryT 6biTb pe3yjib- 
TaTOM KaK noBpeacAeHHa flHK, Tax h HopMajibHoro xoAa 
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RecA aoboamt 

peKOMÔMHaiiMio ao npoMewyTOHHoro atana 


X/xck/a/a// 


vvvvvvv' 


I CBOÓOflHafl Ljeríb 
MHMĽiMupyeT nepeKpecT 


> //AM/A/A// 

V\A/VVVV’ 


CMemeHHaB Ljenbyxoflm 
b Apyroň flyn/ieKC, rfle 
flJlfl Hee OCBOÓOflM/lCB 

napTHep 


X'X'X/Ä^/JKJA// 



PeKOMÓMHaMMB 

3 aBepiiiaeTCB 


\A\f\/A/A/A/\Ss 


X'A/X/A/A/A/ 7 \// 


P MC. 19.16 Be/iOK RecA KaiajiM 3 npyeT oÓMeH uenaMM Me>KAy nac- 
TMHHbiM m ľio/iHbiM Ayn/ieKcaMu flHK. ľlo/iyHaeTCfl coeAMHeHHaa mo- 
jieKy/ia, 3KBMBa.neHTHafl CTpyKType XojuiMAea 


peKOM6uHau.Hu. B oôohx ctí yuaax 3a o6pa6ora)H pa3pbiBa 
c o6pa30BaHHeM OAHOLjenoHeHHoro 3'-KOHu,a oieflyeT 3a- 
rpy3Ka oahhohhoh u,enH b (JiHJiaMeHT c Rad 51 j\jík noncxa 
HAeHTHHHbix AyiuieKCHbix noaieflOBaTejibHOcreH. 3to mo- 
xceT ncnoAb30BaTbca npn penapauuu, paBHO xax npn pe- 
KOMÓHHailHH. 


19.10 


CiicieMa Ruv pa3flejijieT 
apyicrypbi Xo/uiMAe*i 


KniOHeBbie dohbtmb: 


• KoMn/ieKC Ruv oópaóaTbiBaeT CTbiKu peKOMÓMHupyiomMx 
MO/ieKy/i. 

• Be/ioK RuvA ono 3 HaeT cipyKTypy CTbiKa, a RuvB AB/ifleica 
xejiMKa3oŕí, KaTajiM3upyiomeŕí Murpaumo bctbm. 

• Be/iOK RuvC pa 3 pe 3 aei CTbiKu c o 6 pa 30 BaHueM n po mokrom h bix 
npOAyKTOB peKOMÓMHaUMM. 


Oahh H3 BaxcHeHiiiHx STanoB peKOM6HHau.Hu — pa3pe3aHHe 
CTpyKTypbi XojuiHAea, onpefle;miomee hcxoa Bcero npou.ec- 
ca Kax peunnpoKHyio peKOMÔHHauuio mu xax B03BpaT b 
ucxoflHoe (He curnaa KopoTKoro yuacTKa ruôpuflHOH flHK) 
cocToaHue (cm. pne. 19-6 n pne. 19.8). Murpau,Hfl bctbu ot 
caňTa oÓMeHa (cm. pne. 19.7) fleTepMHHHpyeT /yiHHy ynacT- 
xa rnópHAHon flHK (c peK0M6HHau.Hen hjih 6e3 Hee). Be;i- 
kh, ynacTByionine b cTa6HjiH3au,HH h pa3pe3aHHH CTpyKTyp 
XojuiHAea y E. coli, , 6buiu HAeHTucjiHLi.HpoBaHbi Kax npoflyK- 
Tbi reHOB ruv. BeiiKu RuvA h RuvB UHTeHCH({)Hu,HpyK)T 06- 
pa30BaHue reTepoflyn;ieKCHbix crpyicryp. RuvA pacno3HaeT 
CTpyKTypy Xomiuflea, cBfl3biBaeTca co bccmh ueTbipbMa ue- 
imiu flHK b TOMKe nepexpecTa, h flBa ero TeTpaMepa o6pa- 
3yi0T c flHK caHABHH-cTpyKTypy. RuvB — rexcaMepHaH xe- 
AHKa3a C AT0a3H0H aKTHBHOCTblO, OH CJiyXCHT MOTOpOM RJW 
Murpau.HH BeTBH. rexcaMepHbie KOJibija RuvB oxBaTbmaiOT 
KaxgibiH AynJiexc flHK Bbirne tohkh nepexofla (oTHOCHTeiib- 
ho HanpaBJíeHua MHrpau.Hu bctbu). KoMrniexc cxeMarauHO 
H3o6paxceH Ha p M c. 19.17. 

Kom rniexc RuvAB MOxceT 3acraBjuiTb BeTBb MurpupoBaTb 
CO CKOpOCTbK) OT 10 AO 20 UH/C. HoXOXCyiO aKTHBHOCTb o6ec- 
neuHBaeT flpyraa xe^uxa3a, RecG. B npoflOJDKeHue CBoero 
AeHCTBua RuvAB CMemaeT RuvA c flHK Akthbhocth RuvAB 
h RecG o6e Moryr fleHCTBOBaTb Ha CTpyicrypbi Xomiuflea, u 
eoiu o6e HapymeHbi BCJieflCTBue MyTau.HH, peKOMÓHHaHTHaa 
aKTHBHOCTb b KjieTKe E. coli 6e3HaAexcH0 flecjieKTHa. 

TpeTHH reH, ruvC, KOAupyeT 3HflOHyKjiea3y, cneuucjiHH- 
ho y3HaK)iAyio cTpyKTypbi XojuiHAea. OHa MoxceT pa3pe3aTb 
coeAHHeHHfl in vitro, ocyui,ecTBJwa, TaxuM o6pa30M, pa3fle- 
jieHue npoMOKyTOMHbix npOAyKTOB peKOM6uHau.Hu. Oômaa 
TeTpaHyioieoTHAHaa noaieflOBaTe;ibHOCTb oóecneuuBaeT 
Aira RuvC ropauyio TOMKy pa3Ae;ieHHfl cTpyicrypbi Xo^jiHAea. 
TeTpaHyioieoTHA ATTG acuMMerpuneH, u, TaxuM o6pa30M, 
MoxceT HanpaB^aTb pa3AejieHue cTpyicrypbi OTHOCHTe^bHO 
Toro, Kaxyio napy u.eneH c^eAycr pa3pe3aTb. 3 tot Bbióop on- 
peAeAaeT ah6o o6pa30BaHue 3 an^aTOMHbix peKOMÓHHaHTOB 
(to ecTb OTcyTCTBue nojiHou.eHHOH peKOM6HHau.Hu), ah6o 
o6pa30BaHue cnjiaHc-peKOMÔHHaHTOB (peKOMÔuHauua 
MOKAy 4)JiaHKupyioiAHMH MapxepaMu). AHa^H3 xpHCTa^^u- 



Pi/iC. 19.17 RuvAB npeACTaB^5ieT coóoíí acMMMeipnHHbm KONin/ieKC, 
oóecneHMBaiomMM nepeMemeHue tohkm BeTB/ieHu^ (Murpaumo BeT- 
bm) b CTpyKType XoA/iMAefl 
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MecKHx cipyicryp RuvC h Apyrnx pa3AeaaiomHx c})epMeHTOB 
noKa 3 an, hto hx cipyKTypbi Mano noxoxcn, HecMOTpa m 06- 
LU,HOCTb (J)yHKLI,HH. 

YhHT biBaa Bce BbiinecKa3aHHoe, mohcho npeAnoao- 
xcHTb, hto Ha peKOMÓHHauHio paóoTaeT pa3AejunomHH 
ÓeJIKOBblH KOMIUieKC, B KOTOpblH BXOA^T H (J)epMeHTbI-Ka- 
TaJIH3aTOpbI MHrpaUHH BeTBH, H COÓCTBeHHO pa3Ae^H10- 
mne ôejiKH. Bo3moxcho, noxoacHH komiuickc npHcyTCTByeT 
b KjieTKax MJieKoríHTaiomHx. 

Tenepb Mbi b coctoahhh o6T>acHHTb cTa^HH pexoM- 
ÓHHaUHH y E. coli (j)yHKIJHaMH KOHKpeTHblX ÓeJIKOB. Ha 
19.18 noKa3aHbi STanbi Hcnoab30BaHHa pexoMÔHHa- 
ijhh rjw penapaijHH npoóeaa b oahom AynaeKce c npHBJíe- 
neHHeM MaTepnana H3 Apyroro (roMOAorHHHoro) AyrmeK- 
ca. ľ/iaBHoe npemrrcTBHe jyin nepeHoca sthx 3HäHHH Ha 
peKOMÓHHaijHK) y ayxapnoT coctoht b tom, hto y óaicre- 
pHň b oónieM oiynae ueaaa xpoMOcoMa pexoMÓHHHpyeT c 
cJ)parMeHTOM fl HK. Taxaa pexoMÔHHaijHa hocht xapaicrep 
penapauHH, CTHMyjiHpyeMOH noBpoK^eHHeM flHK, h sto 
He COBCeM 3KBHBaJieHTHO peKOMÓHHaiJHH MtTKffy reHO- 
MäMH npn Meno3e. H Bce ace syKapnora MaHHnyjiHpyioT 
CBoeH fl HK c Hcnojib30BäHHeM noxoxcHx MOJiexyAapHbix 
aKTHBHOCTeH. 


flpyraa cncTeMa pa3AeAaiomHx cjiepMeHTOB, hah pe- 
30^bBa3, 6buia onncaHa y ApoaoxeH h MAexonHTaiomHx. Y 
MyraHTOB S. cerevisiae no mus81 HapymeHa pexoMÓHHa- 
una. Eeaox Mus81 — KOMnoHem SHAOHyiuiea3bi, KOTopaa 
pa3AeaaeT cTpyKTypbi XojniHAea Ha OTAe/ibHbie AynaeKCbi 
3Ta pe3o;ibBa3a Baacm xax npn Meňo3e, Tax h /yia pempTa 
«3acTpaBmnx» penAHxaTHBHbix bhaox (cm. pa3A. 20.9 «Pe- 
KOMÓHHauna CJiyaCHT BaXCHbIM MexaHH3MOM HCnpaBJíeHHH 
ornnóoK penaHKau,HH»). 


19.11 


KoHBepcim reHa 

KaK MeX3HM3M MeWaJlJieJlbHOÉÍ 

peKOMÓMHaUMM 


KniOHeBbie noHímifl: 


• ľeTepoAynaeKC flHK, bo3hmkujmm b xofle peKOMÓMHauMM, 
coAep>Km HeKOMľi/ieMeHTapHbie ocHOBaHMfl, ec/in 
peKOMÓMHkípyiomMe nocaeAOBaie/ibHOCTM He MAeHTMHHbi. 

• CkiCTeMbi penapauHH MoryTycrpaHflTb HecooTBeTCTBMfl, M3MeHB5i 
nocaeAOBaieabHocTb oahoíí M3 ueneŕí Ta k, HToóbi OHa cra/ia 
KOMn/ieMeHTapHa Apyroŕí 


OepMeHTbl I aKTepMH K3T3JlM3MpyiOT peKOM MHaAMK) 


M3-3a noBpemAeHMfl flH K 

B OAHOM M 3 npOAyKTOB 
penJIMKaLlMM B 03 HMKJia 
«6peiiib» 


RecA 

UHMAMaTMBa oÓMeHa 
npnHaAne)Km oahom 
M3 Ljeneíí nojiHcmeHHoro 
npoAyKTa peruim<auMM 

CMemeHHaB Lienb 
3aHMMaeT ee Mecio: 
nepeKped Bbino/iHeH 


flHK-nojiMMepa3a 

«Bpeiiib» 3ano/iHBeTCB 
3a cnei CMHTe3a flH K 


RuvA,B 

MurpaLlMB BeTBM 


RuvC 

Pa3Ae/ieHne cipyKTypbi 
Xo/i/iHflea 
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. OepMeHTbi óaKTepMM cnocoÓHbi BecTM Bce 3Tanbi pena- 
paUMOHHOM peKOMÓMHaUMM, eCJIM MX CHaÓAMTb nOAXOAíUAMMM MOae- 
Ky/iaMM flHK b KanecTBe cy6cipaia 


XapaxTepHbie CBOHCTBa peKOMÓHHaiiHH Meac^y ajuiainMu 
oó^acHaiOTca ynacTneM b Hen reTepoAynaeKCHOH flHK; 
AeHCTBHTeiibHo, (peHOMeH MeacajiaeAbHOH pexoMÓHHa- 
Uhh noóyacAaji k pa3pa6oTKe reTepoAynaeKCHOH morom. 
Kor/ja peKOMÓHHaiiHa Meac^y 2ljijio\rmh 6bma oTKpbiTa, 
ecTecTBeHHO 6bmo npeAnojio)KHTb, hto MexaHH3M ee tot 
ace, hto h y peu,HnpoKHOH peKOMÓHHaiiHH Mexc^y y^ajieH- 
hmmh Apyr ot Apyra jioxycaMH. Hhmmh ciioBaMH, BHyT- 
pn Aoxyca nponcxoAHT HHAHBHAyaabHbiH aKT pa3pbiBa n 
BoccoeAHHeHHfl, nopoacAaioiiiHH peu,HnpoKHyio napy pe- 
KOMÓHHaHTHbix xpoMOCOM. flna HeóoAbiuoro ynacTKa oa- 
Horo-eAHHCTBeHHoro reHa caMO o6pa30BaHne reTepoAyn- 
jieKCHOH flHK oóbiHHO cocTaBjíaeT cyTb peKOMÓHHaunn. 

MHAHBHAyaAbHbie (J)aKTbI peKOMÓHHailHH MOmiO H3y- 
qaTb Ha rpHÓax-acKOMHijeTax, nocKOAbKy y hhx npoAyKTbi 
OAHHOHHoro Meňo3a yAepacHBaiOTca BMecTe b óojibinon 
KneTKe — acne (MeHee ynoTpeónTejibHoe Ha3BaHne — 
TeTpa^a). Boaee Toro, y HexoTopbix H3 sthx rpnóoB ne- 
Tbipe ranaoHAHbix a^pa — npoAyKTa Meňo3a — pacnoAO- 
aceHbi b jiHHeHHOM nopa^Ke (nocae^yioiiiee MHTOTHnecKoe 
AeaeHne sthx neTbipex a^ep A^eT AHHeňHyio cepnio H3 
BOCbMH ranaoHAHbix aAep). Ha 5 ’ noxa3aHO, hto 

xaagioe H3 sthx aAep npeAcraBAaeT reHeTHnecKHH xapax- 
Tep OAHOH H3 BOCbMH IjeneH HeTbipeX xpoMOCOM, C(J)Op- 
MHpoBaBniHxca b pe3yabTaTe Meňo3a. 

npn Meno3e reTepo3nroTHOH kactkh o6pa3yeTca no 
neTbipe Konnn xaacAoro aAAeaa. Hmchho sto HaóaiOAa- 
eTca b OoAbiiiHHCTBe cnop. OAHaxo b HexoTopbix cnopax 
cooTHomeHHe Apyroe. 3 to oó^acHacTca o6pa30BaHHeM 
h KoppeKu,HeH reTepoAynaexcHOH flHK Ha ynacTKe, no 
KOTOpOMy aAACAH OTAHHaiOTCa. PHCyHOK HAAIOCTpHpyeT 
coóbiTHe peKOMÓHHaiiHH, npn kotopom Ha oahoh H3 ne- 
Tbipex MeHOTHMeCKHX XpOMOCOM OKa3bIBaeTCa 0Tpe30K 
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B TeTpaflax acKOMMijeTOB cnopbi pacnoiiojKeHbi 3 aKOHOMepHO 
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PHC. 19.19 n pH cnopoo6pa30BaHMM y acKOMimeTOB mo>kho npoaieAWb MeííoTMHecKyK) cyflbóy 
Ka>KAOM OTAe-nbHO b35itom uenM flHK 


THÓpHAHOH flHK, B03HHKIIIHH, B03M0>KH0, KaK pe3yJIbTaT 
peKOMÓHHailHH, HHHUHHpOBaHHOH flByxu,enoHeHHbiM 
pa3pbIBOM. 

npeflnojioxcnM, ABa aÄJie;ifl pa3JiHHaiOTCfl no oahoh to- 
neMHon MyTaunn. Kor^a b pe3y;ibTaTe oÓMeHa u,emiMH flHK 
o6pa3yeTca reTepoAynjieKc, ero uenn b tohkc Myraunn He 
6yoyT KOMmieMeHTapHbi. npn stom Kaxgiaa u,enb óy^cr He- 
cth cbok) reHeranecKyio HH^opMau.Hio. Ecjih b hx noc;ie- 

AOBaTeJIbHOCTH He BHOCHTCfl H3MeHeHHH, C HaCTymieHHeM 

penjíHKaiiHH uenn CTa6nAH3HpyioT cboio HH(J)opMauHK) 
b cocTaBe AonepHero /jymieKca. TaKOH Bapnam pa3BHTna 
coóbiTHH Ha3biBaioT nocTMeňoTmecKOH cerperai^Heň, 
hto 03HanaeT «pa3Ae;ieHHe (u,eneH flHK) noc;ie Meňo3a». 
Ero 3HaneHHe coctoht b tom, hto oh HanpaMyio acmohc- 
TpnpyeT cymecTBOBaHne reTepoAyn/ieKCHon flHK b peKOM- 
ÔHHnpyiomHx ajuiejrax. 

flpyron scjxjieKT npoflBjweTCfl npn nccjieflOBaHHH pe- 
KOMÓHHaunn Mexc/iy ajuiejwMH: nponopuna hx nacTOT ot- 
JIHHaeTCfl OT HCXOAHOrO COOTHOmeHHH 4:4. 3TOT 3(}x})eKT 
Ha3biBaiOT KOHBepcneH reHa. Oh 3amnoHaeTCfl b HepeijH- 
npoKHOM nepeHoce HH^opMaiiHH c oahoh xpoMaraAbi Ha 
Apyryía 

KoHBepcna reHa nponcTeKaeT H3 oÓMeHa ijemiMH mok- 
Ay Mo;ieKy;iaMH flHK, h H 3 MeHeHHe noejieAOBaTejibHOCTH 
MOXCeT HMeTb OAHy H3 AByX B03M0XCHbIX npHHHH MOJieKy- 
jrapHoro ypoBHa: 

• Kan o 6 o 3 HaneHO Ha pne. 19.9, b moacjih c AByxijeno- 
nenHbiM pa 3 pbiBOM oahh Ayn^eKc flHK cjiyxcHT aoho- 
poM reHeTHnecKOH HHcjiopMau.HH, KOTopaa HanpaMyio 
3aMemaeT eoTBeTCTByiomHe noejieAOBaTejibHOCTH b 
AynjieKce-peu.HnHeHTe b xoAe npoueccoB o6pa30BaHna 
« 6 pemn», oÓMeHa ijemiMH h 3ano;meHHfl « 6 pemn». 


• Kax nacTb oÓMeHHoro npouecca reTepoAyinieKc flHK 
o6pa3yeTca, KorAa OAHHOHHaa uenb OAHoro AyruieKca 
B3aHMOAeHCTByeT CO CBOHM KOMnJieMCHTOM B APyrOM 
Ayn;ieKce. CncTeMbi penapaiinn y3HaiOT HecnapeHHbie 
ocHOBaHna b reTepoAynAeKCHOH flHK h, htoóh BoccTa- 
HOBHTb KOMnjieMeHTapHOCTb, Moryr Bbipe3aTb h 3aMe- 
HHTb OAHy H3 u,eneH. 3tot npou,ecc npeo6pa3yeT uenb 
flHK, npeACTaBjíajoiAyio oahh ajmejib, b nocjieAOBaTejib- 
HOCTb Apyroro a^^e^a. 

KoHBepcna reHa nponcxoAHT BHe 3 aBHCHMoera ot 
KpoccHHroBepa, ho KoppejinpyeT c hhm. 3HanHTeAbHaa 
nacTb aóeppaHTHbix acKOB AeMOHCTpnpyeT reHeTHnecKyio 
peKOMÓHHaiiHK) MexcAy AByMa MapKepaMH no o6e cTopoHbi 
caHTa MexcajuiejibHOH KOHBepcnn reHa. 3to cooTBeTCTByeT 
CHTyau,HH, b KOTopoň aóeppaHTHbie cooTHomeHna — pe- 
3yAbTaT HnMiinaiinn peKOMÓHHaTHBHoro npouecca (b 
COOTBeTCTBHH C pHC. 19-6), HO C npn6AH3HTeAbHO OAHHa- 
KOBOH BepOHTHOCTbK) pa3BOAKH CTpyKTypbl C peKOMÓH- 
HauneH hah 6e3 Hee (KaK o6o3HaneHO Ha pne. 19.8). H 3 
SToro AornnecKH c^eAyeT, hto xpoMocoMbi rpnôa hhhu,h- 
npyioT KpoccHHroBep npnMepHO BABoe nan^e, neM moxcho 
0>KHAaTb HCXOAH H3 H3MepeHHH HaCTOTbl peKOMÔHHälJHH 
MexcAy oTAajieHHbiMH reHaMH. 

H3yneHHe peKOM6nHau,HH Ha MOJieKyjiapHOM ypoBHe 
BbmB^aeT pa3Hoo6pa3Hbie tchachiihm. HanpaBAeHHOCTb 
KOHBepcnn reHa MoxceT 6biTb paBHOBepoaTHOH, um xce aji- 
AeAb-cneuH(J)HHHbie 3(J)(J)eKTbi Moryr co3AaBaTb npnopnTeT 
OAHOH H3 CTOpOH. TpaAHeHTbl peKOMÓHHailHH MOiyT ÓbITb 

pa 3 o 6 nieHbi c ropaHHMH TOHKaMH. CeHHac HaM h3bcctho, 
hto ropanne tohkh npeACTaBjíaioT co6oh caňTbi, no ko- 
TopbiM HHHu,HHpyK)Tca AByxijenoHeHHbie pa3pbiBbi, a rpa- 
AneHT KoppejinpyeT co cTeneHbio pa3pacTaHna npoóe^a 
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C flJIHHHblMH OAHOUenOMeMHbIMH KOHIjaMH nO KpäflM (CM. 

pa3A. 19.6 «CHHanTOHeMHbiH komiuickc o6pa3yeTca nocjie 

BHeceHHH ^ByxuenoMeMHbix pa3pbiBOB»). 

HeKOTopyio HHíJjopMaijHio o CTeneHH KOHBepcHH reHa 
mojkho noMepnHyTb, aHajiH3Hpya nocneflOBaTejibHOCTH 
iciacTepHbix reHOB. Oóbimho npoflyKTbi peKOMÓHHaijHH 
pa3AejiaioTCH h CTaHOBHTca 6ecnojie3Hbi ajia aHajiH3a pe- 
KOMÓHHauHH Ha ypoBHe nocjieAOBaTejibHoc™ JX HK. Ecjih 
xce xpoMOCOMa HeceT £Ba (HeajuiejibHbix) reHa, poflCTBeH- 
Hbix Apyr Apyry, ohh MoryT peKOMÓHHnpoBaTb nocpeflc- 
tbom «HepaBHoro KpoccHHroBepa» (cm. pa3£. 6.7 «HepaB- 
HbiH KpoccHHroBep npHBOAHT k peopraHH3aijHH uejibix 
reHeTHMecKHx KjiacrepoB»). CeHMac HaM HyxcHO Jirniib 
OTMeTHTb, mto reTepoflymieKC moxcct o6pa30BbiBaTbca 
MOK/jy AByMa HeajmejibHbiMH reHaMH. KoHBepcHa reHa 
(J)aKTHMecKH npeo6pa3yeT oahh H3 HeajmejibHbix reHOB b 
nocjieflOBaTejibHOCTb ^pyroro. 

npHcyTCTBHe óojiee mcm oahoh kohhh reHa Ha oahoh 
h toh xce xpoMOCOMe — «OTneMaTOK» Tanoro coóbiTra. Ha- 
npHMep, ecjiH o6pa30BaHne reTepoflymieKca h KOHBepc™ 
reHa oxBaTHJín jihihb qacTb reHa, to 3Ta Macrb HMeeT noc- 
JieAOBaTeJIbHOCTb, H/jeHTHMHyiO (HJIH OMeHb 6 jIH 3 KOpOflC- 
TBeHHyio) ApyroMy reHy, b to BpeMH Kan jym ocrajibHOH 
Mac™ hx nocjieAOBaTejibHocTH OTjiHMaiOTCfl. HccjieAOBa- 
HHfl nOKa3bIBaiOT, MTO KOHBepcHH reHa MOJKCT OXBaTHTb 
3HaMHTeJIbHbIH npOMOKyTOK, BnJIOTb flO HeCKOJIbKHX Tbl- 
CflM HyKJieOTHAOB. 


19.12 


CBepxcfiMpajiM3aiiMfl 
3aTparnBaeT apyKTypy AH K 


KjuoneBbie noHATMa: 


• CBepxcnnpa^M3auM5i npoMcxoAMTTO/ibKO b «3aKpbiT0íí» flHK, He 
MMeiOlMeíí CBOÓOflHblX K0HI40B. 

• «3aKpbiTOM» flB/iaeTCfl flHK, 3aMKHyiaa b KO/ibLio, mjim b 
J lMHeíÍHOM c()OpMe C KOHLjaMM, 3aKpen^eHHblMM Óe/IKOBOÍÍ 
CTpyKTypoM. 

• Bawafl «3aKpbua5i» MO/ieKy/ia flHK xapaKTepM3yeTca nop^AKOM 
3aLien/ieHMfl, npeflcraBjífliomMM coóoíí cyMMy HMC/ia bmtkob 
flBOMHOM CnMpa^M M HMC/13 CBepXBMTKOB (Lk = Tw + Wľ). 

• nocpeflCTBOM nepepacnpefle^eHMA bmtkob M3MeHeHMe 
CTpyKTypbl flBOMHOM CnMpa/lM MO>KeT KOMľieHCMpOBaTb 
M3MeHeHMe ee CKpyHMBaHMa b npocTpaHCTBe. 

• ľlopflflOK 3auen^eHM5i MO>KeT 6bub M3MeHeH TO/ibKO c noMombio 
pa3pblBa XMMMHeCKMX CBfl3eíí B flHK M 0Ópa30BaHM51 HOBblX. 


3aKpyMeHHOCTb u,eneH JX HK Apyr OTHOCHTejibHO Apyra b 
crpyKType abohhoh cnnpajín AejiaeT bo3moxchbim mchatb 
3Ty CTpyKTypy, B03AeHCTBya Ha ee KOH(jx}pMau,Hio b npo- 
CTpaHCTBe. Ecjih HenoABHJKHO 3a(J)HKCHpOBaTb 06 a KOHija 
MOJieicyjibi JX HK, ABOHHyio cnnpajib TaKOH «3aKpbrrc>H» mo- 
jieicyjibi moxcho BpamaTb oTHOCHTejibHO ce6a b npocrpaHC- 
TBe. 3to Ha3bmaiOT CBepxcimpajm3au,neH. Pe3yjibTaT 
moxcho npeflcraBHTb Kan pe3HHOByio JieHTy, 3aKpyMHBae- 
My 10 OTHOCHTejibHO ce6a. npocTeHiiiHM npHMepOM flHK 6e3 
CBOÓOAHbix KOHU.OB HBJífleTCfl KOJibiieBaa MOJieicyjia. 3(})(})eKT 
CBepxcnHpajiH3ai4HH moxcho yBn/jeTb, cpaBHHBaa HecBepx- 


Ko/ibAeBvio AHK mo>kho CBe^ xcnn v a/in30BaTb 



PMC. 19.20 CBOÓOflHafl ^MHeííHafl flHK Bbir/i5iflMT pacnpaB^eHHOÍí. 
KojibLieBaa flHK Bbir/i5iflMT pacnpaB^eHHoíí, ec^M 0Ha pe^aKCMpo- 
BaHa (to ecTb He coflepwMT CBepXBMTKOB). CBepxcnMpa^M30BaHHa5i 
flHK o6pa3yeT neT^M m Bbir/iflflMT KOHfleHCMpoBaHHOM. OoTorpac^Mfl 
^io6e3Ho npeflocTaB^eHa Nirupam Roy Choudhury, International 
Centre for Genetic Engineering and Biotechnology (ICGEB) 


cnHpajiH30BaHHyio KOJibueByio JX HK, njiocKO Jiexcamyio Ha 
(J)OTO C PMC. 19.20, CO CBepXCnHpaJIH30BaHH0H KOJIbD,eBOH 
MOJieicyjiOH. 

IlOCJieACTBHH CBepxCnHpa^H3ailHH 3aBHCflT OT Toro, B 
Kaicyio CTopoHy 3aKpyMeHa JX HK OTHOCHTejibHO ce6a. Ecjih b 
Ty xce, mto h £Be i^enn BHyrpn abohhoh cnnpajín (no Maco- 
boh CTpejiKe), to sto nojioMumejihucm ceepxcnupajimai^un 
(positive supercoiling). OHa 3acTaBJiaeT uenn JJJíK 3anpyMH- 
BaTbca Apyr OTHOCHTejibHO Apyra óojiee njiOTHO, c óojibiiihm 
mhcjiom nap ocHOBaHHH Ha bhtok. BpameHHe JX HK othoch- 
TejibHO ce6a b npoTHBonojioxcHon opHeHTau,HH nopoxcflaeT 
ompui^amejibnyK) c6epxcnupcuiu3au f uK) {negatíve super¬ 
coiling). npn Hen nenn JX HK CTaHOBHTca 3aKpyMeHbi MeHee 

nJIOTHO, C MeHblHHM, MeM B HCXOAHOM (peJiaKCHpOBaHHOM) 
COCTOHHHH, MHCJIOM nap OCHOBaHHH Ha BHTOK. OTpHIta- 

TejibHyio CBepxcnHpajiH3aitHio moxcho npeACTaBJíaTb ce6e 
Kan co3AaHHe b flHK HanpaxceHHH, KOTopbie cópacbiBaiOTca 
nocpeflCTBOM pacnjieTaHHH abohhoh cnnpajín. KpaHHHM 
npoHBJíeHneM 3(J)cJ)eKTa HeraTHBHOH CBepxcnHpajiH3aitHH 
HBJweTca ynacroK c pa3AejieHHbiMH uenaMH flHK — (J)op- 
MajibHO, c HyjieM nap ocHOBaHHH Ha bhtok. 

TonojiorHMecKoe MaHHnyjinpoBaHHe JX HK moxcho 
CMHTaTb u,eHTpajibHbiM acneKTOM Bcex ee (JjyHKítHOHajib- 
HblX aKTHBHOCTeH (peKOMÓHHailHH, penjíHKaitHH, TpaHC- 
KpHnijHH), a Taioxe opraHH3aitHH CTpyKTypbl Bbicinero 
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nopflflKa. Bce CHHTeTHHecKne 3kthbhocth c ynacTneM 
AByxuenoneHHOH flHK TpeóyiOT pa3AeJieHHii uenen. Ho, 
OKa3biBaeTCH, uenn He npocTo JiexcaT 6ok o 6ok; ohh nepe- 
rnieTaiOToi. ľlosTOMy hx pa3AejieHne TpeóyeT BpameHHB 
Apyr OTHocHTejibHo flpyra b npocTpaHCTBe. HeKOTopbie 
B03M0JKH0CTH flJIfl peaKUHH pacnJieTaHHfl npOHJIJIIOCTpH- 
pOBaHb] Ha PMC. 19.21. 

Mojkho npeACTaBHTb ce6e flHK co cboóoahbim kohuom, 
KOTopbiH no3BOJiHJi 6bi ueroiM BpamaTbCfl BOKpyr och aboh¬ 
hoh cnnpajiH h paciuieTaTboí. O^HaKo HeH3Óe>KHoe npn 
stom «6ojiTaHHe» uenen, yHHTbiBaa AJMHy abohhoh cnnpa- 
JIH H BHyTpHKJieTOHHyiO npOCTpaHCTBCHHyiO CTeCHeHHOCTb, 
He BblľJIHAHT peaJIHCTHHHO. 

Ecjih noMecTHTb Ha cboóoahbih kohoi flHK «ycrpoHC- 
tbo», Kompojinpyiomee ero BpameHne, sto npeAOTBparaT 
pacKpyHHBaHHe uenn, oflHaKo s(j)(j)eKT AOJixceH óbitb nepe- 
flaH Ha 3HaHHTejibHoe paccTOflHne, omiTb xce c ncnojib30Ba- 
HHeM poTaiiHH Hecoo6pa3Ho fl^HHHoro ynacTKa. 

PaccMOTpHM nocjieACTBHH paa^ejieHHH uenen b mo- 
jieicyjie, mbh kohubi He cboóoahbi j\m BpameHHB. Ecjih 
ABe nepenjieTeHHbie uenn b3htb 3a kohubi h pacTHHyTb 
Bp03b, pe3y^bTaTOM óyAeT ymiomeHne hx 3aKpyMHBaHHn 


Pa3Ae/ieHwe ueneft TpeóyeT H3MeHeHMH b Tono/torun 



PHC. 19.21 Pa3fle/ieHne ueneíí aboííhom cnupa/in flHK mo>kho npo- 
M3BeCTM HeCKO/lbKMMM CľlOCOÓaMM 


b flajibHen nacra MOJieKyjibi. ľlpoÓJieMy mojkho peníHTb 
BHeceHneM BpeMeHHoro pa3pbiBa (HHKa) b OAHy H3 ue- 
nen. BHyTpeHHHH cboóoahbih KOHeu no3BOJiHeT HaApe- 
3aHHOH uenn BpamaTbai BOKpyr HHTaKTHOH uenn, noc- 
jie nero hhk MoxceT óbitb 3aniHT. KaacAoe noBTopeHne 
peaKUHH HaApe3aHHH h cniHBaHHH BbiCBOÓoacAaeT oahh 
CBepxenHpajibHbiH bhtok. 

3aKpbiTyio MOJiexyjiy flHK xapaKTepn3yeT ee nopn^oK 
3 auen.ieHiiH (L), mhcjio pa3, KOTopoe OAHa ee uenb nepe- 
cexaeT Apyryío b npocrpaHCTBe. 3aKpbiTbie MOJieicyjibi flHK 
C UAeHTHHHBIMH nOCJieAOBaTeJIbHOCTHMH MOryT HMeTB 
pa3Hbie nopHAKH 3auenjieHHH, OTpaxcaioiuHe pa3Hbie cre- 
neHH CBepxenHpaJiH3auHH. Mojieicyjibi flHK, OAHHaKOBbie 
bo BceM KpoMe nop^AKOB 3auenjieHHH, Ha3breaioTTonojio- 
THMeCKHMH H30MepaMH. 

y nopa^Ka 3auenjieHHa ecTb ABe cocTaBjunomnx: mhcjio 
CB epXBHTKOB (W) H MHCJIO BHTKOB ABOHHOH CnnpaJIH (T). 

HHCJIO BHTKOB ABOHHOH CnHpaJIH (T) — STO CBOHC- 
tbo caMoíi ABycnnpajibHOH crpyKTypbi, oToópaxcaiomee 
BpameHne oahoh uenn oTHocHTejiBHo Apyron. Oho 
OTOópaxcaeT oóiuee mhcjio bhtkob AynJienca h onpeAe- 
JlfleTCfl MHCJIOM nap OCHOBaHHH Ha BHTOK. /^JIA peJiaKCH- 
poBaHHOH 3aKpBiTOH KOJibueBOH flHK, jiexcaiueH njianiMH 
Ha nJIOCKOCTH, MHCJIO BHTKOB paBHHeTCH OÓlACMy MHCJiy 

nap OCHOBaHHH, ACJieHHOMy Ha mhcjio nap OCHOBaHHH b 

OAHOM BHTKe. 

Hhcjio CBepXBHTKOB (W) oToópa)KaeT BpameHHe och 
A ynjieKca b npocTpaHCTBe. Oho cooTBeTCTByeT HHTynTHB- 
HOMy npeACTaBJíeHHio o CBepxcnnpajiH3auHH, ho KOJiHMec- 
TBeHHO 3TO He COBCeM OAHHaKOBbie nOHHTHH. ^JIA peJiaKCH- 
poBaHHOH MOJieicyjibi W = 0, h nop^AOK 3auenjieHHB paBeH 
MHCJiy BHTKOB. 

HacTo HHTepec Bbi3biBaeT H3MeHeHHe nop^AKa 3auen- 
jieHHH, AL, 3aA3HHoro paBeHCTBOM 

AL = AW + AT. 

3to paBeHCTBO 03HaMaeT, mto jnoóoe H3MeHeHHe oó- 
mero MHCJia oópameHHH oahoh uenn Jl HK othochtcjibho 
Apyron MoxceT óbitb Bbipa)KeHO KaK cyMMa H3MeHeHHH cnn- 
pajiH3auHH och AynjieKca b npocTpaHCTBe (AW) h CKpy- 
MeHHOCTH caMOH abohhoh cnnpajiH (AT). B CBOÓOAHOH 
MOJieicyjie HK W h T cboóoaho peryjinpyioTCH, h jnoóoe 
AL (H3MeHeHHe nop^AKa 3auenjieHHH), no-BHAHMOMy, bbi- 
pa)KaeTCH H3MeHeHHeM W, to ecTb H3MeHeHHeM cBepxcnn- 
paJIH30BaHH0CTH. 

yMeHbineHHe nop^AKa 3auenjieHHH, to ecTb oTpnua- 
TeJiBHoe 3HaMeHHe AL, cooTBeTCTByeT BHeceHHio HeKoen 
KOMÓHHauHH oTpHuaTeJiBHOH CBepxcnnpajiH3auHH h/hjih 
pacnjieTaHHH. yBejiHMeHHe nop^AKa 3auenjie™, H3Mepa- 
eMoe KaK nojioxcHTejibHoe 3HaneHHe AL, cooTBeTCTByeT 
yMeHbineHHio oTpnuaTejibHOH CBepxcnnpajiH3auHH/pac- 
njieTaHHH. 

PÍ3MeHeHHe coctohhhh jiioóoh Jl HK moxcho onncaTb 
cneuH(J)HMecKOH pa3HOCTbio 3auenjieHHH (specific link- 
ing difference), o = AL/L 0 , rAe L 0 — nop^AOK 3auenjieHHH 
AJia pejiaKCHpoBaHHOH H HK. Ecjih H3MeHeHHe nop^AKa 3a- 
uenjieHHH uejíHKOM BbiTeKaeT H3 H3MeHeHHH W (to ecTb 
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AT = 0), cneijH(})HHecKafl pa3H0CTb 3aijenjieHHa paBHaeT- 
Ca nJIOTHOCTH CBepXCIIHpaJIH3aUHH. OaKTHHeCKH, o Kan 
AL/L 0 mojkho nojiaraTb eooTBeTCTByiomeH h/iothocth 
CB epxcKpyHHBaHHa npn ycjiOBHH nocToaHCTBa CTpyKTypbi 
CaMOH flBOHHOH CIIHpaJIH. 

ľoBopa o nopa^Ke 3aijenjieHHa, BaxcHO noHHMaTb, mto 
3TOT nOKa3aTeJIb HHBapHaHTCH flJia JIIOÓOH HHflHBHflyaJIb- 
hoh 3aKpbiTOH MOJieKyjibi fl HK. nopaflOK 3auenjieHHa He 
MoaceT óbitb H3MeHeH KaKOH-jinóo ,qe(})opMauHeH, KpoMe 
Kan c Hcnojib30BaHHeM pa3pbma h 3aKjieHBaHHa. Y kojib- 
ijeBOH MOJieKyjibi c KOHKpembiM nopaAKOM 3auenneHHa 
3TOT nopaflOK MoaceT BbipaxcaTbca b pa3Hbix eoneTaHHax 
ThW, CyMMa KOTOpblX, OflHaKO, He MOJKeT H3MeHHTbCa fl o 
Tex nop, nona hh oflHa H3 u,eneH He óyfleT pa3opBaHa. (Ha 
caMOM flejie, paenpeflejieHHe 3HaneHHa L, (JjHKCHpoBaHHo- 
ro flJia MOJieKyjibi fl HK b pacTBope, Mexcfly ThW 03HanaeT 
CBOÓOfly na>KAOH H3 3 Thx eocTaBJíaiomHx npHHHMaTb pa3- 
Hbie 3HaneHHa.) 

nopa^oK 3au,enjieHHa CBa3aH c fleHCTBHTejiBHbiMH, sh- 
3HMaTHMeCKH OÓyCJIOBJíeHHblMH COÓbITHaMH, noepeflCTBOM 
KOTopbix b TonoJioraK) fl HK BHocaTca H3MeHeHHa. nopaflOK 
3au,enjieHHa KOHKpeTHOH 3aKpbiTOH MOJieKyjibi MoxceT óbitb 
H 3MeHeH jiHiiib pa3pbiBOM uenn hjih ijeneH, Hcnojib30Ba- 
HHeM CBOÓOAHoro KOHua AJia BpameHHa oahoh ijenH bok- 
pyr Apyroň h 3aioieHBaHHeM pBaHbix kohijob. H3MeHeHne 
nopaAKa 3auenjieHHa nocjie oeymecTBJíeHHa (fiepMeHTOM 
TaKOH onepauHH aojdkho Bbipa)KaTbca ijcjibim hhcjiom; ero 
3HaneHHe mojkho onpeAejíHTb Kan xapaicrepHCTHKy peaK- 
ijhh. Kan BbirjiaAHT sto H3MeHeHHe b TepMHHax AW h AT, 
HaAO paccMaTpHBaTb OTAejibHO. 


19.13 


TonOM30Mepa3bl H3MeHHK)T 
MMCJ10 CBepXBMTKOB, 

pe/iaKCupyn mjim 
CB epxcnnpa/iM3yB AH K 


KjuoaeBbie noHama: 


• TonoM30Mepa3bi, M3MeHaa nopaflOK 3auenjieHna, 
pa3pyiuaK)T b flHK xiiMnHecxne CBa3n, MeHatOT 
KOHcJjopMauMK) aboííhoíí cnnpa/in b npocTpaHCTBe n 
BOCCTaHaBJlMBatOT CBa3M. 

• TonoM30Mepa3bi nepBoro Tuná, paóoiaa, pByT oflHy i\enb 
flHK; Tonon30Mepa3bi BToporo TMna fleMCTBytOT c BHeceHneM 
AByxi4enoHeHHbix pa3pbiBOB 


H3MeHeHHa b Tonojiornn flHK MoryT óbitb Bbi3BaHbi He- 
CKOJIbKHMH cnocoóaMH. Ha pmc, 19.22 npHBefleHbi He- 
KOTopbie npHMepbi. Htoóbi Hanajiaeb penjíHKaijHa hjih 
TpaHCKpHmjHa, ABe uenn flHK aojdkhbi óbitb pacnjieTeHbi. 
B ejiynae penjíHKauHH ABe uenn pa3AejiaiOTca HaBcerAa, 
h Ka>KAaa oópa3yeT hobbih AynJieKc c flonepHeH ijenbio. B 
ejiynae TpaHCKpnnijHH flBiDKeHHe PHK-nojiHMepa3bi eo3fla- 
eT oójiacTb nojio^KHTejibHOH cBepxcnHpajiH3aijHH BnepeAH 
h oójiacTb OTpHD,aTejibHOH CBepxenHpajiH3aiiHH no3aAH 
(JjepMema. CncTeivia óopeTca c sthm nocTOJibKy, nocKOJibKy 


nojioacHTejibHbie CBepxBHTKH 3aTpyAHaioT flBHaceHHe (f>ep- 
Mema (cm. pa3A. 11.15 «CBepxenHpajiH3auHH flHK BJinaeT 
Ha npouecc TpaHCKpHnijHH») npn pennHKaijHH KOJibije- 
boh MOJieicyjibi flHK KOJibu.eBbie npoAyKTbi MoryT OKa3aTbca 
ciienjieHbi (KaTeHHpoBaHbi) c oahhm h3 hhx, nponymeH- 

HblM CKB03b APyrOH. OHH AOJDKHBI ÓBITB pa3fleJieHbI, HTO- 

óbi AonepHHe MOJieicyjibi motjih cerperapoBaTb b flonep- 
Hne KjieTKH pa3AejiHJiHCb. H eme oahh ejiynaH, b kotopom 
CB epxenHpajiH3aiiHa nrpaeT BaacHyio pojib, HMeeT MecTo b 
aApe syKapHOTHMecKOH kjictkh — sto ymiaflKa Taxca flHK 
b BHAe uenoMKH HymieocoM (cm. pa3A. 29.6 «B HyioieocoMe 
MOJieicyjiapHaa nepHOflHHHocTb flHK H3MeHaeTca>>). Bee ne- 
peMHCJieHHbie CHTyaflHH pa3pemaiOTca ACHCTBHeM Tonon- 
30Mepa3. 

fl,HK-TonoH 30 Mepa 3 bi — sto (J)epMeHra, KaTajiH- 
3HpyioiAHe H3MeHeHHa Tonojiornn flHK. Ohh BHoeaT Bpe- 
MeHHBiH pa3pbiB b OAHy hjih oóe uenn flHK, cKB03b Hero 
nponycKaiOT HHTaKTHyio flenb (uenn), nocjie nero stot 
pa3pbiB 3aKjieHBaiOT. Kohubi, oópa3yiomHeca npn pa3pbi- 
Be, HHKorAa He óbmaiOT cboóoahbimh: (JjepMem oópa3yeT c 
HHMH KOBaJieHTHbie CUIHBKH H MaHHIiyJIHpyeT HMH BHyTpH 
coócTBeHHBix rpaHHfl. TonoH30Mepa3bi paóoTaioT c flHK 
6e30TH0CHTejibH0 ee nocjieAOBaTejiBHocTH, xoTa HeKOTo- 
pbie (J)epMeHTBI-yHaCTHHKH CaHT-CneilH(})HMHOH peKOMÓH- 
Hai^HH (f)yHKij,HOHHpyioT TeM xce nyTeM h Tanace noAnaAaiOT 


MHte 3 HyK/ieMHOBblX KHC/IOT MeMfleT CTpyKTypy AH K 


MaipnHHbiíí cnHTe3 TpeóyeT pa3Ae/ieHna ueneŕí flHK 

WWVW/ 

I 

\/W\_ 


npn TpaHCKpnnLtnn flHK oópeiaeT 
no^o>KHTe^bHbie CBepxBHTKH 


II 


Pen^nKauna npoAyunpyeT KaieHnpoBaHHbie 




PHC. 19.22 Bo BpeMa penaMKaunn m TpaHCKpMnuMM Tono/iorna flHK 
MeHaeica. Pa3fleaeHne i\enev\ aboííhom cnMpaaM TpeóyeT pacnaeia- 
Hna ee ochobhux bmtkob. TpaHCKpMnuna C03flaeT nojiowmejibHbie 
CBepxBMTKM BnepeflM PHK-noanMepa3bi. a pen/iHKai 4 na KoabueBOÍí 
MaipMUbi npMBOflMT k oópa30BaHMK) cuenaeHHbix AonepHMX flynaex- 
COB(KOHKaTaMepOB) 
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no a onpefle^eHHe Tonon30Mepa3 (cm. pa3A. 19.18 «CaHT- 
cneuH(f)HMHaH peKOMÓHHauHa HanoMHHaeTTonoH30Mepa3- 
Hyio aKTHBHOCTb»). 

no npnpofle Hcnojib3yeMbix MexaHH3MOB TonoH30- 
Mepa3bi noflpa3flejiflioT Ha ABa Kjiacca. TonoiraoMepa- 
3bi I Tuná B CBOeM ACHCTBHH npOH3BOAHT pa3pbIB oa¬ 
hoh ijenn flHK. TonoH30Mepa3bi II Tmia A^HCTByiOT 
c BHeceHHeM AByxijenoHeHHoro pa3pbiBa. B ijejiOM to- 
noH30Mepa3bi pa3JiHHaiOTCfl no THnaM bhochmbix hmh 
TonojiorHnecKHx h3mchchhh. HeKOTopbie TonoH30Me- 
pa3bi MoryT «paccna6jiflTb» (pejiaKCHpoBaTb, ycTpaHHTb) 
tojibko OTpHijaTejibHbie CBepxBHTKH flHK; Apyrne — xax 
OTpHu,aTejibHbie, Tax h nojioxcHTejibHbie. OepMeHTbi, cno- 
COÓHbie BHOCHTb OTpHIjaTeJIbHbie CBepxBHTKH, Ha3bIBaiOT 
rHpa3aMH; cnocoÓHbie xce C03AaBaTb nojio>xHTejibHbie 
CBepxBHTKH Ha3bIBaiOT OÓpaTHbIMH THpa3aMH. 

y E. coli ecTb neTbipe (jjepMema stoh rpynnbi: Tono- 
H30Mepa3bi I, III h IV, a Tax>xe flHK-rapa3a. flHK-Tonon- 
30Mepa3bi I h III — (f>epMeHTbi nepBoro rana. ľnpa3a h 
flHK-TonoH30Mepa3a IV — (})epMeHTbi BToporo THna. Kaxc- 
AHH H3 neTbipex (J)epMeHTOB Ba)KeH jijín oahoh hjih óojiee 
CHTyauHH, H3o6pa^ceHHbix Ha pne. 19.22: 

• Oóiahh ypoBeHb OTpnijaTejibHOH CBepxcnnpajiH3a- 
Uhh b óaKTepnajibHOM HyxjieoHAe npeACTaBJíaeT co- 
6oh pe3yjibTaT paBHOBec™ MexcAy BHeceHHeM cBepx- 
bhtkob rnpa30H h hx pejiaKcauneH TonoH30Mepa3aMH 
I h IV. 3to BaxcHenniHH acnexT crpyKTypbi HyxjieoHAa 
(cm. pa3A- 28.4 <<BaKTepna^bHbiH reHOM CBepxcnnpajiH- 
30BaH»), 3aTparHBaK)in,HH HHHu,HaijHio TpaHCKpnnuHH 
Ha onpeAejieHHbix npoMOTopax (cm. pa3A. 11.15 «Cre- 
neHb CBepxcnHpajiH3auHH flHK BJinaeT Ha npouecc 
TpaHCKpnnuHH»). 

• Te xce (JjepMeHTbi ynacTByioT b jíHKBHAaijHH npoÓJieM, 
C03AaBaeMbix TpaHcxpHnijHeH; rnpa3a npeoópa3yeT 
noJioxcHTejibHbie CBepxBHTKH, B03HHKaiomHe BnepeAH 
PHK-nojiHMepa3bi, b oTpnijaTejibHbie, a TonoH30Mepa- 
3bl I H IV yCTpaHflIOT OTpnuaTeJIbHbie CBepxBHTKH no- 
3aAH PHK-noJiHMepa3bi. noxoxcne, ho óojiee cnoxcHbie, 
npoóJieMbi B03HHKai0T npn penjiHxaijHH, b hx pemeHHH 
HMeeT MecTO noxoxcee pacnpeAejieHHe pojien Me>KAy 
(J)epMeHTaMH. 

• B xoAe penjíHKauHH AonepHHe AynJiexcbi MoryT oxa- 
3aTbca 3aKpyneHbi Apyr OTHOCHTejibHo Apyra Ha STane, 
H3BecTHOM xax npexaTeHaijHfl. npeKaTeHaHbi ycrpa- 
hhiotch TonoH30Mepa30H IV, KOTopaa Taioxe AexaTe- 
HHpyeT (pacuenjiaeT) reHOMbi, ocTaBinneca xax-jiHÓo 
KaTeHHpOBaHHbIMH nO OKOHMaHHH penjíHKaijHH. OyH- 
xijhh TonoH30Mepa3bi III nacTHMHO nepeKpbmaiOTCH c 
(JjyHKIJHflMH T0n0H30Mepa3b] IV. 

OepMeHTbi syxapnoT cneAyiOT b CBoen paóoTe TeM 
xce npHHunnaM, xoth AeTajiH MoryT oTJiHMaTbca. npn 
stom no óeJiKOBOH nocjieAOBaTejibHOCTH h CTpyxTy- 
pe ohh He noxoxcH Ha (fiepMeHTbi npoxapHOT. Eojib- 
LQHHCTBO SyxapHOT HMeiOT eAHHCTBeHHyK) T0n0H30Me- 
pa3y nepBoro rana, Hcnojib3yeMyio h j\m npoABHxceHHH 
penJIHKaTHBHOH BHJIKH, H RJW. peJiaXCaiJHH CBepXBHTKOB, 
o6pa3yioiij,HxcH npn TpaHCxpHnijHH. TonoH30Mepa3bi 
BToporo rana TpeóyiOTca rjw pasbeAnHeHna xpoMo- 


com noejie penjinxauHH. Ocoóbie pa3HOBHAHOCTH Tono- 
H30Mepa3 ynacTByiOT b coóbithhx pexoMÓHHaiiHH h 
penapauHH. 


19.14 


TonoM30Mepa3bi 
pa3pbiBaiOT uenu AH K 
M CHOBa MX CKJieMBaiOT 


K/uoneBbie noHATna: 


• TonoM30Mepa3bi I TMna BcrynatOT b KOBa/ieHmyK) CBA3b c oahmm 
M3 pa3opBaHHbix KOH 140 B m noc/ie BpameHMfl oahoíí AenM BOKpyr 
Apyroíí CHOBa CK/ienBatOT kohah flHK. HenpepbiBHaa nepeAa 
XMMMHecKHx CBfl3eíí «KOHcepBnpyeT» aHeprMK), m paóoTa 
CHCTeMbi He TpeóyeT 3Hepro3aipaT. 


06iu,hm jyin. paóoTbi Bcex TonoH30Mepa3 MOMeHTOM «b- 
jiaeTca oópa30BaHHe cbh3h Me>KAy oahhm xpaeM xaxcAoro 
pa3pbma uenn flHK («pBaHbiM» kohuom) h aMHHOKHcnoT- 
HblM OCTaTKOM THp03HHa B CaMOM (})epMeHTe. TonOH30Me- 
pa3a nepBoro rana coeAHHaeT ceóa c oahoh (pa3opBaHHoň 
eio)-uenbK), TonoH30Mepa3a BToporo THna npHCoeAHHaeT k 
ceóe no OAHOMy KOHuy xaxcAOH H3 AByx pa3opBaHHbix eio 
u,eneH Ayn^exca flHK. TonoH30Mepa3bi noApa3AeJiaiOT Ha 
rpynnbi A h B no TOMy, c xaKHM H3 (}) 0 C(})aT 0 B flHK, 5' hjih 
3', ohh o6pa3yioT cbh3b. Hcnojib30BaHHe BpeMeHHOH čpoc- 
(J)0AHS(J)HpH0-THp03HH0B0H CBH3H yKa3bIBaeT Ha MexaHH3M 
AeňcTBHH (JjepMema; oh «nepeMbiKaeT» (f)oc(f)OAHS(})HpHyK) 
CBH3b (cbh3h) H3 flHK Ha óejioK, MaHHnyjinpyeT CTpyKTypOH 
oahoh hjih oóenx u,cucPi flHK, a 3aTeM BoccraHaBJíHBaeT hc- 

XOAHyiO CBH3b (CBH3H). 

Bce (JjepMeHTbi E. coli npHHaAJiexcaT k THiiy A (noACO- 
eAHHHiOTCH k 5'-cJ)oc(})aTy). 3 to xapaKTepHo jyw óaKTepnn, 
y KOTopbix TonoH30Mepa3bi THna B non™ He BCTpenaiOTOi. 
Y syxapHOT, HanpoTHB, oÓHapy^KeHbi TonoH30Mepa3bi Bcex 
B03M0XCHBIX THnOBblX COMeTaHHH (IA, IB, IIA H IIB). 

MoAejib paóoTbi TonoH30Mepa3bi IA npoHJiJnocTpn- 
poBaHa Ha puc. 19 . 23 . OepMeHTCBH3biBaeTca c oójiacTbio, 
TAe AynJiexc flHK pa3AejieH Ha oTAejibHbie uenn. 3aTeM 
(JjepMeHT pBeT oAHy H3 uenen, nponycxaeT ckbo3b pa3- 
pbiB Apyryío uenb, h b 3aBepmeHHe peaxiiHH pa3pbiB 3 a- 
KJieHBaeT. nepeHoc CBH3eň c HyKJieHHOBOH khcjiotbi Ha 
óejioK oó^acHneT, xaKHM oópa30M (JjepMemy yAaeTca 
(JjyHKíiHOHHpoBaTb 6e3 SHepro3aTpaT. HnKaKoro Heoó- 
paTHMOrO THApOJIH3a CBH3eH He npOHCXOAHT; HX SHep- 
rra «KOHcepBHpyeTca» ÓJiaroAapa peaxiiHHM nepeHoca 
(0Ka3biBaeTca 3anaceHHOH b bhac Apyrnx CBH3eň). AHa- 
jih3 KpHCTajuiHMecKOH cTpyKTypbi (JjepMeHTa noAKpenjia- 
eT AäHHyio MOAeJib. 

B xoAe TonoH30Mepa3HOH peaxuHH nopaAOK 3auenjie- 
hhh H3MeHaeTca nomaroBO, pa3Mep rnara paBeH eAHHHiie. 
Bchkhh pa3 xax oAHa uenb nponycKaeTca ckbo3b pa3pbiB b 
Apyroň, HMeeT MecTO AL co 3HaneHHeM +1. PncyHOK hjijiioc- 
TpnpyeT aKTHBHocTb (JjepMema c no3HiiHH HaÓJiiOAeHHa 3 a 
ABraceHHeM xajKAOH H3 ijeneH. B cboóoahoh CBepxcnnpa- 
jiH30BaHH0H MOJiexyjie Taxoe H3MeHeHHe nopaAKa 3aiien- 
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onon30Mepa3bi I Twna paéoiaiOT 
c oAKHOHHbiMH uenflMM Ha pacn/ieTeHHOM ynacTKe Ayn/ienca 



CBfl3aTb 

pa3fle^eHHbie 

Lienu 


OflHy M3 HMX 
pa3pe3aTb, 
3aKpennTb 
Kpafl Haflpe3a 


riponycTHTb 

MHTaKTHyK) 
[\enb nepe3 
Haflpe3 


3aK/iemb 

Haflpe3 


S 






PUC. 19.23 y 6aKTepníí Tonon30Mepa3bi I Tuná y3HaiOT nacTMHHO 
pacnAeieHHbie cerMeHTbi flHK m nponycKatOT oflHy uenb nepe3 pa3- 
pe3, cfleAaHHbiíí b Apyroíí Lienu 


jieHHH, HecMOTpíi Ha B3aHM03aMeHfleM0CTb W h T, cjie^yeT 
npHHHTb KaK AW = +1, TO eCTb Ha OAHH OTpHU,aTeJIbHbIH 
CBepxBHTOK MeHbine. 

PeaKU,HB SKBHBaJieHTHa pOTaiJHH, H30Ôpa)KeHH0H B 
HH)KHeH MaCTH pHC. 19-21, C TeM OrpaHHMeHHeM, MTO <f>ep- 
Mem nepeBOAHT peaKijHK) b pe>KHM cepHH rnaroB npoxo- 
Aa oahhohhoh u,enH CKB03B pa3pbiB b ApyroH iienn. (#na 
cpaBHeHna, óecKOHTpojibHoe BHeceHHe HaApe30B b ijenb 
CBepxcnHpajiH30BaHHoň MOJieKyjibi no3BOJiaeT stoh iienn 
cboóoaho BpamaTbca, cópacbmaa Bce HanpíDKeHHe MHoxcec- 

TBeHHblMH pOTailHHMH.) 


TonoH30Mepa3bi nepBoro THna yMeiOT Taioice npo- 
nycKaTb oahh cerMeHT oflHOijeno*ie™oH flHK ckbo3b 
ApyroH. 3Ta peaKiina MoaceT npHBOAHTb k o6pa30BaHHio b 
RHK y3JiOB hjih KaTeHHpOBaTb ABe KOJibijeBbie MOJieKyjibi 
Apyr 3a Apyra, coeAHHaa hx, KaK 3BeHba u,enoMKH. Heno- 
hhtho, KaKoe npHMeHeHHe (h ecTb jih oho) y sthx peaK- 
u,hh in vivo. 

TonoH30Mepa3bi BToporo rana b o6meM cjiyHae pac- 
nycKaiOT h OTpHijaTejibHbie, h nojioxcHTejibHbie CBepxBHTKH. 
PeaKiiHa TpeóyeT pacxoAa SHeprHH, raApojiH3 oahoh mo- 
jieKyjibi ATO oóecneMHBaeT oahh aKT KaTa^H3a. KaK bhaho 
Ha pmc. 19 . 24 , peaKijHfl onocpeAyeTca BHeceHHeM AByxije- 
noMeMHoro pa3pbma b oahh H3 AynJieKcoB Jl HK. .Hna sToro 
npoH3BOAHTCfl pa3pe3 co CMenj,eHHeM b 4 HymieomAa mok- 
Ay iienaMH, h KaacAaa cyó'beAHHHija AHMepHoro (fiepMeHTa 
npHKpenjweTCfl k BbicrynaiomeMy KOHijy flHK. 3aTeM nepe3 
pa3pbiB nponycKaeTca Apyraa oéjiacTb AynjieKca. ATO hc- 
nojib3yeTca rjik nocneAyiomero STana JiHrapoBaHHa/BbiCBO- 



PMC. 19.24 Tonon30Mepa3bi IlTMna nponycKatOTyHacTOK Ayn/ieKca 
nepe3 flByxuenoHeHHbiíí pa3pbiB b ApyroM Ayn/ieKce 
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ÓO^aeHHH, KOiy# KOHIJbl CKJieHBaiOTCH OÓpaTHO H AynJieK- 
cbi flHK OTnycnaiOTCH. ľlo stoh npHHHHe HHľHÓHpoBaHHe 
ATOa3HOH aKTHBHOCTH (fiepMCHTa npHBOAHT K 0Ópa30Ba- 
hhk) «pacmenjiaeMoro KOMnjieKca», coAepxcamero pa30- 
pBaHHyio flHK. 

OopMa^bHbiM cjieflCTBHeM nepeHoca abohhoh ijenn 
aBjmeTca H3MeHeHHe nopa^Ka 3auenneHHfl Ha BejiHHHHy, 
KpaTHyiO AByM. TaiOKe aKTHBHOCTb T0n0H30Mepa3bI BTOpO- 
ro rana MoaceT 6biTb Hcnojib30BaHa nik o6pa30BaHHH hjih 
JIHKBHAaiJHH KaTeHHpOBaHHblX KOJIbljeBblX AynJieKCOB H y3- 

jiob JIHK. 

BepoflTHo, 3Ty peaKijnio mo>kho npeAcraBHTb k^k pac- 
no3HaBaHHe AyruieKCHOH flHK, npn KOTopoM (jjepMeHT cbb- 
3bmaeT jnoóbie ABa AByxu,enoHeHHbix ceraeHTa, KOTopwe 
nepecenaiOTCH. Ihapojih3 ATO MoxceT HcnoJib30BaTbca aaa 
npoBeAeHHB (JjepMema nepe3 KOHcJjopMaijHOHHbie npeoó- 
pa30BaHHa, KOTopbie, b cboio onepeAb, cjiy^KaT reHepaTopoM 
MOLU.HOCTH jyw npoTajiKHBaHHH AynJieKca fl HK ckbo3b pa3- 
pbiB b ApyroM AynneKce. CorjiacHo TonojiorHnecKHM cbohc- 
TBaM CBepxcnHpajiH30BaHH0H fl HK, B3aHM0CBH3b nepeceKa- 
kdiahxch cerMemoB AonycKaeT yAaiieHHe CBepxBHTKOB K2K 
H3 nojioxcHTe^bHo, Tan h H3 oTpnijaTejibHO CBepxcnnpa^H- 
30BaHHbIX KOJieU. 


rnpa3a fleŇcTByeT 
nocpeflCTBOM MHBepCMM 
BMTKOB 


KiiiOHeBbie noHATMii: 


• ľnpa3a E.coli — Tonon30Mepa3a BToporo Tuná, ncno/ibsytomafl 
3 HeprnK) rnflpo^M3a ATO BHeceHMB b flHK oipnuaie/ibHbix 

CBepXBMTKOB. 

BaKTepnajibHaH flHK-rHpa3a — sto TonoH30Mepa3a BTopo- 
ro THna, cnocoÓHaa bhochtb oTpnijaTejibHbie CBepxBHTKH 
b peJiaKCHpoBaHyio 3aKpbiTyio KOJibu,eByio MOJieKyjiy. flHK- 
rnpa3a CBfl3biBaeTCfl c KOJibijeBbiM AynneKcoM h npoijec- 
chbho KaTajíHTHHecKH cBepxcnHpajiH3yeT ero, mctoahhho 
bhoch CBepxBHTKH b OAHy h Ty xce MOJieKyjiy J\HK. OAHa 
MOJieicyjia flHK-rHpa3bi MoaceT 3a MHHy bhccth okojio 100 
CBepxBHTKOB. 

CBepxcnHpajiH30BaHHaa (fiopMa flHK oóJiaAaeT 
óojibiueH cboóoahoh sHeprneH, neM pejiaKCHpoBaHHaa 
(})opMa, CBepxcnHpajiH3auHH TpeóyeT THApojiH3a ATO. 
B oTcyTCTBHe ATO rnpa3a MoxceT pejiaKcnpoBaTb OTpn- 
uaTejibHbie (ho He nojioxcHTejibHbie) CBepxBHTKH, xotb 
h óojiee neM b 10 pa3 MeA-neHHee cnopocTH BHeceHra 
CBepxBHTKOB. 

flHK-rnpa3a E. coli — sto TeTpaMep, coctohiahh h3 
AByX THnOB Cy6T>eAHHHIl, Ka>KAbIH H3 KOTOpblX CJiy^CHT 
MHIIieHbK) flJW aHTHÓHOTHKOB, H3 KOTOpblX HC- 

noJib3yeMaa HajiHAHKCOBaa KHCJiOTa A^HCTByeT Ha GyrA, 
a hoboóhouhh — Ha GyrB. 3th jieKapcTBa HHTHÓHpyioT 
penjíHKauHio, hto yKa3bmaeT Ha HeoóxoAHMocTb flHK- 
rnpa3bi rjik CHHTe3a flHK. MyTaHTbi, pe3HCTeHTHbie k 


Pa6oia rnpa3bi 3aKJiioMaeTCfl b HHBepcuM cupemeHMa 



PMC. 19.25 flHK-rnpa3a MO>KeT BHOCMTb b flHK OTpmiaTe/ibHbie 
CBepXBMTKM ľlOCpeACTBOM MHBepCMM ľl0/10>KMTe/lbHblX CKpemeHMÍÍ 

cerMeHTOB flHK 


aHTHÓHOTHKaM, nOMOrJIH HfleHTH(J)HIlHpOBaTb JIOKyCbl, 
KOflnpyioiflHe cy6T>eAHHHiibi (})epMeHTa. 

npn CBH3bIBaHHH C THpa30H flHK-CyÓCTpaT OÓXBa- 
TbiBaeT 6ejiKOBbiH TeTpaMep cHapyacn. ľnpa3a 3aKpbmaeT 
npHMepHO 140 nH flHK ot pacmemieHHfl mhkpokokkoboh 
Hyioiea30H. Moflejib nepeMeHw 3HaKa achctb™ rnpa3bi 
npeflcraBJíeHa Ha pmc. 19.25. OepMeHT cBH3bmaeT flHK b 
nepeceneHHOH KOH(J)HrypaiiHH, KOTopaa cooTBeTCTByeT 
noJioxcHTejibHOMy CBepxBHTKy. 3to HHAyflnpyeT oópa30- 
BaHHe KOMneHcnpyioiflero oTpniiaTejibHoro CBepxBHTKa 
b HecBH3aHHOH Mac™ MOJieKyjibi. 3aTeM cjiepMeHT pa3pbi- 
BaeT oflHy H3 abohhbix fleneň Ha nepeceneHHH nojioxcn- 
TejibHoro CBepxBHTKa, nponycKaeT cKB03b pa3pbiB flpy- 
roH AynneKc, 3amieHBaeT pa3pbiB. 

PeaKflHH SKBHBaiieHTHa HHBepCHH 3HaKa CBepxBHTKa: 
+1 oóopoT npeo6pa3yeTca b -1 oóopoT. nopaflOK 3auen- 
jieHHH, TaKHM oópa30M, H3MeHHjica Ha AL =-2, coniacHO 
npaBHJiy o KpaTHocTH AByM jnoóoro H3MeHeHHH 3HaneHHH 
nopHAKa 3aiienjieHHH, CBH3aHHoro c nponycKaHHeM aboh- 
hoh flenn ckbo3b pa3pbiB. 

3aTeM rnpa3a oTnycKaeT oahh H3 nepeceKaioiflHxcH 
cerMeHTOB CBH3biBaeMoro eio CBepxBHTKa (Tenepb — ot- 
pniiaTeAbHoro); sto no3BOAaeT 0TpHu,aTejibHbiM oóopoTaM 
nepepacnpeAejíHTbca baojib flHK (b bhac H3MeHeHna T vum 
W, hjih oóohx), h iihkji HaHHHaeTCH CHOBa. Ta xce MOAejib 
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19.15 ľnpa3a fleíicTByeT nocpeflCTBOM msepcm bmtkob 493 










TonojioraHecKHx MaHHnyjiaijHH jiokht b ocHOBe o6pa30Ba- 
HHH KOHKaTeHaHOB H y3JIOB. 

no BblCBOÓOJKACHHH HHBepTHpOBaHHOľO CBepXBHTKa 
KOH(J)opMai4HH rapa3bi MeraeTca. flna npOBeAeHHH (J)ep- 
MemoM cjie^yiomero ijHKjia CBepxcKpynHBaHHH, ero hc- 
xoflHaa KOH(})opMau™ AOJDKHa óbitb BOCCTaHOBJíeHa. 3 tot 
npoijece Ha3biBaioT KpyroBOpoTOM 4>epMeHTa. nojiara- 
iot, 4T0 hm flBHxceT rHApoJiH3 ATO, nocKOJib3y 3aMeHa ATO 
HerHApojiH3yeMbiM aHajioroM He no3BOJiaeT rnpa3e bho- 
CHTb óojibine oahoh HHBepcHH (b pa3Mepe -2 CBepxBHT- 
kob) Ha cyócTpaT. TaKHM o6pa30M, (JjepMeHT HyacAaeTca b 
ATO He AJ m peaKi^HH CBepxcKpynHBaHHH, ho rj m nepexoAa 
ko BTOpOMy ijHKjiy. Hoboóhoijhh npenaTCTByeT TeneHHio 
ATO-3aBHCHMbix peaiojHH rnpa3bi, He A^Baa ATO CBjmTb- 
ea c cyó'beAHHHueH B. 

ATO-He3aBHCHMaa peaKijna peJiaKcaijHH hhthóh- 
pyeTca HajiHAHKCOBOH khcjiotoh. 3to npOHCHHeT pOJIb 
cyó'beAHHHD.bi A b peaKijHH pa3pbma h BoeeoeAHHeHHa. 
OópaóoTKa rnpa3bi HajiHAHKcoBOH khcjiotoh npHBOAHT k 
«B bixoAy» flHK b BHAe (JjparMeHTOB Aynjiexca, pa3pe3aHH0- 
ro nonepeK co CMemeHHeM. OparMeHTbi hmoot no KpaaM 
CBOÓOAHyio 3'-OH rpynny h 5'-OAHOijenoHeHHbiH BbiCTyn 
b 4 HymieoTHAa, KOBajieHTHo cniHTbiH c eyó'beAHHHijeH A. 
KoBajieHTHaa cuiHBKa xpaHHT sHeprnio ({)0C(})aTH0H cbh- 
3H; 3Ta SHeprna MoxceT óbitb Hcnojib30BaHa rjm peanijHH 
jíHTHpOBaHHH — bot noneMy rnpa3a MOJKCT npOBecTH pe- 
jiaKcauHio b oTeyTCTBHe ATO. Canra pa3pe30B aobojibho 
cneuH(f)HMHbi, njioTHocTb hx pacnojioxceHHa eocTaBJíaeT 
npHMepHO oahh Ha 100 nH. 


19.16 


CneuMa/iM3MpoBaHHan 
peKOMÓMHauMA 3afleŕícTByeT 
cneuMtjjMMHbie caäľbi 


KniOHeBbie noHUTMa: 


• CneuMa/iM3MpoBaHHaB peKOMÓMHaAMfl onocpeAOBaHa 
B3aMMOfleíícTBMeM Me>KAy onpefle^eHHbiMM (Heo6fl3aiejibHO 
rOMOJlOrMHHblMM) CaíÍTaMM. 

• Oar^BMÓAa umerpupyeT b 6aKTepna/ibHyK) xpoMOCOMy 
nocpeACTBOM peKOMÓMHaunM Me>KAy caŇTOM c})ara n caíÍTOM att 
Ha xpoMOCOMe E.coLi. 

• Oar Bbipe3aeTCB M3 xpoMocoMbi nocpeACTBOM peKOMÓMHai4MM 
Me>KAy caííTaMM Ha KOHLjax jiMHeŕÍHoro npocf)ara. 

• ľeH 7/7ŕ cpara jibm6a 3 KOAMpyeT MHTerpa3y, KaTajiM3npyK)iAyK) 
peaKAHK) MHTerpauMM. 


B noHHTHe cneuHajiH3HpoBaHHOH (eaHT-eneu.HcjjHHHOH) 
peKOMÓHHai^HH bxoaht peaKijna Me>KAy AByMa onpeAe- 
jieHHHMH caHTaMH. ,HjiHHa caHTOB-MHineHeH HeBejíHKa 
(oóbihho ot 14 ao 50 nH). B oahhx ejiynaax B3anM0- 
AeHCTByioiAHe caň™ HMeiOT oAHy h Ty ace noejieAOBa- 
TejibHocTb, b Apyrnx ejiynaax ohh He roMOJiorHHHbi. Tan, 
npn HHTerpaunn cboóoahoh J\HK (})ara b xpoMOCOMy 
ÓaKTepHH hjih Bbipe3aHHH ee oTTyAa ABe peKOMÓHHHpy- 
ioiahx noejieAOBaTejibHOCTH oTjiHnaiOTca. Ta ace peaKijna 
Hcnojib3yeTca nepeA RtJituutM rjik pereHepaijHH moho- 


MepHblX KOJIbU,eBbIX XpOMOCOM H3 AHMepa, 0Ópa30BaH- 
Horo b npouecce oómen (roMOJiornMHOH) peKOMÓHHa- 
ijhh (cm. pa3A. 17.7 cerperaunn xpomocom MoaceT 
óbitb HeoóxoAHMa caHT-cneuH(})HHHaa peKOMÓHHaijHa»). 
B stom cjiynae peKOMÓHHHpyiomHe noejieAOBaTejibHOCTH 
HAeHTHMHbl. 

OepMeHTbi, KaTaJiH3npyioiAHe eaHT-eneijHcJjHHHyio 
peKOMÓHHaUHK), OÓOÓlAeHHO Ha3bIBaiOT peKOMÓHHa3aMH, 
h hx ceHMac H3BecTH0 óojiee cothh. Te H3 hhx, mto ynac- 
TByioT b HHTerpau,HH (Jjara, a Taoce poACTBeHHbie hm (f>ep- 
MeHTbi othocht k ceMeHCTBy HHTerpa3. MjieHbi ceMencTBa 
HHTerpa3 — npoTOTHn Int (fiara JiHMÓAa, Cre (fiara PI, 
ApOäOKeBOH (JjepMCHT FLP (KaTaJIH3HpyiOmHH HHBepCHK) 
xpOMOCOM). 

KjiaecHMecKyio moacjib caHT-cnei^H4)HHHOH peKOM- 
6nHau,nn mo^cho npoHJunocTpHpoBaTb Ha npHMepe (fiara 
JiHMÓAa. nepexoAbi flHK jiaMÓAa MOKAy AByMa ee jkh3hch- 
hbimh (JjopMaMH 3amnoMaK)T b ceóe ABa rana coóhthh. naT- 
TepH 3KcnpeccHH reHOB peryjiHpyeTca corjiacHo onncaHnio 
b rji. 14 «CrpaTerHH 6aKTepno(})aroB». OH3HMecKoe coctoh- 
HHe flHK y yMepeHHOH (jiH3oreHHOH) h jiHranecKOH (JjopM 
óaKTepnocJjara pa3JiHMaeTca: 

npn JIHTHMeCKOM «OÓpa3e aCH3HH» HK JIHMÓAa ey- 
nj,ecTByeT b HH(})H4 HpoBaHHOH óaKTepnn KaK He3aBHCHMaa 
KOJibueBaa MOJieicyjia. 

B jiH3oreHHOH cJjopMe (JjaroBaa flHK cocTaBJíaeT HHTer- 
pajibHyio nacTb óaKTepnaabHOH xpoMocoMbi h Ha3bmaeTca 

npo4>aroM. 

nepexoA MOKAy sthmh (JjopMaMH BKJiiOMaeT b ceóa 
CaHT-CneUH(})HMHyK) peKOMÓHHaUHK): 

• Htoóbi bohth b jiH3oreHHoe cocToaHHe, CBOÓOAHaa 

JIEK jiaMÓAa AOJDKHa óbitb BCTaBJíeHa b flHK xo3HHHa. 

3to HBJíeHHe Ha3biBaiOT HHTerpai^Heň. 

• Htoóbi ocBOÓOAHTbca ot yMepeHHocTH (jiH3oreHHH) h 

BOHTH B JIHTHMeCKHH UHIOI, /1HK npO(f)ara AOJDKHa ÓbITb 

Bbinyni,eHa H3 xpoMocoMbi. 3 to Ha3biBaiOT Bbipe3aHHeM, 

HJIH 3KCl^H3HeH. 

PiHTerpaijHH h 3KcuH3Ha AOCTHraiOTca peKOMÓHHai^H- 
en MeacAy óaKTepnajibHOH h (JjaroBOH J\ HK no ocoóbim jio- 
KycaM, Ha3biBaeMbiM caHTaMH npnKpenjieHHa (att). CaHT 
npHKpenjieHHa jiaMÓAa Ha óaKTepnajibHOH xpoMOCOMe b 
reHeTHKe ÓaKTepHH oóo3HaMaiOT KaK att\ Jloicyc oÓHapy- 
xcHBaiOT MyTaijHH, MemaioiAHe HHTerpauHH jiaMÓAa. B jih- 
3oreHHbix niTaMMax Jioicye att K 3aHHT npocJjaroM X. Ecjih b 
xpoMOCOMe E. coli cam att K Rtnt THpoBaH, to HHcJjHunpy- 
HDiAHH (J^ar jiaMÓAa Bce ace MoaceT ycTaHOBHTb jiH3oreHHio, 
HHTerpHpOBaB B APyrOM MeCTe, XOTa 3(})(})eKTHBHOCTb 
TaKOH peaKUHH óyqeT cocTaBJíaTb <0,1% ot qacTOTbi hh- 
TerpauHH b att\ 3Ta HescfxJjeKTHBHaa HHTerpauna HMeeT 
MecTo bo BTopH^Hbix caňTax npHKpeiuieHHa, nocjie- 
AOBaTeJIbHOCTH KOTOpblX HanOMHHaiOT HCTHHHyiO nOCJie- 

AOBaTejibHOCTb att. 

npn onncaHHH peaKn,HH HHTerpai^HH/3KCI4H3HH óaK- 
TepnajibHbiH cam npnKpenjieHna (att K ) Ha3biBaiOT attB. no 
noejieAOBaTejibHOCTH oh coctoht h3 KOMnoHeHTOB BOB'. 
CaHT npHKpenneHHa Ha ({jaré, attP, coctoht H3 KOMno- 
HemoB POP'. Ha - A^Ha exeMa peaio^HH peKOM- 

ÓHHai^HH MeacAy sthmh eamaMn. noejieAOBaTejibHocTb O 
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fl/ifl MHTerpauMM m 3kcam3mh (jjparMeHTOB fl H K 
HeoéxoAHMa peKOM6nHauiMfi 


OaroBafl flHK 



BaKTepHa^bHa^ flHK 


BOB' 

ottB 


fl/ifl HHTerpauMU 
Hy>KHbi Int n IHF 

n 




U 


3KC4H3HH 

Hy>KHbi IntXis n IHF 


BOP 

attL 


ľlpocfíar 


POB' 

attR 


Taioxe 6aKTepHa^bHbiH óejioK, Ha3breaeMbiH (})aKTopoM 
HHTerpauHH xo3HHHa (integration host factor, coKpa- 
meHHo IHF). 

• fljifl 3 kcuh3hh (attL x attR), KpoMe Int h IHF, TpeóyeTca 
npoAyKT (j)aroBoro reHa xis. 

TaKHM o6pa30M, Int h IHF TpeóyioTCH /yia oóenx peaK- 
Uhh. Xis nrpaeT Ba^KHyio pojib b Kompojie HanpaBjíeHHH; oh 
TpeóyeTCfl /yia 3kcuh3hh, ho topmo3ht HHTerpaunio. 

Ôoxoxcaa CHCTeMa, ho c HecKOJibKO ynpomeHHbiMH Tpe- 
ÔOBaHHHMH KaK K HyKJieOTHAHblM nOCJieAOBaTeJIbHOCTHM, 
Tax h k ôejiKOBbiM KOMnoHeHTaM, oÓHapy^KeHa y óaKTepn- 
ocfiara PI. KoAHpyeMaa cJwom peKOMÓHHa3a Cre KaTajiH- 
3HpyeT peKOMÓHHaumo MOKAy AByMa noc^eAOBaTejibHoc- 
THMH-MHineHHMH. B oTjiHHHe ot cfiara jmMÔAa, y KOToporo 
peKOMÓHHHpyioiij.He nocjieAOBaTejibHocTH pa3JiHHHbi, y 
PI ohh HAeHTHHHbi. KaxcAaa coctoht h3 34 nH h Ha3biBa- 
eTCfl IoxP. /tylA peaKU,HH AOCTaTOHHO OAHOH peKOM6HHa3bI; 
BcnoMoraTejibHbie óejiKH He TpeóyioTca. BcjieACTBHe CBoeň 
npOCTOTbl H 3(J)(J)CKTHBHOCTH TO, HTO Tenepb H3BCCTHO KaK 
<<CHCTeMa Cre//ox», 6 biJio aAanTHpoBaHo jyw ncnojib30Ba- 
HHfl B 3yKapHOTHHeCKHX ICieTKaX, AJIH KOTOpblX 3Ta CHCTeMa 
CTaJia OAHHM H3 CTaHAapTHblX HHCTpyMCHTOB npOBeAeHHH 
CaHT-CneUH(f)HHHOH peKOMÓHHaUHH. 


P H L. 19.26 ľlocjie peuMnpoKHOíí peKOMÓMHauMM Me>Kfly caíÍTaMM 
attP m attB KOAbueBa^ c^aroBa^ flHK npeBpamaeTCfl b MHTerpnpo- 
BaHHbiM npoc()ar. 3 kcum3ma npoc()ara oóecneHMBaeTCfl peuMnpoKHOíí 
peKOMÓMHauMeíí Me>Kfly caííTaMM attL n attR 


HBjíaeTca oómeň aa^ cittB h attP. Ee Ha3biBaiOT kopoboh 
(i^eHTpajibHOH) nocjieAOBaTejibHOCTbK), h aKT peKOMÓH- 
HauHH npoHexoAHT BHyrpH Hee. OjiaHKHpyioiAHe oó/iacra 
B , B ' h P, P ' Ha3biBaiOT iuie^aMH; Kax<Aoe co CBoen ocoóoh 
nocjieAOBaTe^bHOCTbio. flHK (fiara, 3aMKHyryio b kojimjo, pe- 
KOMÓHHauna npeo6pa3yeT b jiHHeHHyio BcraBKy Ha óaKTepn- 
ajibHOH xpoMOCOMe. BcraBKa coAepxcHT noaieAOBaTe;ibHOCTb 
npocfiara, orpaHHHeHHyio AByMa hobbimh carrraMH att — npo- 
AyKraMH peKOMÔHHauHH, — Ha3biBaeMbiMH attL h attR. 

BaacHbiM cjieACTBHeM TaKoro yapoHCTBa camoB att 
HBjíaeTCfl pa3aHHHe Me>KAy napaMH noaieAOBaTejibHocreH, 
ynacTByiomHx b HHTerpauHH h 3Kcuh3hh. Hmerpauna Tpe- 
6yeT y3HaBaHHa MOKAy attP h attB , b to BpeMa KaK 3kcuh3hh 
TpeóyeT y3HaBaHna MOKAy attL h attR. HanpaBjíeHHbin xapaK- 
Tep CaHT-CneU,H(J)HHHOH peKOMÓHHaHHH KOHTpOJIHpyeTCH 
opnrHHaabHocTbK) Kax<Aoro H3 peKOMÓHHHpyiomHx camoB. 

TeopeTHHeCKH COÓbITHe peKOMÓHHaUHH OÓpaTHMO, HO 
Kax<Aoe H3 HanpaBJíeHHH peaKUHH npeoóJiaAaeT b pa3Hbix 
ycjiOBnax. 3Ta ocoóeHHocrb BaacHa aa^ >kh3hh (fiara, noc- 
KOJibKy ójiaroAapa en 3Kcu,H3Ha h HHTerpauna 3acTpaxoBa- 
Hbi ot He3aMeA^HTejibHoro «noBopoTa BcnaTb». 

Otjihhhc nap camoB, B3aHMOAeHCTByioiij,Hx npn HHTer¬ 
pauHH h 3kcuh3hh, oTpaacaeTca b pa3HOM Haóope óeaKOB, 
onocpeAyioiAHx sth peaKu,HH: 

• flaa HHTerpauHH (attB x attP) TpeóyeTca npoAyKT <J>a- 

roBoro reHa int, KOAHpyiomero (J)epMeHT HHTerpa3y, a 


CaMT-cneuMtJjMHHaíi 
peKOMÓMHaUMfl 
C 0 np 0 B 0 )KAaeTC 5 l pa 3 pblBOM 
M BOCCOeflMHeHMeM 


KiiioHeBbie noHflTMfl: 


• HaApe3bi co CMemeHMeM b 7 nH npoM3BOflflTCfl b attB n attP n 

KOHI4bl COeflMH51K)TC51 KpeCT HaKpeCT. 

CaHTbl ^ŕyCTpoeHbl B COOTBeTCTBHH C pa3JIHHHeM Tpeóo- 
BaHHH k hx nocneAOBaTejibHocTHM (attP ropa3AO rjiuh- 
Hee attB). OyHKuna attP TpeóyeT npoTaxceHHocTH b 240 
nH, TorAa KaK cfiyHKUHH attB AOCTaTOHHO 23 nH, 3a- 
icnoHeHHbix MeacAy nojioxceHHHMH - llH+ll,ac KaacAOH 
CTOpOHbl OT KOpOBOH nOCJieAOBaTeJIbHOCTH HaXOAHTCH 
Bcero no 4 nH. Hecopa3MepHOCTb canTOB yKa3biBaeT Ha 
pa3JiHHne pojien attP h attB b peKOMÓHHauHH, rAe attP 
HeceT AonojiHHTeJibHyio HH(})opMauHK), HeoóxoAHMyio 
AJia pa3JiHHeHHH ero c attB. 

Hact jih peaicuna no nyTH, npn kotopom ABOHHbie uenn 
attP h attB nepepe3aiOTca OAHOBpeMeHHo h 3aTeM oÓMeHH- 
BaiOTca? Hjih oÓMeH uenen npoH3BOAHTca no AByxTaKTHO- 
My MexaHH3My, b kotopom nepBbiH TaKT (oÓMeH uenaMH) 
nopoxcAaeT, a BTopon TaKT (HHKOBaHHe h anrapoBaHne) 
pa3MbiKaeT cTpyicrypy XojiaHAea? AjibTepHaTHBHbie Bapn- 
aHTbi H3oópa)KeHbi Ha p h r.. 19.2 7. 

Haň™ oTBeT noMoran SKcnepHMeHTbi. PeaKunio pe- 
KOMÓHHauHH npnocTaHaBJíHBajiH Ha npoMexcyTOHHbix 
craAHHx, ncnojib3ya «cyócTpaTbi-caMoyÓHHUbi», y ko- 
Topbix KopoBaa nocjieAOBaTeJibHOCTb coAepxcaaa hhk. 
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PMC. 19.27 no KaKOÍí M3 flByx cxeM MfleT cneuMajiM3npoBaHHafl 
(caMT-cneunc()MHHafl) peKOMÓMHauMfl Mewfly caííTaMM attP m ottB ? 


HajiHMHe TaKoro HHKa npenaTCTByeT npoijeccy peKOM- 
ÓHHailHH, HTO AaeT B03M0XCH0CTb HfleHTHCjDHIJHpOBaTb 
MOJieKyjibi, y KOTopbix peKOMÔHHau™ HanaJiacb, ho He 
3aBepniHJiacb. CTpoeHHe TaKHx npoMOKyTOHHbix npoflyK- 
TOB n03B0JiaeT CHHTaTb, HTO OÓMeH IjenflMH npOHCXOAHT 
nocTeneHHO. 

pne. 19.28 HJunocTpHpyeT MOflejib, me, ecjiH caň™ 
attP h attB npeTepneBaiOT oflHHaKOBbie pa 3 pe 3 bi co civie- 
nj,eHHeM, KOMnjieMeHTapHbie oflHoijenoHeHHbie kohúti 
noAXOAHT /yia nepeKpecTHOH rH 6 pHflH 3 aijHH. PaccroHHHe 
MOK/jy TOHKaMH nepexofla u,eneH j\m mMÔjxa paBHaeTca 
7 iih, a npn pa 3 pe 3 e o 6 pa 3 yioTCH 3 '-(f>oc(})aTHbie h 5 '-rn/í- 
pOKCHJIbHblC KOHIlbl. Hlín npOCTOTbl Ha pHCyHKe H 30 Ópa- 
xceHo, hto nepeKpbmaiomHecH «jiHnKHe» kohiibi B 3 aHMHO 
OTxcnraiOTCH (rH 6 pHAH 3 yK)Tca), ho Ha caMOM /jejie Becb 
npoiiecc CpOAHH COÓbITHK) peKOMÓHHaiJHH C pHC. 19.6. 
CooTBeTCTByioiij,He iienn Kaac/joro flynjieKca pa 3 pe 3 aiOTCH 
no OflHOH H TOH XCC n 03 HIJHH, flynJieKCbl OÓMeHHBaiOTCa 
CBOÓOAHbIMH 3 '-KOHIiaMH, BčTBb MHľpHpyeT Ha 7 nH BflOJIb 
ynacTKa roMOJiornn, 3 aTeM crpyKTypa pa 3 flejifleTca nepe- 
pe 3 aHneM Apyroň napbi ijeneH HK. 


CaHT-cnei4M(|)HMHyio peKOMÔHHaijHio mojkho paccMaTpHBaTb KaK pa3pbiBbi h BoccoeflMHeHMH 


OaroBafl n 6aKTepna/ibHafl flHK 
npMBOflflTCfl B COOTBeTCTBMe 


flHK c()ara 


Pa3pe3bi co CMeiueHneM oôecneHMBaíOT 
nepeKpecTHoe 3a/innaHne n/ien 


GCTTTTTTATA 
CGAAAAAATATGATT 


C T A A 


C 


1 ^ 

V*. 

1 ♦ 
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**y 


y 
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GCTTTTTTATACTAA 

CGAAAAAATATGATT 

BaKTepna/ibHafl flHK 


M v 

V 

v 

v 

V 


y 

► ^ 

♦ c 

V* 

v 


PeKOMÓMHaHTHbie dbiKM 3aK/ienBaK)TCfl: npocJ)ar BHeflpeH b reHOM óaKTepnn 


GCTTTTTTATACTAA 
G A • A A T G A T T 


GCTTTTTTATACTAA 

CGAAAAAATATGATT 


PMC. 19.28 Pa3pe3bi co CMemeHweM b MfleHTHHHbix ynacTKax 3/ieMemoB attP m attB C 03 flat 0 T 
B03M0>KH0CTb fl/lfl nepeKpeCTHOrO BOCCOeflMHeHMfl KOHUOB C 3(f)Ct)eKTOM peUMnpOKHOÍÍ peKOM- 
ÓMHaUMM 
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19.18 


PeKOM6MHa3bl p33pb(B3K)T M BOCCOeflMHHIOT flHK 


CaMT-cneuMtjjMMHaíi 
peKOMÓMHauMn HanoMMHaeT 
TonoM30Mepa3HyK3 
aKTMBHOCTb 


KjnoneBbie noHflTMfl: 


• MHTerpa3bi pofldBeHHbi TonoM30Mepa3aM, m peaKLiMH 
peKOMÓMHauMM HanoMMHaeT fleMCTBMe TonoM30Mepa3bi, 3 a 
MCK/iK)weHMeM Toro, hto «HMKOBaHbie» uenM po3Hbix flyruieKCOB 
CK^eMBatora BMecTe. 

• PeaKUMfl «KOHcepBMpyeT» SHepruto, Mcno/ib3yfl Kaia/imMHecKMÍí 
TMp03MH B 4)epMeHTe pa3pyiUeHMfl (()OC(|)OAM3(|)MpHOM 
CBH3M M npMB513KH K «pBaHOMy» 3'-KOHI4y. 

• flBe cyó’beflMHMUbi cJjepMeHTa CBH3biBaK)TCfl c KawflbiM M3 

CaíÍTOB peKOMÓMHaUMM M flBa T3KMX flMMepa CXOflflTCfl, HTOÓbl 
o6pa30BaTb KOMnAexc, b kotopom nponcxoflUT 
nepeHoca. 


B CBoeň paóoTe HHTerpa3bi, noAOÓHo Tonon30Mepa3aM 
nepBoro rana, Hcnojib3yioT MexaHH3M c BHeceHneM pa3- 
pbma b OAHy uenb flHK. (Pa3JiHHne coctoht b tom, hto 
peKOMÓHHa3a 3aTeM coeAHHaeT «pBaHbie» Komjbi ueneň 
KpecT-HaKpecT, b to BpeMfl nan Tonon30Mepa3a bhocht 
pa3pbiB, MaHHnyjiHpyeT kohl^mh, a 3aTeM coeAHHaeT koh- 
Ubi no CTapbiM CTbiKaM.) MexaHH3M ocHOBaH Ha npneyTC- 
tbhh neTbipex MOJieKyji peKOMÓHHa3bi, Ka>K^aa H3 KOTopwx 
pa3pe3aeT o^Hy H3 neTbipex ueneň b AByx peKOMÓHHHpy- 
ioiahx flyiuieKcax. 

Ha p íic 19.29 noKa3aHa npnpoAa peaKunn, KaTa;iH3H- 
pyeMOH HHTerpa30H. OepMeHT npeACTaBjraeT c6oh moho- 
MepHblH ÓeJIOK, o6jia/íaK)IIJ,HH aKTHBHbIM eaHTOM, cnocoó- 
hbim pe3aTb h jiHrapoBaTb flHK. B xo/je peaKunn mpo 3 HH 
aTaicyeT (f)oc(})OAH3(})HpHyio CBH3b. H3-3a stoto 3'-KOHeu 
pa3pe3aHHon ijenn flHK 0Ka3biBaeTca ciiiht (})oc(})oah3- 

(JlHpHOH CBfl3bIO C THp03HH0M (JiepMeHTa, 2 5'-rHApOKCHJIb- 
HblH KOHeU, OKa3bIBaeTCH CBOÓOAHbIM. 

C Ka>KAbiM canTOM peKOMÓHHaunn CBH3biBaeTca no 
ABe cyô'bewmiiibi (JiepMeHTa. npnneM b KaxcAOM came 
jiniiib OAHa H3 cyó'beAHHHu, aTaicyeT flHK. CnMMeTpna 
cncTeMbi rapaHTnpyeT, hto pa3opBaHHbiMH 0Ka3breai0TCfl 
KOMnjieMeHTapHbie uenn. Cboóoahbih 5'-rnApoKCHJibHbiH 
KOHeu, Ka>KAoro carna aTaicyeT 3'-(f>oc(})OTHpo3HHOByio 
ciiiHBKy Apyroro cama. B pe3yjibTaTe o6pa3yeTca cTpyx- 
Typa XojuiHAea. 

Pa3AejieHne stoh CTpyKTypbi nponcxoAHT, KorAa ABe 
Apyrnx cyó'beAHHHijbi (JiepMeHTa (He yHacTBOBaBinnx b nep- 
bom ijHKJie pa3pbma n BoecoeAHHeHna) B03AeHCTByi0T Ha 
Apyryío napy KOMnjieMeHTapHbix ueneň. 

HepeAa B3anMOAeHCTBHH npHBOAHT k KOHcepBaTHBHO- 
My oÓMeHy uemiMH, npn kotopom AeJieijHH rjih AOÓaBJíe- 
hhh HyioieoTHAOB b came oÓMeHa He nponcxoAHT, h hct 
H yxcAbi b 3Hepro3aTpaTax. BpeMeHHaa (})occJ)OTHpo3HHOBaa 
ciiiHBKa Mex<Ay 6e;iKOM n flHK xpaHHT SHeprmo pa3pymeH- 
HOH (f)OC(})OAH3())HpHOH CBH3H. 

Ha : r J b moxcho bhactb cxeMy npoMexcyroHHoro 
npoAyKTa peaKUHH, ocHOBaHHyio Ha aHa^H3e ero KpncTa^- 
jinnecKOH cTpyKTypbi. («Otjiob» npoMexcyroHHoro npoAyK- 
Ta OKa3a^ca B03MoxceH ójiaroAapa ncnojib30BaHHio «cy6- 


1. C KawflbiM flyn/ieKcoM AHK cBA3biBaK)TCfl 
ABe cyfrbeAMHMiibi c()epMeHTa 
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P H C. 19.29 l/lHTerpa3bi no MexaHM3My fleííCTBMfl aHaAornHHbi Tono- 
M30Mepa3aM. B flBa AynueKca bhocmtca no Haflpe3y (c 3'-KOHLieBbiMM 
cJjocctjaTaMn, KOBa^emHo npMiijmbiMM k TMpo3HHy cJjepMeHTa). Cbo- 
óoflHaA rnflpoKcnAbHafl rpynna KaiKflOM uenn aiaKyeT c()oc4)OTMpo- 
3MHOByio CBA3b roMOAorMHHOíí uenu Apyroro Ayn/ieKca. ľlepBbm aKT 
oÓMeHa uenflMH M3 Aeyx, M3o6pa>KeHHbix Ha piicyHKe, AaeT cipyKiypy 
XoAAMAea. Ee pa3Ae/ieHne nponcxoAHT3a cneT noBTopa peaKunn a^ 
Apyroíí napbi ueneíi 


CTpaTa-eaMoy 6 nH 4 bi», cocTOHBinero H3 cnHTeTHHecKoro 
AynjieKca flHK c oTcyTCTBOBaBineH (})oc(})oah3(})hphoh 
CBH3bio, Tax hto b pe3yjibTaTe aTann (J)epMeHTa cboóoa- 
hbih 5'-OH KOHeu He o6pa30BbiBa^ca.) B cocTaBe cTpyK- 
Typbi Cr t-lox KOMnjieKca bhahm abc MOJieicyjibi Cre, KaxcAaa 
H3 KOTOpblX CBH3aHa C OTpe3KOM flHK b 15 nH. B uempe 
CHMMeTpnn MOJieicyjia flHK comyTa noA yrjioM -100°. flBa 
TaKHx KOMnjieKca cxoaatch b aHTnnapa^JiejibHOH opneH- 
Taunn c o6pa30BaHneM TeTpaMepHOH ócjikoboh cTpyKTy- 
pbl, CBH3aHHOH C AByMH CHHanCHpOBaHHbIMH MOJieKyJiaMH 

flHK. OÓMeH uenaMH HMeeT MecTo b ueHTpanbHOH nojioc- 
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PeKOMÔMHatjMíi Cre/lox ma@t b TeTpaMepe 



PMC. 19.30 B paóoneM coctobhmm Cre-peKOM6nHa3a npeflcraBJífleT 
coôoíí TeipaMep, nocKO/ibny c KawflbiM n/ienoM caŇTa LoxA CBB3aH 
oamh MOHOMep 4>epMeHTa. H 3 neľbipex aKTMBHbix uempoB oaho- 
BpeMeHHO ncnojib3yeTC5i flBa; ohm fleiícTByiOT Ha KOMnneMeHTapHbie 
uenn flByx caíÍTOB flHK 


th óejiKOBOH cTpyKTypbi, xoTopaa BMemaeT rnecTb iiem- 
pa^bHbix HyioieoTHAOB oójiacra nepexofla. 

Tnpo3HH, « 0 TBeTCTBeHHbiň» 3 a pa3pe3aHne flHK no 
KOHKpeTHOMy nojiycanTy, HeceT b ce6e cyó'beflHHHfla, npn- 
xpemieHHaa k STOMy nojiycanrry. 3 to aBJíeHne Ha3biBaiOT 
^^c-pa3pe30M. Tax ace flencTByioT HHTerpa3a Int n pexoM- 
6nHa3a XerD. B ot jinnne ot hhx peKOM6nHa3a FLP peaceT 
flHK b mpaHC-opmmau}m. npn TaxoM MexaHH3Me Tnpo- 
3hh npeflocTaBJíaeT ne Ta cyó'beflHHHfla, xoTopaa CBa3aHa c 
stom nojiycanTOM, a OflHa H3 ocTaabHbix. 


oneHb cymecTBeHHO n He TpeóyeTca npn roMOJiornnHon 
ôaKTepnaabHoň pexoMÓHHaitnn. Oh aBjíaeTca oahhm n3 
HecKOJibKnx óejixoB, cnocoÔHbix HaMaTbiBaTb flHK Ha 
cbok) noBepxHOCTb. npenaTCTByiomne canT-cneitn(j)HH- 
hoh peKOMÓHHaiinn cj)ara m Mófla MyTaiinn b reHax bim 
MoryT 6biTb cynpeccnpoBaHbi MyTaijnaMn b Xint , n sto 
yKa3biBaeT Ha B3aHMOflencTBHe 6e;ixoB IHF n Int. 3thmh 
flByMa óejiKaMH mo>kho npoBecTn canT-cneitn(J)HHHyK) pe- 
KOMÓHHaiJHK) in vitro. 

Peaxiina in vitro TpeôyeT CBepxcnnpaan3aitnn attP , 
ho He attB. npn nocTaHOBKe peaxnnn in vitro c ynac- 
TneM flByx CBepxcnnpajin30BaHHbix MOJiexyji npoflyx™ 
peaxiinn coxpaHaioT nonra Ty ace cTeneHb CBepxcnnpa- 
an3aitnn. 3to roBopnT 06 OTcyrcTBnn cboóoahhx npo- 
MeacyTOHHbix npoflyxTOB, y KOTopbix Moraa 6bi nivieTb 
MecTO poTai^na i^enen, hto c caMoro Hanajia HaBOflnjio 
Ha Mbicjib o nponcxoacfleHnn peaxiinn nepe3 o6pa30Ba- 
Hne cTpyKTypbi Xojuinflea. Tenepb HaM n3BecTHO, hto pe- 
anijna nfleT no MexaHH3My, TnnnnHOMy fljia cj)epMeHTOB 
SToro xaacca n poflCTBeHHOMy MexaHH3My padoTbi Tono- 
n30Mepa3 nepBoro rana (cm. pa3fl. 19-18 «CaňT-cneitn- 
(J)HHHaa peKOMÔnHaiina HanoMHHaeT Tonon30Mepa3Hyio 
aKTHBHOCTb»). 

Eejiox Int MoaceT CBa3biBaTbca c flHK flByMa pa3HbiMn 
cnocoôaMn. Ero C-xoHijeBOH aomch BefleT ce6a noflOÓHO 
peKOM6nHa3e Cre. Oh CBa3biBaeT HHBeprapoBaHHbie caň- 
Tbi b cocTaBe KopoBoň nocjieAOBaTe/ibHOcra, pacnojiara- 
acb min npoBefleHHa peaxnnn pa3pe3aHna n anrnpoBaHna 
no noJioaceHnaM, o6o3HaneHHbiM Ha phc. 19 . 31 . N-koh- 
iteBoň aomch CBa3biBaeT caňTbi c pa3Hoň KOHceHcycHoň 
nocaeAOBaTeabHOCTbio, paenojioaceHHbie b njienax attP. 
3to CBa3biBaHne OTBenaeT 3a arperaitnio 0Tfle;ibHbix ane- 
MeHTOB b HHTacoMy. BepoaTHO, flBa flOMeHa Int CBa3biBaiOT 
flHK OAHOBpeMeHHO, TaxnM enoeoóoM noATarnBaa naenn 
k LjeHTpaabHoň noejieflOBaTeJibHOCTn. 

Eejiox IHF CBa3biBaeT b attP nocjieflOBaTejibHOcm pa3- 
MepoM ~20 nH. Canra CBa3biBaHna IHF npnMbixaiOT k caňTaM 


19.19 


PeKOMÓMHaAMB 

(])ara JiflMÓfla npoMCXOAMT 

B MHTaCOMe 


KiMoneBbie noHflTMfl: 


• HHTerpauMJi 4>ara ajiMÓAa npoMCXOAMT b oóujmphom KOMrvieKce, 
KOTOpblíí, ľlOMMMO npOHMX, COAGP>KMT 6e/10K IHF X03BMH3. 

• PeaKUM5 i Bbipe3aHMA TpeóyeT ynacíMB 6eaKOB Int m Xis m y3Haei 
KOHAbi flHK npo4>ara b KanecTBe cy6cipaTOB. 


B OTannne ot peKOMÓnHaitnn b cncTeMe Cr c/lox, rfle HyaceH 
annib cjiepMeHT n flBa caňTa, peKOMÓnHaitna (J)ara aaMófla 
nponcxoflnT b oômnpHoň cTpyKType n c pa3JinnHbiMH kom- 
noHeHTaMn flaa naacfloro H3 HanpaBaeHnň peaicunn (nmer- 
paitnn an6o 3KCfln3nn). 

BeaoK xo3anHa, Ha3biBaeMbiň IHF, TpeóyeTca nan flaa 
nmerpaiinn, Tax n flaa 3KCfln3nn. IHF BecnT 20 Kfla n 
coctoht H3 flByx pa3Hbix cy6T>eflnHnit, KOflnpyeMbix re- 
HaMn himÁ n himD. Haannne IHF flaa KneTKn E. coli He 


Int m IHF CBsi3btBaiOTCB c cantoM att cf)ara nnMÔAa 
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CAGCTTTTTTTATACTAAGTTG 

GTCGAAAAAAATATGATTCAAC 



CaŕÍT CaŕíT 

CB83blBaHM8 Iílt CBB3blBaHMB Int 


PUC, 19.31 Int m IHF CBfl3biBaiOT pa3Hbie caŕÍTbi 3aeMeHTa attP. 
CaííTbi CBB3biBaHMB Int b ueHTpa/ibHOM o6aacTM 3aeMeHTa coAepwaT 
TOHKM pa3pe30B 
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MHTacoMa 0ttPcBfl3biBaeTCfi c attB 



P MC. 19,32 MHOinecTBO KonMŇ 6e/iKa Int MO>KeT npMflaBaTb 3JieMeH- 
Ty attP BMfl MmacoMbi, MHMUMMpytomeíí caíÍT-cneuM4)MHHyio peKOM- 
6nHaumo npn y3HaBaHMM b cboóoahoíí flHK caŇTa attB 


CBA3bIBaHHA Int. ľlpenHTCTByiOIItHH HHTerpaitHH ÔOIOK Xis 
CBH3biBaeT attP no jxByu 6ah3khm carnaM, 3amnmaa ynacTOK 
b non™ 40 nH flHK. Bce BMecTe Int, Xis h IHF noKpbiBaiOT 
npaKTHnecKH Becb attP. CBA3biBaHHe c Xis H3MeHaeT opra- 
HH3aitmo flHK, /jeAaa ee, KaK cyócTpaT, HHepTHon /yia hh- 
Terpaitnn. 

Kor/ja Int n IHF CBA3biBaiOTCA c attP , ohh nopoac/ta- 
K)T KOMnaeKc, b kotopom Bce canTbi CBA3biBaHHa CTAHyTbi 
BMecTe Ha noBepxHOCTH ôoikx flaa o6pa30BaHna TaKOH 
HHTacoMu HeoóxoAHMa CBepxenHpaAH3aijHA attP. Y attB 
/Via CBa3bmaHHa ecrb AHiiib flBa canTa Int b kopoboh noc- 
aeAOBaTeabHOCTH. Upu stom Int He CBa3biBaeT attB b BH/je 
cboóoahoh flHK. nocpe/tHHKOM npH «3axBaTe» attB cayacHT 
HHTacoMa. 3 to cxeMaranHO o6o3HaneHO Ha pmc. 19.32. 

B COOTBCTCTBHH C STOH MOfleAbK), HCXOflHOe y3HaBaHHe 
MOK/ty attP h attB He 3aBHCHT HanpaMyio ot roMOAornH 
flHK, a onpe/jejiaeTca cnocoÓHOCTbio ócakob Int y3HaBaTb 
o6e nocjieAOBaTeabHOCTH att. 3aTeM nponcxoflHT cóAHXce- 
HHe AByx caňTOB att b opHeHTaitHH, npe/tonpe/tejieHHOH 
crpoeHHeM HHTacoMbi. C stoto MOMema roMOAorna noc- 
jie/jOBaTejibHOCTeH yace BaacHa, nocKOAbKy TpeóyeTca /yia 
oÓMeHa venaMH. 

AcHMMeTpHio peani/HH HHTerpai/HH h SKC1/H3HH no- 
Ka3biBaeT tot cjmT, hto Int MoaceT o6pa30BaTb noxoacHH 


KOMnaexc c attR TOJibKo nocae floóaBAeHHa Xis. 3tot kom- 
naexc MoaceT oôpa30BaTb napy c KOH/teHCHpoBaHHbiM kom- 
naeKCOM, KOTopbin Int o6pa3yeT b attL. fljia stoh peaKijHH 
óeaoK IHF He HyaceH. npHHi/HnHaabHoe pa3pAHnne hh- 
TerpaitHH/sKcitH3HH jiaMó/ja h peaKijHH peKOMÓHHai/HH, 
KaTaan3HpyeMbix Cre hah Flp, coctoht b tom, hto b Int-Ka- 
TaaH3npyeMbix peaKi/Hax CBa3biBaHHe peryaaTopHbix noc- 
ae/tOBaTeabHOCTen b njienax canTOB-MHiiieHeH npHBOflHT 
k crHóaHHK) flHK, oóycaoBAHBaioiiteMy B3aHMOfleHCTBHe 
Meac/ty naenaMH h KopoBOH (i/eHTpaAbHon) nocAe/jOBa- 
TejibHocTbio h /tOBO/tamne peaiojHio j \o (JiHHaaa. nosTOMy 
Kaac/taa H3 peaKi/nn AAMÓ/ja HeoóparaMa b otahhhc ot 
oópaTHMOH peKOMÓHHaiiHH no/j KOHTpoaeM Cre hah Flp. 
AHaAH3 KpHCTaAAHHeCKOH CTpyKTypbl TeTpaMepOB X-Int 
noKa3biBaeT, hto, KaK h b ppyrux peKOMÓHHa3ax, y TeTpa- 
Mepa ecTb flBe aKTHBHbix h flBe HeaKTHBHbix cyó'beflHHHflbi, 
KOTopbie no xo/ty peKOMÓHHai/HH MeHaioTca poaamh. Aji- 
AOCTepnnecKHe B3anMO/teHCTBHa BHyTpn óejiKa, nepeioiK)- 
naeMbie scjxjieKTaMH CBa3biBaHHa c njienaMH flHK, Kompo- 
anpyioT CMeHy CTpyKTypHbix coctoahhh TeTpaMepa h, tcm 
caMbiM, TeneHne peaKijHH. 

OlOaCHOCTb CaHT-CneitH({)HHHOH peKOMÓHHai/HH BO 
mhotom Bbi3BaHa noTpeÓHOCTbio peryAnpoBaTb peaiajHio 
TaKHM o6pa30M, HToóbi HHTerpai/HH OKa3biBaaocb npeAnon- 
TeHne npn Bxoac/teHHH BHpyca b AH3oreHHoe cocToaHne, a 
SKC1/H3HH — npH BXOAC/teHHH npO(})ara B AHTHneCKHH UHKJI. 
CooTBeTCTBne HanpaBaeHHa peaminn acn3HeHHoro unicjia 
/jocTHraeTca KOHTpoaeM KOHi/empai/HH Int h Xis. 


19.20 


Mojmaiune m aKTHBHbie 
jioKycbi nepemiioMaiOTCii 
npH CMeHe TMna cnapMBaHMa 
y ApoMoneM 


K/noHeBbie noHBTMji: 


• JloKyc MAT, OTBeHaiomMíí 3a TMn cnapMBaHMa y Apo>K>KeM. 
MO>KeT MMeTb reHOTMn MATa m^m MATa. 

• flpoaoKM c AOMMHaHTHbiM aaaeaeM HO nepemitOHaiOT TMn 
cnapMBaHMa. 

• Aaaeab, HaxoAfliAMiíca b aoxyce MAT, Ha3biBaiOT 3Ktmbhom 
KacceToií. 

• Edb eme Aee MoanaiAMx KacceTbi, HMLa m HMRa. 

• riepeKatoneHMe npoMcxoAMT, ec/iM MATa 3aMeHaeica HMLa MaM 
ec/iM MATa 3aMeHaeica HMRa. 


flpoacacn S. cerevisiae MOiyr pacnpocTpaHaTbca KaK b 
ranjiOH/jHOM, TaK h b /j™;iohahom cocToaHHH. nepe- 
xoa Meac/ty cocToaHnaMH nponcxoAHT npn cnapnBaHHH 
(canaHHe ranjiOH/jHbix kactok c oópa30BaHHeM A^nAO- 
hahoh) h npn cnopyAai/HH (Meno3 /junAOHAHbix Kne- 
tok c o6pa30BaHneM ranAOH/jHbix cnop). CnoeoôHOCTb 
BCTynaTb b o/jhh h3 sthx npoiieccoB onpeAeAaeTca th- 
noM cnapHBaHna niTaMMa, kotophh óbiBaeT a hah a. 
ľanAOHAHbie kactkh THna a MoryT cnapnBaTbca Anuib 
c ranAOHAHbiMH mieTKaMH rana a c oópa30BaHneM 
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B reHeTHMecKOM 6a3e tuná cnapMBaHMB ecrb MO/maiAMe KacceTbi 


AHnjiOHAHbix mieTOK rana a/a. 3 th AnnjiOHAHbie KJieT- 
kh MoryT cnopyjiHpoBara c BoccTaHOBjíeHneM ranjioHA- 
Hbix cnop o6onx ranoB. 

ľloBeAeHne npn cnapnBaHnn onpeAejineTCH reHeranec- 
koh HH(J)opMauHeH, HaxoAHmencH b jioicyce MAT. lOieTKH, 
KOTopwe no 3 TOMy /ioKycy Hecyr ajniejib MATa, othocht 
k rany a; KJieTKH, Hecymne ajniejib MATa , othocht k rany 
a. KneTKH nporaBonojioiKHbix ranoB cnapHBaHHH y3HaiOT 
Apyr Apyra ÔJiaroAapn cenpeijHH (jjepoMOHOB: KJieTKH a cen- 
perapyiOT HeôojibiiioH nojiHnenraA — a-(})aKTop; KJieTKH a 
ceKperapyiOT a-(j)aKTop. lOieTKa oahoto rana cnapHBaHHH 
HeceT Ha CBoen noBepxHoera peijenTop k (pepoMOHy npo- 
THBonojioxcHoro THna. KorAa kjictkh a h a BcrpenaiOT Apyr 
Apyra, (jjepoMOHbi /jeňcTByioT Ha peijenTopbi, 4T0 npHBO- 
Aht k oôoiOAHOMy apecTy KJieTonHoro ijHKjia b (j)a3e G1 h 
pa3Hoo6pa3HbiM MopcjxjJiorHnecKHM H3MeHeHHaM. IIpH yc- 
neniHOM cnapHBaHHH 3a apecTOM KjieTonHoro UHKJia oiefly- 
eT cjiHHHHe mieTOK h hx HAep c o6pa30BaHneM ahiuiohahoh 
KJieTKH a/a. 

CnapHBaHne — CHMMeTpnnHbiH npoijecc, hhhijhh- 
pyeMbiH B3anMOAeHCTBHeM (jjepoMOHa, ceKperapoBaHHO- 
ro mieTKOH oahoto THna, c peijenTopoM Ha noBepxHoera 
KJieTKH Apyroro THna. ľeHbi, ynacrae KOTopbix b kjictoh- 
hom nyra oTBeTa npn KOHKperaoM rane cnapHBaHHH hb- 
jihctch yHHKajibHbiM, — sto reHbi peijenTopoB. B3aHMO- 
AeHCTBne cjjaKTopa a c peuemropoM 3anycKaeT b mierae 
a tot ace nyTb OTBeTa, hto h B3aHMO^encTBHe (})aKTopa 
a c peuenTopoM b mierae a. MyTaunn, oTiononaiomne 
pa3Hbie STanbi SToro nyTH (oômero AByx KjieTOHHbix 
THnoB), OAHHaKOBO npoHBJíniOTCH y a h a. ľlyTb npeflCTaB- 
jiaeT co6oh npoBeAeHHe cnrHajia KacKa^OM óejiKOBbix 
B3aHMOAeHCTBHH H npHBOAHT k CHHTe3y npOAyKTOB, BHO- 
chiijhx HeoôxoAHMbie h3mchchhh b KjieTOHHyio MopcJjo- 
jiothio h SKcnpeccHio reHOB toto, HToóbi npoH3onuio 
cnapHBaHHe. 

PiHcJjopMauHa o CHraajibHOM nyTH cnapHBaHHH Apoac- 
aceBbix KJieTOK 6buia bo mhotom nonepnHyra H3 cbohctb My- 
TaHTHbix a h/hjih a KJieTOK, HecnocoÓHbix k cnapHBaHHio. 
TeHbl, HA,eHTH(J)HLÍHpyeMbie TaKHMH MyTail,H5IMH, Ha3bIBaiOT 
STE (ot cjiOBa sterile, cTepmibHbiH). MyraijHH b reHax 4>epo- 
mohob h peijenTopoB cneu,H(J)HHHbi fljm a hjih a, b to BpeMH 
KaK MyraijHH b Apyrnx reHax STE HCKjnonaiOT cnapHBaHHe y 
KJieTOK o6ohx ranoB. 3 to oôracHaeTCH TeM, mto b KjieTKax a 
h a 3a B3aHMOAeHCTBneM (JjaKTopa c peuenTopoM cjie^yiOT 
OAHHaKOBbie coóbrma. 

HeKOTopbie oiTaMMbi AponoKeň oôJiaAaiOT 3aMenaTejib- 
hoh cnocoÔHOCTbio k nepeKjnoneHHio THna cnapHBaHHH. 
3 th niTaMMbi-HocHTejiH AOMHHaHTHoro ajmejw HO nacTo 
moihiot ran CBoero cnapHBaHHH — no pa3y b Kaa<AOM no- 
KOJieHHH. UlTaMMbi c peu,eccHBHbiM ajmejieM ho oôjiaAaiOT 
CTaÔHJibHbiM ranoM cnapHBaHHH, KOTopbin noABepaceH H3- 
MeHeHHIO C HaCTOTOH JIHIIIb ~10 -6 . 

ľlpHcyTCTBHe HO 3acraBJiHeT reHoran nonyjiauHH 
ApoaoKeH MeHHTbcn. Be30TH0CHTejibH0 HexoAHoro rana 
cnapHBaHHH, b TeneHHe ôyKBajibHO HecKOJibKHx noKO- 
jieHHH 06a THna cnapHBaHHH npeACTaBJíeHbi orpoMHbiM 
HHCJIOM KJieTOK, 4T0 npHBOAHT K 06pa30BaHHI0 A™JIOH- 
AOB MATa/MATa , óepyiAHx Bepx HaA nonyjiHLíHeH. Ilpo- 
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PMC. 19.33 CMeHa TMna cnapMBaHMa npoMCxoAm, KorAa MO/inamasi 
Kacceía 3aMeHaeT coóoíí aKTMBHyio Kacceíy npoTMBono/ioiKHoro re- 
HOTMna. CooTBeTCTBeHHO, nepecraHOBKa a m a, v\m a n a, He npMBO- 
AMT k CMeHe TMna cnapMBaHMfi 


AyKiiHH ranjioHAHOH nonyjiHUHeH cTaÔHJibHbix AHnjio- 
haob MOHceT paccMaTpHBaTbCH KaK raison ďétre nm 
nepeKjnoneHHH. 

CaMO cymecTBOBaHHe nepeKjnoneHHH yKa3bmaeT Ha 
to, hto Bce KJieTKH coAepHcaT noTeHU,HajibHyio HH(J)opMa- 
iihk) KaK a^ MATa , TaK h a-tca MATa , ho SKcnpeccnpy- 
10T jiHiiib oahh THn. OTKyAa nocTynaeT HHcfjopMaiiHH o 
CMeHe rana cnapHBaHHH? /Vih nepeKjnoneHHH HyacHbi ABa 
AonojiHHTejibHbix jioicyca: HMLa j\j\k nepeKjnoneHHH Ha 
MATa , HMRa aji« nepeKjnoneHHH Ha MATa. 3th JiOKycbi 
jieacaT Ha toh nce xpoMocoMe, hto h MAT. Jloicyc HML Ha- 
xoahtch cjieBa ot MAT\ HMR — cnpaBa ( 06 a — AOBOJibHO 
AajieKO ot MAT). 

Kaccemaji Mo^ejih cnapHBaHHH npoHJunocTpHpo- 
BaHa Ha P M c. 19.33. OHa ocHOBaHa Ha nojioaceHHH, hto b 
MAT ecTb aKmuenan mccema — jihôo a, jihóo a. B HML h 
HMR tcvbMOJiHauifUe mccemu. B o6nj,eM cjiynae HML HeceT 
KacceTy a, a HMR — KacceTy a. Bce Kaccerai Hecyr b ce6e 
HHcfjopMaiiHio o rane cnapHBaHHH, ho TOJibKo aKTHBHan 
KacceTa b MAT noAJiencHT SKcnpeccHH. nepeKjnoneHHe rana 
cnapHBaHHH nponcxoAHT, KorAa aKTHBHan KacceTa 3aMeHH- 
eTCH paHee MOJinaBmen, h 3Ta HOBOHHCTajuiHpoBaHHaH Kac¬ 
ceTa HanHHaeT SKcnpeccHpoBaTbcn. 
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nepernnoneHne HepeijnnpoKHO; ajuiejib b MAT 3aMe- 
maerca Konnen H3 HML hjih HMR. 06 stom roBopnT cy^b- 
6a MyrauHH no JiOKycy MAT. ľlpn nepemnoneHHH rana 
cnapnBaHna ohh 6e3B03Bparao TepaiOTca — Konna H3 
MAT He BCTynaeT b nepecraHOBKy c 3aMemaiomHM ee Ma- 
TepnajiOM. 

Ecjih Myrapyer MO/ramaa Konna reHa b HML hjih HMR , 
to npn nepemnoneHHH MyraHTHbin ajmejib BcraBJíaeTca b 
JiOKyc MAT. Ocraiomaaca npn stom b HML hjih HMR MyraH- 
raaa Konna MoaceT nponra nepe3 HeorpaHnneHHoe hhcjio 
nepemnoneHHH. KaK npn penjinKaraBHon TpaHcno3nanH, 
s/ieMeHT-flOHop nopoac^aeT HOByio Konnio Ha carne peijn- 
nnema, ocTaBaacb npn stom HeTpoHyTbiM. 

nepemnoneHne rana cnapnBaHna Ha ypoBHe flHK 
aBjíaeTca HanpaBjíeHHbiM coôbiraeM, npn kotopom Ha oa- 
Horo noTeHunaabHoro pajHnneHTa (MAT) npnxoAHTca 
ABa noTeHunaabHbix AOHopa (HML h HMR). IIoa nepemno- 
neHneM o6hhho noApa3yMeBaeTca 3aMeHa MATa Konnen 
HMLa, hjih 3aMeHa MATa Konnen HMRa. C nacroTon ot 
0,8 ao 0,9 nepemnoneHne MeHaeT ran ajuiejia b MAT Ha 
npoTHBonoaoacHbiň. 3 to onpeAeJiaeTca (JjeHoranoM mieT- 
kh. KaeTKH c (J)eHoranoM a OTAaiOT npeAnonTeHne HML b 
KanecTBe AOHopa; rnieran c (JjeHoranoM a OTAaiOT npeA- 
noHTeHne HMR. 

B nepemnoneHHn rana cnapnBaHna 3aAcňcTBOBaHO He- 
CKoabKO rpynn reHOB. B AonojmeHne k reHaM, HanpaMyio 
AerepMnHnpyioiAnM ran cnapnBaHna, ciOAa oraocaTca 


Kaccetbi MMeiOT noxowMe noc/ieAOBaTe/ibHocrM 
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P M C. 19.34 Mo/inamne KacceTbi oó/iaAaioT tom >ne HyrnieoTMAHoň 
nocaeAOBaieabHocTbio, hto m aKTMBHbie KacceTbi Toro me Tnna, 3a 
MCK/HoneHMeM AeaeAMM KpaeB cfuiaHKnpyiomnx nocneAOBaTe/ibHOC- 
Teň y HMRa. Kacceíbi pa3Hbix TMnoB cnapMBaHna MMeiOT noxo>KMe 
nocjieAOBaTe/ibHOCTM: a m a oT/iMHaioTCfl TO/ibKO o6/iacTbio Y 


reHbi, Heo6xoAnMbie aah penpeccnn Momamnx KacceT ne- 
pemnoneHna rana cnapnBaHna, ncnojmeHna paAa Apyrnx 
(J)yHKunň. 

CpaBHnB nocjieAOBaTeabHocra AByx MOJinamnx Kac¬ 
ceT (HMLa h HMRa) c nocjieAOBaTejibHOcraMH AByx ranoB 
aKTnBHon KacceTbi (MATa n MATa), Mbi mojkcm Bbinjie- 
HnTb nocaeAOBaTeabHOCTn, onpeAeJiaiomne Tnn cnapn¬ 
BaHna. OpraHn3aijnK) JioKycoB pe3K)MnpyeT pmc. 19.34. 
KaacAaa KacceTa coAepacnT oômne nocjieAOBaTejibHOcra, 
(J)aaHKnpyioiAne ijeHTpajibHyio oôjiacrb, pa3Hyio pjm a 
n a. 3Ty oôjiacrb Ha3biBai0T cooTBeTCTBeHHO Ya hjih Ya. 
nocjieAOBaTejibHOcra, (fmaHKnpyiomHe oôjiacrb F, npam 
TnnecKn HAeHTHHHbi, ho b HMR ohh Kopone AKTHBHaa 
KacceTa b MAT TpaHCKpnônpyeTca c npoMOTopa BHyTpn 
oôjiacra Y. 


19.21 


Jloxyc MAT KOAMpyeT 
6e/iKM-peryiimopbi 


K/HoneBbie noHama: 


• B ranaoMAHbix K/ieTKax TMna a, MATa aKTMBMpyeT reHbi, 

on peAe/ia lomné a-cneuMcfjnHHbie cJjyHKAMM, HeoóxoAMMbie a^a 
cnapMBaHMa, m MHaKTMBMpyeT reHbi, oóyc/iOBjwBaioiAne TMn 
cnapMBaHMB a. 

• B mieTKax TMna a MATa He TpeóyeTca. 

• B Ann/iOMAHbix mieTKax npoAyKTbi reHOB a 1 m a 2 KOonepaTMBHO 
penpeccMpyiOT ranjiOMA-cneuM(|)MHHbie reHbi. 


OcHOBHoe Ha3HaneHne JiOKyca MAT — KOHTpojib skc- 
npeccnn reHOB cjjepoMOHOB n peijenTopoB, a TamKe paA 
Apyrnx npnnacrabix k cnapnBaHnio (jjyHKLjnn. MATa ko- 
AnpyeT ABa 6ejiKa, al n a2. MATa KOAnpyeT eAHHCTBeH- 
Hbíň 6ejiOK, al. EejiKH a n a HanpaMyio KOHTpoanpyiOT 
SKcnpeccnio MHoacecTBa reHOB-MnnieHeň, ocymecTBaaa 
KaK nojioacHTejibHyio (no3HTnBHyio, b CTopoHy ycnae- 
Hna SKcnpeccnn), TaK n OTpnuaTeabHyio (HeraraBHyio, b 
CTopoHy ocaaôaeHna SKcnpeccnn) peryaaunio. B ranjio- 
nAHbix KneTKax ohh A^ncTByiOT nooAHHOHKe, b AHnao- 
nAHbix — conpaaceHHO. Pix B3anMOAeňcTBna no oraorne- 
hhk) k TpeM rpynnaM reHOB-MnnieHeň pe3K)MnpoBaHbi b 
npaBoň nacra Ta6anue Ha P M c. 19.35: 

• TeHbi c a-cneanc})nHHbiMn (J)yHKLínaMn KOHcraTyraB- 
ho (HeperyanpyeMo) SKcnpeccnpyiOTca b mieTKax a. 
B mieTKax a ohh penpeccnpoBaHbi (nx sKcnpeccna 
noAaBaeHa). K a-cneijH(j)HHHbiM reHaM oraocaTca 
CTpyKTypHbíň reH (J)aKTopa a n STE2 , KOAnpyioiAnň 
peuenTop k (J)aKTopy a. ŤaKHM o6pa30M, (J)eHoran a 
accoqnnpoBaH c roTOBHOCTbio k y3HaBaHnio (j)epoMO- 
Ha, BbiAeaaeMoro mieTKoň c nporaBonoJioacHbiM ra- 
noM cnapnBaHna. 

• ľeHbi c a-cneuncj)nHHbiMn (J)yHKunaMn nHAyunpoBa- 
hh b mieTKax a, ho He SKcnpeccnpyiOTca b mieTKax a. 
K hhm OTHOcaTca CTpyKTypHbíň reH (J)aKTopa a n reH 
peuenTopa k (jmTopy a, STE3. CHOBa SKcnpeccna (J)e- 
poMOHa OAHoro rana accounnpoBaHa c SKcnpeccneň 
peuenTopa k (j)epoMOHy npoTHBonoaoacHoro rana. 
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TpaHCRpuniUM MHorwx reHOB 33 bmcmt ot Turia cnapuBaHM* 
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P M C. 19.35 B Ann^OMAHbix KJieTKax 6enm al m a2 coBMecTHO noAaB/iflioT cfjyHKUMM, xapaKTepHbie 
TO/ibKO AJifl ran^OMAHbix KJieTOK. B rarviOMAHbix KJieTKax a MAd KOHCTMTyTMBHaa 3KcnpeccnB cfjyHKUMM 
cnapMBaHMfi a. B rarviOMAHbix KJieTKax a 6e/iOK a2 penpeccMpyeT 4>yHKUMH cnapMBaHMíi a, a 6e/iOK al 
MHAyuMpyeT 3KcnpeccMio cfjyHKAMM cnapMBaHMH a 


• K reHaM c ramiOHA-cneiiH(J)HHHbiMH (J)yHKUHaMH ot- 
Hocarca Te, KOTopbie Hy^cHbi jum TpaHCKpnnunn (J)e- 
POmohob h peiienTopoB, a TaiOKe npnnacTHbiH k nepe- 
KJiiOHeHHK) reH HO n penpeccop cnopyjiaiinn RME. Ohh 
KOHCTHTyTHBHO SKcnpeccHpyiOTca b ranAOHAHbix ioieT- 
Kax OÔOHX THÍIOB, HO penpeCCHpOBaHbl B AHILJIOHAHblX 
KJieTKax a/a. ľeHbi c a- h a-cneijH(j)HHHbiMH (j)yHKijHa- 
mh Toace He SKcnpeccnpyiarca b AHmioHAHbix KJieTKax. 
Tenepb moxcho paccMOTpeTb (jiyHKíjHH peryjiaTopoB h 

HX MHIIieHeH C TOHKH 3peHHa (J)yHKUHH MAT B raiLJIOH£HbIX 
h AHnAOHAHbix ApoaoKeBbix KJieTKax, KaK noKa3aHo b jieBon 
nacTH pne. 19.35. THnbi cnapHBaHHa a h a peiyiiHpyiOTca 
no pa3HbiM MexaHH3MaM: 

• B ranjiOHAHbix KJieTKax a reHbi, oôcjiyacHBaiomHe cna- 
pnBaHne, SKcnpeccnpyioTca kohcthtythbho (no yMOJi- 
naHnio). OyHKíinn npoAyKTOB AL47a b KJieTKe a (ecjín 
ohh ecTb) Hen3BecTHbi. Bo3moxcho, MATa TpeóyeTca 
Jinrnb /yia penpeccnn ranjiOHAHbix (J)yHKunň b AHmio- 
hahoh KJieTKe. 

• B ranjiOHAHbix ioieTKax a óejiOK al 3anycKaeT skc- 
npeccnio a-cneijH(J)HHHbix reHOB, Mbn npoAyKTbi 
Hy^KHbi fljui cnapnBaHna no Tnny a. flpyroň npoflyKT 
MATa , 6 eji 0 K a2, noAäBJíaeT SKcnpeccnio reHOB, ot- 
BeTCTBeHHbix 3 a cnapnBaHne no Tnny a, CBa3breaacb c 


nocjieAOBaTejibHOCTbio oneparapa, npeAAeacamen re- 
HaM-MnnieHaM. 

• B AnnjiOHAHbix i^ieTKax óejiKH ai n a2 KoonepaTHB- 
ho penpeccnpyiOT rarniOHA-cneijH(j)HHHbie reHbi. Ohh 
06'beAHHaioTca, htoôh pacno3HaTb nocneflOBaTeab- 
HOCTb onepaTopa, oTiiHHHyio ot nocjieAOBaTejibHocra- 
MnnieHH a2. 

CnocoÔHOCTb 6e/iKOB a2, a/ n al pery/inpoBaTb TpaHC- 
Kpnniinio onnpaeTca Ha pa# HHTepecHbix 6eaoK-6eAKOBbix 
B3anMOAeňcTBnn. naTTepHbi Kompojia reHOB b KJieTKax a, b 
KJ iencax a n b ahiwohahhx KJienax pe3iOMnpyeT pmc. 19.36. 

Bo MHornx H3 sthx B3aHMOACHCTBHH ynacTByeT 6ejiOK 
(J)aKTop TpaHCKpnniinn (J)epoMOHOBoro peuemropa (PTRF). 
Oh CBa3biBaeTca c nn-óoKCOM (P box) — KopoTKoň koh- 
ceHcycHon nocjieAOBaTejibHOCTbio. Pojib PTRF b perynaijHH 
reHOB MoaceT 6biTb BecbMa pa3HocropoHHen, nocmnbKy 
nn-6oKCbi BcrpenaiOTca no MHoacecTBy nojioaceHHH. HeKO- 
Topbie nn-6oKCbi HyacHbi jym aKTHBaann reHOB; b Apyrax 
AOKycax PTRF HyaceH KaK penpeccop. XapaKTep BjiHaHna, 
cyAa no BceMy, MoaceT 3aBnceTb ot Apyrax ôejiKOB, KOTopbie 
CBa3biBaiOT JX HK no coce^CTBy ot nn-6oKca. 

CneiincJ)nHHyio /yia ranjioHAHbix kjictok a aKTHBaijHio 
reHOB PTRF oôecnennBaeT caMOCToaTejibHO. B KJieTKe a ero 
OAHoro AOCTaTOHHO /yia nx SKcnpeccnn. 
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d>aKTopbi a h a pery/mpyiOT 3KcnpeccwK> reHOB 



P ľ! C. 19.36 Pa3/iMHHbie kom6mh 3UMM 6e/iKOB PTRF, al, al m cx 2 aKTMBMpyioT jim6o penpeccnpyioT 
KOHKpeTHbie rpynnbi reHOB b cooTBeTCTBMM c TMnoM cnapMBaHMfl, npMcymMM K/ieTKe 


B ramionAHon loieTKe a a-cneaH(})HHHbie reHbi penpec- 
CHpyioTCfl conpa^ceHHoň aKTHBHOCTbio PTRF h óejiKa a2. y 
ôai Ka a2 ecTb ABa AOMeHa. C-kohiicboh aomch cBH3biBaeTca 
C KOpOTKHMH B3aHMHO-HHBepTHpOBaHHbIMH SJieMCHTaMH 
no KpaaM KOHceHcycHon nocjieAOBaTejibHocra onepaTopa 
rji hhoh b 32 nH. 3to CBa3biBaHne, OAHaKo, He Bbi3biBaeT pen- 
peccnn. N-KOHiieBon aomch, HeoôxoAHMbin /ym penpeccnn, 
OTBenaeT 3a KOHTaKTbi c PTRF. CanTOM CBH3biBaHHH PTRF 
cjiymiT nn-óoKC b ijeHTpe nocneAOBaTe/ibHOcm onepaTopa. 
Ha Aeae, a2 c PTRF KOoneparaBHO CBH3biBaiOT flHK. 

JJjix SKcnpeccna a-cneiincJ)HHHbix reHOB TpeôyeTca 
Apyron Heóojibinon 6e;iOK, aKTHBaTop al, pa3MepoM b 175 
aMHHOKHOIOT. CX-CneilH(J)HHHyK) TpaHCKpnnilHK) OÔyCJIOB- 
jiHBaiOT, AencTBya b ^c-nojioaceHHH, nocjieAOBaTejibHoera 
AJíhhoh b 26 nH. 3 th 26 nH moikho noApa3AejiHTb Ha ABe 
nacTH. nepBbie 16 nH o6pa3yiOT nn-óoKC, c KOTopbiM CBH3bi- 
Baerca PTRF, CMexcHbie 10 nH o6pa3yioT canT CBH3biBaHHH 
AJia al. Oaicrop al CBH3biBaeTCH c flHK TOJibKO npn Ha^n- 
hhh PTRF. Hh oahh H3 stoh napbi óejiKOB He MoaceT caMO- 
CToaTe^bHO CBfl3aTbca c óoKCOM-MHineHbio, BMecTe >xe ohh 
M oryT CBa3aTb fl HK, npeAnonoiKHTejibHO, npn noAAepaoce 
6eJIOK-6eJIKOBbIX B3aHMOA0HCTBHH. 

B ramioHAHbix mieTKax a a-cneiiH(J)HHHbie reHbi Bbi- 
kjhohchh no yMOJinaHHio, nocKOJibKy PTRF, b oTcyrcTBHe 


6e^na al, He MonceT eaMOCTOHTejibHO CBH3aTbCH c npoMOTo- 
POM, nTOÓbl HX aKTHBHpOBaTb. 

EejioK a2 MoaceT Taioxe KoonepHpoBaTb c óejiKOM 
al. Hx KOMÓHHaiina ono3HaeT Apyroň onepaTop. Y sto- 
ro onepaTopa BHeniHHe B3aHMHo-HHBeprapoBaHHbie 
ynacTKH npeAHa3HaneHbi jym y3HaBaHHH C-KOHijeBbiM 
AOMeHOM a2, ho MOKAy hhmh jiokht He nH-6oKC, a Apy- 
raa, 6ojiee KopoTKaa, noejieAOBaTejibHOCTb. B AunnoHA- 
hhx mieTKax KOMÓHHaiiHa al/a2 penpeccHpyeT reHbi c 
TaKHM MOTHBOM. 

OCHOBHOH BbIBOA COCTOHT B TOM, HTO (J)eHOTHn Ka>K- 
Aoro KjieTOHHoro rana (ranaoHAHoro a, raroiOHAHoro 
a hjih AHnaoHAHoro a/a) onpeAejiaeTca KOMÓHHaijHeH 
óejiKOB a h a. Oahhm acneKTOM aBjíaeTca pa3JiHneHHe 
ranjiOHAHoro h Ann;iOHAHoro (j)eHoranoB; ApyrHM — 
pa3JiHneHHe Me>KAy ramioHAHbiMH (j)eHoranaMH a h a. 
nocjieAHee pacnpocTpaHaeTca Ha SKcnpeccHio reHOB, 
eooTBeTCTByiomHx KOHKpeTHOMy THny cnapHBaHHa, h 
H a onpeAeneHHe HanpaBjíeHHa CMeHbi rana cnapHBa- 
HHa (cm. pne. 19-33). Kjictkh MATz aKTHBHpyiOT y ce6a 
SHxaHcep penoMÓHHaiiHH Ha jicbom miene xpoMocoMbi 
III, KOTopbíň ycHaHBaeT peKOMÓHHaiiHio Ha ynacTKe b 
40 TnH, coAepacameM HML. B mieTKax MATa. jieBbiH xpan 
XpOMOCOMbI III HHaKTHBHpOBaH. 
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19.22 


Moimauuie Kacceľbi 
b HML m HMR 


penpeccupoBaHbi 


KjuoneBbie noHUTMu: 


• HML n HMR penpeccMpoBaHbi c ynacTMeM 3/ieMemoB- 
caŇ/ieHcepoB. 

• B hmcjio jiOKycoB, HeoóxoAMMbix AJifl noAAepwaHMB 
penpeccMM HML n HMR, bxoaat SIR1-4, RAP1 m reHbi 
TMCTOHa H4. 

• CBB3biBaHMe KOMruieKca ORC c caiíneHcepaMM HeoóxoAMMO 
A/151 MHaKTMBaUMM. 


ľlpH H3yMeHHH KapTbl TpaHCKpHniíHH (CM. pHC. 19-34) 06- 
Hapy^KHBaeTca HHTepecHaa Bemb: h /yin M47a, h j\im MATa 
TpaHCxpHnijHA HHHu,HHpyeTca b npe^eAax oôjiac™ Y. Upu 
stom SKcnpeccHpyeTca Bcer^a TOAbxo Aoxyc MAT , xota 
TaKHe >xe oôJiacra ľa h ľa ecTb h b MOAnamnx KacceTax 
jiOKycoB HMR h HML cooTBeTCTBeHHO. 3to 03HanaeT, hto 
peryAaijHA sxcnpeccHH He orpaHHHHBaeTca xoMneTeHijH- 
en cama CBA3biBaHHA 6e/iKOBbix (J)axTopoB b 30He npo- 
MOTopa. OyHKHfUOHaiibHoe omnuHue MAT om HML u HMR 
dojiMHo 6umb onocpedoeano caúmoM, jieMau^im 3a npe- 
dejicmu Kaccem. 

flejieijHOHHbíň aHajiH3 noxa3aA, hto /yia noAäBAeHHA 
SKcnpeccHH xax b HML , Tax h b HMR HyacHbi caňTbi no o6e 
CTOpOHbl Ka^KAOrO H3 3THX /IOKyCOB. 3TH CaHTbl Ha3bIBa- 
iot caŕuieHcepaMH (silencers). CaňTbi no AeByio cTopoHy 
xacceTbi Ha3biBaiOT E-caňAeHcepaMH, canTbi no npaByio 
CTopoHy Ha3biBaiOT I-canAeHcepaMH. 3th canTbi MoryT 
ocymecTBAATb xoHTpoAb Ha paccroaHHH ro 2,5 toh ot 
npoMOTopa n b aio6oh opnemaunH. Ohh Be^yr ce6a xax 
HeraTHBHbie SHxaHcepbi (3HxaHcepbi — sto yAa/ieHHbie ot 
npoMOTopa SAeMeHTbi, axraBHpyiomHe TpaHCxpnnijHK); 
cm. pa3A- 24.15 «3HxaHcepbi Hecyr AByHanpaBAeHHbie sAe- 
MCHTbl, KOTOpbie CnOCOÓCTByiOT HHHUHaaHH»). 

KaKHM AOAAceH 6biTb noAxo# k noncxy tchob, otbctc- 
TBeHHblX 3a COCTOAHHe MOAHaHHfl xacceT? CAeAOBaAO 6bl 
05KHAaTb, HTO npOAyXTbl 3THX TCHOB ACHCTByiOT Ha CaHACH- 
cepbi. Yaoôctbo noncxa MyraijHH b Taxnx reHax oóycAOB- 
AeHO TeM OÔCTOATCAbCTBOM, HTO, eCJIH MyTaiJHfl n03B0JiaeT 
SKcnpeccnpoBaTbca MOAnamen b HopMe xacceTe b HMR n 
HML , sto npnBOAHT k coneTaHHio (J)yHKi^HH a h a b ran- 
aohahoh KJieTKe, Benymen ce6a npn stom xax Ann/ionAHaa 
KJieTKa MATn/MATa. 

EbUIO HAeHTH(})HLÍHpOBaHO HCCXOAbXO AOXyCOB, My- 
Taqnn no KOTopbiM otmchaiot caHAeHCHHr, npnBOAA k 
SKcnpeccnn HML n HMR . CHana;ia óbiAH oTxpbiTbi neTbipe 
Aoxyca SIR (coxpameHHe ot silent information regulators, 
«pery/raTopbi MOAnamen HH(})opMaijHH»). Bce neTbipe SIR 
Ahkoto rana HeoóxoAHMbi jjjm noAnepacaHHA HML n HMR 
b penpeccnpoBaHHOM coctoahhh; Myrauna no JiioóoMy H3 
neTbipex AOxycoB c o6pa30BaHneM a juitnn sir~ HMeeT j\ Ba 
S(J)(J)eKTa. Bo-nepBbix, HML n HMR 06a MoryT TpaHCKpnón- 
pOBaTbCfl; BO-BTOpbIX, OÓe MOAHanj,HX KaCCCTbl CTaHOBflT- 
ca MHineHaMH j\m 3aMemeHna npn nepeKjnoneHHH rana 
cnapnBaHHa. TaxnM o6pa30M, o^Ha n Ta ace perynaTopHaa 
cxeMa ynacTByeT b penpeccnn Mojramen xacceTbi n oaho- 


BpeMeHHO 3 amnmaeT ee ot ncnoAHeHHa po ah peannneHTa, 
3 aMemaeMoro Apyron Kacccron. 

TaiOKe b canAeHCHHre ynacTByioT npoAyKTbi Aoxyca 
RAP1 (KOTopbíň, noMHMO stoto, TpeóyeTCA /yia noAAepaca- 
hha TeAOMepHoro reTepoxpoMaTHHa b hhcpthom coctoa- 
hhh) h reHbi rncTOHa H4. fleAeunn N-KOHija hah oTAeAbHbie 
TonenHbie Myraunn rncTOHa H4 axTHBnpyioT MOAnau^ne 
xacceTbi. nocAeACTBHA sthx MyTau,HH MoryT óbiTb npeoAO- 
AeHbi ah6o BBeACHneM hobmx MyraijHH b SIR3 , ah6o noBbi- 
rneHHOH SKcnpeccnen SÍRI. 3to roBopnT o bo3mo>khocth 
ocoóoro B3anMOAencTBna rncTOHa H4 c óeAKaMH SIR. 

CoTAaCHO MOACAH, OCHOBaHHOH Ha STHX A^HHblX, ÓCA- 
kh SIR npenaTCTByiOT sxcnpeccHH tchob, b nacTHOCTH HML 
h HMR , B03AeňcTBya Ha crpyKTypy xpoMaTHHa. Myraunn 
b óeAKax SIR tohho Tax >xe AencTByioT Ha reHbi, xoTopbie 
ÓblAH HHaXTHBHpOBaHbl 6AH30CTbK) TCAOMepHOTO TCľtpOX- 
poMaTHHa. BepoaTHO, b oómeM CAynae, 6caxh SIR, B3aHMO- 
AeHCTBya c THCTOHäMH, o6pa3yioT reTepoxpoMaTHHOBbie 
(HHepTHbie) CTpyxTypbi (cm. pa3A- 31-3 «CymecTBOBaHHe 
reTepoxpoMaTHHa oéycAOBAeHO B3aHMOAencTBHaMH thc- 
TOHOB C APyTHMH 6eAXaMH»). 

CymecTByeT HHTepecHaa B3aHMOCBA3b uoKffy pen- 
peccneH b caHAeHcepax h penAHxauHeH flHK. Ka)KAbiH 
caHAeHcep co^epacHT nocAeAOBaTeAbHocTb ars (opH£- 
achh penAHxauHH). C ars CBA3biBaeTca ORC (coxpame- 
Hne ot origin recognition complex, xoMnAexc y3HaBaHHa 
opHAACHHa), npnnacTHbiH x HHHUHau,HH penAHxauHH. 
MyTauHH b reHax ORC npenaTCTByiOT caňAeHCHHry, no- 
xa3bmaa, mto CBA3biBäHHe óeAxa ORC caňAeHcepoM He- 
oóxoahmo Rjm caňAeHCHHra. 


ars c/iyxaiT MecroM côopKM 
MHatcrMBMpyioiiiero (caií/ieHCMHr) KOMn/ienca 

VVW\A^ 

ORC CBA 3 biBaeT ars J 
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WA 
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Sirl CBB 3 biBaeT ORC | 
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flaa caííaeHCMHra b HMR HyweH Sirl 
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Cyiu;ecTByeT rez oTAejibHbix rana cbh3h MOK/iy canjieH- 
CHHroM h annapaTOM penjíHKaijHH: 

• Heoôxo/iHMOCTb npHcyTCTBHa Sir 1, h 

• ynacrae penjíHKaijHH. 

Ecjih Ji0KajiH30BaTb óejioK Sirl b canjieHcepe (ciiihb 
ero c ApyrHM ócjikom, CBH3biBaiomHM TaM J\ HK), to cbh- 
3biBaHHe ORC ajm penpeccHH He noHafloÔHTOL 3 to 03Ha- 
naeT, hto pojib ORC b stom npoeKTe — TOJibKO AOCTaBKa 
Sirl, HHHU,Haij,Ha penjíHKaijHH ot Hero He 3aBHCHT. Po/ib 
ORC HjunocTpHpyeT PH c 19,3?. BepoaTHO, oh oôecne- 
HHBaeT BceMy npoueccy canjieHCHHra «HHHu,HHpyiomHH 
ueHTp»: npeAOCTaB^aeT crpyKTypHyio ocHOBy jjjir noca#- 
kh Sirl, KOTopbíň 3aTeM penpyTHpyeT ocTajibHbie ócjikh 
SIR. TaKHM o6pa30M, pojib ORC 3Aecb cobccm Apyraa, neM 
b pen/íHKaijHH. 

MToôbi canjieHCHHr ycTaHOBHJica, hcoôxoahmo npo- 
xo^K^eHHe S-(J)a3bi KjieTonHoro ijHKjia. 3 to He noApa3y- 
MeBaeT HHHijHaijHH penjíHKaijHH Ha ars b caň/ieHcepe. 
3(J)(J)eKT Mo^ceT onpeAejiaTbca npoxoacAeHHeM pen/íHKa- 
THBHOH BHJIKH Hepe3 CaHJieHCep, H3MeHflK)mHM MeCTHyiO 
CTpyKTypy xpoMaTHHa. 


OAHOHanpaBneHHbiíí 
nepeHoc MHMumipyeTCfl 
noKycoM-peuiiniieHTOM (MAT) 


K/noneBbie noHATMíi: 


• ľlepeK^ioHeHMe Tuná cnapMBaHMfl MHM4MnpyeTCfl 
AByxuenoHeHHbiM pa3pbiBOM, KOTopbiíí 3HAOHyK/iea3a HO 
BHOCMT B /íoKyc MAT 

Tmi cnapHBaHHa nepeKjnonaeTca 3a cneT KOHBepcHH 
reHa, b xoue KOTopon caŕnr-peaHnHeHT ( MAT) oôpeTa- 
eT noe/ieflOBaTejibHOCTb AOHopa (HML mm HMR). CaňTbi 
SToro JiOKyca, BaacHbie nim TpaHcno3HijHH, 6 mjih 
TH(J)H qHpoBaHbi no MyraijHflM MAT , npenaTCTByiomHM 
nepeioiiOHeHHK). OAHOHanpaBjíeHHaa npnpoAa npoijecca 
3acBHAeTejibCTBOBaHa oTcyTCTBHeM noAOÔHbix MyTaijHH 
no HML hjih HMR. 

CaňT no npaBoň rpaHHije Y b jioKyce MAT «OTMeneH» 
MyrauHflMH Kan npHHUHnHajibHO BaacHbin /yia nepeionone- 
mm. Ero rpaHHUbi AeMOHCTpHpyeT aHajiH3 pacnojioaceHHa 
3THX TonenHbix MyTau,Hn omocHTejibHO canrra nepeKjnone- 
um (sto moxcho ycTaHOBHTb, nccjieAya pe3yjibTaTbi pe/iKnx 
coôbiTHH nepeiononeHna, HecMOTpa Ha MyTaijHio). Heno- 
Topbie MyTauHH jieacaT BHyrpH 3aMemaeMoň oôJiacTH (h, 
cjieAOBaTejibHO, Hcne3aiOT H3 MAT nocjie nepeiononeHna), 
b to Bpem Kan Apyrae HaxoAHTca qyTb b cTopoHe ot 3a- 
MemaeMoň oôJiacTH (npoAOJDKaa h b AajibHeniiieM MernaTb 
nepeiononeHMio). TaKHM o6pa30M, aj m aKTa nepeKjnoneHHa 
Hymibi noejieAOBaTejibHOCTH, JieacamHe Kan BHe, TaK h BHyT- 
pH 3aMemaeMoň o6/iacra. 

nepeionoHeHHe HHHUHHpyeTca AByxiienonenHbiM 
pa3pbiBOM b6/ih3h rpaHHijbi F-Z, no caňTy, nyBCTBHTeJib- 
HOMy k AencTBHio flHKa3bi (sto oômaa nepTa canTOB, 



P M C. 19.38 SHAOHyK/iea3a HO pe>KeT JiOKyc MAT cnpaBa ot o6/iacTH 
Y. no/iynaioTCfl jinnKne KOHijbi c BbiCTynoM b neibipe ocHOBaHMJi 


3aAeHCTBOBaHHbIX B HHHU,HaU,HH TpaHCKpHnilHH HJIH pe- 
KOMÓHHauHH). CanT y3HaeT 3HAOHyioiea3a, KOAHpyeMaa 
jioicycoM HO. CnpaBa h b HenocpeACTBeHHon 6 jih30CTh 
ot rpaHHiibi Y 3HAOHyioiea3a HO bhocht b uenn HK 
AByxu,enoneHHbiH pa3pe3 co CMemeHneM. Kan H3o6pa^ce- 
ho Ha p n c. 19.38, pa3pe3 nopoxcAaeT OAHOiienonenHbie 
BbicTynaioiiiHe KOHijbi (no neTbipe HymieoTHAa). Hyioie- 
a3a HO He aTaxyeT MyTaHTHbie jiOKycbi MAT, KOTopbie 
He noAA^iOTca nepeKjnoneHHio. fleJieiiHOHHbin aHajiH3 
noKa3aji, hto noejieAOBaTejibHOCTb b 24 nH (bo bchkom 
cjiynae, ôójibiiiaa ee nacTb), noKpbiBaioiiiaa rpaHHiiy F, 
HeoôxoAHMa HO ajih pacuienjieHHa in vitro. CanT y3Ha- 
BaHHa, AOBOJibHO-TaKH KpynHbin 3HAOHyioiea3bi, bo 
B ceM reHOMe BCTpenaeTca jiHuib b Tpex KacceTax no jio- 
KycaM MAT, HML h HMR. 

AKTHBHOH MHIIieHbK) JJJ ia 3HAOHyKJiea3bI CJipCHT TOJIb- 
ko JiOKyc MAT, ho He HMR c HML. Mo>kho AonycTHTb, hto 
Te ace MexaHH3Mbi, KOTopbie npenaTCTByioT TpaHCKpnniiHH 
MOJinamHx KacceT, AenaiOT hx HeAOCTynHbiMH h j\m hc- 
tbhíi 3HAOHyioiea3bi HO. 3Ta Heya3BHMOCTb rapaHTHpyeT 
OAHOHanpaBJíeHHOCTb nepeionoHeHHa. 

PeaKiina, 3anycKaeMaa HO-pa3pe3aHHeM, cxeMaran- 
ho — b paMKax peaniiHH Mexc^y aohophmm h peiiHnHem- 
HbiM ynacTKaMH — npoHJunocTpHpoBaHa Ha pmc. 19.39. no 
xapaKTepy B3aHMOAencTBHH utyKjxy OTAejibHO B3flTbiMH ue- 
naMH JX HK npoijecc BnHCbiBaeTca b cxeMy peKOMÓHHaiiHH 
c BHeceHHeM AByxiienonenHoro pa3pbma (cm. pne. 19-9). 
STanbi, cjieAyKiiij.He 3a hcxoahhm pa3pe30M, 3aAencTByiOT 
Te ^ce 4>epMeHTbi, hto h npn roMOJiornnHOH peKOMÓHHa- 
u,hh, a MyTaiiHH no p*my eooTBeTCTByioiiiHx reHOB npe- 
naTCTByiOT nepeKjnoneHHio rana cnapHBaHHa. 

npeAnojio^cHM, CBOÓOAHbin rohoj HK H3 JiOKyca 
MAT BTopraeTca b JiOKyc HML jihóo HMR h B3aHMOAenc- 
TByeT c roMOJiorHHHon oĎJiacTbio Ha ero npaBOH CTopoHe. 
B sto BpeMa oôJiacTb F JiOKyca MAT noABepraeTca pa3py- 
nieHHio a o MOMeHTa, Kóma npoiiecc AOCTnraeT ynacTKa, 
roMOJiorHHHoro jicboh CTopoHe HML (hjih HMR). Ha stot 
MOM eHT JiOKyc MAT cnapeH c HML (hjih c HMR), oôohmh 
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cbohmh KpaaMH. B KanecTBe 3aMeHbi ynacTKa, noTepaHHO- 
ro /iOKycoM MAT, KonnpyeTca oóJiacTb HML (hjih HMR), 
coAepacamaa b ce 6 e oóJiacTb Y (Kan mhhhmym coóctbchho 
Y), noc/ie nero cnapeHHbie JiOKycbi pa3AejiaiOTca (nopaAOK 
coôbiTOH MoaceT 6 biTb h ApyrnM). 

Kan n b moaojih c AByxijenoHeHHbiM pa3pbiBOM npn 
peKOMÓHHauHH, npoyecc nepemnoneHna HHnijHHpyeT- 
ca aoKycoM (MAT), KOTopbin n ôy^eT 3aMemeH. B stom 
CMbicjie onncaHne HML n HMR Kan AOHopHbix JiOKycoB 
OTHOCHTCa K HX npeAHa3HaHCHHK), HO He K MeXäHH3My 
npoyecea. FIoaoôho ejiynaio penjinKaTHBHon TpaHcno- 
3H4HH, cäHT AOHopa npeóbiBaeT HeTpoHyTbiM, b to Bpe- 
Ma Kan flHK-peunnHeHT npeTepneBaeT CMeHy noejieAO- 
BaTeJIbHOCTH. OTJIHHHe OT TpaHCn03HLJHH — B TOM, HTO 
jiOKyc-peuHnHeHT nepoKHBaeT cnopee 3aMeHy, hokcjih 
npHóaB/ieHHe, MaTepnajia. 


ľlepeiuiiOMeHMe Tuná cnapuBanna 
MAeT Mepe 3 o 6 pa 30 BaHHe AByitenoMeHHbix pa 3 pbiBOB 


PeuMnueHT 
MAT bhí 

l 

Pa3pe3 no rpaHm^e oó/iacTM Y 



l 

06pa3OBaHne napbi c aohopom 


Ao H °P -MRmjimHMi 

i 

flerpaflauMS MAT 
\ 


I 

CMHTe3 HOBOÍÍ AHK 

AHK ^OKyca-peunnueHTa 
cooTBeTCTByeT HOBOMy Tuny 
cnapuBaHMU 


AHK/ionyca-flOHopa He M3MeHn/iacb 



PH C, 19.39 CMeHa KacceTbi mh m 14 M n pyeica AByxuenoHeHHbiM pa 3 - 
pbiBOM flHK b jiOKyce-peuHnMeme (MAT) m conpoBOWAaerai B3an- 
MOfleíícTBMeM flHK AOHopa n peuMnHema b o 6 /iacTH Y m ee OKpec- 

THOCTBX 
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nepeK/noHeHMe 
KOHTpojiMpyeTCii pery/i5H4neM 
3Kcnpeccnn HO 


KjnoneBbie noHímifl: 


• 3HAOHyKaea3a HO CMHTe3npyeTCfl b raruiOMAHbix 
MaiepMHCKMx KaeTKax, m nepeK/noHemie «BbmnBaeTCfl» 
b HOBbiPi Turí cnapMBaHMJi o6enx AonepHMx K/ieTOK. 


ľlpoAyKLíHa 3HAOHyKJiea3bi HO peryjinpyeTca Ha ypoBHe 
TpaHCKpnnijHH. Cynj,ecTByeT Tpn oTAejibHbix chctcmh ee 
KOHTpOJia: 

• HO npeôbiBaeT noA KOHTpojieM coo6pa3HO rany cnapn- 
BaHHa. OHa He CHHTe3HpyeTca b AnnjionAHbix mieTKax 
MATa/MATa bbhay OTcyTCTBHa noTpeÔHOCTn b nepe- 
kjhohchhh, KorAa 06 a ajniejia MAT SKcnpeeenpyioTca. 

• Ecjih HO SKcnpeccHpyeTca b MaTepHHCKon, to He skc- 
npeccHpyeTca b AonepHnx KJieTKax. 

• TpaHCKpHmjHa HO 3 aBHCHT h ot (j)a 3 bi KJieTonHoro 
ijnioia. ľeH SKcnpeccHpyeTca y MaTepHHCKon kjictkh 
TOJI bKO B KOHlie (j)a 3 bl Gl. 

Tanon rpa(J)HK npoAyKijHH HyKjiea3bi no BpeMeHn 
oôTacHaeT B3anMOCBa3b nepemnoneHna Tnna cnapnBa- 
Hna c noeaeAOBaTeabHOCTbio mieTOHHbix noKOJieHnn. 
P h c. 19.40 noKa3biBaeT, Kan nepeiononeHne AOTeKTnpy- 
eTca TOJibKo y npoAyxTOB AeJieHna; o6e AonepHne mieT- 
kh hmoot oahh n tot ace Tnn cnapnBaHna, OTJinnHbin 
(nepeKjnoneHHbin) ot poAHTejibCKoro. npnnnHa b tom, 
hto npnBa3Ka SKcnpecenn HO k (J)a3e Gl rapaHTnpyeT 
nepeiononeHne rana cnapnBaHna do penjinKau,nn jioKyca 
MAT, b pe3yjibTaTe nero oôonM noTOMKaM AOCTaeTca ho- 
Bbíň Tnn cnapnBaHna. 

CaňTbi, KOHTpojinpyiomne TpaHCKpnmjnio HO, pac- 
nojioaceHbi Ha 1500 nH Bbirne reHa n AencTByioT b i^uc- Ma- 
Hepe. Oómnň naTTepH KOHTpoaa TaKOB, hto penpeccna 
no jnoóoMy H3 MHoronncjieHHbix caňTOB (Kan n otbct 
no HecKOJibKHM peryjiaTopHbiM KOHTypaM) MoaceT npe- 
AOTBpaTHTb TpaHCKnnunio HO. KjiaccncJjHKaijHa caňTOB- 
ynacTHHKOB npeACTaBjíeHa Ha phc. 19 , 41 . 

KoHTpojib Tnna cnapnBaHna HanoMnHaeT TaKOBoň 
AJia nponnx ranjionA-cneiincJjnHHbix tchob. TpaHCKpnn- 
iina npeAOTBpaiAaeTca (b AHmionAHbix KjieTKax) penpec- 
copOM al/a2. fljia stoto penpeceopa Ha jieacameM Bbirne 
no xoAy ynacTKe cynj,ecTByeT AecaTb caňTOB CBa3biBaHna. 
nocjieAOBaTejibHOCTn sthx caňTOB pa3JinnaiOTca CTene- 
HbK) COOTBCTCTBna KOHCeHCyey; Hen3BeCTHO, CKOJIbKO H3 
hhx, n Kanne hmchho, TpeóyiOTca ranjionA-cneijH- 
(JjnHHoň penpecenn. 

KoHTpojib TpaHCKpnniinn HO onpeAejiaeTca «B 3 anM- 
Hoň nrpoň» cepnň aKTHBnpyioiij.nx n penpeccnpyioiAnx 
coóbiTnň. TeHbi SWI1-5 TpeóyiOTca /yw TpaHCKnnunn HO. 
Hx (JjyHKyna — npeAOTBpaiAaTb penpecenio HO npoAyx- 
TaMn reHOB SINÍ -6. CHanajia 6 buin OTKpbiTbi reHbi SWI (y 
MyraHTOB, HeenoeoÓHbix k nepeKjnoneHnio); 3aTeM 6 buin 
OTKpbiTbi reHbi SIN (óaaroAapa CBoeň enoeoÓHOCTn chh- 
MaTb 6 jiok, Bbi3BaHHbiň KOHKpeTHbiMn MyTaunaMH SWI). 
B3anMOBJinaHne óejiKOB Swi n Sin npnBa 3 biBaeT SKcnpec- 
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nepetuitoneHMe TpeôyeT CMeHbi noKo/ieHMM 


✓ \ 


nepeoioHeHMe npon30w.no 
b K/ieTKe a, o6e flOHepHne + 
K/ieTKM MMeiOTTMľl 3 

a 

B nepBOM K/ieTOHHOM nOKO/ieHMM HOBOrO 
nepemiiOHeHMfi npon30íÍTM He MO>KeT ^ 


nepemiioHeHMe npoM 30 w.no 
b K/ieTKe a, o6e flOHepHne ✓ \ 


✓ \ 

■ * 


mieTKM MMeiOTTun a 


0 


PMC. 19.40 Ecjim b KaKOíí-HMÓyflb K/ieTKe npoM30iu.no nepemiio- 
neHMe TMna cnapMBaHMfl, 3 to npoflBMTcn y o6enx AOHepHMx tuie- 
tok. ľlpewAe neM CHOBa nepeK/noHMTb TMn cnapMBaHMfl, AOHepHMM 
K/ieTKaM HaAo eme pa3 noAe/iMTbCfl (to ecib npoŕíTM no/iHbiií oe- 

TOHHblíí AMKJl) 


chk) HO k onpeAeAeHHOMy BpeMeHHOMy «0KHy» b mieTon- 
hom ijmoie paAa noKOJieHHH ApoaoKeBbix kjictok. 

HeKOTopbie H3 tchob SW1 h SIN (BepHee, hx 6cjikh) 
He cnei],HäJiH3HpoBäHbi Ha rane enapHBaHHa, ho aBjia- 
lOTca raoôajibHbiMH peryjiaTopaMH TpaHCKpHnijHH, HbH 
c})yHKiiHH HyacHbi rjw SKcnpeecHH MHorax jioKycoB. K Ta- 
KHM OTHOCHTCH nepeCTpaHBaiOmHH XpOMaTHH KOMnaeKC 

SWI/SNF, b cocTaB KOToporo BxoAaT Swil,2,3, a Taoce 


y HO ectb TpM CMCTeMbl KOHTpO/lfl TpaHCKpMriUHM 


PenpeccMB b AMn/ioMAHbix KneTKax 


Penpeccop al/a2 

VW v, V/ v 


BKCnpeccMB npMBfoaHa k <|>a 3 e G 1 

cdc28 

Penpeccop KOHTpo/inpyeT Aktmb 3 top 

Sm6 xoA K/ieTOHHoro Swi4.6 

va'V 4MK " a V v v' 

URS2 - URS2 


PenpeccMB b AOHepHMx K/ieTKax 


AKTMBaTOp 

Swi5 

V' v V' 

URSl 


Penpeccop AKTMBaTop 
Ashl Swi5 

V 

URSl 


PMC. 19.41 TpaHCKpMnAMJi reHa HO HaxoAMTCfl noA B/iMflHMeM 
Tpex pery^BTopHbix CMdeM m npoMcxoAm TO/ibKO c pa3peweHM5i 
Bcex Tpex 


npoAyKTbi jiOKycoB SINÍ -4 , KOAHpyiomHx óejiKH-peryaa- 
Topbi cocToaHHH xpoMaTHHa. Hx ynacrae b peryjiaunn 
THna enapHBaHHa — noóonHoe. Hcthhhhm peryjiaTO- 
poM, TaKHM o6pa30M, aBJíaeTca óejioK Swi, cneijH(j)HHec- 
kh npoTHBOAeňcTByiomHH oôuieH CHCTeMe penpeccHH b 
J ioxyce HO. 

KOHTpOAb COOTBeTCTBHH KJieTOHHOMy LJHIOiy HaBOAHT 

jioKyc URS2, coAepacanj,HH A^BaTb KonHH oKTaHymieoTHA- 
hoh nocaeAOBaTejibHOCTO. Konna KOHceHcyca, óyAynn npn- 
KpenaeHa k jnoóoMy reHy, MoaceT npHBecTH ero SKcnpec- 
chk) k TaxoMy ace cooTBeTCTBHio. Co CBoeň cTopoHbi, reH, 
noAiiíHTbiH k TaKoň nocaeAOBaTeabHOCTO, penpeccHpoBaH 
Bcer^a, 3a HCKjnoneHHeM HenpoAOJDKHTejibHoro nepHOAa 
ÓJinace k KOHiiy (J)a3bi Gl. AKTHBaTopaMH, oTMeHaiomHMH 
penpeccHio HO no URS2, cayacaT Swi4 h Swi6. Hx aKTHB- 
HOCTb 3aBHCHT ot (pyHKíjHH peryjiaTopa KJieTOHHoro ijHKjia 
Cdc28, «ojiHiieTBopaiomero» oópeneHHOCTb kjictkh Ha cko- 
poe AeaeHHe. 

nepeAaTOHHbiM 3 bchom npHBa3KH SKcnpeecHH HO 
k nepe^yioniHMca noKOJieHHaM cjiyacHT aKTHBaTop Swi5, 
npoTHBOAencTByiomHH CHCTeMe oómen penpeccHH b hc- 
nojiHeHHH óeaKOB Sin3,4. 3Ta cncTeMa penpeccHH rcuc- 
TByeT nepe3 saeMeHTbi URSl, pacnoaoaceHHbie Bbirne, neM 
ot HO. Y MyTaHTOB, jiHiiieHHbix (J)yHKiiHH Sin3,4^ HO ojw- 
HaKOBO xoporno TpaHCKpHÓHpyeTca b AByx mieTOHHbix 
noKoaeHHax no^pa^. 

CaM no ce6e Swi5 He cneiiHcjiHiiHpyeT MaTepHHCKyio 
KaeTKy no othoiiichkio k AonepHeH. Ero scjxjieKT oôycjiOB- 
aeH npoTHBOCToaHneM c Ashl p — penpeccopoM, Haxan- 
jiHBaiomHMca b AonepHHx KaeTKax b KOHije aHac})a3bi. My- 
Tai^HH no ASH1 no3BOJiaiOT AonepHHM KJieTKaM, noAOÔHO 
MaTepHHCKOH, nepeioiiOHaTbTHn cnapHBaHna. JIoKajiH3auHa 
Ashl p oôycaoBaeHa TpaHcnopTOM ero mPHK H3 MaTepHHC- 
KOH KJICTKH BAO/Ib aKTHHOBblX (JlHJiaMCHTOB B nOHKy-AOHKy 

(cm. pa3A. 7.16 «MecTOHaxo>KAeHHe mPHK Moacer 6biTb neT- 
ko AeTepMHHHpoBaHO»). Ero npncyTCTBHe yAepaoiBaeT Swi5 
ot aKTHBai^HH reHa HO. EejioK Ashl p AencTByeT, CBa3biBaacb 
c MHoroHHCJieHHbiMH KonnaMH KOHceHcycHOH nocaeAOBa- 
TejibHoera, pacnpeAeaeHHbiMH no peryaaTopHbiM oóaacTaM 
URSl h URS2. Kor^a AonepHHe kjictkh BbipacTaiOT, htoóh 
CHOB a noAejíHTbea, Ashl p b hhx CTaHOBHTca pa36aBJieH ao 
KOH iiempaiiHK, no3BOJiaioiAeH reHy HO CHOBa HanaTb skc- 
npeccHpoBaTbea. 


19.25 


Pe3K>Me 


noA peKOMÓHHaiineH noApa3yMeBaiOT (J)H3HnecKHH 06 - 
MeH nacTaMH MeacAy eooTBeTCTByioiAHMH MOJieicyjiaMH 
flHK. B pe3yjibTaTe nojiynaeTca AynJieKC flHK, y koto- 
poro ABa ynacTKa, hcxoaho npHHaAJieacaBiiiHe pa3HbiM 
poAHTejibCKHM AynJieKcaM, coeAHHaiOTca (JiparMeHTOM 
rHÓpHAHOH (reTepoAynjieKCHOH) HK, BeAyiAeň CBoe 
npoHCxoacAeHHe ot pa3Hbix poAHTejien, no oahoh uenn 
ot KaacAoro. Ecjih rnópHAHaa RHK coAep^HT HecnapeH- 
Hbie ocHOBaHHa, to MoaceT HMeTb mccto hx KoppeKiina. 
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HHor/ja o6pa30BaHHe raôpHAHOH JX HK He conpoBoac- 
AaeTca peKOMÔHHauHefí MOK/jy MapxepaMH no pa3Hbie 
ee cropoHbi, to ecTb pexoMÔHHaijHH MexcAy nocneAOBa- 
TejibHOCT^MH (f>jiaHroB He npoHexoAHT. KoHBepcHfl reHa 
npOHCXOAHT, eCJIH B XO/je HOpMajIbHOH peXOMÓHHaiJHH 
o6pa3yeTCH npoTnxceHHbiH ynacTox raópHAHOH flHK, xo- 
Topbin no/jBepraeTCfl xoppexijHH b cootbctctbhh c odnoií 
H3 po/jHTejibCKHX uenen, npnneM oahh h3 tchob, no 
KpaňHeň Mepe nacranHO, npeo6pa3yeTcn b nocneAOBa- 
TejibHOCTb Apyroro. KomepcHn MexcAy HeajuienbHbiMH 
reHaMH Taxxce B03M0>xHa — xax aHOManbHoe coóbrrae. 

PeKOMÔHHaunio HHHunnpyeT pa3pbiB /jByx i^eneň 
Aynnexca flHK. Pa3pbiB pa3pacTaeTcn b npoôeji c bh- 
CTynaiomnM OAHOuenonenHbiM KpaeM; stot cboóoahmh 
KOHeu, o6pa3yeT reTepoAynjiexc c ajuienbHOH nocneAO- 
BaTejibHOCTbio. flHK, noABeprinaHCH HHHijHHpyiomeMy 
pa3pbiBy, 3aTeM noABepraeTcn nacranHoň 3aMeHe ce6n 
Ha noc^eAOBaTe^bHocTb xpoMoeoMbi, b KOTopyio OHa 
BTopmacb (noneMy HHHijHHpyiomyio flHK h Ha3biBai0T 
peuHnHeHTOM). ľopHHHe tohxh pexoMÔHHaijHH — sto 
canTbi, no kotophm HHHijHHpyiOTCH AByxuenonenHbie 
pa3pbiBbi. rpaAneHT KOHBepcHH reHa OTpaxcaeT pacnpe- 
AejieHHe bcpohthocth npeo6pa30BaHHH MaTepnana JX HK 
b CBOĎOAHbin OAHOuenonenHbifí xohoj, xoTopan yôbma- 
eT no Mepe yzjajieHHfl ot pa3pbma (ropnneH tohxh). 

Y ApOXOKeH peKOMÓHHaUHH HHHIJHHpyeTCH ÓeJIXOM 
Spoll. 3to TonoH30Mepa30-noAo6Hbin (J)epMeHT, CBH3bi- 
BaiomHHca co cboôoahmm 5'-xohuom JX HK. ľlocjie SToro 
DSB npoAOJDxaeT reHepHpoBaTb OAHOuenonenHyio JX HK, 
KOTOpa^ MOXCeT B3aHMOAeHCTBOBaTb co cbohm xoMmie- 
mchtom Ha Apyron xpoMoeoMe. MyTauHH Apoxoxen, 6jio- 
XHpyiomne o6pa30BaHHe b hx xneTxax CHHanTOHeMHoro 
xoMnnexca, noKa3biBaioT HeoôxoAHMOCTb pexoMÔHHaijHH 
Ahh ero o6pa30BaHHH. Bo3moxcho, o6pa30BaHHe CHHamro- 
HeMHoro xoMnnexca HHHijHHpyeTCH AByxuenonenHbiMH 
pa3pbiBaMH. Oh moxcct npoAOjnxaTb CBoe cymecTBOBaHHe 
AO nojmoro 3aBepmeHHH pexoMÔHHaijHH. MyraijHH, no- 
pancaiomne KOMnoHeHTbi CHHanTOHeMHoro xoMnnexca, 
ónoxHpyiOT ero o6pa30BaHHe, ho He npennTCTByioT no- 
napHon paccTaHOBKe xpomocom, Tax hto B3aHMHoe pac- 
no3HaBaHHe roMonoroB He 3aBHCHT ot pexoMÔHHaijHH h 
o6pa30BaHH5i CHHanTOHeMHoro xoMmiexca. 

ľlo^Hbin Haôop peaxijHH, TpeôyeMbin jym pexoMÓH- 
HauHH, MOxceT 6biTb ocymecTBjíeH ôenxaMH Rec h Ruv 
E. coli. OAHOuenonenHbiH ynacTox co cboôoahhm koh- 
u,om nopoxcAaeTcn Hyxnea 30 H RecBCD. OepMeHT cbh- 
3biBaeTC5i c flHK no OAHy CTopoHy nocjieAOBaTejibHOcra 
chi , a 3 aTeM abhxcctch no HanpaBjíeHHio k chi , nonyTHO 
pacrnieTan JX HK. B nocjieAOBaTejibHocTb chi bhochtch 
OAHOuenonenHbin pa 3 pbiB. IlocjieAOBaTejibHOCTH chi 
cnyxcaT rop^HHMH TonxaMH pexoMÔHHaijHH. OAHHonHa^ 
uenb flHK cjiy>KHT cyôcTpaTOM RecA, KOTopbin 06- 
^aAaeT enoeoÓHOCTbio cé^HxcaTb rouojiormnhic MOJie- 
xy^bi. 3tot 6e^ox noAAepxcHBaeT peaxijHio BTopxceHH^ 
oahhohhoh uenH H3 oahoh MO^exy^bi b Ayn^exc Apy- 
ron MO^eKy^bi. ľeTepoAyn^eKC flHK o6pa3yeTC5i nepe3 
3aMeiAeHHe oahoh h3 uenen HexoAHoro Ayn^exca. Tax 
o 6 pa 3 yeTca pexoMÓHHaHTHoe coeAHHeHne, pa 3 pe 3 aHHe 


xoToporo ocyiAecTB^5noT ôe^XH Ruv. Ha reTepoAynjiex- 
chom ynacTxe paôoTaioT RuvA h RuvB, b to BpeMa xax 
RuvC 3aHHMaeTC5i coóctbchho pa3Ae^eHHeM, to ecTb 
pa3pe3aeT cTpyxTypy Xo^^HAea. 

PexoMÓHHauH^, noAOÔHo peranxauHH h (bo 3 moxcho) 
TpaHcxpHni^HH, TpeôyeT Tono^orHnecxHX MaHHnyjmun c 
flHK. TonoH 30 Mepa 3 bi MoryT paccjiaójnrrb ( ujiu bboahtb 
HOB bie) CBepxBHTXH b flHK h TpeôyioTCH Rjm pacnyTbi- 
BaHHB MO^exy^, xoHxaTeHHpoBaHHbix xax cjieACTBHe pe- 
xoMÓHHauHH hjih penjiHxaijHH. TonoH 30 Mepa 3 bi nepBoro 
THna bhocht pa3pbiB b OAHy uenb Ay™exca ZIHK; TonoH- 
30Mepa3bi BToporo rana pa3pbiBaioT o6e. OepMeHT o6pa- 
3yeT cniHBxy c RUK b bhac xhmhhccxoh CBH3H c 5 '-(J)oc- 
(J)aTOM (no THny A) vmu c 3'-(})OC(J)aTOM (no rany B). 

OepMeHTbi-ynacTHHXH caHT-cneijH(j)HHHOH pe- 
XOMÓHHaUHH no MexaHH3My AeHCTBHH pOACTBeHHbl 
TonoH30Mepa3aM. noA hmchcm «pexoM6HHa3bi» hx 
oô^CAHKínoT b o6m,HH x^acc; x OTAejibHOMy noAX^accy 
HHTerpa3 othocatca pexoMÔHHa3bi, 3aAeHCTBOBaHHbie 
b HHTerpauHH (J)ara (onocpeAyioiAHe B3aHMOAeHCTBHe 
JX HK (J)ara c xpoMoeoMon éaxTepHH). CncTeMa Cre//av 
Hcno^b3yeT no ABe MO^exy^bi Cre CB5i3biBaHH5i c xaxc- 

AblM H3 eaHTOB lOX , TaX HTO peXOMÔHHa3HbIH xoMn^exc 
npeACTaB^^eT coóoh TeTpaMep. 3Ta cncTeMa — oahh 
H3 cTaHAapTHbix HHCTpyMeHTOB BHeApeHHB JX HK b ny- 
xcepoAHbin reHOM. HHTerpauH^ (J)ara ^môa^ TpeôyeT 
HajiHHHA 6e^xa Int cj>ara h 6e;ixa IHF xo3HHHa (E. coli). 
OHa ocHOBaHa Ha npHue^bHOM pa3pbme h BoecoeAHHe- 
hhh uenen npn OTcyTCTBHH xaxoro-^HÔo CHHTe3a JX HK. 
PeaxijHfl Hcno^b3yeT ynaxoBxy ^^P-(J)parMeHTa (J)aroBOH 
JX HK b Hyx^eonpoTeHHOByio CTpyxTypy HHTacoMbi, co- 
AepxcaiAyio no Hecxo^bxy xonnn Int h IHF; co bccm sth 

MaCCHBOM CB5I3bIBaeTCB nOC^CAOBaTe^bHOCTb attB X03H- 
HHa, hto BeAeT x pexoMÔHHauHH. PeaxuHH b o6paraoM 
HanpaBjíeHHH TpeôyeT npHcyTCTB^ (J)aroBoro 6e^xa Xis. 
HexoTopbie HHTerpa3bi AencTByioT b i\uc- MaHepe, npn 
xoTopoň Tnpo3HH, o6pa3yioiAHH cuiHBxy c no^ycan- 
tom flHK, npeAOCTaB^eTCH eyô'beAHHHueH (J)epMeHTa, e 
3thm xce no^yeaHTOM h CB5i3aHHOH. flpyrae HHTerpa3bi 
npoH3BOA^T mpanc- pa3pe3, npn xotopom cboh THpo3HH 
npeAOCTaB^^eT Apyraa eyô'beAHHHua. 

flpoxcxcH S. cerevisiae MoryT paenpocTpaH5iTbC5i xax 
b ranjiOHAHOM, Tax h b ahh^ohahom coctohhhh. B3aHM- 
Hbie npeBpauteHHH sthx coctohhhh npoHexoAflT npn 
enapHBaHHH (c^hhhhc ran^OHAHbix x^eTox e o6pa30- 
BaHHeM amhjiohahoh) jihôo npn enopy^uHH (Men- 
03 AnmiOHAHbix x^eTox e o6pa30BaHHeM ran^OHAHbix 
enop). CnoeoÓHOCTb x ynacTHio b sthx MeponpH^TH^x 
onpeAe^eTCH ranoM enapHBaHHH, npHcymHM uiTaMMy. 
Tnn enapHBaHHH onpeAeHHeTcn noejieAOBaTejibHOCTbio 
JX HK b Hoxyce MAT. nocpeACTBOM axTa pexoMÔHHauHH, 
BeAyutero x 3aMeHe stoh noejieAOBaTejibHOCTH, Tnn 
enapHBaHHH mohcct 6 biTb nepexnioneH Ha npoTHBono- 
jioxcHbiH. Axt pexoMÔHHauHH HHHu,HHpyeTCH AByxue- 
nonenHbiM pa3pbiB0M — noAOÔHO axTy roMOJiornnHOH 
pexoMÓHHauHH — OAHaxo nocneAyiomHH xoa coôbiTHH 
rapaHTHpyeT OAHOHanpaBneHHoe 3aMemeHHe nocneAO- 
BaTejibHOCTH b Hoxyce MAT. 
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3aMemeHHe peryjiHpyercfl tzkhm o6pa30M, hto MATa , 
KaK npaBHJio, 3aMemaeTCB noaieAOBaTejibHOCTbio H3 HMRa, 
b to BpeMfl KaK MATa oôhhho 3aMemaeTca noaie/jOBaTejib- 
HOCTbio H3 HMLa. PeaKUHio 3anycKaeT 3HflOHyioiea3a HO, 
KOTopaa ono3HaeT b jioxyce MAT yHHKa^bHyio noaieAOBa- 
TcnbHocTb-MHineHb. 9H,qoHyKJiea3a HO peryjiHpyeTca Ha 
ypoBHe TpaHCKpHnuHH chctcmoh, KOTopaa rapaHTHpyeT ee 
SKcnpeccHio b MaTepHHCKnx, ho He flonepHHx, KneTKax. Kax 
oieACTBHe, o6ohm noTOMKaM npHcym OAHHaKOBbiH — ho- 
BbiH — ran cnapHBaHHH. 
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CucreMbi penapauMM 


KPATKOE COflEPXCAHME ľ/lABbl 


BO BBefleHne 

CucTeMbi penapauMM KoppeKTupytoT noBpewfleHMíi 
flHK 

• CMdeMbi penapauMM pacno3HaK)T noc/ieAOBaTe/ibHOCTM 
flHK, He cooTBeTCTBytomMe craHAapTaM cnapMBaHMíi 
OCHOBaHMÍÍ. 

• CucTeMbi 3KCUM3MOHHOÍÍ penapauMM yAa/iíiiOT OAHy uenb 
flHK no Medy noBpe>KAeHMíi, a 3aieM CMHTe3MpyiOT ee. 

• CucTeMbi peKOMÓMHauMOHHOíí penapauMM Mcno/ib3yiOT 
peKOMÓMHauMio abb 3aMeHbi noBpe>KAGHHoro ynacTKa 
Abomhom uenM. 

• Bce 3 tm cMCTeMbi npeApacnojioweHbi k BHeceHMK) 
olumóok b noc/ieAOBaTe/ibHOCTb flHK. 

• OoTopeaKTMBauMíi npeAcraB/iíieT coóoíí HeMyTareHHyio 
CMCTeMy penapauMM, cneuM(|)MHHO AeMCTBytomyio Ha 
nMpMMMAMHOBbie AMMepbl. 

BB CucTeMbi 3 kcum 3 mohhom penapauMM E. coli 

• CMCTeMa Uvr bhocmt HaAceHKM b noBpewAeHHyio uenb 
flHK c npoMemyTKOM ~12 nH, coAepwamMM coócTBeHHO 
noBpe>KAGHMe; 3aTeM CMCTeMa yAa/iíieTflHK Me>KAy 
HaAceHKaMM m cMHTe3MpyeT HOByio. 

BQ Cnoco6bi 3 kcum 3 mohhom penapauMM b K/ieTKax 

MAeKonmatoiunx 

• Y M/ieKonMTaioiAMx 3anycn 3 Kcum3mohhoíí penapauMM 
npoM3BOAMTCB npflMbiM yAa/ieHMeM noBpe>KAGHHoro 
OCHOBaHMÍÍ flHK. 

• YAa/ieHMe OCHOBaHMÍÍ npoBOUMpyeTyAa/ieHMe m 3aMeHy 
HyK/ieoTMAHoro OTpe3Ka. 

• KaKoíí M3 Aeyx cnocoóoB 3 kcum3mohhom penapauMM 
6yAeT aKTMBMpOBaH, onpeAe^BeTCB npMpoAOÍí peaKUMM 
yAa/ieHMA ocHOBaHMíi. 

• ľlyTb polô/s npMBOAMT k 3aMeHe no/iMHyK/ieoTMAHoro 
OTpe3Ka; nyTb poL(3 npMBOAMT k 3aMeHe OAHoro 
HyK/ieoTMAa. 

BB MeTMAa 3 bl M í 71 MK 03 MJia 3 bl BblHMMatOT OCHOBaHMÍÍ M 3 

flHK 

• ľ/iMK03M/ia3bi y3HaiOT m HanpíiMyio yAa/iíiiOT M3 flHK 
ypauM/i m a/iKM/iMpoBaHHbie OCHOBaHMÍÍ. 

• 1/lcnpaB/ieHMe nMpMMMAMHOBblX AMMepOB npOM3BOAMTCÍ1 
pa3pblBOM KOBa/ieHTHOM CBB3M Me>KAy HMMM. 

• MeTM^a3bi Ao6aB^íuoT k UMT03MHy MeTM/ibHyio rpynny. 

• Bce 3TM c()epMeHTbl AGMCTByiOT C BbIBeAeHMeM 
a30TMCToro ocHOBaHMíi 3a npeAe/ibi abomhom cnMpa/iM, 
TaM ohm yAa/iíiiOT, jim6o MOAM(J)MUMpyK)T ero m 
B 03BpamaK)T b cnMpa/ib. 


BQ Olumókm penapaTMBHoro cMHTe3a m cfjeHOTMnbi 

MyiaiopoB 

• Bo BpeMíi pen/iMKauMM noBpe>KA6HHaíi m 
H epenapMpoBaHHaíi flHK npMBOAMT k 3acTpeBaHMio 
flHK-no/iMMepa3bi III. 

• flenb, KOMn/ieMeHTapHyio noBpe>KAGHHOM, MoryT 
CMHTe3MpoBaTb flHK-no/iMMepa3a V (KOAMpyeMaíi 
umuCD) m/im flHK-no/iMMepa3a IV (KOAMpyeMaíi dinB). 

• IIOC^eAOBaTe^bHOCTb flHK, CMHTe3MpOBaHHOÍÍ 
penapaTMBHOM flHK-no/iMMepa30Íí, nacTO coagp>kmt 
OĽJMÓKM. 

• ľeHbl-MyTaTOpbl KOAMpyiOT Óe/IKM, OT KOTOpblX 33BMCMT 
TOHHOCTb penuMKauMM; MyrauMM MyTaTopoB noBbiiuaiOT 
ypoBeHb cnoHTaHHoro MyrareHe3a. 

BB KoHTpoAb HanpaBAeHMíi penapauMM HecoBepuueHHbix 

nap 0CH0B3HMM 

• ľeHbi mut KOAMpyiOT CMCTeMy penapauMM 
HeKOMn/ieMeHTapHOCTeíí no OTAe/ibHbiM napaM 
OCHOBaHMÍÍ. 

• Bbióop, b KaKOÍí M3 ueneíí npoM3BecTM 3aMeHy 
HyKUeOTMAa ABB BOCCTaHOBJíeHMíl KOMn/ieMeHTapHOCTM, 
He c/iynaeH. 

□ GATC * 

• B no/iyMeTM/iMpoBaHHOM oóbmHo 3aMeHíieTCíi 

HeMeTM/iMpoBaHHaíi uenb. 

• 3Ta CMCTeMa penapauMM Mcno/ib3yeTCíi abb yAa/ieHMíi 
olumóok b HOBOCMHTe3MpoBaHHOíí uenM flHK. B cnynae 
HecnapeHHbix G-T mjim C-T npeAnoHTMTe/ibHo 
yAauíieTCíi T. 

BO CMCTeMbi peKOMÓMHauMOHHoíí penapauMM E. coli 

• TeHbi rec E. coli KOAMpyiOT KOMnoHeHTbi CMCTeMbi 
3aMMCTBOBaHMíi MH(|)opMauMM M3 Apyroro AynBeKca. 

• CMCTeMa 3aMMCTBOBaHMíi MHcfiopMauMM M3 Apyroro 
Ayn/ieKca npMxoAMT b aghctbmc, KorAa pen/iMKauMíi 
ocTaBUíieT b hoboíí uenM flHK ópeiub HanpoTMB 
noBpe>KAGHHoro ynacTKa MaTpMUbi. 

• HTOÓbi BOcno/iHMTb npoóe/i, Mcno/ib3yeTCíi OAMHOHHaíi 
uenb Apyroro Ayn/ieKca. 

• 3aTeM noBpe>KAGHHaíi noc/ieAOBaTe/ibHocTb yAa/iíieTCíi m 
CMHT e3MpyeTCíl 3aHOBO. 

BQ PeKOMÓMHaUMÍl CAy>KMT Ba>KHblM MexaHM3MOM 

McnpaBAeHMíi olumóok pen/iMKauMM 

• Pen/iMKaTMBHaíi bm/ikb MOweT 3acTpíiTb npM Bcrpene b 
flHK noBpe>KAGHHoro ynacTKa mjim HMKa. 

• PenapauMíi 3acrpíiBiueíí bmjikm mmei BK/nonaTb b ceóíi 
cnapMBaHMe HOBOCMHTe3MpoBaHHbix ueneíí. 


BSE3 
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• 3aCTpflBWafl BM/lKa MO)KeT 3aHOBO CTapTOBaTb 
noc/ie penapauMM noBpewAeHMB, Mcno/ib3y/i AJifl 
npoABM>KeHMB xe/iMKa3y. 

• 3acTpflBiuafl bm/ik 3 npeACTaB/i/ieT co6om crpyKTypy 
Xo/uiMAe/i m MO>KeT 6biTb pa3BeAeHa Ha Ayn/ieKCbi 
pa3pbiBOM Aeyx ueneií npM ynacTMM pe30/ibBa3. 

RecA 3anycKaeT SOS-cucieMy 

• ľloBpe>KAGHMe flHK npMBOAm k to My, hto 6e/iOK RecA 
3anycKaeT S0S-OTBeT, oóyc/iOB/ieHHbiM cfiepMeHTaMM- 
npOAyKTaMM MHOrOHMC/ieHHblX reHOB. 

• RecA aKTMBMpyeT caMopacmen/ieHMe LexA. 

• LexA penpeccMpyeT cMcreMy reHOB SOS; ero 
caMopacmeruieHMe npMBOAm k aKTMBauMM SOS-CMCTeMbi. 

CucTeMbi penapauMM ayKapnoTMHecKux K/ieTOK 

KOHCepBaTMBHbl 

• y Apowweíí MyTaUMM RAD , CBB33HHbie C (J)eHOTMnOM 
nOBblLUeHHOM HyBCTBMTe/lbHOCTM K P3AM3UMM, 


HaxoABTCB b reHax, KOAMpyiomMx CMCTeMbi 
penapauMM. 

• Eo/ie3Hb ne/iOBeKa xeroderma pigmentosum (XP) 
oóycnoBJíeHa MyiauMBMM b HecKO/ibKMx reHax 
penapauMM. 

• Ee/lKOBblíí KOM n/l e KC, B KOTOpOM COCTOflT npOAyKTbl XP M 
(|)aKTOp TpaHCKpMnUMM TF n H, BbinO/lH/ieT 3KCUM3MOHHyiO 
penapauMio b K/ieTKax ne/iOBeKa. 

• TpaHCKpMnuMOHHO-aKTMBHbie reHbi no/ib3yK)TCB 
npMopMTeTOM npM penapauMM. 

mijieí HecneunaAM3npoBaHHaB CMcreMa penapauMM 

AByxuenoneHHbix pa3pbiBOB 

• ľlyib NHEJ MO)KeT cK/ieMBaTb Tynbie kohuh Ayn/ieKCOB 
flHK. 

• MyiauMM, HapyiuaioiAMe nyTb NHEJ y ne/iOBeKa, 
npMBOABT k 3a6o/ieBaHMBM. 

riiJtU Pe3toMe 


20.1 


BBeAeHMe 


JIioôoh cjiynan meceum b flHK otkjiohchhh ot o6hk- 
hobchhoh ABycnHpaAbHOH cTpyKTypbi npeAcraBjuieT 
yrpo3y reHeranecKOH KOHCTHTyijHH kjictkh. Bpe/j, 

HaHOCHMblH flHK, MHHHMH3HpyiOT CHCTCMH, pacn03Ha- 

lomne noBpe^cACHHH h KoppeKrapyiomne hx. Chctcmh 
penapaiiHH* cmrib xce cjioxchh, cKOJib h caM no ce6e pen- 
jíHKaTHBHbíň annapaT, hto noKa 3 biBaeT nx BaxcHOCTb /yia 
BbixcHBaHHH kjictkh. Kor/ja penapaTHBHa^ cncTeMa hc- 
npaBjíaeT H3MeHeHne flHK, oho He HMeeT nocjieACTBHH. 
Ecjih CHCTeMe sto He y/jacTca, pe 3 yjibTaTOM moxcct 6 biTb 

MyTailHK. H3MepBeMaB CKOpOCTb B03HHKH0BCHH5I Myra- 
ijhh oTpaxcaeT ôajiaHc MOK/jy HaKonjieHHeM noBpe)KAe- 
HHH flHK H CKOpOCTbK) hx HcnpaBjíeHHB (hjih nonbiTOK 
HcnpaB/ieHHH). 

MHorae CHCTeMbi penapaijHH yMeioT BoenpHHHMaTb 
Kax CHma ji k achctbhio u,ejibiH cneKTp HCKaxceHHH cTpyK- 
Typbi flHK, a kjictkh ckjiohhm HMeTb no HecKOJibKy chc- 
tcm, cnocoÔHbix cnpaBjíflTbca c noBpoKfleHHflMH flHK. fljm 
ayKapnoT BaxcHOCTb penapaijHH orpoMHa; b reHOMe ne- 
jiOBeKa H/jeHTH(})HiiHpoBaHO >130 reHOB, npHnacTHbix k 
penapaiiHOHHbiM npoueccaM. KaK noKa3aHO Ha pmc. 20 . 1 , 
CHCTeMbi penapauHH moxcho noApa3AejiHTb H a HecKOJibKo 

OÔIUHX THnOB: 

• HeKOTopbie (jiepMeHTbi HanpaMyio HcnpaBJíaioT kohk- 
peTHbie pa3HOBH/i,HOCTH noBpexcAeHHH flHK. 

• CyiuecTByioT nyTH penapaijHH c Bbipe3aHHeM a 3 orac- 
thx ocHOBaHHH hjih ijejibix HyiuieoTHAOB. Bce OHH pa- 
ĎOTaioT no npHHiiHny yzjajieHHfl h 3 aMeHbi MaTepnajia. 

• CyniecTByioT chctcmh, Hcno;ib 3 yioiuHe peKOMÓHHaijHio 
AJia npHBjíeneHHH HeTpoHyroH Konnn nocjieAOBaTejib- 


* AHrji. repair — noHHHKa, BoccTäHOBjíeHne, peMOHT. B cjiobc 
repair, npnMeHHTejibHO k abohhoh cnnpajín KOMnjieMeHTapHbix 
ueneň flHK, mojkho pa3rjiHAeTb h Apyroň cmhcji: w re-pair”, «boc- 
cTäHOBjíeHne napHOCTH». — npim. nepee. 


TeHOM Me/iOBena coa6P>kmt mhoacctbo reHOB, 
npeAHa3HaMeHHbix ajib o6ecneHeHMn penapauMM 



PHC. 20.i ľeHbi, MMeioiAMe OTHomeHMe k penapauMM, ag/ibt Ha rpyn- 
nbi no ynacTMio b pa3/iMHHbix nyT/ix npeoAO/ieHMB noBpe/KAGHMíí b 
flHK 
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hocth, KOTopan Hcno^b3yeTca ajih 3aMemeHHa noBpe>K- 
AeHHoro ynacTKa pyuncKcx 

• ľlyTb HeroMOJiorHHHoro cocp^HCum kohijob ciuieHBa- 
eT AByxuenoHeHHbie «pBaHbie» KOHijbi. 

• CHHTC30M OTpC3KOB flHK ftJW 3aMemeHHfi MOaceT 33HH- 
MaTbca HecKOJibKo pa3Hbix flHK-nojiHMepas. 
npftMaR penapaUfUR , npn KOTopon noBpoKAeHHe 

npocTO y/jajmeTca hjih HcnpaBjmeTca Ha MecTe, Bcrpe- 
naeTca pe/jKo. XoponiHM npHMepoM cjiy>KHT pomope- 
aKmueaUiUR hhphmhahhobhx AHMepoB, npn KOTopon 
npoójieMHbie KOBajieHTHbie cba3h BOccraHaBjíHBaiOTCfl 
CBeT03aBHCHMbIM (jjepMCHTOM. OoTopeamiBaijHfl UIHpO- 
ko pacnpocrpaHeHa b jkhbhx CHCTeMax (xota OTcyTCTBy- 
eT y raaueHTapHbix MJieKonHTaiomHx) h, no-BH/jHMOMy, 
ocoôeHHO BaxcHa /ym pacreHHH. Y Escherichia coli ee pa- 
6oTa 3aBHCHT ot eflHHCTBeHHoro reHa phr , Ko/jHpyiomero 
(J)epMeHT (J)OTOJiHa3y. 

HecoBepmeHHOCTb nap ocHOBaHHH npeACTaBjmeT 
OflHy H3 r^aBHbix ijejieH chctcm penapaijHH. Jpmpena- 
pcmuu HeKOMmeMeumapnocmeu flHK TmaTejibHO oóbic- 
KHBaeTCfl Ha npe/JMeT a30THCTbIX OCHOBaHHH, KOTOpbie, 
pacnojiaraacb b pa3Hbix yenax flHK Apyr HanpoTHB /jpyra, 
He o6pa3yioT npaBHJibHyio napy. HeKOMmieMeHTapHOCTH, 
B03HHKaiomHe b npoyecce penjíHKaijHH, KoppeicrapyiOTCfl 
c pa3JiHHeHHeM hoboh h cTapoň uenen h BHeceHHeM hc- 
npaBJíeHHH npeHMymeCTBeHHO B HOBOCHHTe3HpOBaHHbIH 
MaTepnaji. Apyrae chctcmh paóoTaioT c nocjieACTBHAMH 
XHMHHeCKOH MOAH(J)HKaU,HH OCHOBaHHH, TaKHX KaK fle3a- 
MHHHpOBaHHe. BaXCHOCTb 3THX CHCTCM nOAHepKHBaeT TOT 
c{)aKT, hto MyTauHH b reHax, poactbchhhx ApoxoKeBbiM re- 
HaM, npHnacTHbiM k penapauHH HeKOMnjieMeHTapHocTeH, 
Bbi3biBaioT pax y jno/jen. 

HecnapeHHbie ocHOBaHHa oóhhho KoppeKTHpyioT- 
ca 3kci^u3UOHhoú penapau,ueu. Ee HHHu,HHpyeT (JjepMeHT 
0n03HaHHH, KOTOpblH oóHapyxcnBaeT HJIH CaMO noBpexc- 
AeHHoe ocHOBaHHe, hjih H3MeHeHHe b npocrpaHCTBeHHOH 
KOH(J)HrypauHH flHK. Chctcmh skcijh3hohhoh penapau,HH 
ÓblBaiOT flByX THnOB: 

• npn penapai^uu c OKCipusueú ocmeanuu cncreMa 
HanpaMyio Bbipe3aeT H3 flHK noBpe)KAeHHoe a30THC- 
Toe ocHOBaHHe h 3aMeHaeT ero. XoponiHM npHMepoM 
cjiy)KHT ypaijHJi-rjiHK03HJia3a, yzjajunomaa ypau,H- 
jih, HeKOMn^eMeHTapHbie ryaHHHaM (cm. pa3A. 20.5 

«MeTHJia3bI H I7IHK03HJia3bI BblHHMaiOT OCHOBaHHfl H3 

flHK»). 

• npH penapai^uu c 3KCipu3ueú nyKJieomudoe CHCTe- 
Ma Bbipe3aeT H3 JX HK nocjieAOBaTejibHocTb, co/jep- 
xcamyio noBpexc^eHHoe ocHOBaHHe (hjih HecKOJibKo 
noBpexcACHHbix ocHOBaHHH); 3aTeM Ha 3aMeHy bh- 
pe3aHHOMy MaTepnajiy CHHTe3HpyeTca hobhh OTpe- 
30K flHK. 

OcHOBHbie paóoHHe momchth 3kcuh3hohhoh penapa- 
ijhh pe3iOMHpyeT pmc 20 . 2 . no/joôHbie chctcmh ecTby Bcex 
opraHH3MOB. HeKOTopbie H3 hhx pacno3HaioT b JX HK jiio- 
6bie noBpex^eHHa; Apyrae HacTpoeHbi Ha OT/jejibHbie ranbi 
noBpexc^eHHbix ocHOBaHHH. Hepe^KO Ha o/jhh ioictohhhh 
TH n npHXOAHTCa MHOXCeCTBO pa 3 JIHMHbIX CHCTCM 3KCU.H3H- 
ohhoh penapauHH. 


Chctcmh peKOMÔunat^uoHHOú penapaitfUU hmoot 
/ jejio c CHTyauHaMH, npn KOTopbix MaTpHHHaa uenb JX HK 
oxa3a^acb riOBpaKAeHHOH, a pen^HKaqHH BbiHyx^eHa 
6 bma «npocKOHHTb» sto mccto, ocTaBHB 3 a coóoh ópenib 
b flOHepHeH uenn. PeKOM6HHau,Ha Hcno^b3yeTca, htoóh 
npHB^enb k BOCcraHOBjíeHHio noBpexcACHHOH nocjieflo- 
BaTejibHOCTH ee HHTaKTHyio Konnio H3 Apyroro (roMO- 
jiorHHHoro) .qyn^eKca h 3ano^HHTb ôpenib c noMom,bio 

STOH KOnHH. 

OTJIHHHTeJIbHOH OCOÓCHHOCTbK) peKOMÓHHaUHOHHOH 
penapauHH rbjiäctcí\ HeoôxoAHMOCTb HMeTb rcjio c ffsyx- 
uenoHeHHbiMH pa3pbmaMH (flUP). flU,P HHHUHHpyioT nepe- 
xoflbi u,eneH Mexc,ny /lyn^eKcaMH flHK npn roMOJiorHHHOH 
peKOM6HHau,HH. Taxxce ohh Moryr B03HHKaTb npn npoó^e- 
Max c perníHKaunen h b stom cjiynae cpaóaTbiBaTb Ha 3 a- 
nycK chctcm peKOMÓHHaunoHHOH penapauHH. Ecjih JX U.P 
o6pa3yiOTca xax noBpoK^eHHe bcjicactbhc b^hhhhh oxpy- 
xcaiomen cpe^bi (HanpHMep, npn oÓJiyMeHHH) wiu aBJíaioT- 
ca pe3y^bTaTOM yKoponeHHa Te^OMep, ohh Moryr Bbi3BaTb 
MyTau,HH. OflHa H3 chctcm oópameHHtf c JX UP cioieHBaeT 
HeroMO^orHHHbie kohi^h flHK. 

MyTaqHH, HapymaiomHe cnocoÓHOcTb ioictkh E . coli 
penapnpoBaTb cboio JX HK, pacna^aiOTca Ha rpynnbi b 
cootbctctbhh c HecKOJibKHMH nyraMH penapai^HH (He- 
oójmTejibHO He3aBHCHMHMH MtTKffy coóoh). HaHÓo^ee 

H3BCCTHHMH nyT5IMH HBJíaiOTCa CHCTeMa 3KCU.H3HOHHOH 
penapauHH uvr , MeTHji-3aBHCHMaa CHCTeMa penapauHH 
HeKOMnjieMeHTapHocTeH, a Taxxce recB- h recE-nym pe- 

KOMÓHHaqHH H peKOMÓHHaiJHOHHOH penapai^HH. C 3THMH 
CHCTeMaMH aCCOU,HHpOBaHbI (})epMeHTHbie aKTHBHOCTH 
3H,qo- h 3K30Hyioiea3 (BaxcHbix jijift y^a^eHna noBpexc^eH- 
hoh JX HK), pe30^bBa3 (3HAOHyioiea3 co cneu,H(J)HHecKHM 
AencTBHeM b peKOMÓHHaHTHbix cocahhchh5ix), pacraeTa- 
ioiahx JX HK xe;iHKa3, h flHK-no^HMepas, CHHTe3HpyiomHX 
HOByio JXHK. HeKOTopbie H3 sthx aKTHBHOCTen yHHKa^bHbi 
/y m KOHKpeTHoro nyTH penapaijHH, Apyr^e xce ynacTByiOT 
bo MHOxcecTBe nyTeH. 

AnnapaT pen^HKaqHH yAejiaeT orpoMHoe BHHMa- 
Hne KOHTpojiio KanecTBa. flHK-nojiHMepa3H, Hcno;ib3ya 


3KC4M3Mfi noBpewfleHMM conpfl>KeHa c hobbim CMHTe30 ' 
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PMC. 20.2 npn 3KCUM3MOHHOŇ penapaLiMM ópeiub, B03HMKiuafl Ha 
Mede Bbipe3aHHoro noBpe>KfleHMB, HywflaeTCB b «3anAaTKe» 


20.1 BBefleHMe 513 














coôcTiseimyio KoppeKTHpyiomyio aKTHBHOCTb, BbiBepa- 
kdt noc/ieflOBaTejibHOCTb flOMepHeň uerm n ycTpaHaioT 
ouihôkh. HeKOTopbie H 3 chctcm penapapHH MeHee aic- 
KypaTHbi, Korfla CHHTC 3 HpyioT flHK fljm 3 aMeHbi noB- 
pe>KfleHHoro MaTepnajia. 3 a sto hx H33Ba/iH cHcreMaMH, 
«CKJlOHHbíMU OUlUÔambCH ». 


20.2 


CMcreMbi penapauMM 
KoppeKTMpyioT 
noBpe)KAeHMfl AH K 


KiiioMeBbie noHfiTMfi: 


• CMdeMbi penapauMM pacno3HaK)T nocjieAOBaTe/ibHOdM 
flHK, He cooTBeTCTByiOLUMe craHflapTaM cnapMBaHM* 

OCHOBaHMM. 

• CMdeMbi 3KCLIM3MOHHOM penapauMM yfla^BiOT oflHy uenb flHK no 
MecTy noBpewAeHM*, a 3aieM cnHTe3npyiOT ee. 

• CMdeMbi peKOMÓMHauMOHHOíí penapauMM Mcno/ib3yiOT 
peKOMÓMHaLiMio ftnfl 3aMeHbi noBpewAeHHoro yMadKa abomhom 
uenM. 

• Bce 3tm CMdeMbi npeApacno/ioweHbi k BHeceHMio oujmóok b 
noc^eflOBaTe^bHOdb flHK. 

• OoľopeaKTMBaLiMfl npefldaB^BeT coóoíí HeMyiareHHyio CMdeMy 
penapauMM, cneuM(|)M4HO AeíídByioiuyio Ha nMpMMMflMHOBbie 
AMMepbi. 


THnbi noBpe>KfleHHH, BeflyiflHX k 3arrycKy chctcm penapa- 
ijhh, moxcho, b oômeM, noApa3AejiHTb Ha ABa Kjiacca: 

• ripH odnoHyKJieomudnux 3cmeHax HapymeHHOH oxa- 
3biBaeTC5i HyioieoTHAHafl nocjieAOBaTejibHOCTb, ho He 
CTpyKTypa flHK b ijejiOM. OAHOHyioieoTHAHbie 3aMe- 
hh He bjihhiot Ha npoijeccbi TpaHCKpHnu,HH hjih pen- 
AHKaqHH (npH KOTopbix ijenn AyruieKca pa3AejieHbi), 
ho hmoot 3 (J)(J)eKT y óyaymHx noKOJieHHň kjictok. 
HapymeHHe mojkho paccMaTpHBaTb Kax npeo6pa30- 
BaHHe OAHoro H3 a3oracTbix ocHOBaHHH b Apyroe, 
Tenepb y>xe mioxo cnapeHHoe co cbohm napTHepoM 
b KOMmieMeHTapHOH OAHOHyKJieoTHAHaa 3a- 

MeHa MOxceT B03HHKHyTb b pe3yAbTaie HapyineHHfl 
OCHOBaHHH in situ HJIH TKt ÔbITb CJICACTBHCM OIIIHÓKH 

penjíHKauHH. Ha p ne. 20,3 noKa3aHO, xax AC3aMH- 
HHpOBaHHe UHT03HHa AO ypaiJHJia (cnOHTaHHO hjih 
noA B03ACHCTBHeM BemecTBa-MyTareHa) nopoxcAaeT 
HeKOMnjieMeHTapHyio napy U-G. Ha p n c. 20 ^ noxa- 
3aHO, Kax b npouecce penjiHKau,HH npH ouihóohhom 
BCT paHBaHHH aACHHHa BMeCTO UHT03HHa OÔpa3yeTC5I 
napa A-G. CxoAHbie nocjieACTBHfl moxcct HMeTb KOBa- 
jieHTHoe npHcoeAHHeHHe k a3oracTOMy ocHOBaHHio 
Heóojibmoro paAHKajia, MOAH(j)HU,Hpyiomero cno- 
coÓHOCTb ocHOBaHHH o6pa30BbiBaTb napy c ApyrHM 
OCHOBaHHeM. 3™ H3MeHeHH5I MOryT BbipaXCaTbCH 

Kax b oneHb He3HanHTejibHOM HcxaxceHHH (b cjiynae 
napbi U-G), Tax h bo BnojiHe omyTHMOM h3mchchhh 
CT pyKTypbi abohhoh cnnpajiH (b cjiynae napbi A-G). 
OAHaxo o6m,HH momcht coctoht b tom, hto HeKOMn- 
jieMeHTapHocTb coxpaHaeTCfl TOJibKo a o cjieAyiomeH 


e3aMMHMpoBaHne McnpaBJíneTCfi aaMeHOH 
HenpaBM/ibHoro U Ha C 



fle3aMMHMpOBaHMe UMT03MHa npMBOAMT K Ha/IMHMK) 
b flHK napbi U-G. B 3toíí nape 3aMeHe noA/iOKMľ, KaK npaBM/io, 
ypauM/i 


H3-3a ouim6ok peniiMKauMM b AH K 
mohcho BcrpeTMTb HecoBepiueHHbie napbi OCHOBaHMM 



PH C. 20.4 OujMÓKa pen/iMKauMM npMBOAMT k Ha/iMHMio HecoBepiueH- 
hoíí napbi OCHOBaHMM. Ecjim ee He McnpaBMTb, b cneAyiomeM payHAe 
pen/iMKauMM MyiauMB 6yAeT 3aKpen/ieHa 


THMMHOBbie AMMepbl AOJDKHbl flOA/ieMOTb 3KCUM3MM 



7 n C. 20 b y^bTpac()Mo^eTOBoe oó/iyneHMe npMBOAMT k AMMepM3aunn 
coceAHMx tmmmhob. Ha/iMHMe TaKoro AHMepa 6/ioKMpyeT pen/iMKa- 
UMK) M TpaHCKpMnUMK) 


514 TJ1ABA 20 CncreMbi penapauMM 
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McnpaBBBeTCB 

AeajiKwiMpoBaHMeM 


20. d MeTM^MpoBaHMe ocHOBaHMB HapyiuaeT reoMeipMK) aboíí- 
hoíí cnMpa/iM m npMBOAMT k oiuMÓKaM pen/iMKauMM. MeTM^bHaB rpyn- 
na o6o3HaHeHa 3Be3AOHKOíí 


peruíHKäUHH. TaKHM o6pa30M BpeMa, oTBeAeHHoe m 
peMOHT nOBpOKACHHH A O TOľO, KaK OHO Óy^eT 3a(})HK- 
CHpoBaHO penjiHKaij,HeH, orpaHHneHO. 

• HcKanceHHH cTpyKTypw flHK MoryT co3AaBaTb (J)h- 
3HnecKHe noMexH npn penjíHKaijHH hjih TpaHCKpnn- 
ijhh. BHeceHHe KOBajieHTHbix ciiihbok MexcAy ocho- 
BaHHflMH OAHOH IjenH flHK HJIH MeXCAy OCHOBaHHflMH 
npoTHBonoAOxcHbix uenen HHraÓHpyeT penjíHKaunio 
h TpaHCKpHnuHio. Ha PViL 20.5 npHBeACH npHMep 
Toro, Kax yjibTpa(J)HOJieTOBoe (YO) oóJiyneHHe, ciiihb 
KOB aJieHTHbIMH CBB3HMH ABa CMOKHblX THMHHa, npH- 
Bejio k o6pa30BaHHio BHyTpHijenoHeHHoro nnpH- 

MHAHHOBoro AHMepa. p m c. 20.6 noKa 3 biBaeT, KaK 
AOóaBjíeHne k OAHOMy H3 ocHOBaHHH rpoM03AKoro 
npHAäTKa Ae(J)opMHpyeT ABOHHyio cnHpajib. Pa3pbiB 
hjih yAajieHHoe ocHOBaHHe oahoh H3 uenen flHK 
He no3BOJiHT stoh uenn 6biTb MaTpHU,eH, noAXOA^i- 
men Rjm CHHTe3a PHK hjih flHK (sto ri0Ka3aH0 Ha 

PHC. 20 . /). OÓlAHOCTb BCeX 3THX H3MCHCHHH COCTOHT 
B TOM, HTO BpeAOHOCHaa XHMHHCCKafl MOAH(J)HKaUH5I 
6yAeT ocTaBaTbca b flHK h Bbi3biBaTb cTpyKTypHbie 


AnypMHM3ai4Mfi Tpe6yet 3 aMeHbi ochob3Hmji 



PC. 20. AnypMHM3auMB 3aK/iK)HaeTCB b yAajieHMM a30TMCToro oc- 
HOBaHMB (KaK npaBM/io — nypMHa), hto npMBOAm k 6/iOKy peruiMKa- 
UMM M TpaHCKpMnUMM 


AecJieKTbi h/hjih npoBOUHpoBaTb Myraunn a o Tex 

nop, noxa He 6yAeT yAajieHa. 

Ecjih CHCTeMbi penapauHH BbiKjnonHTb, KJieTKa CTa- 
HOBHTC5I Hpe3BbIHaHHO HyBCTBHTCJIbHOH k yjibTpacj)HOJie- 
TOBOMy oóJiyneHHio. HcTopmecKH BHeceHHe YO-HHAyun- 
pOBaHHblX nOBpe)KAeHHH CJiyXCHJIO OCHOBHbIM CnOCOÓOM 
TecTHpoBaHHH chctcm penapaunn, h, npoBOAH Ha ocHOBa- 
HHH TaKHX TeCTOB CpaBHHTCJIbHyiO OUeHKy HX aKTHBHOC- 
TeH H OTHOCHTeJIbHblX 3(j)(})eKTHBHOCTeH, CJieAyeT HMeTb B 
BHAy, HTO npH HCn0JIb30BaHHH APyrHX MeTOAHK BHeceHHB 
noBpexcACHHH b flHK aKueHTbi (KacaTejibHO xapaicrepa 
noBpexcAeHHH h cnocoóoB 6opb6bi c hhmh) MOiyr 6biTb 
paccTaBjíeHbi no ApyroMy. 


CucreMbl 3KCUM3MOHHOM 

penapaunn E. coli 


K/uoHeBbie noHBTMB: 


• CMCTeMa Uvr bhocmt HaAceMKM b noBpewAGHHyK) Lienb flHK c 
npoMe>KyTKOM ~12 nH, coAepwamMM coódBeHHO noBpe>KAGHMe; 
3aieM CMCTeMa yAajiaeT flHK Me>KAy HaAceHKaMM m cMHTe3Mpyei 

HOByiO. 


20.3 


CHCTeMbi 3kcuh3hohhoh penapauHH BapbnpyioT no CBoen 
CneU,H(})HHHOCTH, HO nO CBOeMy AOHCTBHIO nOflHHHJHOTOI 
oahhm h TeM xce oóiflHM npHHUHnaM. KaxcAaa Taxaa CHCTe- 
Ma yAajmeT H3 flHK HeKOMmieMeHTapHbie hjih noBpexcAeH- 
Hbie ocHOBaHHa, a 3aTeM CHHTe3HpyeT hobmh OTpe30KflHK, 
HToóbi hx 3aMeHHTb. OóoómeHHaa noejieAOBaTejibHOCTb 
coóbiTHH npoHJunocTpnpoBaHa Ha pmc. 20.8. 

Ha 3Tane BHeceHrm HaflceneK (hhijh 3 hh) noBpexcAeH- 
Haa cTpyicrypa ono3HaeTC5i 3HAOHyKjiea30H, KOTopaa pa3pe- 
3aeT uenb flHK no o6e CTopoHbi ot noBpoKfleHHa. Ha 3Tane 
Bbipe3aHH51 (COÓCTBeHHO, 3KC4H3HH) 5'-3' 3K30HyKJiea3a 
yAajmeT OTpe30K noBpexcAeHHOH uenn. 

Ha 3Tane cunme3a o6pa30BaBuiHHca OAHOuenoneHHbiH 
ynacTOK cjiyxcnT MaTpHu,eH jyw flHK-nojiHMepa3bi, chh- 
Te3npyioifleH 3aMeHy Bbipe3aHHOH noejieAOBaTejibHOCTH. 
(Chhtc3 HOBoro MaTepnajia moxcct óbiTb conpnxceH c yAa- 
jieHneM CTaporo b oaho KoopAHHHpOBaHHoe achctbhc.) no 
OKOHnaHHH cHHTe3a flHK-jiHra3a o6pa3yeT KOBajieHmyio 
cniHBKy MexcAy hobhm (JjparMeHTOM h hcxoahoh flHK 

CncTeMa 3kcuh3hohhoh penapaqHH uvr coctoht h3 
Tpex reHOB, uvrA, uvrB h uvrC, KOAHpyiomnx KOMnoHeHTbi 
penapaTHBHOH 3HAOHyKjiea3bi. OHa (JjyHKflHOHHpyeT no 
3 TanaM, o 6 o 3 HaneHHbiM Ha p n c. 20 . 9 . CHanajia kom6hh3- 
una UvrAB ono 3 HaeT nnpHMHAHHOBbie AHMepbi h npoHHe 
rpoM03AKne «naTOJioraH». CjieAyiomHM 3 TanoM UvrA ahc- 
cou,HHpyeT (AJm 3Toro TpeóyeTca aAeH03HHTpn(})occJ)aT, 
ATO), a k UvrB noACoeAHHaeTca UvrC. KoMÓHHaiflm UvrBC 
AejiaeT no HaAcenKe c KaxcAOH CTopoHbi ot noBpexcAeHHa: c 
OTCTynoM b ceMb HyKjieoTHAOB ot 5'-Kpaa h c OTCTynoM b 
TpH-neTbipe HyKjieoTHAa ot 3'-Kpaa. fl/m 3Toro Toxce Tpeóy- 
eTca ATO. XejiHKa 3 a UvrD noMoraeT pacmiecTH flHK MeacAy 
HaAcenKaMH, htoóh BbicBOÓOAHTb noBpe>KAeHHyio uenb, ko- 


20.3 CHCTeMbi 3KCUM3MOHHOM penapauHH E. coli 515 
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ľ. 20.3 npM 3KCUM3MOHHOM penapauMM npoMCxoflm 3aMeHa OTpe3- 
\en\A, rfle ecTb oamh mam HecKO/ibKO n o b pe>K ag h h bix HyKJieoTMflOB 


CwcTeMa Uvr yAaiineT noBpexgieHHbiH Maiepna /1 


flecJjopMaAMB flHK 

UvrA UvrB 

• UvrA y3HaeT noBpe>KAeHMe 

\f\/ m CBB3biBaera c UvrB 

UvrC UvrB 

' UvrA yxoAM-r; npnxoAMT UvrC 

UvrC UvrB 


\/aJ^/A/A/7K/A// 




UvrC HaApe3aei flHK no o6e 
CTOpOHbl OT nOBpe>KAeHMfl 

UvrD pacnjieTaeTflHK, 
BbicBo6o>KAafl cerMeHT 
oamhohhom uenM, 
coAep>KaiAMM noBpe>KAeHne 


s. ľ : V) CMcreMa Uvr AeMCTByeT no3TanHo: UvrA HaxoflMT noBpew- 
me, UvrBC HaApe3aeTflHK, UvrD BbiruieTaeT M3flHK McnopHeHHbm 
MeHT 


Topyio yHHHToacaeT flHK-no;iHMepa3a I. OepMeHTOM, ynacr- 
ByiomHM b penapaTHBHOM CHHTe3e, noxoxce, ABmieTCfl flHK- 
no;iHMepa3a I (xota ee MOiyr 3aMeHHTb flHK-nojiHMepa3bi 
II h III). B mieTKax syxapHOT atmormHbiH nyTb penapaijHH 
COCTOHT H3 TeX >Ke COÔbITHH, HO HX nopflflOK OT/IHHaeTCfl 

(cm. pne. 20.23). 

ĎpaKTHHecKH bcb 3 Kcu,H 3 HOHHaB penapaijHfl B lOieT- 
Ke E. coli npoHCxo/(HT 3a cneT UvrABC. IIohth Bcer/ja (b 
99% cjiynaeB) cptnunn rji um 3aMeHeHHoro 0Tpe3Ka flHK 
cocTaBjííieT 12 HymieoTH/jOB. (B cba3h c sthm ee HHor.ua 
Ha 3 bIBaiOT «peMOHT KOpOTKHMH 3 amiaTKaMH».) OCTaBUIHH- 
C5i 1% cjiynaeB — sto 3 aMeHa OTpe3KOB flHK no ôojibineH 
nac™ b ~ 1500 nH, xota HeKOTopbie H 3 hhx MOiyr aocth- 
raTb >9000 nH (hto HHor.ua Ha 3 biBaiOT «peMOHT ajihhhm- 
mh 3 amiaTKaMH»). HeH 3 BecTHO, noneMy KaKHe-TO coôbnm 
3 anycKaioT pexcHM «a^hhhhx 3 an;iaTOK» bmccto pexcHMa 
«KOpOTKHX». 

KoMrniexc Uvr MorxceT ôbiTb HanpaBjíeH k noBpexc- 
.aeHHbiM canrraM .upyrHMH óejncaMH. Ecjih noBpoKueHHe 
flHK npen^TCTByeT TpaHCKpHnu,HH, 6e;iOK Mfd CMeiya- 
eT PHK-no;iHMepa3y h peicpyrapyeT KOMrniexc Uvr (cm. 
pne. 24.19 b pa3/c 24.12 «CBA3b Mexc/ty TpaHCKpHmjHen h 
penapayHen). 


Cnocoôbl 3 KC 4 H 3 MOHHOM 
penapaijMM b K/ieTxax 
M/ieKonmaioiAMX 


KniOHeBbie noHBTMa: 


• Y MAeKonMTaiOLAMX 3anycK 3 KCUm3mohhom penapauMM npoM3BOAmcB 
npAMbiM yflaAeHMeM noBpe>KAeHHoro ocHOBaHMa flHK. 

• YflaAeHMe ocHOBaHMa npOBOUMpyeiyAa/ieHMe m 3aMeHy 
HytcneoTMAHoro OTpe3Ka. 

• KaKoíí M3 a By x cnocoóoB 3KCum3mohhom penapauMM 6yAeT 
aKTMBMpoBdH, onpeAe/iaeica npMpoAoií peaxuMM yAaneHMa 
OCHOBaHMfl. 

• ľlyib polô/s npMBOAMT k 3aMeHe nojiMHymieoTMAHoro oipe3Ka; 
nyTb polp npMBOAMT k 3aMeHe OAHoro HymieoTMAa. 


20.4 


Oóiijhh npHHu,Hn 3kcuh3hohhoh penapaijHH b mieTKax 
MjieKonHTaiomHX TaKon xce, xax y ôaKTepHn. Ho HanHHa- 
eTCfl npouecc oôhhho no-^pyroMy — c yqa^eHHfl o^Horo 
noBpexcAeHHoro ocHOBaHHB. Taxoe Hana^o c^yxcm nyexo- 

BblM MexaHH3MOM aKTHBaU,HH (J)epMeHTOB, KOTOpbie Bbipe- 
3aioT h 3aMeH5noT OTpe30K HK, coAepxcaiyHH noBpexcAeH- 
Hbin canT. 

OepMembi, y/ía^ínoiyHe H3 flHK a3oracTbie ocHOBa- 
HH5I, Ha3bIBaiOT rjIHK03HJia3aMH H JIHa3aMH. Ha P ¥\Ĺ , 20.10 
noKa3aHO, xax rAHK03raa3a pa3pe3aeT cBH3b Mexc^y noB- 
pe>KAeHHbiM h6o HecnapeHHbiM ocHOBaHHeM n ac30k- 
cnpH6o30H. Ha p t. ľ. o. i i noKa3aHO, 4to HeKOTopbie 
rjIHK03HJia3bI HBJIfllOTCfl TaiOKe JIHa3aMH, KOTOpbie yBOAHT 
peaKijmo Ha mar Bnepe^, Hcno^b3y5i aMHHorpynny (NH 2 ) 
aTaKH Ae30KCHpHÓ03H0r0 KOJIblja. 3a sthm oóhhho 
c^e^yeT peaKij™ BHeceHHH HaApe3a b nojiHHyKJieoTHAHyio 
yenoHKy. 


L6 TJ1ABA 20 CMdeMbi penapauMM 












































































PI/1C. 20. j j rnnK03mia3a, pa3pe3aa CBB3b a30TMCToro ocHOBamifl c 
Ae30KCnpn6o30Íí, yAa/ifleT ero m flHK 



PMC. 20,. ; ["jiMK03Mjia3a, pacxoAya MO/ieKy/iy BOAbi, rnApojiM3yeT 
CBB3b Me>KAy Ae30KCMpM6o3oíí m a30TMCTbiM ocHOBaHMeM. Jlna3a 
yBOAm peaKUMK) Aa/ibwe: OTKpbiBaeT nBTMH/ieHHMK caxapa np m no- 
moiam aMMHorpynnbi 


P Vi c. ?o.i 2 noKa3biBacr, hto cnocoó penapaijHH b toh- 

HOCTH 3 aBHCHT OT TOHO, KaKOH HMeHHO H 3 (J)epMeHTOB, I7IH- 
K 03 Rna 3 a hjih jiHa 3 a, ynamm noBpoKfleHHoe ocHOBaHHe. 

AKTHBHOCTb I 7 IHK 03 HJia 3 H «nOAXBaTbIBaeT» 3 H/JOHyK- 
Jiea3a APE1, KOTopaa pa3pe3aeT nojiHHyioieoTHflHyio ue- 


noHKy c 5'-cropoHbi. 3to, b cboio onepe/jb, npHBjíeKaeT 
peruíHKaTHBHbiH KOMruieKC, coctohiuhm H3 flHK-nojiHMe- 
pa3bi ô/e h BcnoMoraTe^bHbix KOMnoHemoB, KOTopbiH 
ocymecTBJíHeT HHK-TpaHCJiflijHio Ha paccTOHHne ot /jByx 
AO flecara HyiaieoTHAOB, BbiTecHeHHbíň npn stom MaTe- 
pnaji y/jajmeTca 3H/i,0HyKJiea30H FEN1. OepMem Jinra3a-1 
3aiaieHBaeT ijenb. 3tot MexaHH3M Ha3biBaioT «cnoco6oM 
flJIHHHOH 3 an^aTKH». 

Ecjih b HHHijHHpyioiijeM yAajieHHH a30THCToro oc- 
HOBaHHfl 3aAeHCTBOBaHa Jina3a, to 3H/jOHyKnea3a APE1 
oó'be/jHHaeTCfl c flHK-no^HMepasoH p jim 3aMeHbi eflHHc- 
TBeHHoro HymieoTH/ja. OcraBiiiHHCfl pa3pbiB 3aioieHBaeT 
XRCCl/^nra3a-3. TaKoň MexaHH3M Ha3biBaioT «cnoco6oM 

KOpOTKOH 3 an^aTKH». 


yAa/ieHMe ocHOBaHHii sanycKaet 3KaiM3MOHHyio penapaumo 1 

i 1 H 1111 i 

r/lMK03mia3a ^ 



ľllL 

HHAM3MÍ1 j 

\ Jlna3a 

_APE1 ^ 


TUln ľíl 

ILUjIĽI 

j Hmk- 

3aMeHa I 


HyK/ieoTMAa 1 

PolÔE 

APEl Poip 

111 III u í 

JXLli llU 

1 3HAOHyK^ea3a 

3aKJienBaHne| 

1 FEN1 

CTblKa f 

T 

XRCCl/ 


Lig3 

lOIIIOl 

mliílU 

I 3aKJienBaHne 


f CTblKa 

- Liql 


míTľiií 


ílyTb «a/imhhoíí 3aruiaTKM» 

ľlyTb «kopotkoíí 3anjiaTKM» 


PM s ? YAa/ieHMe a30TMCTOro ocHOBaHMB rjiMK03Mjia30Éí hjim 
J ina30íí HanpaB^BeT 3KCUM3MOHHyio penapaumo no OAHOMy M3 Aeyx 
nyieíí 
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20.5 


MeTMJia 3 bl M MMK 03 Miia 3 bl 
BblHHMaiOT OCHOBaHMfl M 3 AH K 


KniOHeBbie noH/mui: 


• ľiiMK03Miia3bi y3HaiOT m HanpflMyio yAa/iaioT m flHK ypaijM/i m 
a/i k m/im po Ba h h bi e ocHOBahma. 

• HcnpaB/ieHMe ľlMpMMMAMHOBblX flMMepOB npOM3BOAHTCfl 
pa3pblBOM KOBa/ieHTHOÍÍ CBB3M MOKAy HMMM. 

• MeTM/ia3bi Ao6aB/i5noT k AMT03MHy MeTM/ibHyio rpynny. 

• Bce 3 tm (J/epMeHTbi AeMCTByiOT c BbiBeAeHMeM a30TMdoro 
ocHOBaHMB 3a npeAe/ibi aboííhom criMpa/iM, TaM ohm yAa/iaiOT 
/im6o M0AH(j3MAMpyi0T ero m B03BpaiAai0T b criMpa/ib. 


HecKOAbKO 4>epMeHTOB, yAaA/nojuHx wm MOAH(f)HLjHpyK> 
iu,Hx OTAejibHbie ocHOBaHna /( HK, Ae/iaiOT sto nocpeflCTBOM 
3aMeMaTejibHOH peaiojHH, npn kotopoh a30THcroe ocHOBa- 
HHe «BbicKaKHBacT» 3a npeAeAbi abohhoh ainpajiH. 3 tot ran 
B3aHMOAencTBHň 6bui BnepBbie oÓHapyxceH y MeranTpaHc- 
(})epa3 — (fiepMeHTOB, AOÔaBJíaiomHx McnuibHyio rpynny k 
UHT 03HHy J\ HK. Mera/ia3a BbiHHMaer ljhto3hh 3a npeAe/ibi 
Abohhoh cnnpajin. Ha pmc. 20.13 noKa3aHO, na k oh bxoaht 
b no/iocTb 4>epMeHTa, r^e noABepracrca MOAHíjDHKauHH. 
3aTeM ocHOBaHHe B03Bpam,aeTca b CBoe HopMa/ibHoe no/io- 
aceHne BHyrpH cnnpa/iH. Bce sto nponcxoAHT b oTcyrcTBHe 
AOnOAHHTeAbHOrO HCTOMHHKa SHeprHH. 

OflHy H3 caMbix pacnpocTpaHeHHbix peaKijHH, npH ko- 
Topbix ocHOBaHHe y^a^acrca H3 /(HK, KaTa/iH3HpyeT ypa- 
4HJi-/],HK-rAHK03HJia3a. OóbiMHO ypaunní noaB/weTca b /(HK 
b pe3y/ibTaTe (cnoHTaHHoro) AC3aMHHHpoBaHna LjHT03HHa. 
ľAHK03Hjia3a ero y3Haer h y^a^acr. PeaKijna noxoaca Ha Me- 
TH/ia3Hyio: ypauHA BbicKaKHBaer H3 cnnpajín b aKTHBHbin 
canT rAHK03Hjia3bi. Eíoxoxchm o6pa30M paóoTaioT h Apyrne 
rAHK03HJia3bi h /ina3bi, b tom nncjie y3Haioiij 1 He noBpexcAeH- 
Hbie ocHOBaHHa 4>epMeHTbi MjieKonnTaiomHx. 

MexaHH3M yAaneHHfl ajiKHnnpoBaHHbix ocHOBaHHH 
(name Bcero Tex, k kotophm 6buia AoóaB/ieHa MemnbHaa 
rpynna) HMeer cxoAHbin npnHunn. y nejiOBeKa oahh h tot 
ace 4>epMeHT, aAKHAaAeHHH-/(HK-r.nHK03iiJia3a (AAT), y3Haer 


h ynamer Ljejibin cneicrp ajiKrmnpoBaHHbix cyócrpaTOB, b 
tom MHCJie 3-MdwiaAeHHH, 7-MdwiryaHHH h rnnoKcaHTHH. 

B OTAHMHe OT HHX 1 -MCTHJiaACHHH KOppeKTHpVCTCH (J)ep- 
MeHTOM, KOTOpblH HCnOAb3yCT OKHCJIHTCJIbHblH MexaHH3M. 

MemHbHaa rpynna (CH 3 ) OKHOiaeTca ao CH 2 OH, h OTAejieHne 
(j/opMajibAernAa (HCHO) B03Bpam,aeT ncxoAHbin aACHHH. y E. 
coli (j/epMeHT KOAHpycrca reHOM alkB\ ero roMO/iorn (b tom 
MHCJie Tpn reHa nejiOBeKa) rnnpoKO pacnpocrpaHeHbi y )KHBbix 
opraHH3MOB. PlHTepecHbiM OKa3a;iocb OTKpbrme, hto óaicre- 
pnajibHbiH (J)epMeHT, a Taioxe oahh h3 (jiepMemoB nejiOBeKa, 
Moryr «/ienHTb» Taxyio ace no/iOMKy a30THcroro ocHOBaHna b 
PHK (y nejiOBeKa pnóocoMajibHaa PHK, bo3mo)kho, npeoóaa- 
Aaer KaK cyócrpaT pjm 3Toro (j/epMeHTa). 3to nepBbin oÓHapy- 
^ceHHbin BapnaHT penapaunn PHK 

flpyron paôoraiomHH c bmhócom ocHOBaHHa (JiepMeHT, 

(f)OTOAHa3a, AHCCOLJHHpyeT CIUHBKH B nnpHMHAHHOBblX J\W- 

Mepax (cm. pne. 20.5). nnpHMHAHHOBbin AHMep BbicKaKHBaeT 
b noAOCTb BHyrpn (f)epMeHTa. Henoflajiexy ot stoh noAOcra 
pacno/ioaceH aKTHBHbin canT, KOTopbin coacp>kht aohop sjick - 
tpohob jjjm pa3pbma CBfl3en. PeaKiina hact c norAom,eHHeM 
OHepran b ({)opMe CBeTOBbix boah bhahmoo) Anana30Ha. 

06lH,HM AAB 3THX (f)epMeHTOB KBmtTCn ÓpOCOK OCHO- 
BaHna-MHmeHH BHyrpb ócakoboh CTpyKTypbi (J)epMeHTa. 
Bapnaunio Ha Ty ace TeMy ncnoAb3yeT T4 3HAOHyioiea3a V, b 
HacT05mj.ee Bpem nepenMeHOBaHHaa no cnocoóy achctbhb 
b T4 nHpHMHAHH-AHMep-rAHK03Hna3y (T4 Ufl,r). OepMeHT 
BbiHOCHT 3a npeAeAbi abohhoh cnnpajín aACHHH, KOMnAe- 
MeHTapHbin THMHHy Ha 5'-cTopoHe AHMepa. MnmeHb KaTa- 
AH3a — Apyraa noAOBHHa AHMepa — ocTaeTca b AynAeKce; 
TaKHM 0Ópa30M, 3TOT ({jepMCHT HCnOAb3yCT BblHOC OCHOBa- 
HHA KaK HenpaMOH MexaHH3M AOCTyna k cyócTpaTy. 

3a y^ajieHneM b /(HK a30THcroro ocHOBaHHH cne^yeT sk- 
CUH3H5J (j)OC(j)OAH3(j)HpHOrO OCTOBa 3HAOHyKAea30H, CHHTC3 

/(HK /(HK-noAHMepa3on aah 3anoAHeHHa o6pa30BaBmencH 
6pemn h 3aKjieHBaHne crbiKOB /inra30H jyw BOCcraHOB/ieHHa 
uejiocTHOcra noAHHyKAeoTHAHon uenoMKH. 3 to 6buio onnea- 
ho b npeAbiAymeM pa3AeJie (cm. pa3A. 20.4 «Cnoco6bi 3KCUH3H- 
ohhoh penapauHH b KjieTKax MAeKonHTajom,nx»). 



P H L. 20.1 3 HľOÓbl MOAM(J)MI4MpOBaTb AMT03MH, MeTM/ia3a BblHMMaeT ero M3 ABOMHOM CnMpa/lM. Jlio- 
6e3HO npeAOdaB/ieHO Sanjay Kumar, New England Biolabs 
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20.6 


Oujmókm penapaTMBHoro 
CMHTe3a h c|)eHOTMnbi 
MyľaiopoB 


KntoneBbie noHama: 


• Bo BpeNia pen^MKauMM noBpewAeHHaa m HepenapnpoBaHHaa 
flHK npMBOAMT k 3acTpeBaHMK) flHK-nojniMepa3bi III. 

• LJenb, KOMn/ieMeHTapHyK) noBpewAeHHoŕí, MoryT CMHTe3MpoBaTb 
AHK-nojniMepa3a V (KOAnpyeNiaa umuCD) v\m flHK- 
no/uiMepa3a IV (KOAMpyeNiaa dinB). 

• ľloc^eAOBaie^bHocTbflHK, CMHTe3MpoBaHHoŕí penapaTMBHoŕí 
flHK-nojniMepa30ií, wacTO coAepwm oiumókm. 

• ľeHbi-NiyTaTopbi KOAupytOT 6enm, ot KOTopbix 3aBnc m 
TOHHOdb peruuiKaAMM; MyTaijmi MyiaiopoB noBbiiuatOTypoBeHb 
cnoHTaHHoro MyiareHe3a. 


B cba3h c cym,ecTBOBäHHeM CHCTeM penapauHH, 3aHHMa- 
KDIlIHXCa CHHTC 30 M R HK, B 03 HHKaeT BOnpOC: epaBHHM AH 
KOHTpo/ib KanecTBa HOBoro MaTepnajia R HK b TaKHx chc- 
TeMax c Kompo/ieM KanecTBa npn penAHKaunn? HacKO/ibKO 
H 3 BeCTHO, ÓOAblIIHHCTBO CHCTeM, B TOM HHC/ie 3 KCLJH 3 HOH- 

Haa penapauna no# kohtpoacm uvr, no nacTOTe oiuhóok 
npaKTHnecKH He OTAmaiOTCfl ot pen/íHKaunn. O^HaKO on- 
peAeAeHHbie oócToaTeAbCTBa Moiyr Bbi3BaTb y E. coli Apyron 
Tnn penapaTHBHoro CHHTe 3 a R HK — <ckaohhmh oiiih- 
6aTbCH». 

npeApacnoAoaceHHOCTb k bhccchhio b nocAeAOBaTeAb- 
HOCTb R HK oiuhóok b npouecce BoccraHOBAeHHA noBpeac- 
AeHHH BnepBbie oÓHapyxcn/ia ce6a, Kor^a OKa 3 a;iocb, hto 
penapauna R HK (f)ara X conpoBoacAaeTca HHAyKijHeH My- 
TauHH b cjiynae bhccchha (f)ara b kactkh, npeABapHTejibHO 
oóJiyneHHbie YO. no Bcen bhahmocth, YO-oóJiyHeHHe xo 3 a- 
HHa aKTHBHpoBajio KaKne-To mieTOHHbie 4 >yHKiiHH, nopoac- 
Aaiomne MyTau.HH. no 3 AHee BbiacHHAOCb, hto MyrareHHbiH 
otbct b stom CAynae 3aTparHBaeT h óaKTepHajibHyio RHK 
xo 3 aHHa. 

KaxoBa AencTByiomaa npnuHHa «ckaohhocth k 
oniH6KaM»? 3 Ta npnuHHa — flHK-noAHMepa 3 a, KOTopaa 
BCTaBjíaeT b AonepHioio uenb R HK HeBepHbíň HymieoTHA, 
nopoxc^aa MyTaunio. Tax óbiBaeT, Kor^a (J)epMeHT OKa3bi- 
BaeTca He b coctoahhh nocTaBHTb BepHbin, pyKOBOAC- 
TByacb npHHunnoM KOMnAeMeHTapHOcm Akthbhocth, 
3 aACHCTBOBaHHbie npn stom, OKa 3 aAHCb HapymeHbi y 
6aKTepHH-MyTaHTOB no reHaM umuD h umuC. Y Taxnx 
MyTaHTOB YO-oÓAyneHHe He HHAyunpyeT MyTareHe3, sto 
03 HanaeT, hto b KAeTKax ahkoto rana 6cakh UmuC h 
UmuD Bbi3biBaioT YO-HHAyunpoBaHHbiH MyTareHe3. One- 
poH umuDC , coAepacamnH 06a reHa, noóyacAaeTca k skc- 
npeccHH noBpexcACHHOCTbK) R HK. npoAyKTbi sKcnpec- 
chh o6pa3yK)T KOMnaexc UmuD' 2 C, KOTopbin coctoht h3 
AByx cyÓTeAHHHU yKoponeHHoro 6e/iKa UmuD h oahoh 
cyó'beAHHHUbi UmuC. UmuD o6pe3aeTca npn ynacTHH 
óejiKa RecA aKTHBnpyeMoro noBpexcACHHOCTbio RHK (cm. 
pa 3 A. 20.10 «RecA 3anycxaeT cncTeMy SOS”). 

KoMnaexc UmuDCC oó^a^acr ,QHK-noJiHMepa3Hoň ax- 
THBHOCTbio. Oh Ha3biBaeTca /],HK-noAHMepa 30 H V h OTBena- 
eT 3a CHHTe3 hoboh HK Ha 3aMeHy Y O-noBpexcACHHon. 3to 
eAHHCTBeHHblH (f)epMeHT E. coli , CnOCOÓHblH npOHHTbIBaTb 


MaTpnuy, MHHya nnpHMHAHHOBbie AHMepbi (miaccnnecKoe 
YO-nocAeACTBHe) h Apyrne rpoM 03 AKne aHOMajmn. noAH- 
Mepa 3 Haa aKTHBHOCTb «cmiOHHa ouiH6aTbca», h npoueHT 
HeBepHbix HyioieoTHAOB b nocjieAOBaTejibHocrn AonepHeH 
uenn bhcok. Myraunn no umuC hah umuD , HHamiBHpy- 
KDmne ({)epMeHT, AcraAbHbi b ycAOBHax YO-oÓAyMeHna. He- 
KOTOpbie nAa 3 MHAbI aBAaKDTCa HOCHTeAAMH reHOB mucA n 
mucB, roMOAornuHbix umuD h umuC. Bboa TaKHx nAa 3 MHA 
b óaKTepmo ycHAHBacr h conpoTHBAaeMOCTb rnóeAH ot YO, 
h noABepaceHHOCTb MyrareHe 3 y. 

Kax aAbTepHaTHBHaa /],HK-noAHMepa3a noAyaaeT 
AOCTyn k flHK? Kor^a penAHKa3a (/],HK-noAHMepa3a III) 
BCTpenaeT Ha cbocm nyro nperpaAy, Taxyio KaKTHMHHOBbin 
AHMep, OHa 3 acTpeBaeT. Tor^a OHa, CMeiAaacb 3 a npeAeAbi 
penAHKaTHBHOH bhakh, ycTynaeT MecTO /I,HK-noAHMepa 3 e 
V. Ha caMOM rcjic, /I,HK-noAHMepa3a V ncnoAb3yeT OTnac- 
th Te ace caMbie BcnoMoraTeAbHbie ócakh, hto h penAHKa- 
3a. Tax ace nocTynaeT /I,HK-noAHMepa3a IV, npo^yKT dinB , 
Toace paóoTaKDmaa c noBpexcAeHHon RHK. flHK-noAHMe- 
pa3bi IV h V, BMecTe c pa^OM syKapnoTHnecKHx (J)epMeH- 
tob, OTHOcaTca k OoAbiuoMy ceMencTBy /I,HK-noAHMepa 3 , 
ynacTByKDiu.Hx b penapaunn (cm. pa 3 A. 20.11 «CncTeMbi pe- 
napauHH syKapnoTHnecKHx kactok KOHcepBaTHBHbi»). 


20.7 


KoHTpoiib HanpaBiieHMji 
penapauMH HecoBepmeHHbix 
nap ocHOBaHMM 


KnioHeBbie noHania: 


• ľeHbi mut KOAnpy»OT cncTeMy penapaijmi 
HeKOMruieMeHTapHOdeŕí no OTAeabHbiM napaM ocHOBamiŕí. 

• Bbi6op, b Kanoŕí M3 Aeneŕí npon3BecTM 3aMeHy HyKJieoTMAa A/ifl 
BocdaHOBJíeHMíi KOMnjieMeHTapHOCTM, HecnynaeH. 

GATC . 

• B noayMeTkmnpoBaHHOM oobmHO 3aMeHíieTCíi 
HeMein^npoBaHHaíi \\enb. 

• 3ia CMCTeMa penapaumí ncnoab3yeicíi a^^ yAajiehmfl oium6ok b 
HOBoaiHTe3MpoBaHHoŕí ufin\A flHK. B cnywae HecnapeHHbix G-T 
min C-T npeAnommenbHO yAa/iíiera T. 


IeHbl, npOAyKTbl KOTOpblX KOHTpOAHpyKDT TOHHOCTb CHH- 
Te3a RUK b xo^e penAHKau,HH ahóo penapaunn, npo- 
MapKnpoBaHbi MyrauHAMH c MyraTopHWM (j)eHOTnnoM. 
MyraHT-MyTaTop xapaKTepH3yeTca bhcokoh nacTOTon 
cnoHTaHHoro B03HHKHOBeHna MyTauHH. ľeH, hcxoaho 
OToacAecTBAeHHbiH c MyraTopHbiM ({)eHOTHnoM, oóo3Ha- 
naK)T Kax mut. npn stom ero npoAyKT BnocAeACTBHH aac- 
to OKa3biBaeTca yace H3BecTHbiM komhohchtom annapaTa 
penAHKauHH hah penapaunn. 

Tnnbi ({)epMeHTaTHBHbix aKTHBHOCTen, oóycAOBAeHHbix 
reHaMH mut , pacnaAaiOTca Ha ABe rpynnbi: 

• ľpynna, npeACTaBAeHHaa OoAbiiiHHCTBOM, coctoht H3 
KOMnoHemoB CHCTeM penapauHH HecoBepmeHHbix nap 
ocHOBaHHH. HecnocoÓHOCTb yAaAHTb noBpeacAeHHoe 
hah HecnapeHHoe ocHOBaHne a o penAHKaunn no3BO- 
Aacr eMy HHAyu,npoBaTb MyraunK). K ({)epMeHTaM stoh 
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rpynnbi othocat Mera/ia3y dam, HAeHTH(f)HL(HpyioiAyio 
MHiueHb jyvi penapaynn, a Tanúce (jDepMembi, npuMO 
HJIH KOCBeHHO 3aACHCTBOBaHHbie B yflaJieHHH KOHKpeT- 
Hbix THnoB noBpoK,qeHHH ( mutH ,, mutS, mutL , mz/ŕľ). 

• MeHbinaa rpynna, THnnnHbiH npeAcraBHTejib koto- 
pon — d^g-KOflHpyeMaa cyó'beAHHHya /I,HK-nojiHMe- 
pa3bi III, HMecr oraomeHne k aKKyparaoc™ npn chh- 
Te 3 e hoboh JX HK. 

YflajieHHe H3 JX HK onara HCKaxceHHu ee CTpyKTypbi npn- 
boaht k BOccTaHOBJíeHHio HyKJieoTH^Hoň noc;ieAOBaTe/ib- 
hocth ahkoto rana. B óo/ibiunHCTBe aiynaeB AecjiopMauHfl 
flHK CB« 3 aHa C B 03 HHKH 0 BCHHCM OCHOBaHHU, KOTOpOe npo- 
THBOeCTeCTBeHHO /yw JX HK H KOTOpOe B CBU 3 H C 3 THM 0 n 03 - 
Haercfl h ycTpaHacrca chctcmoh penapayHH. 

IlpoÓJieMbi B 03 HHKai 0 T, Korfla MHiueHbio jijví penapayHH 
aiyxcHT HeKOMiuieMeHTapHaa napa (HopMajibHbix) a 30 Tnc- 
TblX OCHOBaHHH, 06 pa 30 BaBmaHCH BCJieflCTBHC OUIHÓKH. y 
penapayHOHHOH CHCTeMbi Her HHKaKHx BHyrpeHHHx pe 30 - 
HOB npHCBOHTb OflHOMy H 3 HHX AHKHH THII, IipH 3 HaB ApyTOe 

MyraHTHbiM! Bce, mto 3 aMenaeT cncreMa, — sto ABa HeBepHO 
cnapeHHbix ocHOBaHra, Kax<Aoe H 3 KOTopbix mo>k cr npeA- 
craBJWTb coóoh MHiueHb 1 yw 3 kcuh 3 hohhoh penapayHH. 

Ecjih Bbipe3aeTca MyTHpoBaBUiee ocHOBaHHe, to boc- 
CTaHaB/iHBaeTca nocjieAOBaTeAbHOCTb ahkoto Tnna. Ec/ih 
ace Bbipe 3 aHHbiM aiynaeTCfl 6biTb ncxoAHOMy (ahkoto rana) 
ocHOBaHHio, to HOBäfl (MyTamnaa) nocueAOBaTeubHOCTb 
OKa 3 biBaeTca 3 acf)HKCHpoBaHHOH. O^HaKo nauje Bcero, b 
rmaHe Bbióopa ocHOBaHHa H 3 HeKOMruieMeHTapHOH napbi, 
HanpaB^eHne skcľ(H 3 hohhoh penapayHH He aiynaiíHO, a 
CMeu^eHO no BepoaTHOCTH b no/ib 3 y BOCCTaHOB/ieHHa noc- 
jieAOBaTe/ibHOCTH ahkoto rana. 

HanpnMep, räk Tannx c/iynaeB, KaK Ae 3 aMHHHpoBaHne 
5 -MeTHJiynT 03 HHa ao THMHHa, cymecTByeT cneynaubHaa 
cncTeMa BoccTaHOB/ieHHu npaBH/ibHon nocueAOBaTeub- 
HOCTH (CM. TaOKe pa3A. 1.15 «Bo/IbUIHHCTBO «ropaHHX TO- 
ueK» MyTareHe 3 a noaBuaeTca b pe 3 y/ibTaTe MOAHcjDHKayHH 
0CH0BaHHH»). flesaMHHnpoBaHHe nopoxcAaeT napy G-T, 
h cncTeMa, pa 3 pymaiomafl Tanne napbi, npeApacno/ioace- 
Ha nepeAeJibiBaTb hx b G-C (a He b A-T). KoMnoHeHTbi 
stoh CHCTeMbi, óe/iKH MutL h MutS, H3ÓHpaTejibHO yAa- 
JlfllOT THMHH B OÓHapy^CCHHblX HCKOMn/ieMeHTapHOCTUX 

G-T h C-T. 

CncTeMa muťľ,M,Y óopeTca c nocneACTBHUMH okhc- 
uHTeubHbix neperpy 30 K. B stom c/iynae caMbin Tunm- 
HblH BapnaHT XHMHHCCKOH MOAH(f)HKaL(HH a 30 THCTbIX 
OCHOBaHHH — OKHCJieHne ryaHHHa a o 8-OKcoryaHHHa. Ha 
pne. 20.14 H3o6pa>KeHa TpexypoBHeBaa cncTeMa pena- 
payHH. Ha nepBOM ypoBHe MutT THApojiH3yeT noBpeac- 
AeHHbiH npeAinecTBeHHHK 8 -okco-aITO, npeAOTBpamaa 
BCTpaHBaHHe ero b flHK. C okhcjichhcm ryaHHHa flHK, 
napTHep KOToporo uhto3hh, pasónpaeTca MutM, KaK 
npaBHUO, yAa/iflfl H 3 napbi G-C «6oubHOH» 8-OKcoryaHHH. 
H Bce-TaKH MO^ceT cuyuHTbca, hto OKncueHHbiH ryaHHH 
«nepe^CHBeT» penuHKayHio b cocTaBe MaTpnybi JX HK 
h nopoAHT b AonepHeM AynJieKce ouiHÔouHyio napy c 
aAeHHHOM. 3 toh napon, A-G, 3aHMeTca ôcjiok MutY; oh 
hckjiiohht H3 Hee aACHHH. BeuKH MutM H MutY — r/IH- 
K 03 H/ia 3 bi, yAauaioutne a 30 THCToe ocHOBaHHe npaMO H 3 



PMC. 20.14 ľlpMopmeTbi, co6/noAaeMbie npw 3aMeHe ocHOBaHMŕí b 
napax, coAep>KaiMMx oKMCJieHHbiŕí ryaHHH, yMeHbiuaK)T BepoaTHOCTb 
3 aKpen^eHMB MyiauMŕí 


Ciapafl m HOBafl uenw AH K OT/iMHaiOTCsi craiycoM MeTH/mpoBaHim 



OuiMÓKa pen^MKaunM npMBOAm 
K Ha/IMHMK) HeCOOTBeTCTBMB Á-C 

.r e , 1 

CTAG c 

PenapauMM noA^e>KmTa uenb, y KOTopoň 
He MeTM/iupoBaH afleHMH caMTa-MMuieHM 
(to edb H0B0CMHTe3Mp0BaHHaB uenb) 


I 



CTAG 


3ia uenbyHMHTO)KaeTCB Ha MHTepBa^e 
ot HeMeTMJiMpOBaHHoro afleHMHa 

AO HeCOOTBeTCTBMB 


CTAG _ lilil i l! T 

Dam MeTM/inpoBaHne I HoBbiíí cnHTe3 

| McnpaB/ifleT 

t oimiÓKy pen/uiKaAMM 

Me 

CTAG B-bT 
Me 


Pne. 20.15 Me>KAy payHAaMM penAMKaumí HanoAOBMHy MeTMAMpo- 
BaHHbie najiMHApoMbi GATC CAy>KaT MmueHBMM An^ Memna3bi Dam. B 
nepMOA BpeMeHM, npoxoAfliAMŕí Me>KAy penAMKauMeíi m Ao6aBOMHbiM 
MeTwnipoBahmeM, MMeHHo HeMeTMAMpoBaHHaB uenb AHK aBABera 
oóbeKTOM penapauMM HecoBepmeHHbix nap 
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MutSL conocraBiisieT HeKOMnjieMeHTapHOCTM 
C CaŇTaMM MeTM/IMpOBaHHSl 



PH C. 20.16 MutSy3HaeT HeKOMnjieMeHTapHocTb m npMBJíeKaeT k Heíí 
6 jim>K aŕíiuMM caŕÍT GATC, c KOTopbiM Taione CBB3biBaeTCB. MutH pe>KeT 
HeMeTmuipoBaHHyK) ueríb GATC. ľlocne 3Toro 3HAOHyKJiea3bi pa3py- 
luatOT HeMeTM/uipoBaHHyio i\enb Ha HHTepBajie ot GATC ao oujhóoh- 

HOľO OCHOBaHHB 


MutS/MutL KOppeKTHpyiOT «33HK3HMfl» peruiMKauHM 



PHC. 20.17 CHdeMa MutS/MutL HHHAHHpyeT penapaijmo HecooT- 
BeTCTBHŕí, B03HHKaK)iAnx M3-3a «npocKa/ib3biBaHHB» penjim<a3bi no 
MaTpHAe H3 MaCTblX nOBTOpOB 


J\ HK. nocne yAajieHna (anypnHn3aunn) ocTaeTca Abipxa, 
KOTopyio y3HaeT 3HAOHyiuiea3a, cpaóaTbreaiomafl Ha 3a- 
nycK 3Kcuh3hohhoh penapaunn. 

Pjiu oópaóoTKH HeKOMnjieMeHTapHOCTeň, nopoac- 
ACHHbix penjinKauneň, HyuceH cnocoó OTJinnaTb Aonep- 
hkdkd uenb flHK ot MaTpnnHOň. npH peruíHKauHH flHK 
E. coli npouecc MeTnjinpoBaHna AonepHeň uenn OTCTaeT 
ot npouecca ee CHHTe3a Ha MeTnjinpoBaHHoň MaTpnue. 
TeH dam KOAnpyeT MeTnjia3y, nba MHiueHb — aAeHHHbi 

GATC 

b oôenx uenax najinHApoMa qj^G ( cm - P hc 15.7). B npo- 
MeacyTOK BpeMeHH, nona Aonepmifl uenb oacnAaeT mcth- 
jinpoBaHna, uenn hoboto AynneKca pa3JinnnMbi no npo- 
HCXOXCACHHK). HanOJIOBHHy MeTHAHpOBaHHOe COCTOflHne 
cama GATC ncnojib3yeTca, HanpnMep, ajih pa3JinneHnfl 
penAHunpoBaHHbix h HepenjinunpoBaHHbix opnAäcnHOB. 
Taxne ace HanOJIOBHHy MeTnjinpoBaHHbie caňTbi ncnojib- 
3yiOT penjiHKau,H0HH03aBHCHMbie cncTeMbi penapaunn. 

Ha phc. 20.15 noKa3aHO, xax npn penapaunn HK, 
coAepiicameň HeKOMnjieMeHTapHbie ocHOBaHna, sxcun- 
3na «npeAnoHHTaeT» HeMeTnjinpoBaHHyio uenb. 3(j)(j)eKT 
AOBOAbHO Aa^bHOAeHCTByKDiiiHH: npeAnouTeHne ocTaeTca 
b cnjie no >1 TnH oKpecTHOCTH canTa GATC. B pe3yjibTa- 
Te HOBOCHHTe3npoBaHHa« uenb npnBOAnTca b cootbctc- 
TBne MaTpnue, a He HaoóopoT. 

MyTaHTbi dam~ E. coli AeMOHCTpnpyiOT noBbimeHHbíň 
cJjoh cnoHTaHHoro MyTareHe3a. 3HannT, ynacTne npoAyK- 
Ta dam scfxjieKTnBHO noMoraeT Henon cncTeMe penapa- 
Unn CHH3HTb 4HCA0 MyTaUHH, npHHHH^eMblX OIUHÔKaMH 
penjinKaunn. CncTeMa 3Ta coctoht h 3 HecKOJibKnx 6eji- 
kob, KOAHpyeMbix reHaMH mut. BejiOK MutS CB«3biBaeTc« 
c HeKOMnueMeHTapHOCTbio, tyte k HeMy npncoeAnmieT- 
ca MutL; MutS HMeeT ABa canTa CBfl3biBaHna flHK, sto 
HJ unocrpnpyeT phc. 20 . 16 . Oahh n3 hhx cneuncjmuHO 
pacno3HaeT HeKOMnjieMeHTapHOCTn, a BTopoň — He- 
cneuncjmneH oTHoenTejibHO noejieAOBaTejibHOCTn njín 
CTpyKTypbi — oh ncnoAb3yeTc« óejiKOM Rm nepeMeme- 
hh« ba oji b J\ HK ao BCTpenn c GATC. npn nepeMemeHnn 
ncnojib3yeTc« rnApojin3 AT®. nepeMemaacb, MutS npo- 
AOJDKaeT Acp^caTbC^i 3 a oÓHapyuceHHyio nM HeKOMmie- 
MeHTapHOCTb, n b pe3yjibTaTe MOKAy HeKOMnjieMeHTap- 
HOCTbio n GATC o6pa3yeTca ncrm flHK. 

Y3HaBaHne nocAeAOBaTeAbHOCTn GATC 3acTaBJiaeT 
3HAOHyKjiea3y MutH CB«3aTbC5i c MutSL MutH peaceT He- 
MeTnjinpoBaHHyio uenb. 3aTeM 3Ta u,enb noABepraeTc^ 
3Kcun3nn ot GATC ao HeKOMnjieMeHTapHOcra. 9Kcu,n3n5i 
MO^ceT nATn b HanpaBJíeHnn 5'-3' (c ynacTneM RecJ njín 
3K30HyKjiea3bi VII) n^n b HanpaBJíeHnn 3'-5' (c ynacTneM 
3K30HyKjiea3bi I), npn noAAepacKe xeAnKa3bi UvrD. HoByio 
Ltenb cnHTe3npyeT flHK-noAnMepaaa III. 

CncTeMa penapaunn MSH y Saccharomyces cerevisiae 
roMOJiornuHa cncTeMe mut E. coli . Eejiox Msh2 cjiyxcnT 
onopHoň cTpyKTypoň annapaTa ono3HaHn« HeKOMn- 
jieMeHTapHOCTeň, a Msh3 n Msh6 cjiyxcaT cpaKTopaMn 
eneunc{)nHHOCTn. KoMn^exc Msh2-Msh3 CB«3biBaeT He- 
cnapeHHbie neTJín pa3MepoM ao neTbipex HymieoTnAOB; 
KOMnAexc Msh2-Msh6 CBfl3biBaeTca c OAHOHyiuieoTnA- 
HbiMn HeKOMnjieMeHTapHOCT^iMn, a TaoKe co BCTaBKaMn 
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h/ih fle/ieuHAMH. Bcjica 3a sthm coóctbchho penapauna 
TpeóyeT ynacTna Apyrnx 6 e/iKOB. 

ToMOJiora CHCTeMbi MutSL Tanúce oÓHapyaceHbi b kact- 
Kax BbícniHx synapnoT. B AonojmeHne k penapaunn oaho- 
HyKJieOTHAHblX HeKOMIIJieMeHTapHOCTeH, OHH OTBCTCTBeH- 
Hbi 3a ycTpaHeHHe Aecf)eKTOB, B03HHKaiomHx bc/icactbhc 
«npocKa;ib3biBaHHa» pen/íHKauHH. B panoHe, r^e HMeeT 
MecTO MHoroKpaTHbiH noBTop oneHb kopotkoh noc/ieAOBa- 
Te/ibHOCTH (MHKpocaTe/iJiHT), nepecoBMemeHne AonepHeH 
uenH h MaTpHUbi Moacer noBJíenb 3 a coóoh «3aHKaHHe», 
npn kotopom /(HK-no/iHMepasa npocKa;ib3biBaeT Ha3aA h 
CHHT e3npyeT jihiuhhc noBTopbi. 3th noBTopbi b cocTaBe 
AOHepHeň uenn BbinupaiOT H3 abohhoh cnnpajiH b bhac 
OAHOuenoneHHbix neTejib (cm. pne. 6.28). Hx penapauneH 
3aHHMaiOTca chctcmh, roMOJioraHHbie MutSL; sto H3o6pa- 
ACCHOHaPMC 20.17. 

O BaacHOcra CHCTeMbi MutSL pj ia penapauHH hckom- 
njieMeHTapHOCTen roBopnT Bbiconaa Aoaa OHKOJiorHnec- 
khx 3 a 6 o/ieBaHHH npn HapymeHHH ee (jiyHKLtHH. noTepa 
KJieTKOH STOH CHCTeMbi Be^eT K nOBblIHCHHOH HaCTOTe 
B 03 HHKH 0 BCHHa MyTaiJHH. 


CHCTeMbi peKOMÓHHailMOHHOH 
penapauMM E. coli 


KmoHeBbie noumm: 


• ľeHbi rec E. coli KOflHpyiOT KOMnoHembi CHCTeMbi 
3 anMCTBOBaHHB nHc()opMaunM H 3 APyroro flyn^enca. 

• CHdeMa 3anMCTBOBaHMB HH(J)opMaLinn H3 Apyroro Ayn/ieKca 
npnxoAHT b AeíícTBHe, KorAa peruiMKaAHB ocTaBJíaeT 

b HOBOŕí uenH flHK 6 peiub HanpoTHB noBpe>KAeHHoro yMacTKa 
MaipHAbi. 

• Hio 6 bi BOcnojiHHTb npoóeji, ncnojib 3 yeTCfl OAHHOMHaa ijenb 
Apyroro Ayn/ieKca. 

• 3aieM noBpe>KAGHHaB nocneAOBaTejibHocrbyAajifleTCfl n 
CHHTe3HpyeTC51 3aHOBO. 

CHCTeMbi peKOMÓHHauHOHHOH penapaunn 3aACHCTByiOT 
aKTHBHOCTH (j)epMeHTOB, ynacTByiomHx h b reHeTHnec- 
KOH peKOMÓHHaLtHH. UHOTR 2 Í HX Ha 3 bIBaiOT CHCTCMaMH 
nocTpenjíHKaTHBHOH penapaunn, t. k. ohh npncTynaiOT 
k paóoTe nooie peruíHKauHH. Taxne chctcmh scfxjieKTHB- 
ho óopiOTca c AecpeKTaMH AOuepHeH ijenH, nopoxc/teH- 
hhmh penjíHKauHeH noBpe)KACHHOH MaTpnubi. npHMep 
H3o6paaceH Ha pmc. 20. 18 . Bo3mo>kho, raaBHaa 3aAana 
peKOMÓHHauHOHHOH penapaunn coctoht b nepe 3 anyc- 
xe 3 acTpaBiiiHx penjíHKaTHBHbix bhjiok (cm. pa 3 A. 18.17 
<<npaHM0C0Ma nepe 3 anycKaeT pen;iHKaLtHio»). 

npeACTaBHM ce6e, xax hhphmhahhobhh AHMep, Haxo- 
AHCb Ha OAHOH H3 CTOpOH ABOHHOH CnHpaJIH flHK, KOBep- 
KaeT ee CTpyicrypy. npn penjíHKauHH AHMep H e Aaer OKKy- 
nnpoBaHHOMy hm camy cjiyacHTb MaTpHLten. PenjíHKauHa 
óbiBaeT BbiHyacAeHa npocKOHHTb ero. 

BepoaTHO, flHK-noAHMepa3a noAxoAHT BnaoTHyio (bo 
B caKOM cjiynae, 6 ah 3 ko) k nnpHMHAHHOBOMy AHMepy. noc- 
jie 3 Toro noAHMepa 3 a npeKpamaeT CHHTe 3 npoBaTb Aonep- 


A nn peKOM6HHa4MOHHOií penapaumt HyweH BTopoft Ayn/ieKC, 

HAGHTMMHblH M MHT3KTHblH 



PUC. 20.18 Paóoia CHCTeMbi npnHAnnna^bHoro B 03 MemeHHB E. coli 
ocHOBaHa Ha 3 anMCTBOBaHnn BepHoŕí reHenmecKoŕí nH(j)opMai 4 nn, 
noaHOCTbio yipaMeHHoŕí b oahoíí reHOMHoŕí Konnn, H 3 APyroŕí, hh- 
TaKTHOÍÍ, KOnHH 


h 10K) uenb. npocKOHHB Ha HeKOTopyio AHCTaHLtnio BnepeA, 
4 >epMeHT CTapTyeT BHOBb, ocTaBaaa b HOBOCHHTe 3 HpoBaH- 
hoh Ltenn AOBOAbHO KpynHyio ópeuib. 

B pe 3 y/ibTaTe nocae penAHKaunn AonepHHe AynJieKCbi 
OTAHuaiOTca. B oahom H 3 hhx MaTpnuHaa uenb coAcpacnT 
noBpeacAeHHoe 3 bcho HanpoTHB KpynHOH ópernn b Aoaep- 
Hen uenn. C ApyrHM AynaeKcoM Bce b nopaAKe: HHTaKTHaa 
MaTpnuHaa u,enb 6 bma óecnpenaTCTBeHHO CKonnpoBaHa 
b BHAe oópauteHHOH k Hen KOMnjieMeHTapHOH AOHepHeu 
uenn. Hajinune HopMaabHOH uenn Hcnoab 3 yeT cncTeMa 3a- 
HMCTBOBaHHa HH(f)OpMaĽI,HH. 

Bpeuib HanpoTHB noBpeacAeHHoro cama b nepBOM 
AynaeKce 3 anoaHaeTca roMoaorHHHbiM ynacTKOM uenn 
flHK, 3 anMCTBOBaHHbiM y HopMa/ibHoro AynaeKca. noc- 
ae TaKOH OAHOi^eno^e^Hoň nepecTaHOBKH y AynaeK- 
ca-peuHnHeHTa noBpeacAeHHaa MaTpnuHaa i^enb OKa 3 bi- 
BaeTca oópameHHOH k HHTaKTHOH uenn ahkoto rana. A 
AynaeKcy-AOHopy, b napy k HopMa/ibHOH poAHTeabCKon 
u,enH h B 3 aMeH noaHOueHHOH AonepHeH, AOCTaeTca i^enb, 
coAepacamaa ópenib, KOTopaa MoaceT 6 biTb 3 ano/iHeHa 
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oóbiHHbiM cnocoóoM penapauHOHHoro CHHTe3a. TaKHM 
o6pa30M, o6iu,hh ymepô MHHHMH3npyeTca ao hcxoahoh 
A ecjDopMauHH (xoTa Te >xe npneMbi peKOMÓHHaunoHHOH 
penapau,HH npnAeTca Bocnpon3BOAHTb noc/ie KaxcAoro 
UHKaa penapauHH, ecan — h ao Tex nop, nona — nnpn- 

MHflHHOBblH J\UMtp (HJIH APyBOH J\£<jj)£KT), BbI3bIBaiOmHH 
HCKa^ceHHe crpyKTypbi flHK, He 6yqeT ycTpaHeH chctcmoh 
3Kcu,H3HOHHoň penapaunn). 

floMHHHpyioiij.HH nyTb peKOMÓHHauHOHHOH pena- 
pau,HH E. coli oôycjiOBjíeH remMH rec (cm. pne. 19-13— 
19.15). B mieTKax E. coli , ncnbiTbiBaiomHx HeAocraTon- 
HOCTb 3KCUH3HOHHOH penapaunn, MyTauHa reHa recA, 
nepeKpbiBaeT npaKTnnecKH Bce ocTaTOHHbie penapaun- 
OHHbie h ,/],HK-BOCCTaHaB^HBaK)iij 1 He moiahocth. B KaeT- 
xax c abohhoh MyTau,HeH uvr-recA- nonbiTKH penan- 
UHpoBaTb JX HK npHBOflflT k o6pa30BaHHK) (f)parMeHTOB, 
HbH pa3Mepbi cooTBeTCTByioT o^KHAaeMOMy npoMe^cyTKy 
MOK^y THMHHOBbiMH j\w MepaMH. 3 tot pe3yabTaT n03H- 
UHOHHpyeT THMHHOBbie AHMepbi Kax aeTaabHyio nperpa- 
Ay ju m peruíHKauHH b oTcyTCTBHe (f)yHKUHH RecA. 3to 
oô'bacHaeT, noneMy aBOHH bie MyTaHTbi He BbmepacHBaiOT 
6oaee AByx AHMepoB b cbocm reHOMe (no cpaBHeHHio co 
cnocoÓHOCTbK) ôaKTepnn ahkoid rana cnpaBHTbca c na- 
TblOfleCaTbKD). 

Oahh H3 nyTen rec 3 a/jencTByeT reHbi recBC n H3yneH 
xopoiuo; Apyron 3aAencTByeT recF n nona He Tax xoporno 
noHAT. B ycaoBnax in vivo ohh cayacaT pa3HbiM HaAOÓHOC- 
thm. nyTb recBC npHMeHacrca /yia «pecTapTa» 3acTpaBiiiHx 
penjíHKaTHBHbix BnaoK (cm. pa3A. 20.9 «PeKOMÓHHauHa cay- 
ymr BaacHbiM MexaHH3MOM ncnpaBaeHna oiuhóok penanKa- 
ijhh»). nyTb recF ynacTByeT b penapaunn ópernen AonepHen 
uenn, ocTaBniHxca nocjie ee CHHTe3a b oóxoa nnpnMHAHHO- 
Boro AHMepa. 

nyTH recBC h recF no-pa3HOMy npeAiuecTByioT flenc- 
tbhk) RecA. 06a nyTH npnBOAaT k accounaunn RecA c 
oahhohhoh uenbio flHK. CnocoÓHOCTb RecA k nepecra- 
HOBKe OAHHOHHbix uenen no3BoaaeT eMy «pa3pyjiHTb» 
3Tan 3anMCTBOBaHna HHCpopMaunn (pne. 20.18), noc/ie 
nero Hyxaea3a h noaHMepa3a MoryT AOBecTH penapaunio 
JXO KOHlja. 

nyTb recF coneTaeT b ce6e (f)yHKLjHH Tpex reHOB, 
recF , recO n recR. Hx 6e/iKH o6pa3yiOT aB a Tnna kom- 
njieKcoB, RecOR h RecOF. Ohh cnocoócTByioT o6pa30- 
BaHHio (j)HJiaMeHTOB RecA Ha OAHOuenonenHOH flHK, h 
ojxm H3 sthx 4>yHKUHH no3BoaaeT (J)HJiaMeHTaM o6pa- 
30BbiBaTbca, HecMOTpa Ha HHrnónpyiomee npncyTCTBHe 
ôejiKa SSB. noaaraiOT, hto hx AencTBne npHBjmHO k 
ôpernaM; BMecTe c TeM peaKiina in vitro TpeóyeT cbo- 
óoAHoro 5'-KOHija. 

06o3HaneHHa reHOB-ynacTHHKOB penapaunn h pe- 
KOMÓHHauHH 6a3npyK)Tca Ha ({)eHOTHnax MyraHTOB. 
HHorfla óbrnaeT, hto MyTauna, H30JinpoBaHHaa npn oa- 
hhx ycaoBHax Kax Mapxep aoxyca, cxaaceM, uvr, 6buia 
H3oanpoBaHa paHee, npn ApyroM Haóope ycaoBHH, Kax 
MapKep-HAeHTH(})HKaTop aoKyca rec. Y stoh HeonpeAe- 
aeHHOCTH ecTb rjiyóoKHH CMbica. nona hto Hejib3a cna- 
3aTb, cKoabKO 4>yHKUHH npHHaA/ieacHT KaKOMy nyTH, h 
K ax nyTH B3aHMOACHCTByiOT MeacAy coóoh. nyTH uvr h 


rec He noaHOCTbK) B3aHMHO oóocoóaeHbi, nocKoabKy y 
MyTaHTOB uvr 3({)({)eKTHBHOCTb peKOM6HHan,HOHHOH pe- 
napauHH CHnaceHa. B KOHU,e kohuob, cae^yeT oaomaTb 
oÓHapyaceHHa (J)yHKu,HOHajibHOH ce™ H3 Hyioiea3HOH, 
noaHMepa3HOH h Apyrnx aKTHBHOCTen, KOTopbie AHHa- 
MHnecKH coneTaKDTca b cocraBax pa3annHbix cncTeM pe- 
napauHH, nepeKpbiBaiomHxca no KOMnoHOBKe — b naaHe 
B03M0acH0CTeň 3aMeHbi KaKoro-anóo ({íepMema aHaao- 
roM H3 Apyroro nyTH. 
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PeKOMÓMHailMJI Ciiy>KMT 
Ba>KHblM MexaHH 3 M 0 M 

McnpaBjíeHMfl oiumôok 

penmiKauMM 


KntoneBbie noH 5 mia: 


• Perúni Kam b Haa BMana MO>KeT 3acipBTb npn BcrpeMe b flHK 
noBpejKfleHHoro ywacTKa Man nma. 

• PenapauMa 3acTpaBiaeM mnm MO>KeT BKaioHaTb b ce6a 
cnapMBaHMe HOBOCMHTe3MpoBaHHbix ueneŕí. 

• 3adpaBHjaa BMana MO>KeT 3aHOBO ciapTOBaib nocne penapaumí 
noBpe>KAeHMa, ncnoab 3 ya flaa npoABmKehma xeaMKa 3 y. 

• 3acTpaBiijaa BMaxa npeflCTaBJíaeT co6oŕí CTpyKTypy XoaaMAea m 
MO>K eT 6biTb pa3BefleHa Ha AynaeKCbi pa3pbiBOM flByx i\en eíí npn 
ynacTnn pe3oabBa3. 


KaacAaa mieTKa Baa^eeT HecKOJibKHMH cnocoôaMH no- 
mhhkh noBpeacACHHOH JX HK. Bbióop cnocoóa oóycaoBaeH 
THnoM noBpeacAeHHa, a Taxace oócToaTejibCTBaMH. nyTH 

3KCUH3HOHHOH penapaUHH MOryT ÓbITb HCn0Ab30BaHbI B 

/iioóoh MOMeHT BpeMeHH, a bot peKOMÓHHauHOHHaa pe- 
napauna AOCTynHa k npHMeHeHHio ToabKO npn mnmmi 
BToporo Aynaexca c Konnen noBpeacAeHHOH nocjieAOBa- 
Te/ibHOCTH, to ecTb cpa3y nocjie penaHKaunn. OcoóbiH 
cjiynan npeflCTaBaaeT perníHKauna noBpeacACHHOH JX HK, 
noTOMy 4T0 penanKaTHBHaa BH/iKa MoaceT 3acTpaTb b /je- 
4>eKTHOM came. nyTH peKOMÓHHaunoHHOH penapauHH 
MoryT noMonb BoccTaHOBHTb pen/íHKaTHBHyio BHJiKy noc- 
ae penapauHH noBpeacAeHHa nan no3BoanTb penaHKaTHB- 
HOH BHaKe oóohth noBpeacACHHe. 

Ha puc. 20.19 H3o6paaceH oahh h3 B03MoacHbix hc- 
xoaob 3acTpeBaHHa penanKaTHBHOH BnaKH. «CroaKHyB- 
niHCb>> c noBpeacAeHHeM, BHaxa npeKpamaeT ABHaceHHe. 
PenaHKaTHBHbiH annapaT noABepraeTca pa36opne, no 
KpaHHen Mepe nacTHHHOH. 3to AeaaeT B03MoacHOH Mnr- 
pauHK) BeTBH co CABHroM BnaKH Ha3aA, npnneM hobo- 
CHHTe3npoBaHHbie AonepHHe uenn BcraiOT b napy, o6pa- 
3ya Aynaexc. nocae penapau,HH noBpeacAeHHa xeaHKa3a 
«npoKaTbiBaeT» BeTBb BnepeA, cTpyKTypa JX HK BnaKH boc- 
CTaHaBaHBaeTca, penaHKaTHBHbin annapaT MOHTnpyeTca 
3aHOBO, h penanKauHB nepe3anycKáeTca (cm. pa3A- 18.17 
«npanMOCOMa nepe3anycxaeT penanKaunK)»). fla^ nepe- 
3anycxa TpeóyeTca flHK-noanMepa3a II, noTOM ee 3aMe- 
HaeT flHK-noanMepa3a III. 
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Bo3o6HOBjieHHe paóoTbi 3acTpaBiueH pen/íHKaTHBHOH 
bhjikh TpeóyeT ynacTHa (f)epMeHTOB penapauHH. Y E. coli 
BaacHyio pojib b stoh peaiojHH nrpaiOT chctcmm RecA h 
RecBC (bo3mo>kho, sto hx rjiaBHaa — jym 6aKTepHH — 

po/lb). OflHH H3 B03M0>KHbIX OIOCOÓOB — CTa6HJIH3aLJHa 
óejiKOM RecA oflHOLjenoHeHHOH (j)opMbi JX HK nocpeAC- 
tbom CBa3biBaHHB ee b 3acTpaBmeH pen/íHKaTHBHOH bh/i- 
Ke h, bo3mo>kho, BbicTyn/ieHHe npH stom RecA b KanecTBe 
ceHeopa, AeTeKTHpyioiij.ero 3acTpeBaHne. RecBC ynacTByeT 
b 3kcuh3hohhoh penapaunn riOBpexcÄeHHfl. noc/ie peMOH- 
Ta flHK peruíHKauHfl MoaceT 6biTb B03o6HOB/ieHa. 

flpyroň nyTb npoxoAHT nepe3 Hcno/ib30BaHHe pe- 
KOMÓHHauHOHHOH penapaunn, bo3mo>kho, c peanunen 



PMC. 20.19 floŕÍAfl flo Mečia noBpe>KAehmfl MaTpmjbi, pen/uiKaTMB- 
Hafl BM/iKa 3acrpeBaeT. ľlpn oópaTHOM xofle bwikm f\se KOMnjieMeH- 
TapHbie AOMepHMe uenu o6pa3yiOT Ayn/ieKC. ľloc/ie Toro KaK noB- 
pe>KAeHMe McnpaBJíeHo, xejim<a3a Kaia/ui3MpyeT Murpaijmo bctbm 
BnepeA: penjiMKaTMBHbiaa Bmwa BocciaHaB/uiBaeTca, pennmanm 
npoAOJDKaeTca. Cipe/maMM o6o3HaMeHbi 3'-KOHijbi 



PMC. 20.20 3acTpBBiuyK) permu Kain b Hy K) BM/ixy mo>kho CHmaTb 
3KBMBajieHTOM cipyKTypbi Xoji/niAefl, m pe30JibBa3bi MoryT ocymecr- 
BJiBTb ee pa3pe3aHne. Pe3yjibTaT pa3pe3amifl 3aBMcm ot npupoAbi 
nOBpe>KAGHMB, OCTaHOBMBLUerO XOA penJUlKaTMBHOÍÍ BMJ 1 KM. He flBJlfl- 
eTCB jma oho pa3pbiBOM caMO no ce6e? Ecrni HeT, pe30/ibBa3bi BHecyT 
b flHK oahh AByxijenoMeHHbm pa3pbiB. Ecmi Aa, to b Mecre noBpew- 
AeHHB nOBBHTCB BTOpOM AByXAenOMeHHblM pa3pblB. Cipe/IKaMH 0603- 
HaneHbi 3'-KOHijbi 


nepecTaHOBKH uenen flHK óejiKOM RecA. Ha pmc. 20.20 
CTpyKTypa 3acTpaBiuen penjinKaTHBHon bhjikh HAeHTnn- 
Ha CTpyKType Xo/uiHAea, npeACTaBJíaiomeH coóon npo- 
AyKT peKOMÓHHauHH Me>KAy aB yMa Ayn/ieKcaMH flHK. 3to 
A ejiaeT ee MHuieHbio j\m pe30/ibBa3. Pa3pe3aHHe pe 30 /ib- 
Ba3oň jikdóoh napbi OAHHaKOBbix uenen nopo>KAaeT AByx- 
uenoneHHbiH pa3pbiB Ec/ih BAOÓaBOK caMO noBpexcAeHne 
coAepaca/io hhk, to no/iynaeTca, hto AencTBne pe30/ibBa- 
3bi nopoAHAO ABa AByxuenoneHHbix pa3pbiBa. 
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Pen/iMKa4M«i MOMteT 6biTb npoAOJixceHa 
SiiaroAapfl peKOMÓHHauMH 


20.10 


Pen^MKaTMBHafl BM/iKa 3acipeBaeT 
b MecTe noBpe>KAeHMfi MaTpm^bi 



★ 


MHTaKTHaB uenb Maipnubi coBepiuaeT 
nepexoA b flpyroií (flOHepHnií) Ayn/ieKC 


^ > fj í 

CMeiueHHaB AOHepHflfl ueríb HaxoAm 
napmepa b nepBOM Ayn^eKce 


* 

flonepHíifl períb coBepwaeT oôpatHbiH nepexofl 


* 

Pe30JibBa3a npon3BOAMT pa3AeAeHMe Bceň crpyKTypbi 


★ 

Pen/iMKauMB B03o6HOB^Bera 


r 



★ 


PMC. 20.21 Ecam penAMKaTMBHafl b ma na 3acipAAa, annapaT pena- 
paUMOHHOÍÍ peKOMÓMHaUMM MO>KeT 3aKpblTb nOBpe>KAeHHblM CaŕÍT 
MaipMAbi MHTaKTHoŕí uenbio. 3 to cnocoócTByeT bo3o6hoba6hmk) 
penAMKauMM 


3acTp«BniHe penAHKaTHBHbie bhakh Moiyr 6biTb ena- 
ceHbi peKOMÓHHauHOHHOH penapaunen. KaK b tohhocth 

pa3BHBaiOTCa COÓblTHfl, HeH3BeCTHO; OflHH H3 B03M0)KHbIX 

cueHapHeB naH Ha p hl. 20 . 21 . npHHunn xce coctoht b tom, 
hto coóbiTHe peKOMÓHHauHH oxBaTbiBacr 06 a (pjiaHra onpee- 
thocth ymepÔHoro canTa, no3BOJiaa HHTaKTHon OAHOuenon- 
Ke o6pa30BaTb napy c noBpexcAeHHOH uenbio. 3 to no3BOJiacr 
perUIHKaTHBHOH BHJIKe peKOHCTpyupOBaTbCfl H npOAOJIXCHTb 
peiuíHKauHK), yAaHHO MHHOBaB noBpexcAeHHoe Mecro. 


RecA 3anycKaeT 
SOS-CMcreMy 


KntOMeBbie íiohatma: 


• ľloBpe>KAeHMe flHK npMBOAMT k to My, mo 6eAOK RecA 
3anycKaeT SOS-OTBeT, oóycnoBneHHbm (JjepMemaMM- 
npOAyKTaMM MHOľOMMCAeHHblX reHOB. 

• RecA aKTMBMpyei caMopaciAenAeHMe LexA. 

• LexA penpeccMpyeT cMdeMy reHOB SOS; ero caMopacmennehme 
npMBOAMT K aKTMBaAMM SOS-CMCTeMbl 

HenocpeACTBeHHoe ynaerae b peKOMÔHHaunoHHOH pena- 
pauHH — AHiiib OAHa H3 MHorax aKTHBHOCTeň óejiKa RecA. 
3tot HeoóbinaHHbiH óejioK HMeeT h Apyryío, coBepmeHHO 
OTAeJIbHyiO, (f}yHKLJHIO. 3Ta (f)yHKIJHA MOXCeT 6bITb aKTHBH- 
poBaHa pa3Horo po^a bo3achctbhamh, KOTopbie noBpexc- 
AaiOT JX HK hah HHraÓHpyioT pen/íHKauHio y E. coli B stom 
CAynae RecA cpaóaTbiBaeT Ha 3anycK caoxchoh cepHH (j)e- 
HOTHnHHeCKHX H3MeHeHHH nOA OÓmHM Ha3BaHHeM SOS- 
OTBCT. 3TOT OTBeT BKAIOHaeT SKCnpeCCHK) MHOľHX reHOB, B 
tom HHCAe — (J)epMeHTOB penapauHH. Pl3-3a (fjyHKíjHOHaAb- 
HOH ABOHCTBeHHOCTH 6eAKa RecA ÓbIBaeT TpyAHO OAHO- 
3HanHO oô^acHnTb, neM oóycjiOBjíeH Ae(j)HLjHT penapaunn 
y MyTaHTOB recA ~: HeenoeoÓHOCTbio RecA k nepecTaHOBKe 
uenen JX HK hah xce noTepen Kanon-To Apyroň kactohhoh 
(jiyHKíjHH, Hba HHAyKUHB oóycAOBAeHa conpaxceHHoň e 
RecA npoTea3Hoň aKTHBHOCTbio. 

PiHAyu.HpyKDiij.ee SOS-OTBeT noBpexcAeHHe J\HK MOXceT 
6biTb pe3yjibTaTOM yO-oÓAyneHHA (HanóoAee H3yneHHbiH 
cjiynaH) hjih ačhctbha xHMmecKHx areHTOB («eiiiHBaio- 
iu,hx», ajiKHjinpyiomHx h t. n.). HHrnÓHpoBaHHe penAHKa- 
UHH OAHHM H3 CnOCOÓOB — BKJIIOHäH THMHHOBOe TOAOAa- 
HHe, ACHCTBHe AenapcTB, MyTaunn no HecKOAbKHM reHaM 
dna — HMeeT tot xce 3(j)({)eKT. 

KjieTOHHbiH SOS-OTBeT, b (f)opMe ycHAeHHa «penapaTHB- 
HOH MOLUH», AOCTHraeTCA HHAyKUHeH CHHTe3a KOMnOHeH- 
TOB-ynacTHHKOB AByx nyreH: 3Kcuh3hohhoh penapaiinH 
AJIHHHbIMH 3anAaTKaMH H ReeA-OÔyCAOBAeHHOH peKOMÓH- 
HauHOHHOH penapau,HH. KpoMe Toro, b yejiOBHax SOS-OTBe- 
Ta noAaBAeHO KjieTOHHoe ACJieHne; Moryr 6biTb HHAyu,Hpo- 
BaHbi AH3oreHHbie npo({)arH. 

Beeb SOS-OTBeT npoHCTeKaeT H3 nepenpo({)HAHpoBa- 
HHA (jjyHKI^HH RecA BC/ieACTBHe BpeAOHOCHOrO B03AeHCTBHA 
cpeAbi. Kax hmchho oho oóycjiOBAHBaeT BHe3anHoe H3Me- 
HeHne b aKTHBHOCTH RecA, He oneHb noHarao. noBAenb 3 a 
co6oh SOS-OTBeT MoxceT ueabiH cneicrp BpeAOHOCHbix bo3 - 
AencTBHH, h b nocAeAHHe ro^bi paóoTa ({joKycnpyeTca Ha 
BbiaBAeHHH rHnoTeTHnecKoro aKTHBaTopa RecA cpe^H 06 - 
mnx npoMexcyroHHbix npoAyKTOB MeTa6oAH3Ma JX HK. 

CHrHaji MoaceT npeACTaBAaTb coóoh Heóojibiuyio Moae- 
Kyay, KOTopaa oTAeAaeTca ot JX HK, hah xce nocTynaTb b c{)op- 
Me cTpyKTypbi, oópasyiomeHca b caMOH J\EK. AKTHBan,Ha 
RecA b onbiTax in vitro TpeóyeT HaAHHHa OAHOuenoneHHOH 
JX HK H AT®. B03M0XCH0, aKTHBHpyiOIIJ.HM CHľHaAOM CJiyXCHT 
HaAHHHe ynacTKa oahhohhoh uenn no MecTy noBpexcAeHHa. 
CnmaA, b KaKOH 6bi ({)opMe oh hh nocTynaA, B3aHMOAene- 
TByeT e RecA oneHb óbicTpo: SOS-OTBeT cpaóaTbmaeT yxce b 
nepBbie HecKOAbKO mhh nocAe oópaóoTKH. 


20.10 RecA 3anycKaeT SOS-CMdeMy 525 




























AKTHBaLjHfl RecA Bbi3biBaeT npoTeoaHTHnecKoe pacmen- 
jieme npoAyKTa reHa lexA. LexA, Heóo/ibiuoň (22 Kfla) 6e- 
jiok, b Heo6pa6oTaHHbix KaeTKax oTHOCHTeabHO cTaónaeH 
h paóoTaeT penpeccopoM MHorax onepoHOB. PeaKLjna ero 
pacmenaeHHa HeoóbiHHa: LexA oóaa/jaeT aaTeHraon npo- 
Tea3HOH aKTHBHOCTbio, KOTopyio aKTHBHpyeT RecA. Korfla 
RecA CTpeee-aKTHBHpoBaH, oh 3acTaBaaeT LexA npeflnpn- 
HHTb aBTOKaTajíHTHHecKoe pacmenaeHHe; sto HHaKTHBHpy- 
eT LexA xax penpeccop, TeM caMbiM HHflyu,Hpya Bce onepo- 
hm, c KOTopbiMH tot 6bia CBa3aH. 3tot nyTb H3o6pa^ceH Ha 
PHC. 20.22. 

MHorne H3 reHOB, b cTaHflaprabix ycaoBHax penpeccn- 
pyeMbie LexA, KOflnpyioT (f)epMeHTbi penapaunn. HeKOTO- 
pbie H3 3THX reHOB aKTHBHbl JIHIIIb B OÔpaÔOTaHHblX lOieT- 
Kax; Apyrne 6bian aKTHBHbi h b noKoe, ho c pacmen/ieHneM 
LexA ypoBeHb hx sKcnpeccHH noBbimaeTca. HanpnMep, y 
reHa uvrB , KOMnoHema cncTeMbi 3kcljh3hohhoh penapa- 
ljhh, ecTb a Ba npoMOTopa: oahh noAHHHeH KOHTpoaio LexA, 
a apyron paóoTaeT He3aBHCHMO. nocae pacmenaeHHa LexA 
reH MoaceT 6biTb sKcnpeccHpoBaH He ToabKo co BToporo, ho 
h c nepBoro npoMOTopa. 

LexA penpeccnpyeT cboh MHiueHH, CBa3biBaaeb c OTpe3- 
kom b 20 nH, Ha3biBaeMbiM SOS-6okcom, coflepacamuM koh- 

eeHCye H3 BOCbMH aÔCOJIIOTHO KOHCepBaTHBHblX n03HLJHH. 
OóbiHHO SOS-óokc aexcHT BHyTpn npoMOTopa. Jloxyc lexA , 
no/yiOKamHH caMoperyaHpyiomeHca penpeccHH, coflepacnT 
ABa CMexcHbix SOS-6oKca. 

OyHKUHOHajibHoe cuenaeHHe RecA c LexA BbipaacaeT- 
ca b tom, hto RecA 3anycKaeT pacmenaeHHe LexA, KOTopbiH 


penpeccHpoBaji h recA, h cboh coócTBeHHbiH reH. TaKHM 06- 
pa30M, b paMKax SOS-OTBeTa mcr HapaóoTKa oóohx (RecA 
h LexA) 6e/iKOB. Pe3yabTaTbi He cTOJib npoTHBopenHBbi, xax 
Morao 6bi noKa3aTbca Ha nepBbin B3raafl. 

HHTeHCH({)HKauHa npoAyKu,HH óejiKa RecA HeoóxoAHMa 
/yia ero Hcno/ib30BaHHa no npaMOMy Ha3HaneHHio b peKOM- 
ÓHHaunoHHon penapaunn. npn SOS-HHflyKLjHH sKcnpec- 
cna RecA, c 6a30Boro ypoBHa b 1200 MoaeKya Ha KaeTKy, 
MoaceT noACKOHHTb b 50 pa3. BbicoKaa KOHueHTpauna RecA 
b oópaóoTaHHbix KaeTKax rapaHTnpyeT pacmenaeHHe Bcero 
LexA. 3to, no H/me, jxojvkho npeflOTBpamaTb BoecTaHOBae- 
Hne LexA b pojín penpeccopa LjeaeBbix reHOB. 

KoaeôaTeabHbin Komyp Meamy RecA n LexA cnocoóc- 
TByeT ObicTpoMy B03Bpain,eHHio KaeTKH k HopMe npn OTMe- 
He TpaBMnpyiomero B03AencTBHa cpeAbi. npn cmmu 
unpyKDiB.ero cnrHajia 6eaoK RecA yTpanHBaeT enoeoÓHOCTb 
AecTa6naH3npoBaTb LexA. K 3TOMy MOMeHTy lexA npeóbma- 
eT Ha nnxe CBoen SKcnpeccHH; 6e3 «HanaAeHna» RecA 6eaoK 
LexA HannHaeT óbicTpo HaKanaHBaTbca b HepacmenaeHHOň 
(jDopMe n penpeccHpoBaTb SOS-reHbi. Bot noneMy SOS-ot- 
BeT Tax aerxo oópaTHM. 

RecA TaKace 3anycKaeT pacmenaeHHe h Apyrnx KaeTon- 
hmx MHineHen, HHor#a c 6oaee npaMoanHenHbiM 3(j)(j)eKT0M. 
Tax, npn aKTHBaunn RecA pacm.enaaeTca óeaox UmuD; sto 
pacmenaeHHe aKTHBHpyeT UmuD h «cKaoHHyio ouiH6aTbca» 
CHCTeMy penapauHH. ľlo coBpeMeHHbiM npeflCTaBaeHHaM 
paóonaa MO^eab stoh peaKijHH noflpa3yMeBaeT CBa3biBa- 
HHe KOMnaeKca UmuD 2 UmuC c RecA-(f)HaaMeHTOM BÓaH3H 
MecTa noBpeacAeHHa. RecA aKTHBHpyeT KOMnaeKC, pa3pe3aa 


LexA h RecA BeAyT ce6n Ka« aHTaroHHCTbi 


PEryaaTOPHbm KOHTyp 

rEHbl-MMLUEHH 

i 

r 

1 

í 

i 

r 

vww 

PenpeccupoBaHHbm 
reH recA 

hAAAi&tt 

feH LexA 

i 

PenpeccnpoBaHHbiií 

reH-MmueHb 


AKTHBALlMa RecA 

RecA 3anycKaeT npoieo^H3 LexA 

1-1 



1 

| AKTMBMpOBaH- 
( h bití RecA 

\/\/\/\/\/ 

3KcnpeccnpyeMbiií 
reH recA 

1 

w%/w 

feH LexA 

í 

3KcnpeccnpyeMbiŕí 

reH-MmueHb 


P HL. 20.22 Ee/ioK LexAcnywm penpeccopoM fl/ia MHo>KecTBa reHOB, b tom Hncne,o6ecneMMBaK)mMx 
penapauMOHHbie (jjyHimmi, a TaK>Ke reHOB recA m LexA. AKTMBauMa RecA BeaeT k aBTOKaTa/ummecKO- 
My pacmen/ieHMK) LexA, KOTopoe, b cboio OMepeflb, BeaeT k MHayKAMM aKcnpeccmi Bcex 3tmx reHOB 
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UmuD c o6pa30BaHHeM UmuD', noe/ie nero UmuD' 2 UmuC 
(Z],HK-nojiHMepa3a V) CHHTe3npyeT (f)parMeHT RHK B3aMeH 
noBpoKAeHHoro MaTepnajia. 

AKTHBauHH RecA Bbi3biBacr paememieHHe penpeccopoB 
HecKOJibKHx npo(f)aroB (h HeKOTopbix flpyrax óeaKOB-pen- 
peccopoB). Ha npHMepe paememieHHa penpeccopa jiaMó^a h 
6buia b CBoe BpeMa OTKpbiTa npoTea3Haa SÔS-aKTHBHOCTb. 

JlH3oreHHbiH penpeccop paemen/iaeTca h (f)ar BCTynaeT 
B JIHTHHeCKHH l\UKJl — TaKOB MexaHH3M HHAyKLJHH JiaMÓAa 
y^bTpa(j)HO^eTOBbiM oóJiyneHHeM. PeaKijna He oraocHTca k 
KjieTOHHOMy SOS-OTBeTy, ho OHa ecTb e/ieflCTBHe ycBoeHHa 
npo(j)aroM HH(f)opMai] l HH o tom, hto loieTKa b 6efle. BbDKH- 
BaHHio BHpyca b Taxnx yc/iOBHflx coo6pa3eH bhxoa b /ih- 
THnecKHH uhioi /yia reHepaunn noTOMCTBa. Hcnojib3yfl ax- 
THBHpoBaHHbíň RecA, 4>ar, no cyro, CHHTbiBaeT KneTOHHyio 
CHCTeMy onoBemeHHfl. HH(f)opMauHio o eocToaHHH kjictkh- 
xo3flHHa cj)ar ncnojib3yeT jy ia coó/nofleHHa coócTBeHHbix 
HHTepecoB (b ije/iax BbDKHBaHHa). 

flBe (J)yHKUHH RecA OTHOCHTeJIbHO He3aBHCHMbI. npn 
MyrauHH recA441 SOS-otbct, óbmaeT, cpaóaTbmaeT h b ot- 
cyTCTBHe cTpecc-oópaóoTKH ÓJiaroAapa cnoHTaHHon ax- 
THBauHH RecA. flpyrHe MyTaunn jiniuaiOT RecA CBOHCTBa 
aKTHBHpoBaTbea. Hh oflHa H3 nepenHcaeHHbix MyrauHH He 
HapymaeT oópameHHa RecA e flHK. H ec/in 6bi B^pyr Ha- 
imiacb MyTauna RecA, KOTopaa, HaoóopoT, HHaKTHBHpyeT 
ero peKOMÓHHauHOHHyio cfiyHiojHio, He 3aTparaBaa eno- 
coôhocth HHAyu,HpoBaTb SÓS-OTBeT, Taxaa Myrauna BeebMa 
npnroflHJiaeb 6bi b paee/ieAOBaHHH npaMbix h kocbchhhx 
BjinaHHH RecA Ha penapaunio. 


20.11 


CiicieMbi penapauMM 
ayKapMOTMHecKMx KiieTOK 
KOHCepBaTMBHbl 


KntoneBbie noHama: 


• Y flpo>K>KeM MyTaumí RAD , CBA3aHHbie c (jjeHOTMriOM 
ľlOBbllUeHHOŕí WyBCTBMTe/lbHOCTM K paflHaijmi. HaXOAflTCfl B 
reHax. KOAMpytomiix cMcreMbi penapaijmi. 

• Eo/ie3Hb Me/iOBeKa KcepoAepMa mirMeHTHafl (Kľl) oóyc/iOBjíehia 
MyiauMíiMM b HecKOJibKMX reHax penapaumi. 

• Ee/lKOBblŕí KOMľlJieKC, B KOTOpOM COCTOflT npoflyKTbi Kľl M 
(|)aKT 0 p TpaHCKpMľmMM TF n H, BblľlOJlHfleT 3KCLJM3MOHHyK) 
penapaijmo b mieTKax we/iOBeKa. 

• TpaHCKpMnAMOHHO-aKTMBHbie reHbi no/ib3yK)Tca npnopmeTOM 
npn penapauMM. 


Pa3HOBHAHOCTH penapaLJHOHHblX (f)yHKIJHH, HAeHTH({)H- 
UHpoBaHHbie y E. coli , aBJíaiOTca oôiuhmh jyw niHpoKoro 
xpyra acHBbix opraHH3MOB. Jlynrne Apyrax syKapHOTHnee- 
khx chctcm H3yneHbi ApoaoKH, b KOTopbix óejioK Rad51 
4)yHKUHOHHpyeT aHajiormHO óaKTepnajibHOMy RecA. Y 
ApoaoKen ocHOBHoe npeflHa3HaneHHe óejiKa-nepeHOCHHKa 
uenn — ynaerae b roMOJioranHon peKOMÓHHau.HH. MHorae 
CHCTeMbi penapauHH ApoaoKen HMeiOT npaMbix aHaaoroB 
b KaeTKax BbícniHx oyKapnoT, b CBa3H e Heno/ia/jKaMn ohh 
MO iyr 6biTb npHHHHOH 3a6oaeBaHHa neaoBeKa. 


ľeHbi RAD npHnacTHbi k penapauHH; óaaroAapa nyBC- 
TBHTe/ibHOCTH k paAHauHH ohh noApoÓHO oxapaKTepH- 
30BaHbi y Apoacaceň e no3HLjHH reHeTHKH. Y S. cerevisiae 
3 th reHbi pa3ÔHTbi Ha TpH rpynnbi: RAD3 (reHbi, 3aAeňe- 
TBOBaHHbie b 3kcuh3hohhoh penapauHH), RAD6 (Heo6- 
xoflHMbi flaa nocTpenaHKaTHBHOH penapaunn), RAD52 
(KOAHpyiOT eocTaBaaioiij.He MexaHH3MOB, aHajiornnHbix 
peKOMÓHHaUHH). 

ľpynna RAD52 noApa3AeaaeTca Ha £Be noArpynnbi Ha 

OCHOBaHHH pa3JIHHHH MyTaHTHblX (J)eHOTHnOB. Y MyTaHTOB 
oahoh noArpynnbi HapymeHa roMoaornnHaa peKOMÓHHa- 
una, hto BbipaacaeTca b ena^e mhtothhcckoh peKOMÓHHa- 
Uhh y MyTaHTOB no RAD50 , RAD51 , RAD54, RAD55 h RAD 57. 

3th 6e/iKH Rad o6pa3yiOT MyjibTHnpoTeHHOBbin KOMnjieKc 
no MecTy AByxuenonenHoro pa3pbma. noeae Toro, Kax sk- 
30HyKJiea3a no^encTByeT Ha CBOÔOAHbie kohum h nopo- 
Aht OAHOuenonenHbie «xboc™» no KpaaM npoóeaa, Rad51 
HHHu,HHpyeT npoueee, CBa3biBaa OAHOuenoneHHyio RUK h 
o6pa3ya c Hen HyioieonpoTeHHOBbiH (f)HJiaMeHT. 3aTeM e 
(f)HJiaMeHTOM noeaeAOBaTeabHO CBa3biBaK)Tea Rad52, Rad55 
h Rad54. Y MyTaHTOB no RAD59, MRE11 h XRS2 — BTopon 
noArpynnbi RAD52- reHOB — nacTOTa peKOMÓHHauHH, Ha- 
oóopoT, noBbimeHa. Ohh He HcnbiTbiBaiOT TpyflHOCTen e 
roMO/iorHHHOH peKOMÓHHauHeň, ho flecj)HUHTHbi no Hero- 

MOaOľHHHOMy eoeAHHeHHK) KOHLJOB RHK. 

Ha^eeMencTBO /],HK-noaHMepa3, ynacTByioiij.Hx b chh- 
Te3e flHK B3aMeH noBpeacAeHHoro MaTepnaaa, o6pa3yK)T 
reHbi dinB h umuCD (KOflnpyiomHe /],HK-noaHMepa3bi IV 
h V) E. coli , RAD30 (KOAHpyiomHH flHK-noaHMepa3y rj) 
5. cerevisiae , XPV H. sapiens. HHorfla sto Ha/jceMencTBO 
Ha3biBaiOT TpaHC/iecHOHHbiMH flHK-nojiHMepasaMH. 3yxa- 
pnoTOnecKHe 4>epMeHTbi, b 0T/iHHHe ot óaKTepnajibHbix, 
npOHHTblBaiOT THMHHOBbie flHMepbl 6e3 OIUHÓOK, aKKypaT- 
ho CTaBa a Ba a^eHHHa npoTHB T-T flHMepa. npn penjíHKa- 
U.HH ApyTHX THnOB nOBpeXCACHHH OHH BCe ace «CKJIOHHbI 
oniH6aTbca». 

HmepecHOH oeoóeHHOCTbK) penapaunn, aynrne Bcero 
onneaHHOH y flpoaoKen, aBaaeTca ee CBa3b e TpaHCKpHnu.H- 
en. Penapau,Ha TpaHCKpnnuHOHHO-aKTHBHbix reHOB npn- 
opHTeraa. 3to oeoóeHHO KaeaeTca TpaHCKpnÓHpyeMOH 
uenn h HanpaBJíeHO Ha ycTpaHeHHe noMex pjín TpaHCKpnn- 
Uhh. fleHCTByiomen npnnHHOH sToro ejiyaoiT, ho-bhahmo- 
My, MexaHHnecKaa cBa3b Meac,qy penapaunoHHOH MauiHHOH 
h PHK-nojiHMepa3on. Bejiox Rad3 — xeaHKa3a, hcoóxoah- 
Maa Ha STane BHeeeHHa Ha^eeneK — aBJíaeTca KOMnoHeHTOM 
4>aKTopa TpaHCKpnnuHH, aeeouHHpoBaHHoro e PHK-noJin- 
Mepa30H (cm. pa3A. 24.12 «CBa3b Meac^y TpaHCKpnnuHeH h 
penapauneH»). 

KaeTKH M/ieKonHTaiomHx reTeporeHHbi no kojihhcct- 
By RHK, CHHTe3HpyeMOMy b MecTax pa3pymeHHH, nToôbi 
3aKpbiTb noBpeac,qeHHe. O^Hano Kaac,qaa b OT^e^bHOCTH 
«3anaaTKa» — AOBO/ibHO KopoTKaa, MeHbiue 10 OCHOBaHHH 
b /yiHHy. 

O BaacHOCTH CHCTeM penapauHH MaeKonHTaioiij.Hx ro- 
BopnT pafl HacjieflCTBeHHbix 3a6ojieBaHHH nejioBeKa. Ha- 
Hóoaee nccjieflOBaHHoe H3 hhx — KeepoflepMa nnrMeHTHaa 
(xeroderma pigmentosum, XP), peueecHBHO Haeae/iyeMaa 
rHnepnyBCTBHTejibHOCTb k eoaHenHOMy CBeTy, b oeoóeH- 
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hocth y;ibTpa(})Ho;ieTOBOH nac™ cneKTpa. XP npHBOflHT k 
nopa^ceHHio xoxchmx noKpoBOB (a HHorfla h 6o;iee cypo- 

BblM #e(f)eKTäM). 

3a6o^eBaHHe CBa3äHO c HapymeHHeM 3 xcijh3hohhoh 
penapauHH. OHÓpoôJiacrbi naijHeHTOB c XP He cnocoÔHbi 

K 3XCLJH3HH nHpHMH.fl.HHOBblX ^HMepOB H flpyTHX Tp0M03- 

AKhx Aec})eKTOB coôctbchhoh flHK. MyrauHH, Bbi3biBaiomHe 
XP, pacnpefle;ieHbi no BOCbMH reHaM c Hä3BäHHaMH ot XP- 
A ro XP-G, cooTBeTCTBeHHO 6yKBäM jiaTHHCxoro a^(J)aBHTa. 
Hx roMOJiora ecTb cpeflH reHOB RAD y flpoxoxeH, Tax mto 
3tot nyTb pacnpocTpaHeH y syxapHOT. EejixoBbíň xoMmiexc, 
coflepxcam™ npoflyxra Hecxojibxnx reHOB XP , OTBenaeT 3 a 
3XCLJH3HIO TOMHHOBblX ^HMepOB. Ha PMC. 20.23 OTMeneHä 
CTyneHbKa, xoTopyio 3äHHMäeT 3tot xoMmiexc b rryra pena- 
paijHH. KoMmiexc CBa3biBaeT flHK no MecTy noBpoK/íeHHa; 
MexäHH3M CBH3biBäHHa, BepoaTHO, ocHOBäH Ha xoonepaijHH 
MOK/íy HecKOJibKHMH KOMnoHeHTäMH xoMmiexca. U,enH 
flHK pacmieTaiOTca Ha ynacrxe npoTaxceHHOCTbio ~20 nH, 


oxpyxcaiomeM noBpox/íeHHe. 3to — pe3y;ibTaT xe;iHxa3HOH 
aKTOBHOc™ (J)aKTopa TpaHCxpHnijHH TF n H, npeflcraBJía- 
iomero coôoh oôniHpHbíň xoMmiexc (b xoTopbíň bxoaht 
Taioxe npo/iyKTbi Hecxojibxnx reHOB XP) h ynacTByioiijero b 
penapauHH noBpoK/jeHHH Jl HK (xoTopbie bo BpeMa TpaHC- 
KpHni^HH BCTpenaeT Ha cbocm nyTH PHK-no;iHMepa3a). Ha 
aie/jyiomeM 3Tane penapaijHH 3H£OHyxaea3bi, xoflHpyeMbie 
reHaMH XP, bhooit Haflpe3bi (Ha/jceHXH) no o6e CTopoHbi 
pacn^eTeHHoro ynacrxa. nooie 3Toro (J)parMeHT oahoh h3 
Ljenen, HecymHH b ceôc flecjDexT, moxcct ôbiTb 3aMeHeH CBe- 

)KeCHHTe3HpOBäHHbIM MäTepHaJIOM. 

B Tex cjiynaax, xorfla c Heyfla;ieHHbiM thmhhobmm 
AHMepoM CTäJiKHBäeTca penjmxaijHa, /yw Toro, htoBh 
OH a npoflOjDKHjiacb, TpeôyeTca axTHBHOCTb flHK-nojm- 
Mepa3bi r). 3Ty no;iHMepa3y xoflHpyeT reH XPV. Pax xoxch 
y MyTäHTOB no XPV oóycjiOBjíeH, no Bceň bh^hmocth, ec 
OTCyTCTBHCM. 


CncreMa penapanmi, accouHMpoBaHHaa c TF U H 


fíH K C0Aep>Km noBpewAeHMe 
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PI/IC. 20.23 XeAMKa3a pacnjieiaeT flHK b Mecre noBpe>KA6HMfl, 3 h- 
AOHyKAea3bi Bbipe3aiOT noBpewAGHMe, flHK-nojiMMepa3a 3anojiH5ieT 
OAHOuenoHeHHyio 6peujb 


20.12 


HecneuiiaiiM3iipoBaHHaa 
CncreMa penapaium 
AByxuenoneHHbix pa3pbiB0B 


KnioHeBbie noHATMa: 


• ľlyTb NHEJ mmei cmieMBaTb Tynbie KOHijbi Ayn/ieKCOB flHK. 

• MyTaijMM, Hapyuiaiomne nyTb NHEJ y ne/iOBeKa, npMBOAflT k 
3a6oneBaHM5iM. 


^ByxLjenoHeHHbie pa3pbiBbi c^ynaiOTca b KneTOHHOH flHK 
npH pa3HbIX OÔCTOHTeJIbCTBäX. Ohm HHHLJHHpyiOT TOMO^O- 
raHHyio peKOMÔHHäL^Hio h (J)HrypHpyiOT Ha npoMexcyTon- 
Hbix 3Tanax pexoMÔHHauHH HMMyHo™o6y^HHOBbix reHOB 
(cm. pa3A. 23.10 «Ee;iKH RAG KäTajiH3HpyioT pa3pbiB n boc- 
coeAHHeHHe /IHK»). Tax^ce ohh Moryr npeACTaB^aTb coôoň 
noBpox/íeHHe flHK — HanpHMep, nocjie/i.CTBHa oôJiyneHHa. 
TjiaBHbiH MexäHH3M penapauHH TäXHx pa3pbiBOB Ha3biBaeT- 
ca HeroMOJiorHHHbiM coc^hhchhcm kohi^ob (NHEJ) 
h 3axaiOHaeTca b aHra3HOH peaxu,HH, xoTopaa cxaeHBaeT 
BMecTe Tynbie xoHijbi flHK. 

pne. 20.24 pe3iOMHpyeT 3Tanbi NHEJ. Oahh h tot xce 
(J)epMeHTHbiH xoMnaexc ôepeT Ha ceôa h «peMOHTHbie 
paôoTbi», n HMMyHHyio pexoMÔHHauHio. nepBbin 3Tan 3 a- 
xaionaeTca b y3HäBäHHH pBaHbix xohl^ob ôeaxoBbiM reTe- 
poAHMepoM b cocTaBe Ku70 h Ku80. Ohh o6pa3yx)T Me- 
xaHHnecxyio onopy /yia y^epxcaHHa Tynbix xohl^ob flHK 
BMecTe, npeAOCTaBaaa flpyrHM ôeaxaM sthmh xoHi^aMH 
onepHpoBaTb. Fjhohcboh ynacTHHX npouecca — flHK-sa- 
BHCHMäa npoTeHHXHHä3ä, xoTopyio Jl HK axTHBHpyeT, no- 
ôyxcAaa (J)occJ)opHaHpoBaTb ôeaxoBbíň cyôcrpaT. O^Ha H3 
ee MHineHeň — ôeaox Artemis, xoTopbin b axTHBHOH (cJ)oc- 
(J)OpHJIHpOBäHHOH) (J)OpMe MOXCeT paÔOTaTb H 3X30HyXae- 
a30H, h 3 H£ 0 Hyxaea 30 H (cpe3aTb mnrabXH, o6pa30BaBniH- 
eca npn pexoMÔHHauHH HMMyHorjioôyjiHHOBbix reHOB). 
Hto 3a ,Z],HK-noaHMepa3a 3anoaHaeT Bce ocTaBniHeca oaho- 
L^enoneHHbie BbiCTynbi, HeH3BecTHO. HaxoHeu, coôctbchho 
coeAHHeHHe xohuob — (J)yHX 4 Ha ,Z],HK-aHra3bi IV, xoTopaa 
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HeroMOjiorM4Hoe coeAHHemie kohuob 
npOHCXOAMT B HeCKO/lbKO npHeMOB (peaKAHH) 
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1 ŕ' 1 , OcHOBHbie 3 Tanbi HeroMO/iorMHHoro coeAMHeHMfl koh- 

140b (NHEJ) BK/iioHaiOT: y3HaBaHne pa3pbiBOB flHK, noflpaBHMBaHMe 
m/mam 3 anoAHeHMe OAHOijenoHeHHbix KOHijeBbix BbiciynoB m ahtm- 
poBaHMe 


AeňcTByeT b cbh3K e c 6e;iKOM XRCC4. MyTaijHH no jnoôoMy 
H3 nepCMHC^eHHblX KOMnOHČHTOB MOryT BBeCTH ayKapno- 
THMeCKyiO KJlCTKy B COCTOflHHe rHnepnyBCTBHTeJIbHOCTH K 
pa/4HäL4HH; HeKOTOpbie H3 3THX MyTäLJHH COnyTCTByiOT H3- 
BecTHbiM qejiOBenecKHM 6o;ie3HflM, oôycjiOBjíeHHbiM Hapy- 
meHnaMH penapaijHH RHK. 

TeTepoAHMep Ku — 3to ceHeop, /j.creKTnpyioLUHH noB- 
pe)K/íeHHe RHK nocpe^CTBOM CBfl3biBaHna pBaHbix kohljob. 
Pe 3 y/ibTaT pacmn(J)poBKH ero KpncTajuiHMecKon crpyKTy- 
pbi — MOJieKyjwpHaa MOfle;ib Ha - . Maccm óejixa 

npmieraeT k abohhoh cnHpa^H no oahoh (hhxchch) ee 
dopoHe, KOHTäKTnpya c Hen Ha npoTHXceHHH npHMepHO 
AByx bhtkob, oflHaKO nocepeflHHe 3Toro paccroflHHa RHK 
onoacaHa y3KHM mocthkom, coeAHHjnoinHM cyô'beflHHHLjbi 
AHMepa. TaKHM o6pa30M, reTepoflHMep noxoxc Ha Kop3HH- 
Ky, <<pynKa» KOTopon moxcct Ha/jeTbca TOJibKO Ha cboôoahhh 
KOHCLJ R HK. 

Ku MoaceT CBecTH pBaHbie kohl^h BMecre, CBjmB j^bc mo- 
jieKyjibi R HK Cy m no cnocoÔHOcm reTepoflHMepoB k acco- 
u,HäL4Hn MOKAy co6oh, peaKu.ua MOxceT Bbirjia^eTb noflÔHO 
cxeMe Ha . Taxaa MOflejib otbo/jht /inra3e Mecro 

ju ia CBa3biBaHna c RHK b npoMOKyTKe, o6pa30BaHHOM moc- 
THKäMH jipyx reTepoflHMepoB Ku. ľlooie peaKu,HH Ku, mto6h 
ocBOÔOAHTbca ot R HK, aojdkch H3MeHHTb cbok) crpyKTypy. 

06maa nepTa 3a6oaeBaHHH, Bbi3BaHHbix He/j,ocTäTKäMH 
penapauHH no rany NHEJ, — HecTaÔHJibHOCTb xpomocom b 
cbh3h c HecnocoÔHOCTbio penapupoBaTb AByxijenoHeHHbie 



ľeTepoAMMep Ku70-Ku80 pacKMHyjica Ha ABa BMTKa 
flBOMHOM criMpaAM flHK; b LjeHTpaJibHoií nacTM caíiTa CBfl3biB3HMfl 
oh oKpywaeT flHK KO/ibijoM. Jlio6e3HO npeAocTaBJíeHO Jonathan 
Goldberg, Memoriál Sloan-Kettering Cancer Center 



P\AC /0.2i KorAa ABa reiepoAMMepa Ku CBA3biBaiOT flHK b KOMn- 
Jiexce Apyr c ApyroM, paccroflHMe Me>KAy mx «pyHK 3 MM», oôxBaTbiBa- 
IOIAMMM ABOÍÍHyiO CnMpaAb, paBHAeTCA ~12 nH 

pa3pbiBbi. 3 to npoaBJíaeTca b bhac xpomocomhhx a6ep- 
pauHH, accounnpoBaHbix c bmcokoh nacTOTOH MyTaijHH h 
MH oroKpaTHO yBejinneHHbiM phckom pa3BHraa paxa. Ocho- 
BonoaaraiomeH npHHHHOH MOXceT 6biTb £HC(})yHKijHa hjih 
rryren KOHTpo;ia penapaijHH, hjih (J)epMeHTOB b penapaTHB- 
Hbix KOMmieKcax. CnMnTOMäTHKä npn stom Moxcer 6biTb 
oneHb cxoxceň, Kaxy ataxia telangiectasia (AT), oôyaiOBJíeH- 
hoh KpymeHHeM KOHTpojibHO-nporrycKHOH tohkh kjictoh- 
Horo UHKna, TaK h y CHHApOMä Nijmegan (NBS), oôyaiOB- 
aeHHoro MyTäL^HeH (J)epMeHTa penapauHH. 
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KoHcepBäTHBHOCTb nyTeň penapauHH cpeflH mjicko- 
nHTaiomHx, flpoxoKeň, ôaKTepnH — oahh m BaxcHeHiiiHx 
BbIBOflOB, CflCJiaHHblX npH HX H 3 yHCHHH. PeueCCHBHO 
Hac^eAyeMbíň chhapom E;iyMa o6yc;iOB;ieH MyTauneň b 
reHe xe;iHKa 3 bi BLM, roMOJiornMHOM recQ E. coli. B pe- 
3 y^bTaTe MyTäunn noBbimeHa nacTOTa pa 3 pbiBOB h ne- 
pecTäHOBOK Me>K£y ccctphhckhmh xpoMäTH/jäMH. BLM 
BXOflHT B COCTaB oôniHpHoro KOMmieKca BMeCTe c Apy- 
thmh ôejiKäMH penapauHH. Oahh H 3 ero napTHepoB no 
B3aHMOflencTBHio — hMLHl, 6ejiOK-ynacTHHK penapauHH 
HeKOMn^eMeTapHOCTen, roMOJior 6aKTepna;ibHoro MutL. 
flpoxoKeBbie roMOJiorn BLM n hMLHl — Sgsl n MLH1 — 
Toxce accounnpoBaHbi (J)H 3 HMecKH, hto roBopnT 06 3bo- 

JIIOLJHOHHOH KOHCepBäTHBHOCTH nyTH, K KOTOpOMy OHH 
npnHaAJiexcaT. 

Chhapom Nijmegan — pe3y;ibTaT Myra uhh b reHe, 
neň ôe^OK Ha3biBaiOT no-pa3HOMy: Nibrin, p95 hjih NBS 1. 
Oh — KOMnoHem penapaunoHHoro KOMnjieKca Mreli/ 
Rad50. Ero ynacTne b penapauHH flByxuenoneHHbix pa3- 
pbiBOB ACMOHCTpHpyeT (foKajibHaa KOHueHTpauna onpe- 
.zjejieHHbix ôe^KOB b KneTKax ne/iOBeKa npn oôpaôoTKe, 
HHflyunpyiomeH flByxuenoneHHbie pa3pbiBbi flHK. ľlocjie 
B03AeHCTBHa (oĎJiyneHHa) KHHä3ä ATMP (KOAnpyeMaa 
reHOM AT) (J)occJ)opH^HpyeT NBS1; 3 to aKTHBHpyeT KOMn- 
;ieKc, ji0KajiH30BäHHbiH b MecTax noBpexc^eHHH ,ZI,HK. ľloc- 
jieflyiomHe 3Tanbi (J)opMHpoBaHHa ueHTpoB penapauHH 
BKjiiOHäiOT 3anycK KOHTpoJibHO-nponycKHoro MexäHH3Mä, 
ocTaHaBjíHBaiomero KneTOHHbiH uhkji Ha nepno/i, penapa- 
UHH flHK, h npHB^eneHHe b 3 th uempbi ocTa^bHbix 6e;i- 
KOB-ynacTHHKOB npouecca penapauHH. 


20.13 


Pe3K>Me 


EaicrepHH coAepxcaT CHCTeMbi, noAzjepxcHBaioiUHe ue;iocT- 
HOCTb hx JIHK noc^e noBpe>K/],eHHH hjih oiiihôok pemíHKa- 
Uhh h OTjiHHäKDiuHe cbok) JlUK ot qyxcepoflHbix nocjieflo- 

BäTeJIbHOCTeH. 

CHCTeMbi penapauHH MoryT y3HaBaTb HeBepHO cna- 
peHHbie HJIH BHflOH3MeHeHHbie a30THCTbie OCHOBäHHH 
flHK, a Taiace nponycKH HymieoraflOB h flpyrne H3Me- 
HeHHH, HCKa^caiomne CTpyKTypy abohhoh cnnpajiH. 
CncTeMbi 3 kc4H3hohhoh penapauHH Ha^cexaiOT J \HK 
b 6 jih 3 h MecTa noBpexc^eHHH, ya,ajifliOT (JjparMeHT uenn 
MCTKffy HaApe3aMH h CHHTe3npyiOT HOByio HymieoTHfl- 
Hyio nocjieflOBaTejibHOCTb B3äMeH yztajieHHOMy MaTepn- 
ajiy. DiaBHbiH nyTb 3kcuh3hohhoh penapauHH y E. coli 
oôecneHHBaeT CHCTeMä Uvr. CncTeMa MutSL ynacTByeT 
B nOCTpenjIHKäTHBHOH KOppeKLJHH HCKOMnjieMCHTäpHO 
CnapeHHblX OCHOBäHHH B MecTax BCTpäHBäHHfl B AOHep- 
hioio uenb HenpaBH^bHbix HymieoTH/tOB. OHa cj)yHKUH- 
OHnpyeT, npe/i.noHTHTejibHO y#a jihh ocHOBäHHe H3 toh 
uenn J\ HK, KOTopaa He MeTHjinpoBäHä no camy Dam. 
OyKapnoTHMecKHe roMOJiorn CHCTeMbi MutSL E. coli 3a- 
/teHCTBOBäHbi b penapauHH HeenapeHHbix OCHOBäHHH, 
nopoxc/teHHbix «npocKajib3biBäHHeM» pemíHKauHH; My- 


TäitHH no 3TOMy nyTH nacTO eonyTCTByioT onpeAejieH- 
hhm TnnäM paxa. 

CncTeMbi peKOMÔHHaitHOHHOH penapai^HH 3anMCTBy- 
iot HH(J)opMäLtHio H3 HHTäKTHoro AyrmeKca H HCn0^b3yi0T 
ee /yia nonHHKH ynacTKa roMO^oranHoro Ayn^exea, ym,ep- 
ÔHoro no oôenM itenaM. nyTH RecBC h RecF npeflBapaiOT 
AeHCTBHe RecA, Mba (J)yHKitHa nepeHOCMHKa uenen aicry- 
a^bHa npn ^ioôoh ôaKTepna^bHOH peKOMÔHHäijHH. ľ^aB- 
Hoe npeAHa3HaneHHe peKOMÔHHäitHOHHOH penapaunn 
MOxceT 3äKjiiOMäTbDi b ocBOÔoxc/teHHH 3acTpflBiiiHx pen^H- 
KäTHBHblX BHJIOK. 

B npHHitHnna^bHO ApyroM KanecTBe RecA BbiCTynaeT, 
Kor/ta HH/tyu,HpyeT SOS-OTBeT. Hen3BecTHbiM enoeoôoM 
noBpoK/teHHaa flHK äKTHBHpyeT RecA, h oh cpaôaTbiBaeT 
Ha 3anycK äBTOKäTajíHTHMecKoro pacmemieHHfl 6e^Ka-pen- 
peceopa LexA, TäKHM oôpa30M CHHMaa 6 ^ok c 3KcnpeccHH 
bo MHoroHHCJieHHbix ^OKycax h HH/tyu,Hpya HapaôoTKy 
(J)epMeHTOB-yHaCTHHKOB nyTeH KaK 3KCLtH3HOHHOH, TaK H 
peKOMÔHHauHOHHOH penapauHH. ľeHbi, KOHTpojinpyeMbie 
LexA, coAepxcaT onepaTopHbíň SOS-6okc. HeKOTopbie pe- 
napaitHOHHbie äKTHBHOCTH RecA CTHMyjinpyeT HanpaMyio, 
ynacTneM b npoTeo^H3e. PacmemieHHe penpeceopoB jih- 
3oreHHbix (J)aroB MOXceT noôyAHTb (J)aroB k Bxo^eHHio b 
JIHTHHeCKHH LtHKJI. 

H y npo-, h y syxapHOT chctcmh penapauHH h TpaHC- 
KpnnuHH MoryT ôbiTb B3äHMOCBa3äHbi. Pa/t 3a6ojieBaHHH 
neaoBeKa o6yc;iOB;ieH MyTaunaMH b reHax, KOAnpyioiuHx 
(J)epMeHTbi penapauHH, aecouHnpoBaHHbie c (J)aKTopoM 
TpaHCKpnnuHH TF n H. Y hhx ecTb roMOJiorn epe^H reHOB 
RAD a poxoKeň, hto roBopnT o (J)HjioreHeTHMecKOH paenpo- 
CTpaHeHHOCTH 3toh CHCTeMbi penapauHH. 

HeroMOJiornHHoe coeAHHeHHe kohuob (NHEJ) npe^- 
CTaBjíaeT coôoh oôiuhh cjiynaH nonHHKH pBaHbix kohuob 
(syKapHOTHMecKOH) flHK. TeTepo^HMep Ku cboaht pBaHbie 
KOHUbi BMecTe, TaK hto ohh MoryT ôbiTb CKneeHbi (aHrnpo- 
BaHbi). HecKoabKo 6oae3HeH nejiOBeKa oôycaoBaeHbi Myra- 
UH5IMH KOMnOHeHTOB 3TOTO nyTH. 
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TpaHcno 30 Hbi 


KPATKOE COflEPWAHME ITlABbl J 


BQ BBefleHne 

BB BdaBOHHbie noc/ieAOBaie/ibHOCTM — 3 to 
npocTeMiuMe moay/im TpaHcno3MAMM 

• BcraBOHHafl nocneAOBaie/ibHOCTb npeACTaBJíaeT 
COÓOM TpaHCn030H C MHBepTMpOBaHHbIMM KOHAOBbIMM 
ľlOBTOpaMM M KOflHpyHDL4MM Hy>KHblM Tp3HCn03MAMM 
cf)epMeHT. 

• B npouecce MmerpauMM TpaHcno 30 Ha cam-MMiueHb 
Ayn^MUMpyeTCfl, o 6 pa 3 ya ABa npaMbix noBTopa, 
cf)^aHKupyK)iAMx TpaHcno 30 H. 

• fl/iMHa npflMoro noBTopa cocraB/ifleT ot 5 ao 9 nH m 
CJ iy>KMT XapaKTepMCTMKOM pa3HOBMAHOCTM TpaHCn030Ha. 

BB KoMno 3 MTHbie TpaHcno30Hbi coAep>KaT IS-MOfly/in 

• ľlOMMMO KOAMpOBaHMfl í()yHKUMM COÔCTBeHHOrO 
nepeMemeHMA, TpaHcno30Hbi MoryTÓbiTb Hocme/i/iMM 
Apyrwx reHOB. 

• y K0Mn03MTHblXTpaHCn030H0B eCTb AeHTpa^bHafl 
oó/iacTb, cfj^aHKMpoBaHHafl IS-3/ieMeHTaMM. 

• KaK oamh, Tax m 06 a IS-a/ieMem-a KOMno3MTHoro 
TpaHcno30Ha b coctoahmm oôecneHMTb TpaHcno3MAWo. 

• K0Mn03MTHblíí TpaHCn030H MO>KeT nepeHOCMTbCfl KaK 
eAMHoe Ae/ioe, OAHaKO jiio6om ero aKTMBHbiii 
IS-3^eMeHT MO>KeT nepeHOCMTbCfl M He33BMCMMO. 

BB TpaHcno 3 MAMB MOweT matm no pen/iMKaTMBHOMy 

M/IM no Hepen/lMKaTMBHOMy MexaHM3M3M 

• Bce TpaHcno30Hbi no/ib3yiOTC5i o6meň cxeMoň 
BCTpaMB3HMfl, COľJiaCHO KOTOpOÍÍ B flHK-MMUJeHb 
BHOCflTCfl CMemeHHbie HaApe3bi, k OAHOAenoneHHbiM 
BbiaynaM o6pa30BaBWMxc5i cboôoahwx kohaob 
npMcoeAMHfleTCíi TpaHcno30H, a ópeiUM 3ano/iH5iiOTC5i. 

• Pen/iuKaTMBHbiM /im6o Hepen/iMKaTMBHbiíí xapaKTep 
TpaHcno3MUMM o6yc/ioB/ieH noc/ieAOBaie/ibHOCTbio 
p33BMTMfl COÓbITMM M KOHKpeTHbIM CnOCOÔOM 
CBfl3blBaHMfl TpaHCn030Ha C flHK-MMUJeHblO. 

BB TpaHcno 30 Hbi nepedpaMBatOT flHK 

• ľOMOJlOrMHHaíl peKOMÔMHaAMÍl Me>KAy KOnMflMM 
TpaHcno30Ha Bbi 3 biBaeT nepecrpoňKy flHK xo 3 /iMHa. 

• ľoMO/iorMHHafl peKOMÔMHaAMfl Me>KAy noBTopaMM 
TpaHcno30Ha BeAeT k ero TOHHOMy m/im HeTOHHOMy 
Bbipe3aHMK). 

BB OóiAMe nocpeAHMKM m no/iynpoAyKTbi TpaHcno 3 MAMM 

• TpaHcno3MAMfl HaHMHaeTca c o6pa30BaHMA KOMn/ieKca 
nepeHoca i\env\, b cociaBe KOToporo TpaHcno30H 
OKa3biBaeTCfl coeAMHeHHbiM c camoM MMweHbio oahoíí 
U enbK) C Ka>KAOM CTOpOHbl. 
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mna 


• TpaHcno 3 a 3 a Mu cf)opMnpyei KOMn/ieKC, c 6 /iM>Kafl Kpaa 
nocjieAOBaTe/ibHOCTM cfjara Mu; Aa/iee npoBOAflTCfl 
BHeceHMe H 3 Ape 30 B m peaKAM/i nepeHoca i\env\. 

• Pen/iMKaTMBHaíi TpaHcno3MAM5i — c/ieACTBne pen/iMKauMM 
KOMn/ieKca, Hepen/iMKaTMBHaa — ero penapauuu. 

Pen/iMKaTMBHaB TpaHcno 3 MAMfl conpoBO/KAaeTCB 

o 6 pa 30 BaHMeM KOMHTerpaia 

• Pen/iMKaAMíi b coneiaHHM c nepeHocoM ueneíí 
nopo>KAaeT KOMmerpaT — npoAyKT c/imahm/i 
pen/IMKOHOB AOHOpa M MMlUeHM. 

• KoMHTerpaT coAep>Km ABe np/iMbix Konnn TpaHcno 30 Ha, 
pa 3 Ae/iíiK)iAMx co 6 oň nocneAOBaie/ibHOCTM mcxoahwx 
pen/IMKOHOB. 

• PeKOMÔMHaAMfl Me>KAy KonM/iMM TpaHcno30Ha 
pa3Ae/iíieT KOMmerpaT Ha McxoAHbie pen/iMKOHbi, 
npMneM peAMnMeHT no/iyHaei Koňmo TpaHcno30Ha. 

• PeaKAMio peKOMÔMHauMM Kaia/iM 3 npyeT pe 30 /ibBa 3 a, 
KOAMpyeMafl TpaHcno30HOM. 

Hepen/iMKaTMBHaB TpaHcno 3 MAMB conpoBO>KAaeTCB 

pa3pblBOM M BOCCOeAMHeHMeM 

• Hepen/iMKaTMBHaíi TpaHcno3MAM5i conpoBO/KAaeTca 
pa3pe3aHneM nepeKpecTHOíí cipyKTypbi no AeyM 
MHTaKTHbIM AenílM AOHOpa M JlHTHpOBaHMeM 
o6pa30BaBUJMXCÍl KOHAOB TpaHCn030Ha C OCTaBLUMMMCfl 
KOHAaMM MMLlieHM. 

• ľlpM Hepen/iMKaTMBHOM TpaHcno3MAMM Mu nepBaa napa 
pa3pe3aHHbix ueneM 0Ka3biBaeTC5i n p mu ma k NimueHM 
AO Toro, KaK pa3pe3aHa BTopaa; y Tn5 m TnlO Bce 
neTbipe pa3pe3a bhocíucíi ao npMWMBaHM/i k MmueHM 
KaKOrO-/lM6o M3 KOHAOB. 

B TpaHcno 3 MAMM TnA ynacTBytOT TpaHcno 3 a 3 a m 

pe 30 /ibBa 3 a 

• Pen/iMKaTMBHaíi TpaHcno3MAM5i TnA Tpe6yeT ynacTM/i 
TpaHcno3a3bi (a/ia o6pa30BaHM/i KOMHTerpaia) m 
pe3o/ibBa3bi (a/iíi pa3Ae/ieHM/i pen/iMKOHOB AOHOpa m 
MMUJeHM). 

• Pe3o/ibBa3a no cBoeMy aomctbhio HanoMMHaeT 6e/ioK 
Int cf)ara /í/iMÔAa; no CBoeMy TMny peaKAHfl othocmtcíi 
k Tonon30Mepa3onoAo6HbiM cam-cneAMcfwHHbiM 
peKOMÔMHaAMílM C 06pa30BaHMeM npOMe>KyTOHHOM 
KOBa/ieHTHOÍÍ CLUMBKM Me>KAy 6e/lKOM M flHK. 

KoHTpo/ibTpaHcno 3 MAMM TnlO ocymecTB/ifleTca 

p 33 /lMHHblMM nyTBMM 

• My/ibTMKonMÍÍHoe MHmÔMpoBaHMe CHM>KaeT 
BepOflTHOCTb BCTpaMBaHMfl K3)KAOM HOBOÍÍ KOnMM 
TpaHcno30Ha, ec/in ApyrMe Konnn Toro >Ke TpaHcno30Ha 
y>Ke BCTpOM/lMCb B TeHOM. 
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• Pa3/iMHHbie MO/ieKy/iapHbie MexaHM3Mbi b/imaiot Ha 
HaCTOTy TpaHCn03ML(MM. 

KOHTpOJlMpyiOmMe 3/ieMeHTbl Bbl3blBaiOT pa3/10Mbl M 

nepecTpoMKM b reHOMe KyKypy3bi 

• flB/ieHMe TpaHcno3MUMM óbi/io OTKpbuo y KyKypy3bi 
ó/iaroAapa pa3/iOMaM xpomocom, oópa3yiomMMC5i 
npM TpaHCn03MUMM MOÓM/lbHblX KOHTpO/lMpyK)LJ4MX 
3/ieMeHTOB. 

• Pa3/iOM nopo>KflaeT xpoMocoMy c ijem-poMepoM m 
jiOMaHbiM kohuom, a TaK>Ke auem-pMHecKMM ((/parnem- 
(oó/iomok). 

• AueHTpMHecKMÍí cfjparMeHTTepfleTCfl bo BpeM/i mmto 33, 
3TO MO)KHO 3aMeTMTb nO MCHe3HOBeHMIO flOMMH 3 HTHblX 
a/i/ie/ieíí b reiepo3Mroie. 

• C/lMflHMe Me>KAy / 10 M 3 HblMM KOH 143 MM flByX XpOMOCOM 
nopowflaeT AMueHTpMHecKyio xpoMocoMy, BOB/ieKaeMyio 
b noc^eflyioiUMe umk/iw pa 3 /iOMOB m c/imahmm. 

• LlMK/l pa3/10Ma-C/lM5IHM5l-M0CTa ľipMBOflMT K 
np05IB/ieHM5IM COMaTMHeCKOÍÍ M033MHH0CTM. 

KoHTpoAMpytoiAMe 3/ieMeHTbi o6pa3ytOT ceMeíícTBa 

TpaHCn030H0B 

• B Ka>KAOM ceMeŕícTBe TpaHcno 30 HOB Kyxypy 3 bi ecTb 
aBTOHOMHbie M HeaBTOHOMHbie KOHTpo/iMpyiomMe 
3 /ieMeHTbi. 

• ABTOHOMHbie KOHTpOJlMpyiOmMe 3 /ieMeHTbl KOflMpyiOT 
óe/iKM, no 3 BOJi 5 uomne mm nepeMemaTbca. 

• HeaBTOHOMHbie KOHTpo/iMpyiomMe 3/ieMeHTbi coAepwaT 
MyrauMM, MCK/nonaiomMe Ha/iMHMe y hmx npoAyKTOB, 
cnocoÓHbix k KaTa/iM3y TpaHcno3MijMM; Bce >Ke ohm 
M oryr nepeMemaTbCfl npM yc/iOBMM, hto aBTOHOMHbiíí 
3/ieMeHT M3 Toro >xe ceMeíícTBa oóecneHMT mx 
H eOÓXOflMMblMM 6e/lKaMM. 

• ABTOHOMHbie KOHTpOJlMpyiOmMe 3 /ieMeHTbl 
npeTepneBaiOT CMeHbi <f>a 3 cfjyHKLiMOHa/ibHOCTM, 
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hto o6yc/ioBjieHO r/iaBHbiM o6pa30M amh3mmkom 
M eTM/lMpOB3HHOCTM MXflHK. 

3/ieMeHTbi Spm b/imbiot Ha 3KcnpeccMto reHOB 

• 3/ieMeHT M3 ceMeíícTBa Spm MO>KeT B/iMBTb Ha 
3KcnpeccMio reHOB no MecTy CBoero BHeflpeHMB, ec/iM 
ero Kpafl CB/i3biBaeT óe/iox TnpA. 

• 3/ieMeHT Spm MH3KTMBMpyeTCfl MeTM/lMpOB3HMeM. 

Po/l b MOÓM/lbHblX 3/ieMeHTOB B TMÓpMflHOM 

AMcreHe3e 

• Ocoóm/imhmm P DrosophUa meíanogaster bb/i/hotcb 
HOCMTe/lflMM reHeTMHeCKMX P-3/ieMeHTOB, 
npeACTaB/iíiiomMx coóoíí TpaHcno30Hbi. 

• B pe3y/ibTaTe CKpemMBaHMB caMua P c caMKOM M 
TpaHcno3MAMíi P-3/ieMeHTOB a ktm b m pyeT C51. 

• BHeApeHMe P-3/ieMeHTOB b HOBbie caíÍTbi MHaKTMBMpyeT 
MHO>KecTBo reHOB b reHOMe noTOMCTBa ot CKpeiAMBaHMB 
caMua P c caMKOM M, npMBOA* k óecn/ioAMio. 

P-3/ieMeHTbl MOryT ÓbITb aKTMBMpOBaHbl b K/ieTKax 

3apoAbiiueBoro nyTM 

• ľlpM cKpemMBaHMM caMAa P m cbmkm M P-3/ieMeHTbi b 
K/ ieTKax 3apoAbiujeBoro nyTM mx noTOMCTBa 3 Ktmbho 
nepeMemaiOTCíi no reHOMy, nocKo/ibKy npM yAa/ieHMM 
OAHoro MHTpoHa b xoAe cn/iaiícMHra, cneuMc()MHHoro 
A/ 1/1 K/ieTOK 3apoAbiiueBoro nyTM, oópa3yeTCfl 
noc/ieAOBaTe/ibHOCTb, KOAMpyioiua/i TpaHcno3a3y. 

• flpyroŕí óe/iKOBbiM npoAyKT P-3/ieMeHTa — penpeccop 
TpaHcno3MUMM, cMHTe3MpyeTCB bo Bcex K/ieTKax, m ero 
oneHb MHoro b uMTon/ia3Me BMueK/ieTOK cbmkm P. 

• OTcyrcTBMe npM3H3KOB AMcreHe3a y rMÓpMAa Me>KAy 
CaMUOM M M CaMKOM P OÓbflCHfleTCfl npMCyTCTBMeM 
penpeccopa b uMTon/ia3Me on/ioAOTBopeHHoŕí 
ílMUeK/ieTKM. 

Pe3K)Me 


21.1 


BBeAeHMe 


TeHOMbi 3BOJiioiiHOHHpyK)T, npHOôpeTaa HOBbie noc/ieflOBä- 
TeJIbHOCTH H nepeCTpäHBäH HMOOLUHeCfl. 

BHe3anHoe BHeceHne hobmx noc/ieAOBaTe/ibHOCTeH 
oôycaoB/ieHO cnocoÔHOCTbio BeKTopoB k nepeHOcy hh- 
(J/opMaiiHH Me^fl,y reHOMäMH. BHexpoMOCOMHbie 3/ieMeH- 
Tbi onocpe/iyiOT ropH30HTaabHbiň noTOK HHcj/opMaijHH, 
nepeHOca (J/parMeHTbi reHeranecKoro MaTepnaaa (oômhho 
AOBOJ ibHO KopoTKHe). Y óaicrepHH n/ia 3 MHAbi nepeHOcaTca 
npn KOH'bioraiiHH, b to BpeMa xax (J/ara pacnpocTpaHaioTca 
nyreM hhcJ/ckljhh (cm. di. 14 «CrpaTerHH 6aKTepHO(J)aroB»). 
naa3MHAa hjih (J/ar npn nepeHOce coôcTBeHHoro pen/íHKOHa 
Moryr nepeflaBaTb h reHbi xo3aHHa. ľlpaMOH nepeHOC flHK 
CBOHCTBeHeH HeKOTOpbIM ÔäKTepnaM: OHH OÔMeHHBälOTCa 
MaTepnaaoM flpyr c flpyroM nyreM TpaHCcJ/opMaiiHH (cm. 
pa3A. 1.2 «JXHK — 3to reHeTHMecKHH MaTepnaa 6aKTepHn»). 
HeKOTopbie BHpycbi syxapHOT (b ocoóchhocth peTpoBupy- 
Cbi) Moryr nepeHOCHTb reHeTHMecKyio HH(J)opMauHio b xo^e 
HH(j)eKi],HOHHoro i^HKaa (cm. pa3A. 22.6 «PeTpoBHpycbi mo- 

ryr nepeHOCHTb KaeTOMHbie noc/ie£OBaTe/ibHOCTH»). 

ľlepecTpoHKH oôecnenHBaiOTca npoi^eccaMH, npoxoAa- 
LUHMH BHľyTpH TCHOMa. J\ľC raaBHblX npHMHHbl reHOMHblX 
nepecrpoex pe 3 iOMHpyeT . t u. 


TeHOMHbie nepecTpoMKH nponcxoA/iT 
no HeCKO/lbKMM npMMMHaM 


TpaHcno30H o6pa3yeT HOByio Konmo b c^yMaííHOM Mecie 


i 


Me>KAy noxo>KMMM noc/ieAOBaTe/ibHOCTAMM 
npoMcxoAMT HepaBHbíň KpoccwHroBep 


PHC 2i " M3MeHeHMfl HyK/ieoTMAHOÍí noc/ieAOBaTe/ibHOCTM reHO- 
Ma name Bcero CBB33Hbi c nepeMemeHMeM TpaHcno30Ha Ha HOBoe 
MecTO. CoóbiTM5i TaKoro poAa MoryT cM/ibHo B/iM/iTb Ha 3KcnpeccMio 
reHOB. TaK>Ke reHOMHbie nepecrpoMKM MoryT BB/iATbc/i pe3y/ibTaTOM 
HepaBHoro KpoccMHroBepa Me>KAy noxo>KMMM noc/ieAOBaTe/ibHOCT/i- 
MM, KOTOpbIMM T3K)Ke MOryT OKa3aTbCfl KOnMM TpaHCn030Ha 
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HepaBHaa pexoMÓHHaijHH — pe3yjibTaT HeBepHOH coctm- 
kobkh MaTepnajia xjieTOHHbiMH CHCTeMäMH roMO/ioraHHoň 
peKOMÓHHauHH. Hepeu.HnpoKHaa pexoMÔHHaijHn npHBOAHT k 
AymíHKauHH hjih nepecrpoHxe jiOKycoB (cm. pa3A. 6.7 «HepaB- 
Hbíň KpoccHHroBep npHBOAHT k peopraHH3aijHH 4ejibix reHe- 
THHecKMx xjiacrepoB»). /fynjiHxaijHH BHyTpn reHOMa cjryxcHT 
rjiaBHbiM hctohhhxom óojibniHHCTBa hobhx nocjieAOBaTejib- 
hoctch, b tom CMbioie mto OAHa xomw noaieAOBaTejibHOcro 
óy/jer oôecneMHBaTb ncxoAHyio (})yHXLi,Hio, a BTopaa cmoxcct 
SBOJIIOIJ.HOHHpOBäTb B HOByiO C^yHKlJHIO. KpOMe TOTO, RXl Ce 
MOK/jy 6^H3Kopo^CTBeHHbiMH reHOMäMH cymecTByiOT pa3JIH- 
mhh, 3axjnonaiomHeai b nojiHMopcjjHbix Bapnaijinix — scjxjjex- 
Tax COÓbITHH peKOMÓHHaUHH. B pa3A- 6.14 «MHHH-CaTCTUlHTbI 
MOJKHO HCri0/Ib30BaTb npH reHeTHHeCKOM XapTHpOBaHHH» Mbl 
bhacjih, mto peKOMÔHHäu.Ha MOKAy MHHH-cäTejuíHTaMH nepe- 

HHäHHBäeT HX pa3MepbI, TaK HTO Ka}K3bIH HH/^HBH/iyaJIbHblň 
reHOM HenoBTopuMO OTjiHHaeTcn ot Apyrnx. 

Euj,e OAHa npHHHHä reHOMHOH h3mchmhbocth — cym.ec- 
TBOBäHHe MOÔHJIbHblX 3JieMCHTOB, HJIH TpaHCn030H0B. 
Ohh npeAcraBjmiOT coôoh A^cxperabie (oôocoÔJieHHbie) 
noABHxcHbie noaieAOBaTejibHOCTH, cnocoÓHbie nepeMe- 
maTbcn no pa3HbiM MecronojioxceHHflM b npeAejiax reHOMa. 
TpaHcno30H (b stom ero OTjiHHHTejibHaa ocoôeHHOCTb) He 
npnHHMäeT, noAOÔHO <J>ary hjih mia3MHAe, cjjopMy He3a- 
BHCHMoro 3neMeHTa, a BbinojmneT nepexoA Henocpe/jc- 
TBeHHO c OAHoro reHOMHoro carna Ha Apyroň. B otjihhhc 
ot ôojibuiHHCTBa Apyrnx npoueccoB, jioxamnx b ochobc 
pecTpyKTypH3äUHH reHOMa, TpaHcno3HLjHa He onHpaeTcn 
Ha xaxoe-jinôo cxoactbo nocjieAOBaTejibHOCTen canTOB ao- 
Hopa h peuHnHeHTa. B nepeMemeHHax CBoero, a MHor^a h 
AononHHTejibHoro reHeranecKoro MaTepnana, TpaHcno30Hbi 
orp^HHneHbi npocrpaHCTBOM OAHoro eAHHCTBeHHoro reHO¬ 
Ma. Ohh — BHyTpnreHOMHbie aHajiorn BeKTopoB, cnocoÔHbix 
TpaHcnopTHpoBäTb MaTepnan H3 OAHoro reHOMa b Apyroň. 

TpaHcno30Hbi acjiht Ha ab a xjiacca. B stoh rjiaBe paccMOT- 
peHbi TpaHcno30Hbi, cymecTByiomHe xax xoAnpyiomHe ôejiKH 
nooieAOBäTejibHOCTH, cnocoÔHbie HanpaMyio MaHHnyjinpo- 
BaTb flHK, HTOÔbi pacnpocrpaHaTb ce6a BHyrpn venom. Dl 22 
«PeTpoBHpycbi h peTpono30Hbi» nocBain,eHa TpäHcno30HäM, 
pOACTBeHHbIM peTpOBHpyCaM: HX nOABPDKHOCTb npOHCTeKaeT 
or cnocoÔHOcra AeJiaTb flHK-xonnH coôcTBeHHbix PHK-TpaHC- 
KpnnTOB; sth KonHH HHTerpnpyiOT b HOBbie caňTbi reHOMa. 

TpaHcno30Hbi, Mo6HJiH3yeMbie nepe3 flHK, oÔHapyxceHbi 
h y npo-, h y syxapnoT. KaxcAbiH óaxTepnajibHbiH TpaHcno30H 
HeceT b ce6e reH(bi), xoAnpyioin,He 3H3HMaTHHecxne axTHB- 
hocth, HeoôxoAHMbie eMy/yrn TpaHcno3HLjHH, xoth pflsi nepe- 
Menj,eHHH Moryr noTpeôoBaTbcn BcnoMoraTejibHbie (J)yHKn,HH, 
3äKOAHpOBäHHbie B reHOMe, B KOTOpblH OHH BCTpoeHbl (TäKHe 
Kax /],HK-nonHMepa3a hjih flHK-rHpa3a). ľloAOÔHbie CHCTe- 
Mbi ecrb h y syxapnoT, npaBfla, hx 3H3HMäTHnecKHe (J)yHKi],HH 
H3yneHbi He Tax xopomo. B reHOMe Moryr OAHOBpeMeHHO 
npHcyTCTBOBäTb h cJ)yHKij,HOHanbHbie, h He(J)yHKn,HOHanbHbie 
(AecJ)eKTHbie) sneMeHTbi. Hepe^KO óbiBaeT, hto AC(J)eKTHbix 
MoônnbHbix 3jieMeHTOB b syxapHOTHHecKOM reHOMe — 6onb- 
uihhctbo: ohh noTep^uiH cnocoÓHOCTb nepeMemaTbCH caMO- 
CToaTejibHO, ho (J)epMeHTbi, npo/iyij.HpyeMbie (J)yHKn,HOHanb- 
HbiMH TpaHcno30HäMH, Bce eo^e Moryr pacno3HaBaTb hx xax 
cyôcrpaT /ym nepeMemeHna. SyxapHOTHHecKHH reHOM co- 


AepxcHT orpoMHoe hhoio h pa3HOo6pa3ne TpaHcno30HOB. B 
reHOMe Myxn hx 6onee 50 pa3HOBHAHOCTeH, o 6 u],hm mhcjiom 
B HeCKO/IbKO COTeH HHAHBH/iyaJIbHblX 3JieMeHTOB. 

MoÔHJibHbie sneMeHTbi Moryr npaMO hjih kocbchho 
cnocoócTBOBaTb nepecTpoHKaM reHOMa: 

• CaMO coôbiTne TpäHcno3Hi^HH MoaceT Bbi3BäTb /jene- 
4 hio hjih HHBepcHio (JjparMeHTa flHK hjih noBjíenb 3a 
coôoh nepeMenjeHne nocjieAOBäTejibHOCTH (J)parMeHTa 
reHOMa xo3HHHä b HOBoe nojioxceHHe. 

• By/iynn «nopTäTHBHbiMH ynacTKaMH roMOJiorHH», TpaHC- 
no30Hbi cjiyxcaT cyócTpaTOM jyia kjictohhoh chctcmh 
peKOMÔHHäLJHH; ABe KOnHH TpaHCn030Ha B pa3HbIX no- 
jioxceHHax (Aaxce Ha pa3Hbix xpoMOCOMax) Moryr cpa- 
ĎOTaTb b xanecTBe caňTOB peunnpoKHOH pexoMÓHHa- 
ljhh. 3 to npeBaTO AeneunaMH, BCTäBKäMH, HHBepawMH 
H TpäHCJIOKäL^HHMH. 

C TOHKH 3peHHH eCTeCTBCHHOrO OTÔOpa, TpaHCn030H 
C ero CKaHKOOÔpa3HOH aKTHBHOCTblO — MHUieHb AOBOJIbHO 
pacnjibiBnaTaa. JIoranHO nojiaraTb MOÔHJibHbie sjieMeHTbi 
(bo bchkom cjiynae HexoTopbie H3 hhx) hh BbiHrpbiniHbiMH, 
hh npoHrpbiniHbiMH aa^ (})eHOTHna, ho cnocoÔHbiMH opra- 
HH30BäTbca b sroHCTHHHyio JX HK — flHK, 3aHHMaiouj,yioca 
TOJibKO coôcTBeHHbiM päcnpocTpäHeHHeM B caMOM A^ne, 
paccMaTpHBaa TpaHcno3H4Hio xax aBjíeHne, CToan^ee oco6- 

HHKOM OT APF hx KJieTOHHblX CHCTeM peKOMÔHHäU.HH, Mbl 
TeM caMbiM npHHHMäeM Tonicy 3peHHa Ha TpaHcno30H xa k 
H e3äBHCHMyio cocTaBJíaiomyio reHOMa. 

B3aHMOOTHOmeHHH MeXCAy TpaHCn030H0M H reHOMOM 
HänoMHHäioT B3äHMOOTHOineHHa MexcAy napa3HTOM h ero 
xo3aHHOM. ľlo-BHAHMOMy, pacnpocTpaHeHHe sjieMeHTa 
nocpeACTBOM TpäHcno3Hi^HH ypaBHOBemeHO BpeAOM, npn- 
HHHneMbiM xjieTxe, xorAa TpaHcno3H4Ha HHäXTHBHpyeT 
BaxcHbiH reH, hjih xorAa oônjine TpaHcn030H0B CTäHOBHTca 
oôpeMeHHTejibHbiM aa^ xjieTOHHbix CHCTeM. Bce xce Hejib3a 
3aébIBaTb H O TOM, HTO COÔbITHe TpäHCn03HLJHH, noBJíex- 
mee cejiexTHBHoe npeHMyni,ecTBO (HanpnMep, BCJieACTBHe 
reHOMHOH nepecTpoňxH), oôopanHBaeTca npnopHTeTHbiM 
BbDKHBäHHeM reHOMa, HeCyiU,erO aXTHBHblH TpaHCn030H. 


21.2 


nociieAOBaieiibHocTM — 
3to npocreMiuMe moayíim 

TpaHCn 03 MUMM 


KniOHeBbie noHííTMíi: 


• BcraBOHHafl nocaeAOBaieabHOdb npeACTaBAflei coóoíí 

TpaHCn030H C MHBepTMpOBaHHbIMM KOHI46BblMM nOBTOpaMM M 
KOAMpyiOlAMÍÍ Hy>KHblM AJ151 TpaHCn03MUMM cfjepMeHT. 

• B npouecce MmerpauuM TpaHcno30Ha caMT-MMiueHb Ayn/iMUMpyeTCfl, 
o6pa3y^ ABa npflMbix noBTopa, cfjaaHKMpyioiAMx TpaHcno30H. 

• flaMHa npflMoro noBTopa cociaBAfleT ot 5 ao 9 nH m cay>Km 
XapaKTepMCTMKOM pa3HOBMAHOCTM TpaHcno30Ha. 

MoÔHJibHbie sjieMeHTbi Ha MOJiexyjwpHOM ypoBHe ôbuin 
BnepBbie HAeHTHcJjHu.HpoBaHbi b cJjopMe BcraBOX, cnoHTaHHo 
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B03HHKäI0mHX B ÓäKTepHaJIbHblX OnepOHäX. TaKafl BCTäBKä 
nperwTCTByeT TpäHCKpunuHH w/vmw TpaHOwuHH oiacynHpy- 
eMoro eio reHa. K HacroameMy MOMeHTy onncaHO mhoxccctbo 
pa3HOBbmHOCTeň MOÔmibHbix 3JieMeHTOB noAOÔHoro po^a. 

npocTeňniHe TpaHcno30Hbi Ha3biBaiOT BCTaBOHHbiMH 
nocjic^OBaTCJibHOCTHMH; Taxoe Hä3BäHne OTpaxcaeT hc- 
TOpHIO HX OÔHapyXCeHHH. KaXCflblH THn BCTäBOMHOH noaie- 
AOBaTe;ibHOc™ o6o3HaMaiOT HOMepoM c npe(J)HKCOM IS. Te, 
hto ômjih oÔHapyxceHbi b caMOM Hana^e, nojiyHK/iH HOMepa 
ot IS1 a o IS4; 6o;iee no3AHHe pa3HOBHAHOCTH nojiyna^H ho- 
Mepa, OTpaxcaioiAHe oôcroaTejibCTBa 3KcnepnMeHTä, npu- 
BeAinero k hx HAeHTH^HKaijHH (HOMepa 3th He CBä3äHbi c 
OÔIIJHM HHCJIOM pa3HOBHAHOCTeň, KOTOpbie y^a^OCh H30JIH- 
poBaTb!). 

IS-3^eMeHTbi — ecTecTBeHHbie cocraBjunomHe ôaKTepH- 
a^bHblX XpOMOCOM H njIä3MHA. CraHAapTHblH IIITäMM E. coli 
coAepxcHT Ha KneTKy no HecKOJibKy (<10) Konnn caMbix 
pacnpocTpaHeHHbix pa3HOBHAHOCTeň IS-3 jicmchtob. JJjw 
o6o3HaMeHHH MecTOHaxoxcaeHna BCTäBKH b onpeAejieHHOM 
came Hcno;ib3yK)T abohhoc aboctohhc; Tax, BbipaxceHHe 
X,::IS 1 o6o3HaMaeT IS1-3 jicmcht, BcraBJíeHHbiH b <J>ar 

IS-3JICMCHTbI — äBTOHOMHbie eAHHHL^bl, KOAHpyiOIAHe 
TOJibKO ôejiKH, HeoôxoAHMbie aa^ noAAepxocH coôctbchhoh 
TpaHcno3H4HH. KaxcAaa pa3HOBHAHOCTb yHHKa^bHa no noc- 

JieAOBäTeJIbHOCTH, HO B OpräHH3äLJHH Bcex IS-3JICMCHTOB 
ecTb p«A xapaKTepHbix oôiijhx nepT. CTpyKTypa TnnHMHoro 
TpaHcno30Ha a o h nocjie HHTerpauHH (bhcapchhh) b cäHT- 
MHineHb noxa3aHa Ha p m c. 21,2, KOTopbíň, noMHMO 3Toro, 
cyMMHpyeT ACTajiH crpoeHHa HaHÔojiee nacTO BCTpenaio- 
iahxch IS-3jicmchtob. 

IS-3JieMeHT OrpäHHMHBälOT KOpOTKHe HHBepTHpOBaH- 
Hbie KOHii,eBbie noBTopbi; oôbiHHO jieBaa mum noBTopa 
He coBceM HACHTHMHä npaBOň. Kax noxa3aHO Ha pHcyHxe, 
H B ÔyKBaJIbHOM nOHHMäHHH, HHBepTHpOBäHHblH KOHLJCBOH 
noBTop npeACTaB^aeT coôoh sjicmcht, BCTpenaioiAHHca c 
jnoôoro cjmaHra flHK h HHTaeMbiH b oahom h tom xce no- 
paA^e (npaBAa, Ha p03nux Ljenax flHK). ripn TpäHcno3HijHH 
IS-3JieMeHTa noaieAOBaTejibHOCTb flHK xo3flHHa b caňTe 
BHeApeHna yABanBaeTca. YerpoHCTBO stoh AynjiHxaijHH Bbi- 
aBjíaeTca cpaBHeHneM noaieAOBaTejibHOcreH cäHTä-MHiue- 
hh ao h nooie BHeApeHHH. Ha pne 21.2 noxa3aHO, hto flHK 
IS-BCTäBKH BcerAa (J)jiäHKHpoBäHä oneHb kopotkhmh npa- 
MblMH nOBTOpaMH, HX OAHHäKOBbie nOCJICAOBäTCJIbHOCTH 
HaXOAHTCH B OAHOH H TOH 7KC OpHCHTäUHH. , Z ],0 BHCApeHHfl 
noc^eAOBaTe^bHOCTb cäHTä-MHiueHH cooTBeTCTByeT oahoh 
KonHH noBTopa. B npHMepe, H3o6paxceHHOM Ha pncyHxe, 

ATGCA 

cäHT-MHiueHb npeACTaBjíeH neHTäHyKjieoTHAOM jaCGT h 
KOMnjieMeHTäpHOH noc;ieAOBaTe;ibHOCTbio BTopon ijenn 
flHK. noc^e TpäHCn03HU,HH C KaXCAOH CTOpOHbl OT BCTäBKH 
B03HHKaeT no OAHOH KOnHH 3TOTO CaHTa. 

fljw OTAejibHO B3HToro IS-3^eMeHTa HymieoTHAHaa noc^e- 
AOBäTejibHOCTb npaMoro noBTopa moxcct H3MeH5rrbca c xaxe- 
AblM aKTOM TpäHCn03HL^HH, HO PJMH2. CľO flJVÍ Kmjiptí pa3HO- 
bhahocth IS-3/ieMeHTa nocTOHHHa. 3 to OTpaxcaeT MexäHH3M 
nepeHoea; caMaa nacTaa íjjium npaMoro noBTopa paBHa 9 nH. 

TaKHM o6pa30M, xpaa IS-3^eMeHTa npeACTaB^aiOT co- 
6 oh HHBepTHpoBäHHbie KOHi^eBbie noBTopbi, a npHMbixaio- 


TpaHcno 30 H coAepmiiT HHBepTHpoBäHHbie noBTopu h HaxoAmcfl 
B OKpymeHMH npBMbix noBTopoB 


123456789 987654321 

123456789 987654321 

ľeH TpaHcno3a3bi 


ATGCA 

TACGT 

AHKxo3flMHa CaíÍT-MmueHb AHKxo3flMHa 

\ 

ATGCA 123456789 987654321ATGCA 

TACGT 123456789 987654321TACGT 

ľlpflMOÍÍ HHBepTMpO- TpaHCri 030 H HHBepTMpO- ľlpflMOM 

nOBTOp BaHHblíí BaHHblň nOBTOp 

MMLLieHM KOHLieBOÍÍ KOHLieBOÍÍ MMLLieHM 



noBTop (MKn) 


noBTop (MKn) 

TpaHcno 30 H 

A/iMHa 
nOBTOpOB 
MMLLieHM, PH 

A/i m Ha 
MKn, 

nH 

06mafl 

A/i m Ha, 

PH 

Bbi 6 op 

MMLLieHM 

IS1 

9 

23 

768 

C/iyMaMHblM 

IS2 

5 

41 

1327 

rOpflHMe TOMKM 

IS4 

11-13 

18 

1428 

aaan 20 ttt 

IS5 

4 

16 

1195 

ropBMMe TOMKM 

IS10R 

9 

22 

1329 

NGCTNAGCN 

IS50R 

9 

9 

1531 

rOpBMMe TOMKM 

IS903 

9 

18 

1057 

c/iyMaňHbiM 


F HL. 2ľ..._ TpaHcno30Hbi coflep>KaT MHBepTMpoBaHHbie KOHueBbie 
nOBTOpbl M 4)/iaHKMpOBaHbl npflMbIMM ľlOBTOpaMM CaMTa-MMLUeHM. B 
npMMepe Ha pMcyHKe caíÍT-MMiueHb MMeeT A-nuHy 5 nH, b to BpeMfl KaK 
Kpafl TpaHcno30Ha npeflCTaBAfliOT co6om MHBepTMpoBaHHbie noBTO- 
pbi a/imhoíí 9 nH. Ha pMcyHKe napbi ocHOBaHMÍí b MHBepTMpoBaHHbix 
noBTopax npoHyMepoBaHbi ot 1 ao 9 

mne k hhm Kpaa R HK xo3äHHa npeACTaBjunoT coôoh xopoT- 
KHe npaMbie noBTopbi. 3to — rjiäBHbiH AHamocTHMecKHH 
npH3HaK, no KOTOpOMy npHHHTO HAeHTH(J)H4HpOBaTb 
TpaHcno30Hbi b cocTaBe nocjieAOBäTejibHOCTeH R HK. To 
ecTb BbiHJieHeHHe TäKOH CTpyKTypbi y KaxoH-AHÔo nooieAO- 
BäTejibHOCTH J\HK yKa3biBaeT Ha nponcxox(AeHHe AäHHOH 
nocjieAOBäTejibHOCTH ot coôbiTHa TpäHcno3Hi^HH. 

BOAbUIHHCTBO IS-3JICMCHTOB BCTaBJíaeTCä nO pa3HOOÔ- 
pa3HbIM CäHTäM flHK X03äHHä. OAHaKO HeKOTOpbie pa3HO- 
BHAHOCTH OTAaiOT npeAnOMTCHHe (pä3JIHMHOH CTeneHH) 
KOHKpeTHbIM TOpHMHM TOMKaM. 

HTaK, xpaa TpaHcno30Ha 0Ô03HaHeHbi HHBepTHpoBäH- 

HblMH nOBTOpäMH. On03HaHHe KpaeB — OÔIAHH MOMeHT 
npn nepeHOce aioôoto MOÔHjibHoro 3;ieMeHTa. JJ,uc-jipaq- 
TByioiAHe MyTauHH, npenaTCTByioiAHe TpaHcno3HijHH, co- 
cpeAOTOMeHbi xaK pa3 b xpaax 3JieMeHTä. 3 th xpaa ono3Ha- 
eT cneuna^bHbiH ôejiOK — TpaHcno3a3a 

Bce IS-3JieMeHTH, 3a hckjhomchhcm IS1, coAepxcaT 
eAHHCTBeHHyio KOAHpyioiAyio oô^acTb, HanHHaiomyioai 
cpa3y Brjiyôb ot BHyTpeHHero KOHija oahoto HHBepTnpo- 
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BäHHoro noBTopa h 3axaHHHBäeTca BnjiOTHyio k HHBepTH- 
poBäHHOMy noBTopy Ha ApyroM Kpaio ( hjih Aaxce BHyTpn 
Hero). 3Ta oôjiacTb xoAnpyeT TpaHcno3a3y. Y ISl-3;ieMeH- 
Ta — 6o;iee oioxcHaa opraHH3aijHfl, c AByMH OTAejibHbiMH 
päMKäMH CHHTbIBäHHfl; HCn0JIb30BaHHe npH npOAyKLJHH 
TpaHcno3a3bi hx oôenx AOcraraeTca ójiaroflapa cABnry 
paMKH b npoijecce TpaHCJiaLjHH. 

HacTOTa TpaHcno3HijHH BapbnpyeT, b cpeflHeM cocTaB- 

jiaa ot 10 -4 £0 10 -3 Ha 3JieMeHT 3 a noxojieHHe. BHeApeHne 

B OTACJIbHO B3HTyK) MHUieHb nO HaCTOTe COnOCTäBHMO co 
cnoHTäHHbiM MyTareHe30M (ot 10~~ ao 10~ 5 3a noxojieHHe). 
PeBepcHa IS-3^eMeHTOB (tohhoc Bbipe3aHHe h nepeBopoT 
Ha MecTe), xax npaBHjio, peAxa h moxcct cocTäBHTb ot 10~ 10 
AO 10 -6 COÔbITHfl Ha 3JICMCHT 3a nOXOJieHHe, TO eCTb He 60 - 
jiee 10 ~ 3 Mac™ Bcex TpaHcno3HLjHH. 


21.3 


K0Mn03MTHbie TpaHCn030Hbl 
coAepMOT IS-MOfly/iM 


KjnoneBbie noHflTMfl: 


• ľloMMMO KOflMpoBaHMA cf)yHKUMM co6dBeHHoro nepeMemeHHB. 
TpaHcno30Hbi MoryT 6biTb HOCMTe/iflMM APyrMx reHOB. 

• y K0Mľl03HTHblX TpaHCn030H0B eCTb AeHTpa/lbHafl OÓ/iaCTb, 

cf)^aHKMpoBaHHafl IS-3/ieMemaMu. 

• Kax oflMH, Tax m 06a IS-3/ieMeHTa KOMno3MTHoro TpaHcno30Ha b 
COCTOflHMM OÓeCneHMTb TpaHCn03MUMI0. 

• KoMno3MTHbm TpaHcno30H MO>KeT nepeHocMTbCfl Kax eflMHoe 
ue/ioe, oflHaKO jhoóoíí ero aKTMBHbiíí IS-3/ieMeHT MO>KeT 
nepeHOCHTbCfl M He33BMCMMO. 


HeKOTOpbie TpaHCn030HbI, nOMHMO XOAHpOBäHHH 3H3HMä- 
THHeCKOH 6a3bl TpäHCn03HLJHH, HCCyT KäKHe-JIHÔO APyTHe 
reHeTHHecKHe MapKepbi — HanpHMep, oôycjiOBjíHBaiomHe 
yCTOHHHBOCTb K äHTHÔHOTHXäM. TaKHM TpäHCn030HäM 
npHCBäHBäiOT o6o3HaneHHe Tn h HOMep. Oahh H3 loiac- 
COB KpynHblX TpaHCn030H0B Ha3bIBaiOT K0MI103HTHbIMH 

3jicmcht<ímh 3 a to, hto hx ijempa^bHaa oôjiacTb, Hecymaa 
MapKepbi ycTOHHHBOCTH k äHTHÔHOTHKäM, OKäHMjieHä mie- 
HäMH H3 IS-3JICMCHTOB. 

ľljieHH (OAHHäKOBbie HJIH nOHTH OAHHäKOBbie) MOryT 
ÓbITb B OAHOH OpneHTaUHH, HO Mame HHBepTHpOBäHbl. Kom- 
no3HTHbiH TpaHcno30H c njienaMH b bhac npaMbix noBTO- 
poB HMecT CTpyKTypy 


JleBoe n/ieno AeHTpajibHaa oó/iacrb ľlpaBoe n/ieno 


Eo;iee noApoÓHO CTpyxrypa komho3hthoto TpaHcno30Ha 
npOHJIJIIOCTpHpOBäHä Ha P M C. 21.3, KOTOpblH, KpOMe TOTO, 
oôoôiAaeT CBOHCTBä Hanôojiee pacnpocrpaHeHHbix xoMno- 
3HTHbIX TpaHCn030H0B. 

OôbiHHO KaxcAoe IS-mieno HeceT no xpaaM HHBepTnpo- 
BaHHbie XOHLjeBbie nOBTOpbl; TäKHM 0Ôpa30M, K0Mn03HT- 
HbiH TpaHcno30H Kax ijejioe oxaHNnmiOT Te xce KopoTKne 
HHBepTHpOBäHHbie XOHLjeBbie nOBTOpbl. 

B HeKOTopbix cjiynaax IS-MOAyjiH KOMno3HTHoro TpaHC- 
no30Ha HACHTHHHbi, HanpHMep menn Tn9 npeACTaBjmiOT 
coôoh npaMO noBTopeHHbíň IS1, a rnienn Tn903 — HHBep- 
TnpoBäHHbie KonHH IS903- B Apyrnx cjrynaax, Kax y Tni0 wm 
Tn5, MOAynH oneHb noxoxcn, ho He HAeHTHHHbi, mto no3BO- 
;weT pa3JiHnaTb jieBbie h npaBbie MOAyjiH y TnlO wm Tn5. 

ÔyHKn,HOHajibHbiH IS-MOAyiib MOxceT oôecneMHTb TpäHC- 
no3Hu,Hio xax oahoto ce6a, Tax h xoMno3HTHoro TpaHcno30Ha 
u,ejiHXOM. KorAa MOAyjiH HAeHTHHHbi (xax y Tn9 wm Tn903), 
noAAepxcxy nepeMemeHHio TpaHcno30Ha, no Bcen bhahmocth, 
cnoeoôeH oxa3aTb xa>xnbiH H3 hhx. Ec^h MOAynn OTjiHnaiOTCH, 
MoryT ÔbITb pä3HbIMH H HX (J)yHXU,HOHa^bHbie B03M0XCH0CTH, 

Tax hto TpäHcno3HijHfl MOxceT (Bceí^ejio wm maBHbiM oôpa- 
3om) 3aBHceTb ot oahoto H3 MOAyneH (xax y TnlO wm Tn5). 


K0Mn03MTHblM TpaHCn030H COflep>KMT flBa KOHlieBblX IS-3JieMeHTa 


IS-MOfly/in HaxoAflTCfl b OAMHaKOBoň opneHTaunM 

I-1 

IS, jieBbíň (L) IS, npaBbíň (R) 

| reHeTMMecKue Mapnepbi ^ 

tpaHcno30Ha r " ■ * .* 


- \ - 

IS-MOAy/ib MMeei 
coódBeHHbie MKľl 



IS-MOAy/ib MMeeT 
coódBeHHbie MKfl 


ľlpMMep 
Tn9 IS1 


IS-MOAy/lM MAeHTMHHbl, 
06a (J)yHKi4MOHa/ibHbi 


IS-MOAynn HaxoAflTCfl b npoTMBono^o>KHoíí 
opueHTaunM (MHBepTupoBaHHbie) 



reHeTMMecKue MapKepbi kr. .. A 
TpaHcn030na 1 


ľlpMMep 

íleBbiM Kpaw 

MapKepbi 

ripaBbíň Kpaň 

Tn903 

IS903 

kan R 

06a IS-MOAy/ifl 
(J)yHKI4MOHa/lbHbl 

TnlO 

IS10L 

He (J)yHKi4MOHa/ieH 

tet R 

IS10R 

(JjyHKAMOHa/ieH 

Tn5 

IS50L 

He (fiyHKAMOHajieH 

kan R 

IS50R 

(J)yHKi4MOHa/ieH 


Ecjih njienH npeACTaBjmiOT coôoh HHBepTHpOBäHHbie 

noBTopbi, CTpyxTypa 6yAeT Täxoň: 

JleBoe n^eno l4eHTpa^bHafl oó/iacrb ľlpaBoe n^eno 

CTpejixaMH o6o3HaneHa opnemaiiHa n^en, xoTopbie 
CMHTälOTCa JieBbIM H npaBbIM B COOTBeTCTBHH c (npOH3BOJIb- 
hoh) opneHTaijHeH xap™ TpaHcno30Ha e^eBa HanpaBO. 


21,3 y KOMno3MTHoro TpaHcno30Ha ecTb ueHTpaAbHafl oô^acTb, 
coflep>KaiAa5i reHeTkinecKMe Mapxepbi (HanpHMep, reHbi ycTOÍíHMBOc- 
TM K aHTMÔMOTMKaM). UeHTpaAbHafl OÔAaCTb cf)AaHKMpOBaHa IS-MOAy- 
J151MM (OHM TaK>Ke flBA5UOTC51 HaCTbK) TpaHCn030Ha). Ka>KAblM MOAy/lb 
coAep>KMT KopoTKMe MKľl. Ecjim npaBbiíí m /íeBbiki MOAy/iM HaxoAflTCfl 
B npOTMBOnOAO>KHOM OpMeHTaUMM (TO eCTb flBA5UOTC51 MHBepTMpOB3H- 
HblMM), HX AMCTa/lbHbie MKľl HaXOAflTCfl B OAMHaKOBOM OpMeHTaUMM: 
noAynaeTCfl, hto KOMno3MTHbm TpaHcno30H coAep>KMT KopoTKMe npfl- 
Mbie KOHLjeBbie noBTopbi 
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npe/jnojiaraiOT, hto sbojhouhohho KOMno3HTHbie 
TpaHcno30Hbi bo3hhkjih b pe3y;ibTaTe accou,Hau,HH RByX 
HCXO/JHO He3aBHCHMbIX IS-MO/iyJieH C U,eHTpaJIbHOH oójiac- 
Tbio. Tanaa CHTyau,Ha Morjia cJioxcHTbca, Kor/ja npn TpaHC- 
no3Hu,HH IS-3JieMeHTa caHT-peu,HnHeHT (MHineHb) 6biji 
pacnojioxceH 6jih3ko k canTy-AOHopy. Oxa3aBiiiHCb b cocra- 
Be KOMno3HTHoro ajieMeHTa, ABa H/jeHTHHHbix IS-MO/jyjia 
MorjiH TaKOBbiMH h ocTaTbCfl hjih xce AHBeprapoBaTb. Cno- 
coÓHOCTb IS-MO/jyjia b o/jHHOHKy oóecneMHTb nepeMemeHHe 
Bcero KOMno3HTHoro ojieMema oômcmtT oTcyrcTBHe AaB- 
jieHHa ecTecTBeHHoro oTóopa, KOTopoe 3acTaBjiajio 6bi 06a 
MO/iyJia OCTaBaTbCfl TpaHCn03HU,H0HH0-aKTHBHbIMH. 

KaKHMH xce oócToaTeJibCTBaMH HaBa3aH nepeHoc Bce- 
ro KOMno3HTHoro 3JieMeHTa, a He OT/jejibHoro IS-Mo^yjia? 
3tot Bonpoc ocoóeHHO aKTyajieH, ecjiH 06a Mo/jyjia (joyH- 
Ku,HOHajibHbi. HanpHMep, y Tn 9 KaxcAbin ISl-MO/jyjib ax- 
THBeH, no Bcen bh/jhmocth, h caM no ce6e, n b cocraBe 
TpaHcno30Ha. rioneMy KOMno3HTHbiň ojieMem coxpaHaeT 
u,ejiocTHOCTb n BCTaBOHHbie nocjieAOBaTejibHOCTn njien He 
nepeMemaiOTca HH/jHBHAyajibHO? 


IS- 3 /teMeHTbi Moiyr nepewemaib yMacroK, 
3 aK/liOMeHHblH MeJK/^y HMMW 


TnlO 



TpaHcno30H 
BCTpanBaeTCíi 
b KO^bueByto flHK 




IS10L 


IS10R 




^epew£eopwowm^^£mopo£eopíiowm 


í 


TpaHcno30H TnlO 
coBepwaeT HOBoe nepeMememie 


.. 


— 


nepeMememie coBepiuaeT ocra;ibHafl nacrb KOJibueBoií flHK: 
ee Mo6n^M3yiOT Te we MOAyjin IS10 b ajibTepHaTMBHoií 
opnemaumí; TaK B 03 HMKaeT hobníí TpaHcno 30 H 


P MC. 21.4 flBa MOflyiifl IS10 paóoTaioT KaK opraHM3aiopbi KOMno- 
3Mmoro TpaHcno30Ha n cnocoÓHbi nepeHecTM b HOBoe MecTO nocne- 
AOBaieiibHOCTb flHK, KOTopas hx pa3AejifieT. Ecjih, HanpHMep, TnlO 
flBiiaeTca nacrbio HeóojibwoH KOJibijeBOH MO.neKy.nbi, mpyjHA IS10 
cnocoÓHbi npMBecTM b ABHweHHe KaK caM TnlO, TaK n npoTMBOiie>Ka- 
iMyio nacTb KOiibua 


Ha caMOM /jejie ABa iS-ojieMema Moiyr nepeMecTHTb 
jnoóyio 3amnoHeHHyK) MexcAy hhmh noejieAOBaTejibHOCTb, 
paBHO xax h cbok). Ha pmc. 21.4 noxa3aHO, mto, ecjiH TnlO 
npeóbmaeT b cocTaBe KOJibijeBoro penjíHKOHa, to ABa ero 
IS10-MOAyJiH moxcho paccMaTpHBaTb He TOJibKo xax njienn 
u,eHTpajibHon oóJiacTH TnlO c ee tchom tet R (ycTOHHHBoc- 
TH K TeTpaU,HKJIHHy), HO H KaK (jDJiaHTH npOTHBOnOJIOXCHO- 
ro cerMema KOJibu,a. 3HanHT, oxoHnaTejibHbiM oOtcktom 
T paHcno3HU,HH MoxceT oxa3aTbca xax TnlO (Tor/ja coóbi- 
THe óyaeT MapxHpoBaHo ABHxceHHeM tet R ), TaK h hobmh 
«B biBepHyTbin» TpaHcno30H c ajibTepHaTHBHon u,eHTpajib- 
HOH OÓJiaCTbK). 

3aMeTHM, 4TO y 3THX TpaHCn030H0B, HCXOAHOTO H HH- 
BepTHpoBaHHoro, ISlO-MOAynH hmoot npoTHBonojioxcHbie 
OpHeHTan,HH OTHOCHTeJIbHO LjeHTpaJIbHOH OÓJiaCTH, H 3TO, 
oneBHAHO, He bjihact Ha hx (J)yHKu,HOHajibHOCTb. HacTOTa 
COÓbITHH TpaHCn03HU,HH /yia K0Mn03HTH0T0 SJieMCHTa Ha- 
XOAHTCfl B OÓpaTHOH 3aBHCHMOCTH OT paCCTOflHHfl MOK/íy 

Mo/iyjiHMH (neM AaJibine, TeM pexce). TaKaa 3aBHCHM0CTb — 
(})aKTop orpaHHneHHa pa3Mepa oóbiKHOBeHHbix KOMno3HT- 
HblX TpaHCn030H0B. 

TjiaBHon chjioh, noAKpenjiaK)nj,eH nepeHoc KOMno3HT- 
Hbix TpaHcno30HOB, cjiyxcHT oTÓop no MapKepaM u,eHT- 
pajibHon oóJiacTH. MoAyJib IS10 cboóoach nepeMenj,aTbca 
no coócTBeHHOMy ycMOTpeHHio h b OAHHonxy npnxoAHT 
b ABHXceHHe Ha nopa/joK name, neM TnlO u,ejiHKOM. TnlO 
CB5I3aH OTÓOpOM C tet R , nOSTOMy B CeJieKTHBHblX yCJIOBHBX 
OTHOCHTejibHaa nacTOTa TpaHcno3Hu,HH TnlO MHoroKpaT- 
ho yBejiHHHBaeTca. 

IS-3JieMeHTbi KOAHpyioT TpaHcno3a3bi, oTBeTCTBeHHbie 
h 3a no^roTOBKy canTOB-MHineHen, h 3a ono3HaHHe xpaeB 
TpaHcno30Ha: Htoóbi nocjiyxcnTb cyócTpaTOM TpaHcno3Hu,HH, 
TpaHcno30Hy He Hyxaio Hnnero, KpoMe coócTBeHHbix xpaeB. 


21.4 


TpaHcno3Mi4Mn MO)KeT matm 
no penjiMKaTMBHOMy m/im no 
HepenjiMKaTMBHOMy MexaHM3MaM 


KniOHeBbie noHBTHB: 


• Bce TpaHcno30Hbi noiib3yiOTca oóiAeií cxeMoií Bcipamanm. 
cornacHO KOTopoií b flHK-MMiueHb bhocatcíi CMemeHHbie 
HaApe3bi, k oAHOuenoHeHHbiM BbiciynaM o6pa30BaBLunxcfl 
CBOÓOAHbix kohiiob npMCoeAMHfleTCfl TpaHcno30H, a ópewM 
3anoiiHínoTcyi. 

• PeniiMKaTMBHbm jimóo HepeniiMKaiMBHbm xapaKTep 
TpaHcno3MAMM oóyciioBiieH nocneAOBaTejibHOCTbio pa3BMTMB 
COÓbITHH H KOHKpeTHbIM CnOCOÓOM CBB3blBaHHB TpaHCn030Ha C 
AHK-MHĽJeHbK). 


BHeApeHHe (HHTerpau,Hio) TpaHcno30Ha b hobhh canT tuuiioc- 
TpnpyeT p M c, 21 . 5 . npouecc coctoht h3 3TanoB BHeceHna cMe- 
nj,eHHbix H3Ape30B b /IHK-MHineHb, npnmnBaHHa TpaHcno30- 
Ha x OAHon,enoMeMHbiM BbicTynaM KpaeB pa3pe3a, 3anojiHeHna 
ópernen. nopox^eHHe h nocjie/iyioiij.ee 3ano;iHeHHe OAHon,e- 
noneMHbix kohu,ob oóTacHaeT Hajimne npaMbix noBTopoB 
/ÍHK-MHineHH no o6e CTopoHbi ot BCTpoHBineroca 3JieMeHTa 
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Jljmm npflMbix noBTopoB AmoyeTCfl bcíihhhhoh CMemeHna 
MOK^y Hanpe3aMH b myx uenax mhidchm Ha HanajibHOM sTane 
HHrerpau,HH. 3Ta Boímum oToôpaacaeT reoMcrpnio (})epMeH- 
Ta (TpaHcno3a3bi) ynacTByioiij.ero b pa3pe3aHHH. 

Hcnojib30BaHHe OAHon,enoHeHHbix KOHu,eBbix BbicTy- 
iiob — oóiahh MOMem /ym Jiioóoro H3 cnocoóoB TpaHcno- 
3hu,hh; Bcero >Ke, no MexaHH3My nepeMemeHHfl sjieMeHTa, 
pa3JIHMaiOT TpH THna TpaHCn03HU,HH: 

• npH peiuíHKaTHBHoň Tpacn 03 mj.Hn sjieMeHT Ayn- 
jiHU,HpyeTCH, h oó^eKT TpaHcnopTHpoBKH npeacraBJífleT 
coóoh KonHio ncxo^Horo 3JieMeHTa. P M c. 21.6 /je mohc- 
TpHpycr pe3yjibTaT Tanon TpaHcno3Hu,HH. KonHpoBaHHe 
TpaHcno30Ha — sto HeorbeMJieMafl nacrb ero nepeMe- 
w£Hm. Onm Koum ocTacrca b hcxo/jhom came (aoho- 
pe), a Apyran Konna BHeApaeTCfl b hobmh. TaKan TpaHC- 
no3HU,Ha conpoBo^aeTCH yBe™neHHeM HHCJia KonHH 
sjieMeHTa. B perníHKaraBHon TpaHcno3Hu,HH ynacTBycr 
RB2. THna 3H3HMaTHMecKon aKTHBHocTH: TpaHcno3a3a 
AeHCTByeT Ha rpaHHUbi hcxoahoto TpaHcno30Ha, a pe- 
30JibBa3a AencTByeT Ha /iynjiHU,HpoBaHHbiH MaTepnaji. 
TpaHcno30Hbi ceMencTBa TnA nepeMemaioTCfl no re- 
HOMy HCKJIIOMHTeJIbHO peiWHKaTHBHblM cnocoóoM (cm. 
pa3/j. 21.7 «PenjiHKaTHBHaa TpaHcno3Hu,Ha conpoBo^a- 
ctch o6pa30BaHHeM KOHHTerpaTa»). 

• npH HepeiUIHKaTHBHOH TpaHCn03HU,HH SJieMeHT 
(J)H3HMecKH nepeMemacrcH HenocpeACTBeHHO c oahoto 
carŕra Ha Apyron. npH stom MaTepnaji flHK b cocTaBe 
TpaHcno30Ha hc npeTepneBaeT h3mchchhh, t. e. npo- 
u,ecc KOHcepBaTHBeH. BcraBOHHbie noaieAOBaTejibHoc- 
th h HeKOTopbie KOMno3HTHbie sjieMeHTbi (HanpHMep, 
TnlO h Tn5) AeiiaiOT sto nepe3 nojiHoe BbicBoóo^e- 
HHe H3 (})jiaHKHpyK)iij 1 eH flHK carŕra-AOHopa. Tanoro 
po#a MexaHH3M, noKa3aHHbiň Ha p m c. 21.7, Tpeóyer 
ynacTHH oahoh Jinnib TpaHcno3a3bi. flpyron MexaHH3M 
ynoTpeóJiHcr CBA3b MOK^y J \HK AOHopa h mhidchm, b 
hcm ecTb 3Tanbi, oômHe c npoueccoM perníHKaraBHOH 
TpaHcno3Hu,HH (cm. pa3/j. 21.6 «06mHe nocpe^HHKH 
h no.TynpoflyKTbi TpaHcno3Hu,HH»). 06a MexaHH3Ma 
HepenJIHKaTHBHOH TpaHCn03HU,HH npHBOAHT K HCMe3- 

hobchhk) sjieMeHTa H3 caHTa-^OHopa c npnxoAOM b 
canT-MHineHb. KaKOBa AajibHenmafl cyzjbóa MOJieKyjibi- 
AOHopa? Jlnn ero BbDKHBaHHfl hcoóxoahmo pacno3HaBa- 
HHe AByxu,enoMeMHoro pa3pbiBa CHCTeMaMH penapau,HH 
X03flHHa. 

• KoHcepBaTHBHaa TpaHcno3HU,HH onHCbiBaeT #py- 
roe HeperuíHKaTHBHoe coóbiTHe: Bbipe3aHHe sjieMeHTa 
H3 caňTa-AOHopa h BHeApeHHe b MHineHb c coxpaHeHH- 
eM ecex MOKHymieoraAHbix CBfl3en (cm. pmc. 21 . 8 ). 3to 

B TOHHOCTH HanOMHHaeT MexaHH3M HHTerpan,HH JlflM- 
6/ja, KOTopbin oócy^AajiCH b pa3A. 19.16 «Cneu,HajiH3H- 
poBaHHa^ peK0M6HHau,HH 3a^eHCTByeT cneu,H(})HMHbie 
caŕíTbi», a TpaHcno3a3bi TaKHx sjicmchtob poACTBeHHbi 
HHTerpa3e \ h HJieHaM ee ceMencTBa. MoÓHjibHbie sjie- 
MeHTbl, HCnOJIb3yK)UJ 1 He TaKOH MexaHH3M, BeJIHKH H MO- 
ryr onocpe^OBaTb nepeHoc He TOJibKO caMHX ce6a, ho 
h flHK AOHopa H3 oahoh óaKTepHH b Apyryío. CHana^a 
TaKHe sjieMeHTbi KnaccH(})HLi,HpoBa^H KaK TpaHcno3o- 
hh, ho óojiee npaBHjibHO CMHTaTb hx snHCOMaMH. 


r>p«Mbie noBTopbi mhuichm o -pa3yK)TCfl b npouecce BcrpaMBaHMfi 
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PMC. 21.5 ľlpyiMbie noBTopbi b flHK, (JjAaHKMpyioiAeM TpaHcno30H, 
B03HMKai0T ÓAaroAap^ BHeceHmo CMemeHHbix HaApe30B c o6pa30Ba- 
HneM MAeHTMHHbix K0Hii6Bbix BbiCTynoB, k KOTopbiM npucoeAMHBioTcyi 
Korn^bi TpaHcno30Ha npH ero BcrpaMBaHMM 


TpaHcno 30 H ompaBiuieT cboio Konmo b hobbim caŇT 

AOHOp 

PeĽiunneHT 
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P H C. 21.6 ľlpn peruiMKaTMBHOM TpaHcno 3 Mi 4 MM o 6 pa 3 yeTCíi Konnyi 
TpaHcn030Ha A KOTopas BCTpaMBaeTcn b caiÍT-peuMnMeHT. CaíÍT-AOHop 
ocTaeTcn 6e3 v\3fAeueHm f TaK hto b pe3yjibTaie 06 a caŕíia coAep>KaT 
no KonMM TpaHcno30Ha 



PMC. 21.7 ľlpn HepenAMKaTMBHOií TpaHCn03Ml4MM TpaHCn030H co- 
BepwaeT 4)M3MHecKoe nepeMemeHne m caiÍTa-AOHopa b caiÍT-pe- 
UMnMeHT. flByxuenoneHHbm pa3pbiB, ociaBJíeHHbM b caiÍTe-AOHope, 
Hy>KAaeTcyi b penapaijMM 
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P M C. 21.8 ľlpn KOHcepBaTMBHoií TpaHcno3MUMM (HanpMMep, mier- 
pai\m n 3KCUM3MM jiaMÓAa) TpaHcno30H coBepiuaeT (()M3MHecKoe ne- 
peMemeHMe 6e3 noiepn MewHyKJieoTMflHbix cBfl3eií 


HeKOTopbie TpaHcno30Hbi nojib3yiOTca TOJibKo o/jhhm 
MexaHH3MOM TpaHcno3Hu,HH, Apyrae cnocoÓHbi Hcnojib30- 
BaTb pa3Hbie nyTH. SjieMeHTbi IS1 h IS903 noJib 3 yiOTca h pen- 
jíHKaTHBHbiM, h HepenjíHKaraBHbiM nyTflMH; noApoÓHO OnH- 
caHa cnocoÓHOCTb (jiara Mu oópamaTbai k TOMy h /jpyroMy 
MexaHH3My, hcxo/ja h3 oómero pjw hhx noJiynpo/iyKTa (cm. 
pa3/j. 21.6 «06nj,He nocpe/jHHKH h nojiynpo,nyKTbi TpaHcno- 
3hu,hh»). O/jhh h Te >Ke 6a30Bbie ranbi peaKijHH oóycnoBJíH- 
BaiOT JIIOÓOH aKT TpaHCn03HU,HH. TpaHCn030H H flHK-AOHOp 
pasTe/jHiniioTai peaKu,H5iMH pa3pe3aHHn, nocjie nero oTKpbi- 
Tbie KOHLjbi TpaHcn030H0B coeAHHaioTca c flHK-MHineHbio 
peaKUHaMH nepeHoca no MeTOAy TpaHC3TepHcj)HKaiiHH: 3'- 
OH KOHeu, u,enn TpaHcno30Ha HanpnMyio aTaicyeT AHK-mh- 
rneHb. 3th peaKn,™ hmoot mccto BHyTpn HyKJieonpoTenHO- 
Boro KOMmeKca, co/jep^amero Heoóxo/jHMbie (})epMeHTbi n 
06 a KOHu,a TpaHcno30Ha. TpaHcno30Hbi TaioKe KjiaccH(f>HĽi,H- 
pyiOTca no TOMy, ono3Hacr cncTeMa caHT-MHineHb pp pa3T>- 
epyimum MoónjibHoro 3JieMeHTa c aohopom hjih >Ke nocjie. 

Bbióop caňTa-MnmeHH ocymecTBJífleTai TpaHcno3a3oň. 
B HeKOTopbix cjiynanx MHiiieHb BbiónpaeTca npaKTHHecKH 
CAynaňHbiM o6pa30M. B Apyrax cjiynanx Bbióop onpeAejw- 
eTCfl HajiHMneM KOHceHcyca hjih apyrHM cbohctbom flHK. 
3thm cbohctbom moxcct óbiTb BTopHMHan CTpyKTypa flHK 
(HanpnMep, H3rnó) hjih .QHK-óejiKOBbiH KOMnjieKc. nooie/í- 
HHH BapnaHT MO)KeT npHBOAHTb K BHeApeHHIO TpaHCn030Ha 
b cneu,H(J)HHecKHH npoMOTop (Tax Tyl hjih Ty 3 y ApoaoKeň 
«BbiÓHpaiOT» npoMOTopbi polili), b HeaKTHBHbie ynacTKH 
xpoMOCOM hjih b penjiHijHpyiomyioai flHK. 


21.5 


TpaHcno30Hbi nepeapaMBaiOT flHK 


KmoneBbie noHATnyi: 


• roMOJiorMHHayi peKOMÓMHaAMfl Mewfly KoriMflMM TpaHcno30Ha 
Bbi3biBaeT nepecTpoííKy flHK xo3íiMHa. 

• roMOJiorMHHayi peKOMÓrnnaiiMa Mempy noBTopaMM TpaHcno30Ha 
BefleT k ero TOHHOMy min HeTOHHOMy Bbipe3aHnto. 


ľlOMHMO «npOCTOH» MOJieKyJIflpHOH TpaHCn03HU,HH — CMe- 
Hbl MeCTOHaXOXCACHHa BCTaBKH, — TpaHCn030HbI MOryT 
coynacTBOBaTb b Apyrax ranax nepecTpoeK flHK. MHor/ja 
flHK nepecrpaHBaeTCfl H3-3a B3aHMOACHCTBHa MOK/jy 3Jie- 


PeKOMÔMHai^Mj) MOKfly npflMbtMH nOBTOpaMH 
npHBOAMT k Bbipe 3 aHMio ()}parMeHTa 


llpyiMbie noBTopbi 



ľlOBTOpbl 
BCTatOT b napy 


PeKOMÓMHaUMfl 
o6oco6/!BeT 
ynacTOK flHK, 
pa3Ae/iBBiuMÍí 
ľlOBTOpbl 



PMC. 21.9 PeuMnpoKHayi peKOMÓrnnaiiHfl Me>KAy rips m bi m n noBTopaMM 
b flHK 3KBMBajieHTHa Bbipe3aHmo Maiepna/ia Me>KAy 3 tmmm noBTopa- 
mm. Ka>KAbm npoAyKT peKOMÓrnnaiiMM MMeeT OAHy Koňmo noBTopa 


MeHTaMH MHO^CeCTBa HACHTHMHblX KOnHH TpaHcno30Ha. 
Jl pyrne nepecTpoíiKH B03HHKai0T xax pe3yjibTaT ajibTep- 
HaTHBHbix hcxoaob TpaHcno3Hu,HH, cjiy^Ka kjiiomom k pa3- 
ra^Ke ee MexaHH3Ma. 

BCTpaHBaHHe BTOpOH KOnHH TpaHCn030Ha n0ÓJIH30CTH 
ot nepBOH npeBaTO nepecTpoíiKOH HK xo3aHHa. Kjictoh- 
Hbie CHCTeMbi Moiyr noABepmyTb napy Konníi TpaHcno30- 
Ha peiJHnpOKHOH peKOMÓHHailHH, nOCJieACTBHa KOTOpOH 
3aBHCHT OT B3aHMHOH OpHCHTaU,HH KOnHH. 

pmc. 21.9 HjunocTpHpyeT o6nj.ee TonojioranecKoe npa- 
bhjio, corjiacHo KOTopoMy peK0M6HHau,Ha Mexc^y napoň 
npaMbix noBTopoB Bbipe3aeT MaTepnaji, pacno3HaiomHH hx. 
ľlpoMe^cyroMHaa oóJiacTb 0Ka3biBaeTca hckjhohchhoh H3 
XpOMOCOMbI BMeCTe C OAHOH (peKOMÓHHaHTHOH) KOnHCH 
TpaHcno30Ha b cocraBe KOJibiieBOH flHK (KOTopyio KJieT- 
Ka TepaeT). B xpoMocoMe ocTaeTca eAHHCTBeHHaa Konna 
npaMO noBTopaBuieroca TpaHcno30Ha. Tax, peKOMÓHHaiiHa 
MOKAy npaMO noBTopmonj,HMHca ISl-MOAyjniMH TpaHcno- 
30Ha Tn9 npHBeAeT k 3aMeHe Bcero KOMno3HTHoro TpaHC- 
n030Ha OAHHOHHbIM IS1 -MO/iyJieM. 

TaKHM o6pa30M, cmcjkhoh c TpaHcno30- 

hom nocjieAOBaTejibHOCTH flHK MoaceT óbiTb pe3yjibTaT0M 
AByxcTyneHnaToro npou,ecca. CHanajia TpaHcno3Hu,Ha no- 
poxcAaeT npaMyio Konnio 3JieMeHTa, 3aTeM Mexc^y KonnaMH 
npoHexoAHT peK0M6HHau,Ha. O^HaKo óojibniHHCTBO ACJie- 
u,hh MaTepnajia flHK, npoHcxo/JAnj,Hx b HenocpeACTBeHHOH 

ÓJIH30CTH OT TpaHCn030H0B, CBOHM B03HHKH0BeHHCM OÓB- 
3aHbi BapnaóejibHOCTH MexaHH3Ma caMoro coóbiraa TpaHC- 
n03HUHH. 

pmc. 21.10 H3o6paxcaeT TonojioranecKHe nocJieACTBHa 
peu,HnpoKHOH peKOM6HHau,HH MOK/iy napoň HHBepTHpo- 
BaHHbix (pa3BepHyTbix Ha 180°) KonHH TpaHcno30Ha. 06- 
jiacTb MexcAy KonnaMH npeTepneBaeT HHBepcnio, a caMH 
ohh coxpaHmoT CBoe mccto b flHK xo3aHHa — BMecTe c 
B03M0a(H0CTbI0 H pZJlbUIC CnOCOÓCTBOBaTb HHBepCHaM 


540 MABA 21 TpaHcno 30 Hbi 


























PeKOMÓHHailIM MeJKfly MHBepTMpOBaHHbiMM nOBTOpaMM 
MeHBBT OpHeHTaUMiO BCTdBKM 


1/lHBepTľipOBaHHbie nOBTOpbl 



ynacTOK, pa3Ae^BBUJníí 
noBTopbi, noBepHyT Ha 180° 


PMC. 21.10 PeuMnpoKHayi peKOMÓUHaAUfl Me>Kfly MHBepTMpoBaH- 
HbiMM noBTopaMM nepeBopaHMBaeT Maiepua/i, 3aKJiiOHeHHbiM Me>KAy 
nOBTOpaMM, OTHOcmeiibHO reHOMHOro OKpyweHMfl 


Mae, 3KCIJH3HH TpaHCn030H0B RecA-He3aBHCHMa; B03M0)KH0, 
OHa oôyaiOBjíeHa k3khm-to microHHbiM MexaHH3MOM no- 
poxc/ieHHH cnoHTaHHbix fleaeu,HH Me>K/iy 6 /ih3ko pacno/io- 
XCeHHblMH nOBTOpHIOmHMHCfl nOCJieflOBaTe^bHOCTBMH. 


21.6 


06iUHe nocpeflHMKM 
m no/iynpoAyKTbi TpaHcno3Hi4Hii 


KmoMeBbie noHjmifl: 


• TpaHcno3MLjM5i HaHMHaeTCíi c o6pa30BaHM8 KOMniieKca 
nepeHOca i\en u, b cociaBe Kcrroporo TpaHcno30H OKa3biBaeTca 
COeflMHeHHblM C CaíÍTOM MMĽJeHbK) OAHOÍÍ AenbK) C Ka>KAOM 
CTOpOHbl. 

• TpaHcno3a3a Mu (JjopMMpyeT KOMiuieKC, cójiuwafl Kpaa 
nociieAOBaieiibHOCTM ())ara Mu; Aaxee npoBOAflTca BHeceHkíe 
H3Ape30B m peaKAMfl nepeHOca i\env\. 

• Pen/iMKaTMBHa8 TpaHcno3Mi4M5i — c/ieACTBue permuKaAUM 
KOMn/ieKca, HeperuiMKaTMBHafl — ero penapaLjuu. 


npMOKyTOMHOH OÓJiaCTH. K0Mn03HTHbIH TpaHCn030H, HbH 
KpaeBbie MOAy™ B3aHMH0 HHBeprapoBaHbi, npe/íCTaBjraeT 
co6oh cTaÓHAbHbíň KOMnoHem reHOMa, xota H3-3a pe- 
KOMÓHHaUHH MOKAy MOAyJIflMH OpHeHTaU,Ha Ľ^eHTpaJIbHOH 
OÓJiaCTH OTHOCHTeJIbHO XpOMOCOMHOrO OKpyXCeHHa MOXCCT 

(BpeMa ot BpeMeHH) MeHATbca. 

3kcljh3H5i He no/wepxcHBaeTca H30JiHpoBaHHbiMH 
TpaHCn030HaMH, HO MOXCeT ÓbITb BbI3BaHa ÔaKTepHaJIbHbl- 
mh (J)epMeHTaMH, pacno3Haioiij 1 HMH roMOJiorHHHbie ynacTKH 
b cocTaBe TpaHcno30Ha. 3 to BaxcHo jyw KneTKH, noexojib- 
Ky ycTpaTa TpaHcno30Ha MHor^a noMoraeT BOCCTaHOBHTb 
KjieTOHHyio 4)yHKii,Hio, HapynieHHyio ero BHeApeHHeM. ripn 
TOHHOH 3KCU.H3HH yAaXfleTCfl TpaHCn030H nJIIOC OAHa KO- 

um nocjieAOBaTejibHOCTH, AynJiHyHpoBaBineHCfl np h ero 

BHeApeHHH (TO eCTb OAHH H3 KOpOTKHX npflMblX nOBTOpOB, 
4)jiaHKHpyioiij 1 Hx TpaHcno30H). 3 to óbiBaeT pe^KO; /ym Tn5 
h TnlO nacTOTbi cocTaBjraioT ~10 -6 h 10 -9 eooTBeTCTBeHHO. 
BepoaTHo, npon,ecc 3aAencTByeT peKOMÔHHayHio MexcAy 
KOpOTKHMH npflMbIMH nOBTOpaMH IIO 9 nH. 

HeroHHaH 3 kcii,h 3 hh ocTaBJífleT nocjie ce6a nacTb 
TpaHcno30Ha. ľlocjie Taxou 3 Xcu,h3hh ocTaTOHHbin (})par- 
MeHT TpaHcno30Ha MoxceT npemiTCTBOBaTb peaxTHBayHH 
reHa-MHineHH, oAHaxo cam TpaHcno30H hmcji nojmpHbiH 
3({)(|)eXT B OTHOUieHHH CMOXHblX reHOB, TO 3(J)(J)eKT 3TOT npH 
HeTOHHOH 3XCU.H3HH, KaK npaBHJIO, CHHMaeTCX, HTO BJieneT 
H3MeHeHHe (})eHOTHna. HeTOHHaa 3xeyH3Ha TnlO b oóbih- 
HblX yCJIOBHflX npOHCXO/JHT c HaCTOTOH ~10 -6 . npoyecc 
3aAeňcTByeT pexoMÔHHaijHio moxat 24-nH (J)parMeHTaMH 
ISlO-Mo/iyJieH. 3 to nocjieAOBaTe;ibHOCTH HHBeprapoBaH- 
hhx noBTopoB no KpaaM ISlO-MOAyjien, KOTopbie o6pa3yiOT 
napbi npaMbix noBTopoB c TaKHMH xce noeneAOBaTeJibHOCTa- 
mh H3 /jpyroro ISlO-MOAyjm KOMno3HTHoro TpaHcno30Ha. 

Bo3moxcho, HeTOHHaa 3Kcn,H3na cxyHaeTca naiye toh- 
hoh H3-3a Toro, hto onHpaeTca Ha Hcnojib30BaHHe óojiee 
npoTaxceHHbix npaMbix noBTopoB (24 nH npoTHB 9 nH, coot- 
BeTCTBeHHO, /ym TnlO). 06a npoyecca He nojiaraioTca Ha ko- 
AHpyeMbie TpaHcno30HOM 3H3HMaTHMecKne 4)yHKn,HH, xota 
A onoAJiHHHO hx MexaHH3Mbi ne tueecmnbi. Bo bcakom cxy- 


MexaHH3Mbi nepeHOca MHorax MOÓHjibHbix flHK-sjieMeH- 
TOB — IS-3JieMeHTOB, npo- H SyKapHOTHMeCKHX TpaHCnO- 
30 hob, 6aKTepHO(})ara Mu — (J)yHAaMeHTajibHO noxoxcH. 
TeM xce npHHu,HnaM noAHHHeHbi h MexaHH3Mbi BHepeHna 
flHK-KonHH peTpoBHpycHon PHK (cm. pa3A. 22.2 «>Kh 3- 
HeHHbin uhkji peTpoBHpyca BKjnoMaeT b ceófl cTa^HH, no- 
AOÔHbie TpaHcno3HyHH>>), h nepBbie 3Tanbi peKOMÓHHayHH 
HMMyHorjioóyjiHHOBbix reHOB (cm. pa3A. 23.10 «Ecjikh RAG 
KaTajiH3HpyiOT pa3pbiB h BoeeoeAHHeHHe 

TpaHcno3HyHa HanHHaeTca eoeAHHeHHeM TpaHcno- 
30Ha e MHineHbio. P M c. 21.11 noKa3biBaeT, Kax TpaHcno30H 
OKa3biBaeTca HaApe3aHHbiM e oóohx kohu,ob, a eaňT-MH- 
rneHb — no oóchm yenaM. CBOÓOAHbie KOHybi HaApe30B 
eoeAHHaioTca KpecT-HaKpecT — TpaHcno30H c MHineHbio 
OKa3biBaioTcn KOBaneHTHO euíHTbiMH. Kpaa TpaHcno30Ha 
npn stom cÓJinxceHbi; mto6h 6buio nponj,e ejieAHTb 3a BHe- 
eeHHeM HaApe30B b flHK, 3Tan cÓJiHXceHHn (cHHancHca) 
KpaeB TpaHcno30Ha H3o6paxceH, xa k óojiee no3AHHH, ho b 
AencTBHTejibHOCTH oh npeAuiecTByeT BHeeeHHio HaApe30B. 

BnepBbie npoyecc 6bui oxapaKTepH30BaH /ym (})ara Mu, 
KOTOpblH HCnOJIb3yeT ABe pa3HOBHAHOCTH TpaHCn03HU,HH. 
HH(})HyHpyn ioieTKy-xo3nHHa, Mu HHTerpHpyeT b reHOM 
noepeACTBOM HepenjíHKaTHBHOH TpaHcno3HUHH; nepeA Bbi- 
xoaom b jíHTHnecKHH iihiui mhcjio KonHH npeyMHoxcaeTcn 
penjíHKaTHBHon TpaHcno3Hu,HeH. 06a BapnaHTa CTapTyiOT 
OAHOH H TOH xce peaKU,HeH MOKAy TpaHCn030H0M H MHUie- 
Hbio, ho noejieAyionj.He peaKyHH y hhx pa3Hbie. 

nepBOHanajibHbie MaHHnynayHH e (})aroBOH /(HK npoAe- 
jibiBaeT TpaHcno3a3a MuA. no Tpn eanTa CBn3biBaHH5i MuA, c 
KOHceHcyeoM b 22 nH, paenojioxceHbi no xpaaM J\ HK Mu: Ll, 
L2, L3 e jieBoro xpaa; Rl, R2, R3 e npaBoro xpaa. C xax(AbiM 
H3 hhx MoxceT CBn3aTbcn MOHOMep MuA. Taxxce MuA moxcct 
CBn3aTben e BHyrpeHHHM canTOM b reHOMe (})ara. CBX3biBa- 
Hne MuA no o6ohm xpaaM h bo BHyTpeHHeM canTe poxcAaeT 
KOMiuiexe. PoJib BHyTpeHHero eanTa He cobccm ncHa; noxoxce, 
HTO OH HeOÔXOAHM J]JW 06pa30BaHHX KOMIUieKCa, HO He AAfl 
BHeeeHHa H3Ape30B h nocneAyionj.Hx 3TanoB. 


21.6 OóiAne nocpeAHMKM m noAynpoflyKTbi TpaHcno3nynn 541 
















TpaHcno3H4HA HaMUHaeic* c BHeceHWH H3Ape3o< 
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HaApe3bi 




PMC. 21.11 TpaHcno3MUM5i HaHUHaera c BHeceHua napbi HaApe- 
30B no KOHA3M TpaHcn030Ha n napbi HaApe30B b caMT-MuweHb. 
ľloAyHeHHbie CBOÓOAHbie kohah flHK oóteAMHflioTai b KOMn/ieKC 
nepeHOca ijeneií 

Coe/jHHeHHe /XHK (})ara-TpaHcno30Ha Mu c canTOM 
MHineHbio npoxoAHT b Tpu CTa^HH — ohh H3o6paxceHbi Ha 
pmc. 21 . 12 . B coeAHHeHHH ynacTByioT ncrbipe caMbix xpan- 
hhx carrra CBa3biBaHHa MuA: Ll, L2, R2 h Rl. Cyó'beAHHHijbi 
MuA, KOTopbie c hhmh CBfl3biBaioTai, o6pa3yiOT TcrpaMep, 
ÓJiaro/japa sTOMy Kpaa TpaHcno30Ha OKa3biBaiOTca céjinxce- 
Hbi. TcrpaMep KoopAHHHpycr ynacme kohijob Mu-flHK b 
peaKiiHH. fljw MaHHnyjiaL],HH c HK TcrpaMep MuA pacnoiia- 

raCT flByMfl 3H3HMaTHHeCKH-aKTHBHbIMH iieHTpaMH, ycTpoHC- 
tbo KOTopbix BbiHyxgiacr cyó'beAHHnu.bi stoh TpaHcno3a3bi 
AeňcTBOBaTb b mpcmc- MaHepe. Kax mm iiomhhm, y Kax^on 
cyó'be/jHHHu.bi 6ejiKOBbiH caíŕr CBa3biBaHHa KOHceHcyca acco- 
ilHHpoBaH cflHK-caHTOM Ll, L2, Rl vum R2.3H3HMaraHecKH- 
aKTHBHbiH u,eHTp MuA HaApe3acr u,enH flHK Mu no BHeniHHM 
rpaHHu,aM canTOB Ll h Rl. B cirny CTepeoxHMHHecKnx orpa- 
HHneHHH, oh He b coctoahhh Haflpe3aTb ynacTOK/ÍHK, cmok- 
HblH C TeM, HTO CBfl3aH C eľO >Ke CyÔ'beAHHHU.eH. riOSTOMy 
MOHOMepbi MuA, accou,HHpoBaHHbie c KOHceHcycoM, pexcyr 
He Ty flHK, Ha KOTopon ch/jat. O/jhh h3 CBfmHHbix c jieBbiM 
KpaeM MOHOMepoB HaApe3acr npaBbin xpan, h HaoóopoT. Ka- 
Kne HMeHHO ABa MOHOMepa — Ll wm L2, Rl wm R2 — sh- 


3HMaTHHeCKH-aKTHBHbI Ha 3TOM STane peaKIJHH, HeH3BeCTHO. 
ľlepeHoc ueneH Toxce ocymecTBJwcrca b mpanc- MaHepe: mo- 
HOMep MuA, CBa3aHHbin c flHK b Ll, paóoracr nepeHOCHHKOM 
u,enH fl HK carrra Rl, h HaoóopoT. Moaccr CTaTbca, hto nocjie- 
AOBaTeAbHbie 3Tanbi Haflpe3aHna h nepeHoca u,enn fl HK no 
OAHOMy xpaio (})ara-TpaHcno30Ha KaTajin3npyK)Tca AByMa 
pa3HbiMH MOHOMepaMH MuA, CHAanj,HMH Ha /jpyroM xpaio. 

PeaKu,HH cnocoócTByeT enj,e o/jhh óeiioK — MuB, bjiha- 
iouihh Ha Bbióop canTa-MHineHH. LIpeAnoMTeHHe 0Ka3biBa- 
eTca MHineHaM, yzjajieHHbiM ot caíŕra-AOHopa Ha 10-15 toh. 
npHHHHa B TOM, MTO KOTJX2. MuB CBfl3bIBaCTCfl C KOMnJieKCOM 
MuA-flHK, to noA achctbhcm MuA MuB rHApojiH3ycr AT®, 
nocjie nero MuB yxo/jHT. A MOK/jy TeM MuB cjiyxcHT oneHb 
BaXCHbIM 3BCHOM: CBfl3aBIIIHCb C flHK-MHUieHblO, OH CTHMy- 
JIHpyeT peKOMÓHHaTHBHyiO aKTHBHOCTb MuA. Ho AOMHHH- 
pyiomee npHcyTCTBHe MuA b oKpecTHOCTH AOHopa 6 jiokh- 
pycr AOCTyn MuB k flHK, co3AaBaa 3(})(})eKT «HMMyHHOCTH 
MHUieHH». B MHCTOM BM/je 3TOT 3(}x})eKT ACMOHCTpHpyCTCa 
SKcnepHMeHTOM b CHCTeMe in vitro, cocToameri H3 AByx 
njia3MHA (Mu-co/jepacamero AOHopa h Mu-nycToň MHine- 
hh), óejiKOB MuA h MuB, óejiKa HU E. coli , hohob Mg 2+ h 


PeaKiimo Kaia/iH3MpyeT TpaHcno3a3a Mu 


Ll L2 R2 Rl 

JleBbiM i ľlpaBbm 

Kpaíí m u A I Kpaíí 

C6;ni>KeHMe 


i 

TpoHC- pa3pe3aHne 



ľlepeHoc ueneíí 



PMC. 21.12 TpaHcno3MAMfl flHK (Jjara Mu npoxoAm b Tpu paBHO- 
BecHbix 3Tana. CyóteAMHMUbi TpaHcno3a3bi MuA o6pa3yiOTTeipaMep, 
b kotopom cóiiMwaiOTCfl KOHAbi flHK Mu. 3aieM TpaHcno3a3a Ae/iaeT 
HaApe3bi (no KawAOMy M3 kohaob, npuneM cyó-beAMHMLjeíí, CBa3aH- 
HOÍÍ C npOTMBOnOAO>KHblM KOHLJOM, TO eCTb B /77pOHC-MaHepe). B TOÍÍ 
>ne mpaHC- MaHepe TpaHcno3a3a bboamt noAyHeHHbie cBOÓOAHbie 
KOHAbl B CaiÍT-MMllJeHb 
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flOHOp H peL4MnneHT C/IHBaiOTCfl B KOMHTerpaT 


AT®. ľlpHcyTCTBHe MuB n AT® cTporo HanpaBjíaeT TpaHC- 
no3HUHio b njiasMHfly-MHmeHb. 

ľlpoAyKT Bcex ynoMHHyTbix peaxynH — nepeKpecTHaa 
crpyxTypa, b cocraBe xoTopon TpaHcno30H CBA3aH c mh- 
nieHbio oahoh yenbx) c Kax^oro xoHu,a. OieAyximHH 3Tan 
peaxiinn /jH(})(})epeH 4 HpoBaH no Tnny TpaHcno3nu,Hn. B 
oieflyioiijHx AByx pa3Ae;iax Mbi yBHAHM, xa k OAHa n Ta xce 
CTpyicrypa MoxceT nocjiyxcnTb cyécTpaTOM /yia penjiHKau,HH 
(mto 6yAeT npnBO/iiHTb k penjinKaraBHoň TpaHcno3nu,HH) 
hjih HenocpeACTBeHHO ncnojib30BaTbca /yw pa3pbiBa n boc- 
COe/JHHeHHfl B COOTBeTCTBHH C HepenJIHKaTHBHblM Mexa- 
hh3mom nepeMeiyeHna 3JieMeHTa. 


21.7 


PeiuiMKaTHBHafl TpaHcno 3 mpifl 
conpoBO>KflaeTCfl o6pa30BaHneM 
KOMHTerpaia 


K/noHeBbie noHflTMa: 


• PeniiMKauMíi b coneiaHMM c nepeHOCOM LjeneM nopowAaeT 
KOMHTerpaT — npoflyKT cjimahmíi pen/iMKOHOB AOHopa m MMweHM 

• KOMHTerpaT coflepwMT Aee npyiMbix koiimm TpaHcno30Ha, 
pa3Ae^ynoiAMX coóom nocneAOBaTejibHocTM McxoAHbix 
pen/IMKOHOB. 

• PeKOMÓMHaijMfl Me>KAy KoriMAMM TpaHcno30Ha pa3AejiaeT 
KOMHTerpaT Ha MCxoAHbie peruiMKOHbi, npMHeM peijMnMeHT 
no/iyHaeT KonMio TpaHcno30Ha. 

• PeaKAMio peKOMÓMHauMM K3TaiiM3MpyeT pe30JibBa3a, 
KOAMpyeMaa TpaHcn030H0M. 


flHK-cTpyKTypbi, Ha KOTopbix 6a3npyeTca npoyecc pernin- 
xaTHBHOH TpaHcno3Hu,HH, h hx B3aHMHbie npeBpameHna 
cxeMaTH3Hpycr p m c. 21.13: 

• ľlocjíc Toro Kax TpaHcno3a3a, corjiacHO onHcaHHio H3 
npeAbmymero pa3Ae;ia, KOBajieHTHO cbjdxct TpaHcno- 
30H C BblCTynaiOIIJ.HMH OAHOyenOMeMHbIMH 5'-KOHU,aMH 
flHK-MHineHH, 3'-KOHu,bi flHK-MHineHn HanHHaioT pa6o- 
TaTb 3aTpaBKaMH (npanMepaMn) /yia penjiHKau,HH. flByc- 
TopoHHfifl penjíHKauHaflHKTpaHcnosoHa b xpoccoBepe 
npHBOAHT k o6pa30BaHHio KOHHTerpaTa— AByxye- 
noneMHoro npoAyxTa cnmnm hcxoahmx MOJiexyji. B 
ero cocTaBe — rbc xonnn TpaHcno30Ha, pasACJiaiomHe 
MaTepnaji AOHopa h mhiiichm h opHeHTHpoBaHHbie Kax 
npaMbie noBTopbi. npeo6pa30BaHne xpoccoBepa b ko- 
HHTerpaT oóecnenHBaeTca penjiHxaTHBHbiMH cncreMa- 
MH KJieTKH-X03flHHa. 

• ľoMOJiorHMHaa pexoM6HHau,Ha MOKAy AByMa KonnaMn 
TpaHcno30Ha BbicBoóoxcAaeT ABa oóocoóJieHHbix pen- 
jíHKOHa, KaxcAOMy H3 KOTopbix AOCTaeTca no oahoh 
K onnn TpaHcno30Ha. Oahh n3 sthx penJinKOHOB — ao- 
Hop b hcxoahom BHAe. flpyron — penjinKOH-MnmeHb, 
3anoaynnBmnň Konnx) TpaHcno30Ha, oxanMJieHHyK) 
KopoTxnMH npaMbiMn noBTopaMn carŕra BHeApeHna. 
Peaxu,na peKOM6nHau,nn Ha3biBaeTca pacxo^eimeM, 
3a Hee oTBenaeT cjiepMeHT pe3o;ibBa3a. 

Y (})ara Mu o6pa30BaHne KOHHTerpaTa noApoÓHO 
H3yMeHO. Ero HJLrocTpnpyeT p hl. /: 14. PenjinKOHbi ao- 



PMC. 21.13 ľlpM TpaHcno3MAMM peruiMKOHbi AOHopa m peijMnMeHTa 
MoryT cnMTbCB m o6pa30BaTb KOMHTerpaT. Pa3Ae.neHMe KOMHTerpaTa 
ocBo6o>KAaeT peruiMKOHbi Apyr ot Apyra, npMHeM KawAbiíí M3 hmx no- 
jiy^aeT cboio KonMio TpaHcno30Ha 


TpaHcno3MLiMft Mu mact nepea o6pa30BaHMe «KpoccoBepa» 



PMC. 21.14 TpaHcno3MAMfl (para Mu MAeT nepe3 o6pa30BaHMe Kpoc- 
coBepa; peruiMKauMfi npeBpamaeT ero b KOMHTerpaT 
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Hopa h MHineHH yo;ep>KHBaioTCfl BMecTe no /jymieKCHOMy 
ynacTKy TpaHcno30Ha. Cyzjbóa otoh cTpyKTypbi cootbctc- 
TByeT cnocoóy TpaHcno3Hu,HH. npHHu,Hn penjíHKaraBHOH 
TpaHCn03HU,HH COCTOHT B TOM, HTO CHHXpOHHafl ^ByCTO- 
poHHflfl pen/iHKau,Hn AynJiHi/npyeT TpaHcno30H (n, npoň- 
m ero, ocTaHaBjíHBaeľca). npoAyKT npeACTaBjíneT coóoh 
KOHHTerpaT. 

ľlepeKpecTHaa (KpoccoBepHan) CTpyioypa, oópa30BaH- 
Haa b pe3yjibTaTe peaKu,™ nepeHoca i/enen, coAepxcHT no 
o 6 e cTopoHbi ot TpaHcno30Ha OAHOvenoneHHbie yuacTKH, 
cooTBcrcTByiomHe npnmnTbiM k TpaHcno30Hy KOHueBbiM 
BbicTynaM CMemeHHoro AByxijenoHeHHoro pa3pe3a flHK 
MnrneHH. 3th ynacTKH — nceBAopenjíHKaraBHbie bhjikh c 
OTKpbiTbiM ynacTKOM MaTpHU,bi /vín CHHTe3a flHK, KOTopbin 
3aTpaBjweTcn KOMnjieMeHTapHbiMH veroiMH MHineHH co 
CB 060 AHHM /yin y/yiHHeHHn 3'-OH kohu,om. 

PenjíHKai/Hfl, HanaBuiHCb b oóenx nceBAoperníHKaraB- 
hhx BHjiKax, npoHAeT nepe3 TpaHcno30H, pa3Aennn ero 
i/enn, a 3aTeM ocTaHOBHTcn, aohaa ao AynneKca. nojiyuHTcn 
KOHHTerpaT c npnMbiMH KonnnMH TpaHcno30Ha, coeAHHn- 
lon/HMH ABa penjíHKOHa (b neM moxcho yóeAHTbcn, oóohaa 
KOHT yp Ha pHcyHKe). 


KpoccoBep mojkho pa3BecTM napoH HaApe30B 



P H C 21 15 Ec/IM KpOCCOBep pa3BeCTM HaApe3aMM, TpaHCn03MI4MÍ1 
noiiyHmcfl HeperuiMKaTMBHoií. TpaHcno30H OKaweica BcraBjíeHHbiM 
b caíÍT-MMLueHb m (})iiaHKMpoBaHHbiM n ps m bi m m noBTopaMM ero HyK- 
iieoTMAHoií nociieAOBaie^bHOCTM. floHop ociaHera c AByxijenoHeH- 
HbiM pa3pbiBOM Ha Mecľe M3-bflToro TpaHcno30Ha 


21.8 


HepeniiMKaTMBHan 
TpaHCn03M4HB 
conpoBOJKflaeTCfl pa3pbiB0M 
M BOCCOeflMHeHMeM 


K/uoneBbie noH nim: 


• HepeniiMKaTMBHayi TpaHcno3HAMfl conpoBOWAaeiai 
pa3pe3aHMeM nepeKpecTHoŕí cipyKTypbi no AeyM MHTaKTHbiM 
i\enm AOHopa n jinrnpoBaHneM o6pa30BaBĽJMxca kohljob 
T paHCn030Ha C OCT3B11JMMMC51 KOHI43MM MMĽJeHM. 

• ľlpn HepeniiMKaTMBHoií TpaHcno3nnnM Mu nepBaa napa 
pa3pe3aHHbix neneií OKa3biBaeTCfl npmuma k mmujohm 
ao Toro, KaK pa3pe3aHa BTopaa; y Tn5 m TnlO Bce neibipe 
pa3pe3a bhocatcíi ao npvwumanm k MmueHM KaKoro-iin6o 
M3 K0H140B. 


KpoccoBepHan CTpyKTypa Hcnojib3yeTcn A^n HepenjíHKa- 
THBHOH TpaHCn03HI/HH. B A^HHOM CJiyHae npHHI/Hn co- 
CTOHT B pa3pbIBe AByX OCTaBUIHXCn CBA30K MeXCAy TpaHC- 
n030H0M H AOHOpOM H BOCCOCAHHeHHH TpaHcno30Ha c 
MHuieHbio; aohop ocTaeTcn pa3opBaHHbiM, a KOHHTerpaT 
He o6pa3yeTcn. 

p m c. 21.15 H3o6paxcaeT HepenjíHKaTHBHyio TpaHC- 
no3Hu,Hio (})ara Mu. KaK TOJibKo TpaHcno30H óyAeT 
OTpe3aH ot AOHopa no AByM ocTaBuiHMcn u,ennM, ero 
OCBOÓOAHBUIHeen KOHI/bl MOryT ÓbITb npHUIHTbl K CBO- 
ÓOAHblM KOHUaM MHUieHH. OAHOuenoneHHbie ÓpeníH — 
cjieACTBHe CMemeHHOCTH HHHu.Hnpyionj.ero pa3pe3a 
MHUieHH — AOJDKHbi 6biTb 3anojmeHbi penapaTHBHbiM 
CHHTC30M flHK. HTOrOBblH npOAyKT — penJIHKOH-MH- 
UieHb C TpaHCn030H0M, BCTaBJíeHHbIM MOKAy nOBTOpa- 
mh noejieAOBaTejibHOCTH, 3aioiioHaBuieHcn MexcAy hhh- 


BHeceHne HaApe30B h 3aKJiettBaHue crbiKOB 
nponcxoflm noaTanHO 



Prtu r:, j B flHK TnlO bhocatca (c Heóo/ibwoií pa3HmjeM bo Bpe- 
MeHkí) Aee napbi HaApe30B; ocbo6oahbľjmmc51 TpaHcno30H BcrpaMBa- 
eTCfl b noAroTOBiieHHbiíí caiÍT-MMiueHb 
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Tn5 Bbipe3aeTCn H3 4>JiaHKnpyK>meií AHK 
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PMC. 21.17 Bbipe3aHneTn5 M3 (()JiaHKMpyiomeM flHK coctomt M3 pe- 
aKijMM BHeceHMA Haflpe3a, Me/KLienoHem-iOM aiam m M36aB/ieHMa ot 

LU ľ! M/l b KM 


IlHHpyiOLUHMH Ha/lipe3aMH MHUieHH. PenJIHKOH-ZliOHOp 
ocTaeTca pa3opBaHHbiM no oóenM uemiM b tom MecTe, 
iyje paHbine 6buia BCTaBKa. 

ripn ajibTepHaTHBHOM BapnaHTe HepemíHKaTHB- 
hoh TpaHcno3Hu,HH, napajuieJibHO BHeceHHio b MHineHb 
CMemeHHbix Ha/jpe30B, TpaHcno30H no/iHOCTbio bhcbo- 
6o)KAaeTca H3 OKpyxceHHfl AOHopa nocpe^cTBOM ABycTo- 
Pohhhx AByxu,enoMe^Hbix pa3pbiBOB (Kax Ha pne. 21.7). 
ľlyTb «Ha^pe3 h BCTaBKa» («cut and paste») CBOHCTBeHeH 
TpaHcno30Hy TnlO, sto H3o6paxceHO Ha pmc. 21 .16. 

HepenjíHKaTHBHbin xapaKTep TpaHcno3Hu,HH TnlO 
flOKa3biBaeTca np h noMomH KpacHBoro sxcnepHMeHTa, 
ncnoJib3yioiij 1 ero HCKyccTBeHHO cKOHcrpynpoBaHHbiH 
/jyn/ieKc TnlO c BHeceHHbiMH b Hero ToneHHbiMH He- 
KOMnjieMeHTapHOCTaMH. Ecjih TpaHcno3Hu,Hfl pen/iH- 
KaTHBHa, to nocjie Hee TpaHcno30H npH^eT b CTporoe 
COOTBeTCTBHe OAHOH H3 U,eneH HCXOAHOTO (MaTpHHHO- 

ro) TnlO. Ecjih xce TpaHcno3Hu,Ha npeACTaBJíaeT coóoh 
(})H 3HMecKHH nepeHoc MaTepnajia, to Bce HeKOMnjieMeH- 
TapHocTH coxpaHflTca. Kax óbuio ycTaHOBjíeHo, HMeeT 
MeCTO BTOpOH H3 3THX BapHaHTOB. 

DiaBHoe OTJiHMHe pne. 21.16 ot moacjih Ha pne. 
21.15 b tom, hto o6e u,enH TnlO pa3pe3aioTca ao Kaxoro 
6bl TO HH ÓbIJIO KOHTaKTa C CaHTOM-MHUieHblO. nepBbIM 
3TanoM pacno3HaBaHHa kohijob TpaHcno30Ha TpaHcno- 
3a30H aBJíaeTca (JiopMHpoBaHHe ócjikoboh cTpyKTypbi, 
BHyTpn KOTopon npoH30HAeT peaKijHfl. no oóeHM rpa- 
HHu,aM TpaHcno30Ha i^enn pa3pe3aioTca b onpeAeiieH- 
hom nopa^Ke: nepBOH pa3pe3aeTca nepeMemaeMaa u,enb 
(KOTopaa b AajibHenmeM npncoeAHHHTCfl k MHineHH), 3 a 
Hen cjie/jyeT ocTaBinaaca Ljenb. (3tot nopa^ox aHajiorn- 
neH nopa^Ky TpaHcno3Hu,HH y cf>ara Mu, cm. pne. 21.14 
h pne. 21.15.) 


TpaHcno3Hu,Ha Tn5 TaKxce nponcxoAHT no He- 
penjíHKaTHBHOMy MexaHH3My. Ha P H c. 21.17 noxa3a- 
Ha oneHb jnoóonbrmafl peaKu,™, OTAejiniomafl Tn5 ot 
AOhopckhx (})jiaHroB. HaApe3aHHe no oahoh h3 LjeneH 
BbiCBOóoxcAaeT 3'-OH kohoj,, kotophh aTaxyeT BTopyio 
Ljenb flHK. Tor^a cfmaHKHpyiomHH AynJieKc oTAejmeTca, 
a TpaHcno30H Ha KOHU,e 3aMbiKaeTcn b bhac mnHjibKH. 
BepxyniKy mnHJibKH aTaxyeT aKTHBHpoBaHHan MOJie- 
Kyjia boabi h BCKpbiBaeT ee. Cboóoahhc kohúti uenen 
TpaHcno30Ha npncoeAHHflioTCfl k cooTBeTCTByiOĽUHM 
KOHU,aM MHUieHH. npH 3TOM H TpaHCn030H, H MHUieHb 
npeóbiBaioT 3aKjnoneHHbiMH b npoTeHHOBOH CTpyKType, 
o6pa30BaHHOH TpaHcno3a3on BMecTe c ApyrHMH óejiKa- 
mh. .H.Byxu.enoHeHHbie pa3pe3bi no rpaHHu,aM TpaHcno- 
30Ha c AOHopcKHMH (})jiaHraMH npeceKaioT jiioóoh bha 
penjíHKaTHBHOH TpaHcno3Hu,HH, HanpaBjíflfl npoijecc b 
pycjio HepenjíHKaTHBHon TpaHcno3Hu,HH. Hcxoa tot xce, 
mto h y npoijecca Ha pne. 21.14, ho oóycjiOBjíeH oh Apy- 
ron nocjieAOBaTejibHocTbio pa3pe3aHHH h cKjieHBaHHH 
OTAejibHO B3flTbix iienen AHK. 

KaxcAaa H3 TpaHcno3a3 Tn5 h TnlO (J)yHKu,HOHHpyeT 
b (})opMe A^Mepa. KaxcAan cyó'beAHHHn.a Taxoro AHMepa 
HMeeT aKTHBHHH ijemp, KOTopbiH nocjieAOBaTejibHo xa- 
TajiH3npyeT pa3pbiBbi a By x u,eneH no oahoh h3 rpaHHu, 
TpaHcno30Ha, a 3aTeM ynacTByeT b CMemeHHOM pa3pe3a- 
hhh MHineHH. Ha phc. 21 .I 8 noKa3aHO CTpoeHHe TpaHC- 
no3a3bi Tn5 b KOMnaexce c TpaHcn030H0M, Bbipe3aH- 
hhm eio H3 AOHopa. KaxcAaa oKOHenHOCTb TpaHcno30Ha 
HaXOAHTCa B aKTHBHOM lieHTpe OAHOH H3 eyÓ'beAHHHU,. 
ApyrHM cbohm AOMeHOM cyó'beAHHHiia KOHTanrapyeT c 
npoTHBonojioxcHbiM KpaeM TpaHcno30Ha, hto cayxcHT 
npocTpaHCTBeHHOH KoopAHHau,HH npou,ecca. KaxcAbiH H3 
aKTHBHbix u,eHTpoB pa3pe3aeT OAHy u,enb MHineHH, npn- 
neM paccToaHHe (cMem,eHHe) MexcAy HaApc3aMH 3aAaeTca 
reoMeTpneH KOMnjieKca h AJia Tn5 paBHaeTca 5 nH. 


KoHUbi TpaHcno 30 Ha yAepMCHBaioTCfl BMecre 


JleBbiŕí Kpaíí TpaHcno30H ľlpaBbiíí Kpaíí 


l 


ľlpaBbm Kpaíí . 

ľ K _AKTUBHblM 

y uemp 

KOHTaKT - K0HT3KT 


AKTUBHblM-- 

ueHTp JleBbiíí Kpaŕí 


PHC. 21.18 Ka>KAayi cyó-beflMHMua TpaHcno3a3bi Tn5 yflep>KMBaeT b 
CB oeM aKTMBHOM neHTpe oamh M3 kohi^ob TpaHcnoaoHa, B TO >Ke Bpe- 
Mfl KOHTaKTMpyyi c npoTMBonojio>KHbiM KpaeM TpaHcno30Ha 
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21.9 


B TpaHcno3HMMH TnA yqacTByiOT 
TpaHcno3a3a n pe30/ibBa3a 


K/iioMeBbie noHjiTMfl: 


• PeniiMKaTMBHayi TpaHcno3HAMfl TnA TpeóyeT yHacTMfl 
TpaHcno3a3bi (ajia o6pa30BaHna KOMHTerpaia) n pe30JibBa3bi 
(A/ifl pa3AeiieHMíi pen/iMKOHOB AOHopa n MmueHkí). 

• Pe30^bBa3a no CBoeMy achctbhio HanoMMHaeT 6e.noK 
Int (Jjara iisMÓAa; no CBoeMy TMny peaKijMfl othocmtcíi k 
Tonon30Mepa3onoAo6HbiM caňT-cneAM(t)MHHbiM peKOMÓrnnaunyiM 
c o6pa30BaHneM npoMewyroHHoií KOBa/iemHoň cľjmbkm Me>KAy 
óe/iKOM n flHK. 


JIjví MJieHOB ceMežcTBa TnA penjíHKaTHBHaa TpaHcno3H- 
u,Ha — eAHHCTBeHHbin cnocoó oóecneMeHHa hx MOÓHJib- 
hocth. CeMencTBO coctoht h 3 KpynHbix (>5 tíih) TpaHC- 
n030H0B, H OHH He HCnOJIb3yiOT, nOAOÓHO K0Mn03HTHbIM 
TpaHcno30HaM, IS-MOAyJiH, ho hmoot coócTBeHHbie reHbi 
/yia oóecneneHHa Bcex cbohx cj)yHKUHH: h TpaHcno3HLjHH, 
H APyrHX (HanpHMep, yCTOHHHBOCTH K aHTHÓHOTHKaM). 
MjieHbi ceMeňcTBa oÓJia/jaioT ranHHHbiMH cTpyKTypaMH H3 
HHBepTHpOBaHHblX ÓJIH3KOpOACTBCHHbIX nOBTOpOB /yiHHOH 
~38 nH. JXaieu}v\ xotb 6bi no OAHOMy H3 noBTopoB moxcct 
npenaTCTBOBaTb TpaHcno3Hu,HH. 3 th roicujaví ijuc-ppií c- 
TByiouj.He (to ecTb He npemiTCTByiOT nepeMemeHHAM Apy- 
thx KonHH TpaHcno30Ha b tom Hce reHOMe). HHTerpau,Ha 
MJieHOB ceMeHCTBa nopox^aeT npaMbie noBTopbi caHTa-MH- 
rneHH b 5 nH. XapaicrepHbie /yia hhx reHeraHecKHe Mapxe- 
pbl pe3HCTeHTHOCTH OÓyC^OBJIHBaiOT COnpOTHBJíaeMOCTb 
KjieTKH aHTHÓHOTHKaM (HanpHMep, reH amp r npn^aeT yc- 
TOHHHBOCTb K aMnHIJHJUIHHy). H3 HJieHOB ceMeHCTBa TnA 
HanóoJiee nojmo oxapaKTepH30BaHbi Tn3 h Tni000 (Taioxe 

H3BeCTHbIH KaK y&). 

TpaHcno3HU,Ha Tn3, onocpeAOBaHHaa TnA, npoxo/jHT b 
ABe cTa^HH, 3a KOTopbie oTBenaioT TpaHcno3a3a h pe30JibBa- 
3a. Hx reHbi, tnpA h tnpR , oTMeneHbi peueccHBHbiMH (to ecTb 
^wc-AeHCTByioiij.HMH, He npenaTCTByK)nj,HMH nepeMemeHH- 
am ppymx KonHH TpaHcno30Ha b tom xce reHOMe) MyTau,H- 
flMH. B COÓCTBeHHO TpaHCn03HU,HH, KaK h y IS-COAep>KamHX 
TpaHcno30HOB, 3aAeHCTBOBaHbi Kpaa h kohúti ojieMeHTa. 
Pa3Ae;ieHHe TpeóyeT ynacTHfl cneu,HajiH3HpoBaHHoro BHyT- 
peHHero caHTa, hto flBjweTca yHHKajibHOH oeoóeHHOCTbio 
ceMeHCTBa TnA. 

3;ieMeHTbi, MyraHTHbie no tnpA , He cnocoÓHbi nepeMe- 
maTbca no reHOMy. npo/iyKT tnpA — TpaHcno3a3a, KOTopaa 
CBa3biBaeTca c noejieAOBaTejibHOCTbio b ~25 nH, jioKamen 
BHyTpn 38 nH HHBepTHpoBaHHoro KOHi^eBoro noBTopa. 
BmioTHyK) k Hen pacnoJioxceH caHT CBfl3biBaHHa óejiKa IHF E. 
coli, , TaK hto TpaHcno3a3a c IHF CBa3biBaiOT flHK KoonepaTHB- 
ho. TpaHcno3a3a ono3HaeT Kpaa sjieMeHTa, a Taioxe bhocht 
b flHK-MHineHb HaApe3bi co CMemeHHeM b 3 nH. IHF — sto 
flHK-CB5i3biBaiomHH óe;ioK, KOTopbiH nacTO ynacTByeT b moh- 
Taxce KpynHbix npoTeHHOBbix arperaTOB y E. coli ; ero ynacTHe 
B peaKUHH TpaHCn03HU,HH, B03M05KH0, He OÓ5I3aTeJIbHO. 

OyHKuna npo/iyKTa reHa tnpR ABOHCTBeHHa. Oh achc- 
TByeT h KaK penpeccop TpaHCKpnnLjHH, h KaK pe30JibBa3a. 

MyTau,HH b tnpR yBejiHHHBaiOT nacTOTy TpaHcno3HU,HH 
no toh npHHHHe, hto b HopMe TnpR penpeccHpyeT TpaHC- 
KpHnu,Hio tnpA (paBHO KaK h CBoero coócTBeHHoro reHa). 


KorAa TnpR HHaKTHBHpOBaH, H3ÓbITOHHbIH CHHTC3 TnpA 
npHBOAHT K nOBbimeHHOH HaCTOTe TpaHCn03HU,HH. 3 to 03- 
HanaeT, hto KOHU.eHTpau.Ha TnpA aa^ TpaHcno3Hu,HH — jih- 
MHTHpyiOIAHH (})aKTOp. 

ľeHbi tnpA h tnpR OKcnpeccHpyioTca AnBepreHmo no 
OTHomeHHio k MOKu,HCTpoHHOH peryjiaTopHOH A-T-6ora- 
toh oóJiacTH, o6o3HaneHHOH Ha KapTe pvic. 21 . 19 . Bce (f>yH- 
ku,hh TnpR oóycjiOBJíeHbi ero CBa3biBaHHeM c flHK b stoh 

OÓJiaCTH. 

B KanecTBe pe30JibBa3bi TnpR ynacTByeT b peKOMón- 
Han,HH MexcAy npaMbiMH KonnaMH Tn3 b cocTaBe kohh- 
TerpaTa. B npHHu,Hne pa3Becra KOHHTerpaT moxcho 6bmo 
óbi roMOJiorHHHOH peKOM6HHan,HeH c MexcAynjieKCHbiM 
nepexoAOM n,eneH b jiioóoh tohkc TpaHcno30Ha. OAHaKo 
peaKu,Ha 3aAencTByeT cnen,HajiH3HpoBaHHbiH caňT, res. Oh 
npoMapKHpoBaH ACJieu,HaMH, ójiokhpyioiahmh 3aBepmeHHe 
TpaHcno3Hu,HH, hto BbipaxcaeTca b HaKoruieHHH KOHHTerpa- 
tob. B oTcyTCTBHe caňTa res peaKH,Hio paexoxcAeHHa Moxce* 
b HeKOTopoň CTeneHH 3aMeHHTb RecA-onoepeAOBaHHaa 
roMOJiorHHHaa peKOMÓHHau,Ha, KOTopaa b a^hhom ejiynae 
ropa3AO MeHee 3(})(})eKTHBHa. 

CaňTbi flHK, KOTopbie CBa3biBaeT TnpR-pe30JibBa3a, npeA- 
CTaBJíeHbi b HHxcHeň nacTH pne. 21.19. Kax(AbiH H3 hhx, npo- 
TíDKeHHOCTbio 30-40 nH, CBa3biBaeTca e TnpR He3aBHCHM0 
ot ocTajibHbix AByx. noejieAOBaTejibHOCTH Bcex Tpex eaňTOB 
rOMOJIOrHHHbl H BnHCblBaiOTCa B CHMMeTpHHHblH KOHCeHCyC. 

CanT I BKjiioHaeT pernoH, reHeTHHecKH onpeAejieHHbíň 
KaK res-eaHT. B ero OTcyTCTBHe enen,HajiH3HpoBaHHaa pe- 
aKu,Ha pa3BOAKH Booóme He npoHcxoAHT. BnponeM, pac- 
xoxcAeHHe 3aAencTByeT TaK^ce canTbi II h III, nocKOJibKy npH 
AejieiiHH jiioóoro H3 hhx peaKH,Ha hact njioxo. CanT I co- 
AepxcHT CTapT TpaHCKpHnn,HH tnpA , caňT II — cTapT TpaHC- 
KpHnn,HH tnpR. MyTau,Htf, aHHyAHpyioiAaa caňT II KaK caňT 
3(J)(})eKTHBHOH nocaAKH penpeccopa, KaprapyeTca Ha ero 
jieBOM Kpaio. 

B3aHMOAeHCTByiOT JIH eaHTbl I, II H III MOKAy COÓOH? B3aH- 
MOAeHCTBHe MOXCeT 3aKJlK)MaTbCa B TOM, HTO CBa3bIBaHHe TnpR 
no BceM TpeM caHTaM TpeóyeTca jyw npHA^HHa Jl HK npo- 


TpaHcno30Hbi ceMeíícTBa TnA mmôiot mnoByio opraHH3ai4Mio 
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?Wl. 21.1? TpaHcno30Hbi ceMeňcTBa TnA coAep>KaT MHBepTMpoBaH- 
Hbie KOHueBbie noBTopbi (IR), BHyipeHHMň res-cam, a TaK>Ke ipn xo- 
poiuo M3yHeHHbix reHa 


546 MABA 21 TpaHcno 30 Hbi 













apaHCTBeHHOH KOHcjDopMau.HH, hcoôxoahmoh /yia pacxoxcAe- 
wm. CBa3biBaHHe no oTAejibHbiM carŕraM moxcct penpeccnpo- 
BaTb TpaHCKpHnu,Hio tnpA n tnpR, He Meram Tonojiornn JJJíK 

B OKcnepnMeHTajibHon cncTeMe /ym pa3BOA- 

kh m vitro cyócTpaTOM c;iy>KHT noxoxcaa Ha KOHHTerpaT 
MOJieKyjia flHK. CyócTpaT aojdkch 6biTb CBepxcnnpajiH- 
30BaH; ero pa3BOAxa nopoxc^aeT ABa cuemieHHbix xojibua, 
no oAHOMy carny res b xax<AOM. Peaxurai Tpeóyer óojibinnx 
KOJinnecTB TnpR-pe30JibBa3bi n HHKaKnx (})aKTopoB xo3fl- 
HHa. Becb npouecc nponcxoAHT b oómnpHOM Hyioieonpo- 
TenHOBOM KOMnjieKce. CHanajia cyó'beAHHnu.bi pe30JibBa3bi 
CBB3biBai0T caňTbi res b xax<AOH m Konnň TpaHcno30Ha, a 
3aTeM CBB3aHHbie caňTbi cboaatca BMecTe /yia o6pa30BaHrai 
CTpyKTypbi AnaMeTpoM ~10 hm. MHor^a 3Ty CTpyKTypy Ha- 
3bIBaiOT CHHanTOCOMOH, H COCTOHT OHa H3 IIieCTH AHMepOB 
pe30JibBa3bi h AByx canTOB res. Peaxuna conpoBOxcAaerai 
H3MeHeHHBMH CBepxcnHpajiH3auHH. 

TexHHnecKH, pacxoxcAeHHe npeACTaBJíaeT coôoh 
pa3pbiB h BoccoeAHHeHHe CBfl3en 6e3 AonojiHHTejibHbix 
3Hepro3aTpaT. Pa3pbiB BbinojiHaeTca no MeTO/jy TpaHca- 
TepncjiHxauHH, xoTopaa KOBajieHTHo npHuiHBaeT Ser 10 
pe30JibBa3Hon cyó'beAHHHu.bi k 5'-(})oc(})aTy pa3pbiBaeMOH 
MeXCHyiOieOTHAHOH CBA3H B CaHTe res. HpOMOXyTOHHblH 
npOAyKT COCTOHT H3 pe30JIbBa3bI, KOBaJieHTHO npHLĽHTOH 
k oóohm 5 / -KOHu,aM AByxu,enoMeMHoro pa3pbiBa, xotophh 
CHMMeTpHHHO ACJIHT XOpOTXHH najiHHApoM 5TTATAA3' c 
o6pa30BaHHeM AHHyx^eoraAHbix 3'-xoHueBbix BbicTynoB: 

5'TTATAA3' 

3'AATATT5 

1 

5'TTAT + 6e;iOK-AA3' 

3'AA-6e;iox TATT5' 

PacniH(})poBKa hcckojibkhx BapnaHTOB xpHCTajuiHHec- 
koh CTpyiaypbi pe30JibBa3bi yb noxa3ajia, mto H30JiHpoBaH- 
HblH (J)epMCHT MOXCCT 0Ópa30BbIBaTb AHMep AHMepOB B TOM 
CMbicjie, hto y Kax<AOH pe30JibBa3H0H cyó'beAHHHu.bi ecTb 
noBepxHOCTb, npoflBjunomaa cpoACTBO k Apyron cyÓTeAH- 
HHu,e, — Tax o6pa3yeTca AHMep, xotophh, b cboio onepeAb, 
ncnojib3yeT BTopyio norpaHHHHyio noBepxHOCTb, mtoóbi 
BMecTe c ApyraM AHMepoM o6pa30BaTb TerpaMep. flHMep ah- 
MepoB íjjpxeT CBB3aTbca c canTOM res Tax, mto aMHHOxncjioT- 
Hbie ocTaTKH aKTHBHoro KaTajíHTHnecKoro ueHTpa oxaxcyrca 
npocTpaHCTBeHHO pa3HeceHbi c tcm mcctom JJJíK, KOTopoe 
hm npeACTOHT pa3pe3aTb. RpncTajuiHnecKaa crpyxTypa ch- 
HanTOCOMbl, B KOTOpOH TCTpaMep pe30JIbBa3bI Hepe3 OCTaTKH 
Ser 10 ciiiht c AByMa pa3pe3aHHbiMH caHTaMH I ÄHK-AyrmeK- 
cob, CBHACTejibCTByeT o nepBOHanajibHOM MecTOHaxoxcACHHH 
CaHTOB peKOM6HHan,HH Ha npOTHBOnOJIOXCHblX CTOpOHaX 
TcrpaMepa. 3to 03HanaeT, hto oahh h3 A^MepoB aojdxch 
noBepHyrbca Ha 180° no OTHomeHHio k ApyroMy AHMepy — 
TOJibKo TorAa cooTBcrcTBHe noJioxceHHH MOJiexyji Jl HK CAe- 
Jiacr peKOM6HHau,Hio bo3moxchoh. 3Ta cxeMa oT/iHMacrca ot 
cxeMbi ACHCTBHa THpo3HHOBbix pexoMÓHHa3 BpoAe Cre wm 
Flp, KOTopbie coeAHHaioT pexoMÓHHHpyiomHe Jl HK b crpyx- 
Typy XojniHAea (cm. pa3A. 19.18 «CaHT-cneu,H(})HMHaa pexoM- 
ÓHHayna HanoMHHacr TonoH30Mepa3Hyio aKTHBHOCTb»). 


Pe30JibBa3Haa peax uyin TnA HanoMHHacr achctbhc Int 
cf)ara jiflMÓAa b caňTax att (cm. pa3A. 19.16 «Cneu,HajiH3Hpo- 
BaHHaa peKOM6HHau,Ha 3aACHCTByeT cneyH(})HMHbie canTbi»). 
B caMOM AeJie, b canTe res ecTb 20 nH, 15 H3 KOTopbix hach- 
THMHbl OCHOBaHHBM Ha COOTBCTCTByiOIAHX n03HU,HBX B att. 
Jlonymo óbiTb, caHT-cneu,H(J)HMHaa peKOM6HHau,Ha jiaMÓAa 
h pacxoxcAeHHe TnA — SBOjnoii.HOHHbie npoH3BOAHbie oa- 
hoh h toh xce peaKu,HH peKOMÓHHayHH. B pa3A. 23.10 «Ee;i- 
kh RAG KaTajiH3HpyiOT pa3pbiB h BOceoeAHHeHHe flHK», Mbi 
yBHAHM, HTO peKOMÓHHaUHB HMMyHOľJIOÓyJIHHOBblX TCHOB 
HMeeT tot ace CTpyKTypHbiH 6a3HC. JIjir Bcex Tpex peaKn,HH 
xapaicrepeH nepeHOC CBOÓOAHoro KOHu,a flHK Ha xaTajiH- 
THnecKHH óeJioK — xax npoMOKyTOMHbiH 3Tan nepenoACO- 
eAHHeHHa k ApyroMy CBOóoAHOMy KOHu,y (cm. pa3A. 19.18 
«CaHT-cneu,H(J)HMHaa peKOMÓHHauHa HanoMHHacr Tonon- 
30Mepa3Hyi0 aKTHBHOCTb»). 

CaMH peaKn,HH aHajiorHMHbi no MaHHnyjiau,HBM c flHK, 
xotb b pacxoxcAeHHH ynacTByiOT canTbi oahoh MOJiexy^bi, b 
to BpeMfi xa k peKOM6HHau,Hfl no att — MexcMOJieKy^apHaa 
h HanpaBjíeHHaa (hto aieAyeT H3 pa3JiHMHa canTOB attB h 
attP). MexaHH3M achctbhb 4)epMeHTOB Toxce OTJiHMacrca. Y 
pe30JibBa3bi MeTbipe cyó'beAHHHu.bi cBB3biBaioTca c pexoM- 
ÓHHnpyioiAHMH caHTaMH res , h xaxcAaa cyó'beAHHHu.a HaA- 
pe3acr eAHHCTBeHHyio u,enb Jl HK. 3aTeM peopraHH3au,Ha 
cyó'beAHHHu, Apyr oTHocHTejibHo Apyra c})H3HMecKH ABHracr 
u,enH flHK, nepeBOAA hx b peKOMÓHHHpoBaHHyio kohc})h- 
rypau,Hio. npouecc 3aBepmaeTca 3äKneHBaHHeM ctbikob h 
BblCBOÔOXCAeHHeM pe30JIbBa3bI. 


21.10 


Kompoiib TpaHcno 3 M 4 MM TnlO 
ocymecTBjífleKfl 
pa3/lMHHblMM nyTflMH 


K^ioMeBbie noHBTMa: 


• MyiibTMKonniÍHoe MHrn6npoBaHMe CHMwaeT BepoyiTHOCTb 
BCTpaMBaHMfl Ka>KAOM hoboíí KOľiMM TpaHcno30Ha A eciiM APyrwe 
KoriMM Toro >ne TpaHcno30Ha y>Ke BCTpomiMCb b reHOM. 

• Pa3^MHHbie MOiieKyiiíipHbie MexaHM3Mbi bíimíiiot Ha MacTOTy 
TpaHCn03MAMM. 


KoHTpojib nacTOTbi TpaHcno3HUHH BaxceH jxm kactkh. C 
oahoh CTopoHbi, MToóbi Booóiue noAAexcaTb paccMOTpe- 
hhk) b stoh rjiaBe, TpaHcno30H aojixcch nepeMenj,aTbca c 
HeKOTOpOH MHHHMaJIbHOH MaCTOTOH. C APyBOH CTOpOHbl, 
CJIHUIKOM HHTeHCHBHaa TpaHCn03HUH0HHaB aKTHBHOCTb 
MOXCeT CTaTb ryÓHTeJIbHOH A^KJieTKH-X03BHHa. no BCeH 
BHAHMOCTH, KaXCAblH TpaHCn030H OÓJiaAaeT KaKHM-JIHÓO 
MexaHH3MOM KOHTpOJIfl MaCTOTbl COÓCTBCHHblX TpaHCnO- 
3HUHH. P3HOOÓpa3He TaKHX MexaHH3MOB MOXCHO paccMOT- 
peTb Ha npHMepe TnlO. 

TnlO — sto KOMno3HTHbiH TpaHcno30H, nepeMeiye- 
Hne KOToporo oóecnenHBaeT ero aKTHBHbiH MOAyjib IS10R. 
Ha pmc. 21.20 noxa3aHo, xax opraHH30BaH stot MOAynb. 

ľío6jIH30CTH OT BHOIIHCH TpaHHUbl B HeM HaXOAATCfl ABa 
npoMOTopa. Oahh h3 hhx, P in , OTBenaeT 3 a TpaHcxpnnuHK) 
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PMC. 21.20 y BHeujHeM rpaHMUbi IS10R HaxoAflTca ABa npoTMBO- 
noaO>KHO OpMeHTMpOBaHHblX npOMOTOpa. Cm/1 bHblíí npOMOTOp P OUT 
noAAepwMBaeTTpaHCKpMľiAMK) b HanpaB/ieHnn (JjaaHKMpyiomeM flHK 
(xo 3 AMHa). Ot 6 oaee caaóoro npoMOTopa (P IN ) 3 aBncm CMHje 3 Apy- 
roŕí PHK, MAymeM 3 a npeAeabi IS10R bo BHyipeHHioK) oóaacrb TpaHC- 
no 30 Ha; npM ee TpaHcaaLiMM noaynaeTca TpaHcno 3 a 3 a 


IS10R. flpyroH npoMOTop, P 0 ut, HanpaBaaeT TpaHCKpHnu,Hio 
b nporaBonoaoacHyio cropoHy — k 6aH3ae>KameH rpaHH- 
u,e TpaHcn030Ha. Oómhho TpaHCKpHnijHa c P 0 ut ycneBaeT 
TepMHHHpoBaTbca b npeAejiax TpaHcno30Ha, ho BpeMa ot 
BpeMeHH yxoAHT h Aaabine, b xpoMOCOMHoe OKpyaceHne; 
MHor^a npoAoaacaiomaaca TpaHCKpHnijHa CTaHOBHTca npn- 
hhhoh aKTHBau.HH cmokhmx c TpaHcn030H0M óaKrepnaab- 
Hbix reHOB. 

OeHOMeH «MyjibTHKonHHHoro HHra6HpoBaHHa» cbhac- 
Te/ibCTByeT, hto SKcnpeccna TpaHcno3a3bi IS10R no/yieacm 1 
peryaaijHH. BBeAeHne b óaKTepnaabHyio xpoMOCOMy npn 
noMomH nna3MHAbi-AOHopa AonoaHHTeabHbix KonHH IS10R 
npHBOAHT K cna^y TpaHCn03HU,H0HH0H aKTHBHOCTH TnlO. 
HHTHÓHpoBaHHe npoHCxoAHT Ha ypoBHe TpaHCjmuHH, pm 
Hero HeoôxoAHM npoMOTop P 0U t. 3(j)(j)eKT 6a3Hpyerca Ha 
nepeKpbmaHHH 5'-KOHU,eBbix ynacTKOB y P IN - h Pour T P aHC_ 
KpnnTOB. PHK OUT — TpaHCKpnnT co CTaHAapraon pjmuoPi 
b 69 ocHOBaHHH. Ee KOHu.eHTpau.Ha b 100 pa3 óoabine koh- 
u.eHTpau.HH PHK IN b CHay AByx oócroaTeabCTB: BO-nepBbix, 
P 0UT , Kan npoMOTop, ropa3AO cnabHee, neM P IN ; bo-btophx, 
PHK OUT CTaÓHAbHee, neM PHK IN. 

PHK OUT (j)yHKijHOHHpyeT KaK aHracMbicaoBaa PHK (cm. 
pa3A. 13-7 «PeryaauHa TpaHcaaijHH c noMombio Maabix Moae- 
Kyn PHK»). Ecjih Konna TpaHcno30Ha b reHOMe eAHHCTBeH- 
Haa, to PHK OUT He3(jxJ)eKTHBHa; 3HanHTeabHbiH 3(J)(J)eKT 
npoaBaaerca, Kor^a hhcjio KonHH TpaHcno30Ha AOcraraeT 
na™. Ha KaacAyio Konnio IS10 npHcyTCTByeT ~5 KonHH PHK 
OUT (hto npn oóbiHHOH creneHH pa3MHoaceHHOc™ TnlO b 
reHOMe cooTBeTCTByeT npnMepHO 150 KonnaM PHK OUT Ha 
KJiency). PHK OUT h PHK IN B3aHMOAeHCTByiOT KOMiiaeMeH- 
TapHbiMH 5 VKOHu.eBbiMH ynacTKaMH; H36biTOK nepBOH rapaH- 
THpyeT ôbicrpoe CBa3biBaHHe BTopoň — po Toro Kan k Heň 
ycneeT npnKpenHTbca pnóocoMa. PHK IN, B3aHMOAeHCTByio- 
maa c PHK OUT, He MoaceT 6biTb TpaHcanpoBaHa. 

BaacHeHniHM (J)aKTopoM ycnexa TpaHcno3HU,HH aB- 
aaeTca AOcrynHOCTb AocraTOHHoro KoannecTBa TpaHC- 


no3a3bi. KoMno3HTHbiH sjieMeHT TnlO, Hba TpaHcno3a3a 
CHHTe3npyeTca Ha hh3kom ypoBHe (b 0,15 MoaeKyabi Ha 
KJieTKy Ha noKoaeHne), oÓHapyacHBaeT HecKoabKo hhtc- 
pecHbix cnocoôoB CHnaceHna ee SKcnpeccnn, HTOóbi or- 
paHHHHTb OKKynau,Hio reHOMa coócTBeHHbiMH KonnaMH 
3ra cnocoóbi pe3K)MHpyeT p m c. 21 . 21 . 

npeACTaBJíeHHOCTb TpaHcno3a3bi b Kaerae KOHTpoan- 
pyeT CKopocTb TpaHcno3HU,HH, MyTau,HH no reHy TpaHC- 
no3a3bi (c HenpepbiBHon paMKOH CHHTbraaHHa b IS1 OR) c 
TpyAOM Moryr 6biTb KOMneHcnpoBaHbi mpaHC-^Kľmuoc- 
Tbio ocTaBineroca IS10R — ajieMema AHKoro rana. 3 to ot- 
paacaeT CTporoe npeAnonTeHne TpaHcno3a3bi k t^uc-pt hc- 
TBHIO — $epMeHT $yHKU,HOHHpyeT 3(j)(j)eKraBHO TOJIbKO c 
toh Jl HK, KOTopaa nocayacHJia MaTpHU,eH pm ero TpaHC- 
KpHnu,HH n TpaHCJiau,HH. Z/^c-npeAnoHTeHHe Booóme xa- 
paKTepHO pm TpaHcno^Q, KOAHpyeMbix IS-s/ieMemaMn 
(a TaKace /yia 6eaKa A, ynacTByiomero b penjiHKau,HH (f>ara 
(|)X174, cm. pa3A. 16.5 «ľeHOMbi HeKOTopbix (J)aroB penan- 
UHpyiOTca no rany «KaTameroca KOJibua»). 

OTpaacaeT jih ^^c-npeAnoHTeHne TpaHcno3a3bi ee 
óojibinee cpo^CTBO k noaieAOBaTejibHOCTaM-MHUieHaM, ae- 
acamHM He^ajiexo ot MecTa CHHTe3a ^epMema? Oaho n3 
B03MoacHbix oóTacHeHHH coctoht b tom, 4T0 nocae (Han 
bo BpeMa) CBoero CHHTe3a Ha pnóocoMe TpaHcno3a3a npn- 
Ba3biBaeTca k HK TaK KpenKO, hto BepoaraocTb Ky^a-anGo 
AH$$yHAHpoBaTb pj ia Hee KpaňHe HH3Ka. JX pyrnM bo3mo>k- 
hhm oóTacHeHHeM cay)KHT KpaňHaa HecTaónabHOCTb (J)ep- 
MeHTa, He CBa3aHHoro c flHK, nosTOMy MoaeKyabi óeaxa, 
KOTopbie He ycnean cpa3y nocae CHHTe3a npncoeAHHHTbca 
k MaTpHU,e, yace HMKor^a He npoaBaT cboio aKTHBHOCTb. 

Eaaroflapa MyabTHKonHHHOMy HHraÓHpoBaHHio n 
^^c-npeAnoHTeHHio TpaHcno3a3bi pocT nncaa Konnň 


acTOTa co biTHH TpaHcno 3 HAHH peryiinpyeT 


Z/t/c-fleŕícTBMe TpaHcno3a3bi Ha MaTpmjyflHK 

. 



B3aMMOAeíícTBMe ^ 

KOMľUieMeHTapHblX jjy| 

ynacTKOB flByx PHK < Ln 

npenBTCTByeT 
TpaHC^BLlMM PHK IN 

MeTHJiHpoBaHHe npenfiTCTByeT 
CBB3biBaHMK) TpaHcno3a3bi c flHK- # 

MeTM^MpoBaHMe npenflTCTByeT 
cMHTe3y TpaHcno3a3bi - « 


PMC. 21.21 HacTOTa TpaHcno 3 MAMM TnlO orpaHMHeHa cpa 3 y He- 
CKoabKMMM cnocoóaMM. KawAbiŕí n 3 MexaHM 3 MOB no-CBoeMy 3 aipa- 
rMBaeT CMHTe 3 an 6 o cJ)yHKumo óeaxa TpaHcno 3 a 3 bi. flaa nepeHoca 
Koňmi TpaHcno 30 Ha HeoóxoAMMO, HToóbi flHK He 6 biaa noaHocrbio 
MeTHaHpoBaHa, hto HMeeT MecTO ToabKO nocae penaHKauHM. Bbi- 
6 op MHLueHH orpaHHHHBaeTca Hi/c-npeAnoHTeHnaMn TpaHcno 3 a 3 bi, 
a cnapHBaHHe KOMnaeMeHTapHbix ynacTKOB PHK 0UT/IN nHrnónpy- 
eT cnHTe 3 TpaHcno 3 a 3 bi 


548 TJ 1 ABA 21 TpaHcno 30 Hbi 

























21.11 


TnlO b óaKTepnajibHOM reHOMe paHO hjih no3AHO 3aMeA- 
jiaeTca h He npHBOAHT k yBejiHHeHHio nacTOTbi TpaHcno- 
3hu,hh, ryÓHTejibHoň RJín xcmňcKoro reHOMa. 

/Via HHAHBHAyajibHoro sjieMeHTa (6e30TH0CHTejibH0 
ocTajibHbix KonHň) caMyio BaacHyio cncreMy peryjiaijHH 
oóecnenHBaioT scj)(j)eKTbi MeTHJinpoBaHHa. Ohh He to jib- 
ko yMeHbinaioT nacTOTy TpaHcno3HU,HH, ho h (hto óojiee 
BaacHO) npnypoHHBaiOT TpaHcno3HU,Hio k npoxoac/jeHHio 
penJIHKaTHBHOH BHJIKH. 

CnocoÓHOCTb IS10 k TpaHcno3HUHH cooTHeceHa c 
penjíHKauHOHHbiM ijhkjiom óaKTepnajibHOH xpoMOCOMbi 
OTBeTOM TpaHcno30Ha Ha CTaTyc MeTHJinpoBaHHa flHK 
no AByM caHTaM. Oahh caňT HaxoAHTca BHyTpn HHBepTH- 
poBaHHoro KOHU,eBoro noBTopa IS10R, c KOTopbiM CBa3bi- 
BaeTCH TpaHcno3a3a. /Ipyroň caňT MeTHJinpoBaHna Haxo¬ 
AHTca b npoMOTope P IN , c KOToporo TpaHCKpnónpyeTca 
reH TpaHcno3a3bi. 

06a sthx canrra MeTHJinpyeT CHCTeMa dam, onncaHHaa 
b pa3A. 15.5 «nocjie penjiHKau,HH ophajkhhm Moryr 6biTb 
H30JiHpoBaHbi ot annapaTa oóecneneHHa hx (J)yHKn,HH». Me- 
THJia3a Dam MOAH^HijHpyeT aAeHHH nocjieAOBaTejibHoc™ 
GATC, H0B0CHHTe3np0BaHH0H b npoijecce penjíHKaijHH. B 
uiTaMMax danr nacroTa TpaHcno3HU,HH TnlO b 1000 pa3 
Bbirne. 3to oóycjiOBJíeHO TeM, hto o6a cama jinmeHbi Me- 
THJibHbix rpynn. 

IlpoxoacAeHHe penJIHKaTHBHOH bhjikh nepe3 sth 
(MeTHJinpoBaHHbie no oóenM uenaM) caňTbi nopoacAaeT 
nojiyMeTHJinpoBaHHbie caňTbi AonepHHx AynJieKCOB; b 
stom coctohhhh TpaHcn030H aKTHBnpyeTca, BO-nepBbix, 
3a cneT ynameHHa aKTOB TpaHCKpHnijHH reHa TpaHcno- 
3a3bl H, BO-BTOpbIX, 3a CHCT yCHJieHHB CBfl3bIBaHHfl TpaHC- 
no3a3bi c KpaeM IS10R. B niTaMMax AHKoro rana canra 
OCTaiOTCH nOJiyMCTHJIHpOBaHHblMH JIHIIIb Ha KOpOTKHH 

nepnoA nocjie penjíHKaijHH. rioneMy stot nepnoA TaK 
OnTHMaJieH RJIK TpaHCn03HU,HH? 

HepenjíHKaraBHbiH MexaHH3M TpaHcno3HU,HH TnlO 
npeACTaBJíaeT coóoh yrpo3y pa3pymeHHa AJia flHK-AOHopa 
(cm. pne. 21.7). CMarHHTb 3Ty yrpo3y c tohkh 3peHna Bbi- 
xcnBaHHa KJieTKH MoaceT BTopaa Konna AOHopa — npoAyKT 
TOJibKO hto npoH 3 omeAiueH penjiHKau,HH. Tanoe CMarne- 
HHe S(j)(j)eKTHBHO, nOCKOJIbKy K TpaHCn03HU,HH CTHMy- 
anpyeTca Jinuib OAHa H3 HOBopenjiHijHpoBaHHbix KonHH 
TnlO (y KOTopoň KOHKpeTHaa u,enb He WerajinpoBaHa no 
caňTaM dam). 

TpaHcno30H BbiônpaeT caHT-MHineHb cjiynaHHbiM 
0Ópa30M H C pa3yMHOH BepOaTHOCTbK) MOaceT BCTpOHTb- 
ca b aKTHBHbíň onepoH. MoaceT jih TpaHCKpHnijHa H3BHe 
npoHTH CKB03b TpaHcno30H, aKTHBHpoBaB TaKHM o6pa- 
30M TpaHcno3a3y, nepenpoH3BOACTBO KOTopoň MoaceT, 
b cbok) onepeAb, npHBec™ k noBbimeHHOH (bo3mo>kho, 
jieTaabHOH) nacTOTe TpaHcno3HU,HH? y TnlO cymecTByeT 
ABa MexaHH3Ma 3aiAHTbi ot noAOÓHbix coóhthh. ÍIpoxoA 
TpaHCKpHnu,HH nepe3 KOHU,eByio nacTb CHnacaeT ero mo- 
ÓHJibHOCTb (npeAnojioacHTejibHO, HHmónpya CBa3biBaHne 
c TpaHcno3a30H), a mPHK, HanHHaiomaaca He c npoMOTO- 
pa, a Bbirne, TpaHCJinpyeTca naoxo, nocKOJibKy HMeeT Ta- 
KyiO BTOpHHHyiO CTpyKTypy, HTO HHHIJHHpyiOmHH KOAOH 
OKa3biBaeTca BHe AOCTyna. 


KoHTpoiiMpyioiUMe 3 /ieMeHTbi 
Bbi 3 biBaiOT pas/iOMbi n nepecrpoÉKM 
b reHOMe KyKypy 3 bi 


KmoHeBbie noHHTMH: 


• ílB/ieHMe TpaHcno3MUMM 6bmo OTKpbiTO y KyKypy3bi 6/iaroAapn 
pa3J10MaM XpOMOCOM, o6pa3yK)LUMMCH npM TpaHCn03M14MM 
MOÓMJlbHblX «KOHTpO/1MpyK)lUMX 3JieMeHTOB». 

• Pa3/iOM nopo>KAaeT xpoMOcoMy c AeHTpoMepoíí m zioMaHbiM 
KOHUOM/ a T3K>Ke aueHTpMHeCKMM <J)parMeHT (o6/iomok). 

• AAeHTpMHecKMM (J)parMeHT TepneTCH bo BpeMH Mmo3a, 3 to 
mo>kho 33MeTMTb no MCHe3HOBeHMio AOMMHaHTHbix a/iJie/ieíi B 
reTepo3nroTe. 

• C/IMHHMe Me>KAy JlOMaHbIMM KOH 143 MM AByX XpOMOCOM 
nopo>KAaeT Anuern-pHnecKyio xpoMOcoMy, BOB/ieKaeMyio b 
noc/ieAyioiuMe amk/ih pa3/iOMOB m c/imhhmm. 

• l/MKJl pa3/10Ma-C/1MHHMH-M0CTa npMBOAMT K ľipOHBJíeiHMHM 
COM3TMHeCKOÍÍ M033MHH0CTM. 

CaMbiM KoaopHTHbiM o6pa30M TpaHcno30Hbi npoaBJíaioT 
ce6a b coMaraHecKHx Bapnaujiax, B03HHKaiomHx b OHTore- 
HeTHHeCKOM pa3BHTHH U,BeTKOBbIX paCTCHHH H3-3a H3MCHe- 
hhh b pacnojioaceHHH hjih noBeACHHH KOHTpojmpyioiijHX 
ajieMeHTOB. Tanoe Ha3BaHne 6bmo a^ho TpaHcno30HaM a o 
toto, KaK 6bma OTKpbiTa hx MOJieicyjiapHaa npnpoAa. 

KyicypyBa oóaaAaeT AByMa ocoóeHHOCTaMH, no3BOJiaio- 
iahmh OTCJieacHBaTb aBJíeHHa TpaHcno3HU,HH. Bo-nepBbix, 
KOHTpojinpyioiAHe 3JieMeHTbi nacTO BHeApaioTca noójin- 
30CTH ot reHOB, KOTopbie b pe3y;ibTaTe HHTerpau,HH HHa- 
KTHBHpyiOTCa C HeaeTaJIbHblM, HO ^eHOTHnHHeCKH apKHM 
3(j)(j)eKTOM. Bo-BTopbix, Kyicypy3e CBOHCTBeHHa KaoHajibHaa 
cxeMa pa3BHTna, BCJieACTBHe nero mo^cho OTCJieAHTb coóbi- 
THa TpaHCn03HU,HH BO BpeMeHH H npOCTpaHCTBe, KaK 3TO 
noKa3biBaeT AnarpaMMa Ha P n c. 21 . 22 . 

IlpeAnojioacHM, b oahoh H3 KaeTOK 3anaTKa opraHa (Ha- 
npHMep, 3epHa) npoH3onuia MyTauna hah reHOMHaa nepe- 
CTpoHKa. /Via BH3yajiH3au,HH H3MeHeHna He HMeeT 3Hane- 
HHa ero npnpoAa (a sto MoaceT 6biTb ToneHHaa Myrauna, 
BCTaBKa, AeJieu,Ha hah pa3JiOM xpoMOCOMbi), Baaoio TOJibKo, 
HToóbi coóbiTne nepecTpoHKH MeHaao sKcnpeccHio oahoto 
h3 ajuiejien b jioicyce, no KOTopoMy pa3BHBaiomHHca opra- 
hh3m reTepo3HroTen. B stom cjiynae noTOMCTBO KJieTKH-xo- 
3aHKH coôbiTHa, cTaB HOCHTejieM HOBoro cfjeHOTHna, 6yj\CT 
BH3yajibHO OTjiHnaTbca ot noTOMCTBa Apyrnx KJieTOK c hc- 
XOAHblM (JjeHOTHnOM. 

Cepna mhto30b kjictkh, noABeprmeHca reHeranecKOH 
nepecTpoHKe, a^ct Hanajio BHAOH3MeHeHHOMy ceKTopy 
TKaHH. H3MeHeHne (jjeHorana b npou,ecce coMaTHnecKo- 

ro pa3BHTHa Ha3bIBaiOT M03aHHH0CTbK); M03aHHH0CTb 
npoaBJíaeTca b bhac ceKTopa c hobhm (jjeHoranoM, npe- 
óbiBaiomero b OKpyaceHHH TKaHH c hcxoahhm (J)Choth- 
noM. Pa3Mep ceKTopa 3aBHCHT ot HHCJia nopoAHBmnx 
ero KjieTOHHbix acjichhh, caeAOBaTejibHO, cooTHomeHne 
SKcnaHCHH HOBoro h CTaporo (jjeHOTHnoB (HanpnMep, Ha 
noBepxHOCTH nonaTKa hjih OTAejibHoro 3epHa) AHKTyeTca 
BpeMeHeM coBepmeHHa nepecTpoHKH (xpoHOMeTpaacoM). 
HeM paHbine b HHAHBHAyajibHOM pa3BHTHH (neM ÓJinace k 
ocHOBaHHio AepeBa KjieTOHHbix acjichhh) npoH3onuia My- 
Tau,Ha, TeM ôojibine hhcjio Hecyni,Hx ee KjieTOHHbix noTOM- 
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PHC. 21.22 AHa;iM3 CMTyauMM, M3o6pa>KeHHOM Ha pncyHKe, cboamt- 
Cfl K MAeHTM<t)MKaUMM KJieTOHHOTO K/lOHa (ľlOTOMKOB OAHOM KJieTKn), 
c()eHOTMn KOToporo flBjíaeTCfl pe3y/ibTaTOM coóbiTna TpaHcno3nunn. 
0 nojio>KeHMM 3Toro coóbiTna bo BpeMeHM pa3BMTMfl 3anaTKa opraHa 
MO>KHO CyAHTb no HMC/iy KJieTOK C M3MeHeHHblM (J)eHOTMnOM. 0 TKaHe- 
BOH CneUMíjDMHHOCTM COÓblTMfl (TOHHee, CTeneHM AHC()Ct )e P eH U M P 0BKM 
K/ieTKM-npeAiiJecTBeHHMKa Ha momcht coóbiTHfi) mo>kho cyAHTb no 
J10Ka/1H3aAHH KJieTOK 3TOrO KJlOHa 


kob n TeM óojibine pa3Mep ynacTKa TKaHH c hobmm <$cho- 
THnOM, KOTOpblH OHH 06pa3yK)T. CaMblH 3peJIHmHbIH TOMy 
npHMep — u,BeTOBbie Bapnaunn 3epeH KyKypy3bi. 

K/iaccHHecKaa npHHHHa coMaTHnecKon reHOMHOH 
nepecTpoňKH — BCTaBKa Kompoimpyiomero ojieMema, 
3aTparaBaiomafl aKTHBHOCTb CMOKHbix reHOB. flejieu, hh, 
AynJIHKailHH, HHBepCHH, TpaHCJIOKailHH — BCe OHH OÓblH- 
Hbi b MecTax npHcyTCTBra KOHTpojinpyiomHx ojieMemm 
CaMbiM pacnpocTpaHeHHbiM nocjieACTBneM npncyTCTBHa 
pw sjieMeHTOB HBJíaeTca pa3JiOM xpoMOCOMbi. YHHKajib- 
HblM CBOHCTBOM KyKypy3bI KaK MOAe^bHOrO ÓHO^OrHHeC- 
Koro oó'beKTa HBJíaeTca to, hto ero KOHTpojinpyiomHe 
sjieMeHTbi no/yioxaT peryjmiiHH coo6pa3HO npoijeccy 
HHAHBHAyajibHoro pa3BHraa opraHH3Ma. MoónjibHbie 
SJieMeHTbi nepeMemaioTca no reHOMy n co^eHCTByiOT re- 
HeraHecKHM nepecTpoHKaM b cootbctctbhh c xapaKTe- 
pHCTHHeCKHMH BpeMCHHblMH OKHaMH H C HaCTOTOH, npeA" 
nncbiBaeMon cra^nen pa3BHTHa opraHH3Ma. 


TnriHHHbiM b stom CMbicjie o6pa30M Be/jeT ce6a ane- 
Mem Ds , oÔHappiceHHbiH ójiaro^apa CBoeň cnocoÔHOCTH 
HHAyunpoBaTb pa3JiOMbi xpomocom. nocjieACTBHH ero ax- 
thbhocth HJunocTpnpyeT PH* , 21.23. PaccMOTpHM napy 
roMOJiornHHbix xpomocom. Oj\m H3 hhx HeceT cepnio pe- 
ueccHBHbix MapnepoB (C, bz h wx ). B Apyryío xpoMOCOMy 
Ds BHeApnjioi MOKAy cepnen AOMHHaHTHbix reHeraHecKHx 
MapnepoB (CI,BzuWx) h iiempoMepoň. Pa3JiOM xpoMoeo- 
Mbi no Ds nopoxcAaeT ai^eHTpircecKHH (f)parMeHT, yHO- 
camnň AOMHHaHTHbie MapKepbi. By^ynn jinmeHHbiM ueH- 
TpoMepbi, au,eHTpnHecKHH (jiparMeHT TepaeTca ioictkoh 
npn MHT03e. nooTOMy b AonepHnx toieTKax npncyTCTByiOT 
jinnib Tpn peu,eccnBHbix Mapnepa — b cocraBe HHTaKTHoro 
roMOJiora. OeHOTHnHnecKHH OKBHBajieHT — H3o6paxceHne 
KyKypy3Horo 3epHa c pne. 21.22. 

p n c. 21.24 riOKa3biBaeT, KaK pa3JiOM xpoMOCOMbi no Ds 
npnBOAHT k o6pa30BaHHio AByx HecTaHAapmbix U-o6pa3- 
Hbix xpoMOCOM. Hx nopo)KAaeT oinaHne JiOMaHbix kohijob 
y npoAyKTOB perninKaunn. U-o6pa3Hbin aijeHTpHHecKHH 
(J)parMeHT oô'beRmmer b ce6e AHCTajibHbie nacra cecTpnHC- 
khx xpoMaTHA (Jiexcamne, no OTHomeHnio k iiempoMepe, 3a 
Ds; m pncyHKe ohh aieBa). U-o6pa3Haa flmjeHTpHHecKafl 
xpOMOCOMa oÔTeAHHHeT b ce6e ocrajibHbie nacra cecT- 
Phhckhx xpoMaTHA c uempoMepaMH (Ha pncyHKe — cnpa- 
Ba ot Ds). TaKoe CTpoeHne AHijeHTpHHecKOH xpoMOCOMbi 
oópeKaeT ee Ha Bxoxc/jeHHe b icnaccHHecKHH TaK Ha3biBae- 
Mbin uhkji pa3^0Ma-cjmaHna-M0CTa. 

npoaieAHM 3a ynacTbio AnueHTpHHecKOH xpoMOCOMbi 
npn nonbiTKe k cerperaunn b MHTOTHHecKOM BepeTeHe. flBe 
iieHTpoMepbi THHyT ee k npoTHBonojioxcHbiM nojnocaM. Ot 



P H C. 21,23 Pa3/iOM no KOHTpo/iHpytoiueMy 3/ieMeHTy npMBOAHT k no- 
Tepe aueHTpHHecKoro <t)parMeHTa xpoMOCOMbi. Ecjih c()parMeHT coAep- 
>kht AOMHHaHTHbie MapKepbi, ero noiepíi MeHíieT (JieHOTMn reTepo3nro- 
Tbi. OeHOTHnHHecKHe acpcpeKTbi noiepn AOMMHaHTbix MapKepoB, CI, Bz 
M Wx. MO>KHO OAeHHTb no H3MeHeHHK) OKpaCKH 3epeH MJ1H npn nOMOlUM 
cneuna/ibHoro OKpaiiJHBaHmi npenapnpoBaHHbixTKaHeíí 
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■-‘MC. 21 24 05 C/iy>KMT MeCTOM MHMUMaiJMM LJMKJlMHeCKMX pa3/10M0B 
M CJIMflHMM CeCTpMHCKMX XpOMaTMfl. CoÓbITMfl MOJieKyJlflpHOľO ypOBHfl 
MO>KHO OTCiieflMTb no (J)eHOTMnaM KJIOHOB 


HaTH^ceHHH xpoMOCOMa pa3pbiBaeTca b npon3BOJibHOM caň- 
Te MOKfíy ueHTpoMepaMH. B npnMepe, npuBeACHHOM Ha pn- 
cyHKe, pa3pbiB HMeeT mccto Mtxpy jioKycaMH A h B — c TeM 
pe3yjibTaTOM, hto o^Ha H3 AonepHnx xpomocom nojiynaeT 
AynjiHKau,Hio A, a flpyraa — ero flejieijHia Ecjih A — jjomm- 
HaHTHbíň Mapnep, KjieTKH c flyrníHKauneH coxpaHHT (j)eHO- 
Tnn A, b to BpeMH KaK KjieTKH c neneweH nepenAyr Ha pe- 
u,eccHBHbiH (JjeHoran a. 

IJ[hioi pa3JiOMa-cjiHHHHH-MOCTa noBTopaeToi b nepe^e 
nocjie/jyiomHx icneTOHHbix noKOJieHHH, reHepnpya HOBbie 
reHeTHHecKne H3MeHeHHa. Ecjih pa3BHTb npnMep, KOTopbiH 
TOJibKO hto 6bui paccMOTpeH, to xpoMOCOMa c ACJieuneH 


A b cjie^yiomeM ijHKjie (npn aie^yiomeM MHT03e) mojkct 
npeTepneTb pa3pbiB MOK/iy MapnepaMH B m C, n Tor/ja ee 
noTOMKH pa3Ae;iHTca Ha Tex, hto HecyT ^yrníHKaanio B (Ha 
(J)OHe AeJieuHH ^4), h Tex, y KOTopbix B (KaK h A) flejierapo- 
BaH. IlocJieAOBaTejibHbiH yxo a AOMHHaHTHbix MapKepoB (b 
nopa^Ke hx pacnojio>KeHH5i Ha xpoMOCOMe no HanpaBJíe- 
hhk) k u,eHTpoMepe) (J)eHOTHnHHecKH oToópaacaeTca b BH/j,e 
noAceícropoB BHyrpH ceicropa M03aHHH0cm 


21.12 


KoHTpo^MpyioiuMe ajieMem-w 
o6pa3yiOT ceMeňcTBa 
TpaHCn030H0B 


K/itoneBbie noHAT ma: 


• B Ka>KflOM ceMeŕícTBe TpaHcno30HOB Kyxypy3bi ecTb 
aBTOHOMHbie M HeaBTOHOMHbie KOHTpO/IMpyiOlUMe 3^eMeHTbl. 

• ABTOHOMHbie KOHTpOJ1HpyK)LUHe 3/ieMeHTbl KOflHpytOT 6e/1KM. 
no3BO/iíuoiune mm nepeMeLuaTbca. 

• HeaBTOHOMHbie KOHTpo/iMpyioiuMe 3/ieMeHTbi coAepwaT 
MyTai^MM, MCK/nonaioiuMe Ha/iMHMe y hmx npoAyKTOB, cnocoÔHbix 
k KaTa/iM3y TpaHcno3M4MM; Bce >Ke ohm MOiyr nepeMeiuaTbCíi 
npM yCJlOBMM, HTO aBTOHOMHbIM 3iieMeHT M3 TOľO >xe ceMeŕícTBa 
o6ecneHMT mx Heo6xoAMMbiMM 6ejiKaMM. 

• ABTOHOMHbie KOHTpo/iMpyiomMe 3/ieMeHTbi npeTepneBaiOT 
CMeHbi (J)a3 (J)yHK4M0Ha/ibH0CTM f hto o6yc/iOB/ieHo maBHbiM 
06pa30M AMH3MMKOM MeTMJlMpOBaHHOCTM MX flHK. 


ľeHOM KyKypy3bi co^ep^cHT HecKOJibKo ceMeňcTB Kompo- 
jinpyiomnx ojieMeHTOB. Kaa^aa copTOBaa jihhhh pacreHrrn 
oÓJia/jaeT cbohm HaóopoM aneMemoB c KOHKperabiMH xa- 
paicrepHCTHKaMH (HHCJieHHOCTbio, ranoBOH npnHa/yiOK- 
HOCTbio, jiOKajiH3au l HeH). Hmh MO^ceT 6biTb OKKynnpoBaHa 
3HaHHTe;ibHaa nacrb reHOMa. BHyrpH ccmchctb arceMeHTbi 
pa3JiHHaioTca cTeneHbio CBoen caMOCTOflTejibHOcra: 

• ABTOHOMHbie KOHTpOJIHpyiOII4ie 3 JieMeHTbI cno- 
co6hh Bbipe3aTbca h nepeMeniaTbca c noMombio ôcjikob, 
KOTopbie 3aKOAnpoBaHbi b hhx caMHx. H3-3a HenpeKpa- 
maiomeHca aKTHBHOCTH aBTOHOMHoro ojieMeHTa ero 
BHeApeHne no KaKOMy-jinóo Jioicycy C03flaeT Hecraónjib- 
Hbíň («Myra6ejibHbiH») ajmejib. YrpaTa aBTOHOMHoro ane- 
Mema (hjih yrpaTa sthm ojicmchtom CBoen MOÓHjibHOC- 
th) npeBpamaeT MyraóejibHbiH ajniejib b craÓHjibHbiH. 

• HeaBTOHOMHbie KOHTpojmpyiomHe aJieMembi 
caMH no ce6e craÓHJibHbi (He nepecKaKHBaioT c MecTa 
Ha MecTo h Booóme He noABep^ceHbi cnoHTaHHbiM H3- 
MeHeHHHM COCTOflHHfl). OHH CTaHOBHTCH HCCTaÓHJIbHbl, 
TOJIbKO eCJIH aBTOHOMHbIM SJieMCHT H3 TOľO )Ke CeMCHC- 
TBa npHcyTCTByeT rAe-HHÓyAb b flpyroM MecTe reHOMa. 
flonojiHeHHbiH mpaHC-pacnojioyKemibiM aBTOHOMHbIM 
SJieMeHTOM HeaBTOHOMHblH SJieMeHT HaHHHaeT BeCTH 
ce6a aKTHBHO, ^eMOHCTpnpya Becb Haóop TpaHcno30- 
HOBbix 4)yHKu,HH, b nepByio OHepe^b — enoeoÓHOCTb 
nepeMemaTbca b HOBbie caň™. Hame Bcero HeaBTOHOM¬ 
Hbie SJieMeHTbl — npOH3BOAHbie aBTOHOMHblX s^eMeH- 
TOB, nOTepHBUIHX HaCTb HH$OpMan,HH, HeOÓXOAHMOH 
JUm BomiomeHHfl óe/iKOBoro annapaTa TpaHcno3HU,HH. 
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TpaHCn030Hbl ÔblBaiOT aBTOHOMHbIMM H HeaBTOHOMHbiMM 


ABTOHOMHbie 

HeaBTOHOMHbie 

n mpaHC-a KTMBauMfl TpeôyeTCB 

riepeMemaera ^ noncvTCTBne f 

He33BMCMMO 

aBTOHOMHOrO 

I 

a^eMeHTa 

I 

f 

BcTpaMBaeTCB 

\ 

BcTpaMBaeTCB 

B HOBbIM CaMT 

B HOBbIM CaŕÍT 

CeMeŕícTBa TpaHcno30HOB KyKypy3bi 

Ac (aKTMB3TOp) 

Mp (MOfly^BTOp) 

Ds (flMCCOl^Mai^Mfl) 

Sp /77 (cynpeccop-MyTaTop) 

dSpm (flec()eKTHbiM Spm) 

En (3HxaHcep») 

I (MHľMÔMTOp) 

Dt (b KpanMHKy) 

Be3 Ha3BaHMB 

MuDR (MyTaTop) 

Mu 


PMC. 21.25 B KawAOM ceMeŕícTBe KOHTpo/iupyioiuMx a/ieMemoB 
eCTb aBTOHOMHbie M HeaBTOHOMHbie H/ieHbl. ABTOHOMHbie 3/ieMeHTbl, 
B OTJlMHMe OT HeaBTOHOMHblX, CľlOCOÓHbl K TpaHCľl03MLlMM BHe 33BM- 
CMMOCTM OT APY™X 3/ieMeHTOB. CeMeMCTB aBTOHOMHblX 3/ieMeHTOB 
HacHMTbiBaeTCfl He MeHee neTbipex; Ka>KAoe M3 hmx Aono/iHeHO HeaB- 
Tt) H O M H bl M M 3/ieMeHTaMM 

npHHaAJie)KHOCTb KOHTpOJIHpyiOIIlHX SJieMCHTOB K 
OAHOMy ceMeňcTBy onpeAejiaeTca B03MOxcHOCTbio B3an- 
MOAeňCTBHH (mptfftC-aKTHBHOCTH) MOKJjy aBTOHOMHbIM H 
HeaBTOHOMHbiM 3JieMeHTaMH. Ka^Aoe ceMeňcTBO npeACTaB- 
JieHO eAHHCTBeHHOH (06pa3yK>meH) pa3HOBHAHOCTbIO aB- 
TOHOMHOrO SJieMeHTa H MHOTOHHCJieHHblMH pa3HOBHAHOC- 
TflMH HeaBTOHOMHblX SJieMCHTOB. HeaBTOHOMHblH SJieMCHT 
npHHa/yie^cHT ceMencTBy, ecjín oh moxcct 6biTb aKTHBupo- 
BaH 06pa3yi0IIlHM aBTOHOMHbIM SJieMCHTOM H3 3TOTO ce- 
MeňcTBa. CaMbie pacnpocrpaHeHHbie ceMencTBa Kompojin- 
pyiomnx 3JieMeHTOB KyKypy3bi nepenHCJieHbi Ha P M c. 21 . 25 . 

Xoporno H3yneHHbie Ha MOJieKyjrapHOM ypoBHe, TpaHC- 
no30Hbi Kyxypy3bi He OT/innaioTCfl KaKOH-TO ocoóoh (jx)pMOH 
opraHH3au,HH: Te xce HHBepmpoBaHHbie KOHijeBbie noBTopbi, 
CMOKHbie C KOpOTKHMH npHMblMH nOBTOpaMH ^JiaHľOB. Ho 
no cbohm pa3MepaM h coAep^caHHio ohh cmibHO BapbH- 
pyiOT. JJjw Bcex ceMeHCTB xapaicrepeH oahh h tot xce mu 
B3aHMOACHCTBHa MOK/ty aBTOHOMHbIM H HeaBTOHOMHbIM 
SJieMeHTaMH. y aBTOHOMHblX SJieMeHTOB OÓJiaCTb MOKffy 
KOHU,eBbIMH nOBTOpaMH COAep>KHT OTKpbITbie paMKH CHHTbl- 
BaHHa. HeaBTOHOMHbie xce sjieMeHTbi HMKor^a He KOAnpyioT 
(J)yHKiiHOHajibHbix óejiKOB. MHor^a hx BHyrpeHHHe oójiacm 
no nocjieAOBaTejibHOcro noxo^KH Ha BHyrpeHHioio OÓJiaCTb 
o6pa3yiomero aBTOHOMHoro s/ieMema, b Apyrnx oiynaax sth 
nocJieAOBaTejibHOCTH nojmocTbio AHBeprapoBajiH. 

TpaHcno30Hbi ceMencTBa Mutator — oahh h 3 caMbix 
npHMHTHBHblX KOHTpOJIHpyiOmHX SJieMCHTOB. ABTOHOM- 
HbiH 3JieMeHT MuDR HeceT b ce6e reHbi mudrA (KOAnpyeT 
TpaHcno3a3y MURA) h mudrB (KOAnpyeT BcnoMoraTe/ib- 
Hbin óejioK). Kpaa ojieMema npeACTaBJíaioT coóoh HHBep- 


rapoBaHHbie noBTopbi b 200 nH. HeaBTOHOMHbie sjieMeHTbi 
ceMencTBa — no cyrn, Jiioóaa nocjieAOBaTejibHOCTb, onaHM- 
jieHHaa TaKHMH xce, Kan y MuDR , nOBTOpaMH, — no/yieacaT 
Mo6HJiH3au,HH TpaHcno3a30H MURA. 

Ka^oe ceMencTBO «KOHTpojinpyiomHx 3JieMeHT0B» 
npeACTaBJíeHO b reHOMe pacTeHna ~10 4/ieHaMH. CpaBHH- 
TeabHbíň MOJieicyjiapHbiH aHa;iH3 aBTOHOMHbix h HeaBTo- 
HOMHblX SJieMeHTOB H3 CeMCHCTBa Ac/Ds Ha OCHOBaHHH 
MHoroHHCJieHHbix OTAe/ibHbix 3K3eMn;iapoB noAbiToxceH Ha 
PMC. 21.26. 

Bojibinyio nacTb aBTOHOMHoro s/ieMema Ac 3aHHMaeT 
OAHH-eAHHCTBeHHbin reH. B HeM naTb 3K30H0B. Ero npo- 
AyKT — TpaHcno3a3a. 3;ieMeHT OKaHMjmioT HHBepTnpoBaH- 
Hbie noBTopw no 11 nH, rpaHHHamne c 8 nH AynjiHijHpo- 
BaHHoro carna BHeApeHHa. 

HeaBTOHOMHbie 3JieMeHTbi Ds noxoxcn Ha A;, ho BapbH- 
pyiOT no noejieAOBaTejibHOCTH h jymm. Hx Kpaa co^epacaT 
Taxne xce, Kan y Ac 11 nH, HHBeprapoBaHHbie noBTopbi. Ohh 
Kopone, hcmHc, 3 a cneT Aeaeu,HH, pa3Mep KOTopbix Bapbnpy- 
eT. Tax, y Ds9 AcaeropoBaHO TOJibKo 194 nH, a y Ds6 coxpa- 
HHjiocb 2 TnH (no oahoh c KaacAoro Kpaa). KoMrnieKCHbíň 
Abohhoh saeMeHT Ds co^epacHT Ase nocjieAOBaTejibHocra 
Ds6 , OAHa H3 KOTopbix BCTaBJíeHa b Apyryío. 

HeaBTOHOMHbie sjieMeHTbi hmciot HenojiHyio BHyrpeH- 
HIOIO OÓJiaCTb, HO COXpaHHIOT HHBepTHpOBaHHbie KOHU,e- 
Bbie noBTopbi. HeaBTOHOMHbie 3/ieMeHTbi nponcxoAfiT ot 
aBTOHOMHbix b pe3yjibTaTe AOieunH Apyrnx H3MeHe- 
HHH), KOTOpbie, BblBOAA H3 CTpOH THptiHC-AKľlíBVíyiO (T. e. C 
AeHCTBneM, pacnpocTpamnoiAHMca h Ha Apyrne sjieMeHTbi) 
TpaHcno3a3y, ocTaBJíaioT HeTpoHyTbiMH canTbi, no KOTopbiM 
3Ta TpaHcno3a3a AeHCTByeT. flejieunn, TepMHHnpyioiij.He 
aBTOHOMHOCTb, pa3JIHHHbI: OT MHHHMaJIbHblX (HO TeM He 
MeHee HHaKTHBnpyiomHx) Myraunn b Ac ro BecbMa BHyrnn- 
TejibHbix no cbohm pa3MepaM yAajieHHbix hjih nepecTpoeH- 
Hbix yqacTKOB. 

MjieHbi Ds\ npoaBjíaioT Apyry 10 KpaňHOCTb — ohh Ha- 
CTOJibKO KopoTKH, HTO cxoactbo hx c Ac orpaHHHHBaeTca 



P M C. 21.2 6 3/ieMeHT Ac coAep>KMT n^Tb 3K30H0B, KOAMpytoiAnx TpaHC- 
no3a3y; 3/ieMeHTbi Ds AB/iaiOTCfl npoAyKTaMM Ae/ieuMM BHyipn Ac 
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TOJIbKO HaJIHHHeM HHBepTHpOBaHHblX KOHUCBblX nOBTOpOB. 
Cynj,ecTBOBaHHe Dsl-nojxoôubix sjieMeHTOB AOKa3breaeT, 
4T0 TpaHcno3a3a pacno3HaeT TOJibKO HHBepTupoBaHHbíc 
KOHu,eBbie noBTopbi sjieMeHTa, hjih, bo3motkho, KOHijeBbie 
noBTopbi, CBa3aHHbie c onpeAejieHHbiMH kopotkhmh BHyT- 
peHHHMH nOCJieAOBaTe^bHOCTHMH. 

no CBoeMy MexaHH3My TpaHcno3HU,H5i Ac/Ds Hepen- 
jíHKaTHBHa, to ecTb conpoBoacAaeTca yxoAOM ajieMema m 
AOHopcKoro OKppceHHa. lOiOHajibHbíň aHa;iH3 noKa3bma- 
eT, hto TpaHcno3HUHa Ac/Ds non™ Bcer/ia nponcxoAHT 
BCKope nocjie toto, KaK ojieMem b cocTaBe AOHopa 0Ka3bi- 
BaeTca penjiHijHpoBaHHbiM. Te >xe ocoôchhocth npncymH 
TpaHcno3Hu,HH óaKTepnajibHoro ojieMema TnlO (pa30- 
ôpaHHoň b pa3A. 21.10 «TpaHcno3Hu,Ha TnlO noABep^ceHa 
pa3HbiM (J)opMaM KOHTpojia»). flencTByiomaa npnHHHa b 
oôohx cjiynaax OAHa h Ta >Ke: TpaHcno3HU,HH He nponc- 
xoflHT, Kor^a flHK TpaHcno30Ha MeTHJinpoBaHa no o6e- 
hm uenaM. nojiyMerajinpoBaHHaa flHK, KOTopaa TOJibKO 
hto npopenjiHUHpoBa^acb, cnocoócTByeT aKTHBH3au l HH 
TpaHcno30Ha. Y Ac/Ds caHT-peu,HnHeHT nacTO pacnojio- 
xceH Ha toh >Ke xpoMOCOMe, nHor^a — cobccm 6jih3ko ot 
AOHopa. 

PenjíHKaana nopoac/jaeT ABe Konnn noTeHnnajibHoro 
AOHopa Ac/Ds, ho (KaK h y TnlO) TpaHcno3HU,Hio oómhho 
coBepmaeT Jiniiib OAHa H3 hhx. KaK cioiaAbiBaeTca j&jib- 
HeHiuaa cyAbóa noKHHyroro canTa-AOHopa? nepecrpOHKH, 
oÓHappcHBaeMbie b noKHHyTbix canrrax, MoryT óbiTb KBa- 
JIH(J)HLl,HpOBaHbI KaK nOCJieACTBHfl pa3JIOMOB XpOMOCOM, 
H3o6pa>KeHHbix Ha pne. 21.23. 

Cocromm KompojiHpyiomHx sjieMeHTOB noABep^ce- 
Hbl pa3HOOÓpa3HbIM H3MeHeHHHM. HeKOTOpbie H3 3THX H3- 
MeHeHHH reHeTHHecKne, Apyrne — snnreHeTHHecKHe. 

DiaBHoe H3MeHeHne — sto, kohchho, npeBpameHne 
aBTOHOMHOrO SJieMeHTa B HeaBTOHOMHblH. nOMHMO STOľO, 
HeaBTOHOMHblH SJieMeHT, OÓpeTfl KaKOH-HHÓyAb Ae$eKT, 
MOTKCT CTaTb HeBOCnpHHMHHB K M06HJIH3aU,HH aBTOHOM- 
HblM SJieMeHTOM. TaKOH HeaBTOHOMHblH SJieMeHT MOTKeT 
nepMaHeHTHO CTa6HjiH3HpoBaTbca b reHOMe, nocKOJibicy 
óojibme He MO^ceT óbiTb noóy^KAeH k TpaHcno3Hu,HH. 

ABTOHOMHbie s^eMeHTbi noABep^ceHbi CMeHaM cf)a3bi — 
HacjieAyeMbiM, ho oTHOCHTejibHO HecraÓHJibHbiM H3MeHe- 
HHHM CBOHX CBOHCTB. 3TO 4T0-T0 BpOAe OÓpaTHMOH HHa- 
KTHBaUHH, KOľAa KOHTpOJIHpyiOIAHH SJieMCHT KOJieÔJieTCH 
MOKJXy aKTHBHbIM H HeaKTHBHbIM COCTOHHHHMH B TeHCHHe 
HHAHBHAyaJIBHOrO pa3BHTHH paCTHTeJIbHOľO OpraHH3Ma. 

y aBTOHOMHbix sjieMeHTOB Ac h MuDR CMeHa (j)a3bi 
oóycjiOBJíeHa cmchoh CTaTyca MerajiHpoBaHHa flHK. Pe- 
3yJIbTaTbI CpaBHeHHH aKTHBHblX H HeaKTHBHblX SJieMeHTOB 
Ha npeAMeT nyBCTBHTejibHOCTH k pacmernieHHio SH^OHyK- 
jiea3aMH peapnKijHH no3BOJwiOT yTBepacAaTb, hto b CBoen 
HeaKTHBHOH (J)opMe 3/ieMeHT MeTHJinpoBaH no nooieAOB- 


aTeJIbHOCTH-MHIIieHH 


CAG 

GTC. 


B Ka^KAOM s^eMeme ecTb Hec- 


KOJibKO TaKHx canTOB, h noKa HeacHO, KaKne H3 hhx ynac- 
TByiOT B KOHTpOJie aKTHBaU,HH. fleMCTH^HpOBaHHe KOHU,e- 
Bbix noBTopoB ycHJiHBaeT SKcnpeccHio TpaHcno3a3bi, 
4T0 moxcho pacu,eHHBaTb KaK CBHACTejibCTBO y4acTHa reHa 
TpaHcno3a3bi b onocpeAOBaHHH craMyjinpyioiAero 3(|)(|)eK- 


Ta. O TOM, KaK KOHTOJIHpyiOTCH MeTHJIHpOBaHHe H AeMeTH- 
jinpoBaHHe, xoTejiocb 6bi, kohc4ho, 3HaTb óojibine. 

3(f)(})eKT MeTHJinpoBaHHH Booóme oóbi4eH jyin TpaHC- 
n030H0B pacTeHHH. JIy4maa ero ACMOHCTpau,Ha npnHa- 
AJie^CHT ddml ~, MyTaHTy Arabidopsis. Upu MyTHpoBaBiueM 
ddm reTepoxpoMaTHH HeMeTHJinpoBaH. AHa^H3 AHHaMHKH 
reHOMHbix nocjieAOBaTejibHOCTen noKa3aji, 4T0 acmcth/ih- 
poBaHne TpaHcn030H0B Arabidopsis , poACTBeHHbix MuDR 
KyKypy3bi, npnBOAHT k noBpoKACHHio reHOMa BCJieACTBHe 
pe3KOľO yBeJIH4eHHH 4aCT0TbI TpaHCn03HUHH. B03M02CH0, 
MeTHJIHpOBaHHe h ecTb rjiaBHbíň pbi4ar, cnacaioiAHH reHOM 
ot pa3pymeHHa H3-3a cjihuikom 4acTbix TpaHcno3HU,HH. 

Y TpaHcno30HOB pacTeHHH MOiyr óbiTb h caMoynpaB- 
jiaeMbie MexaHH3Mbi Kompojia, aHa;iorH4Hbie HMMyHHTeTy 
óaKTepnajibHbix TpaHcno30HOB, oóeperaioiAHx OKpecTHoe- 
TH OT COÓCTBeHHblX KOnHH. TaK, pOCT 4HCJia KOnHH Ac B 
OTAeJIbHO B3HTOM reHOMe CHH^CaeT 4aCT0Ty TpaHCn03HU,HH. 
Bo3mo^cho, sjieMeHT Ac KOAnpyeT penpeccop TpaHcno3H- 
u,hh; bo3mo^cho, 4T0 3THM penpeccopoM paóoTaeT eaMa 
TpaHcno3a3a — b Apyron (JjyHKí^HOHajibHOH nnocTacn. 


21.13 


SiieMeHTbi Spm b/imíik)t 
H a aKcnpeccmo reHOB 


KjitoneBbie noHATMH: 


• 3/ieMem M3 ceMeŕícTBa Spm MO>KeT B/iwiTb Ha 3KcnpeccnK) 
reHOB no Mecry CBoero BHeflpeHMH, ec/in ero Kpaa CBH3biBaeT 
6e/iOK TnpA. 

• 3/ieMeHT Spm MHaKTMBMpyeTCH MeTminpoBaHneM. 


ABTOHOMHbie sjieMeHTbi Spm h En npaKTH4ecKH hachth4- 
hh — pa3JiH4aioTC5i MeHee 4eM no 10 no3HUHHM. P M c. 21.27 
AaeT npeACTaBjíeHne 06 hx CTpyKTypax. PlHBepTHpoBaHHbie 
KOHU,eBbie noBTopbi b 13 nH npHHU,HnHajibHO Ba^cHbi jjjir 
TpaHCn03HU,HH, O 4eM CBHAeTeJIbCTByeT TpaHCn03HU,H0H- 
HO-Ae(J)eKTHbiH ^eHOTnn KpaeBbix Aejieu,HH. TpaHcno30Hbi, 
noxo^cne Ha Spm , HanAeHbi h y Apyrnx pacTeHHH. Hx c Spm 

OTHOCHT K OAHOMy CCMCHCTBy Ha OCHOBaHHH OÔIAHOCTH 
OpraHH3aU,HH. y Bcex y HHX n04TH OAHHaKOBbie HHBepTH- 
poBaHHbie KOHiieBbie noBTopbi, a npn hx TpaHcno3HiiHH 
AynjiHu,HpyeTC5i no 3 nH caHTa-MHineHH. 3a ajibTepHaTHB- 
Hoe Ha3BaHHe Bcero ceMencTBa — TpaHcno30Hbi CACTA — 
ÓblJIO B3HTO C04eTaHHe ÓyKB, 0Ó03Ha4ai0IAHX HyKJieOTHA" 
HbiH KOHceHcyc KpaeB ajieMema. 

C npoMOTopa, pacnojio^ceHHoro no jieBOMy Kpaio 3Jie- 
MeHTa, TpaHCKpHÓHpyeTca nocjieAOBaTe^bHOCTb b 8300 nH. 
OAHHHaAuaTb 3K30 hob TpaHCKpnnTa crniaHcnpyioTca b 2500 
OCHOBaHHH mPHK, KOTopaa KOAnpyeT óe^OK H3 621 aMH- 
HOKHCJiOTbi. ľeH Ha3biBaiOT tnpA, a KOAnpyeMbíň hm óejiOK 
CBH3bIBaeTC5I C MH0r04HCJieHHbIMH KOnHHMH 12 nH KOHCCH- 
cycHbix nocjieAOBaTejibHOCTen, npHcyrcTByiomHx no KpaaM 
sjieMeHTa. OyHKii,Ha tnpA HeoóxoAHMa (ho, bo3mo>kho, caMa 
no ce6e HeA0craT04Ha) aa^ 3kcu,h3hh TpaHcno30Ha. 

Bce HeaBTOHOMHbie sjieMeHTbi ceMencTBa (o6o3Ha4a- 
eMbie KaK dSpm, «Ae(J)eKTHbiH Spm») no CTpyKType 04eHb 
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P M C. 21.27 ABTOHOMHbie 3/ieMeHTbi ceMeŕícTB Spm n En coflepwaT 
no ABa reHa. ľeH tnpA MMeeT oAMHHaAAaTb 3K30H0B, KOTopbie TpaHc- 
KpnÓMpytOTCfl m CK/ieMBaiOTCfl b mPHK a/iuhom 2500 OCHOB3HMM. reHy 
tnpB COOTBeTCTByeT mPHK A/lUHOŕí 6000 OCHOBaHMÍÍ C AByMa OTKpbl- 
TblMM paMK3MH CHMTbIBaHMa 


noxoacn Ha Spm. Ohh HecyT AejieijHH, 3aTparHBaiomHe sk- 
30Hbi tnpA. 

flBe AOnOJIHHTeJIbHblX OTKpbITblX paMKH CHHTbIBaHHH, 
ORF1 h ORF2, HaxoAHTca BHyTpn /yiHHHoro nepBoro hht- 
poHa tnpA. Ohh conepacaTca b ajibTepHaraBHO cmiaHCHpo- 
BaHHOM npo/iyKTe TpaHCKpHnijHH — mPHK b 6000 ocHOBa- 
hhh, npHcyTCTByiomeM b KOJinnecTBe, b 100 pa3 MeHbineM, 
neM mPHK tnpA. ľeHeTHHecKH, ORF1 h ORF2 oó'beAHHeHbi 
Kan tnpB. npoAyKTOM tnpB MoaceT 6biTb óejiOK, KOTopbiH 
CBH3biBaeTca c 13 nH HHBepTnpoBaHHbix KOHijeBbix noBTO- 
poB h Bbipe3aeT TpaHcno30H H3 AOHopcKoro OKpyaceHHa. 

y nojiHOiieHHoro Spm ecTb npoH3BOAHbie Spm-w, Hba 
TpaHcno3Hu,HOHHaa aKTHBHOCTb oiaóee. npHMep Spm-w , 
npHBeACHHbiH Ha pne. 21.27, HeceT AeJieu,Hio, sjiHMHHnpy- 
iomyio BMecTe B3aTbie ORF1 h ORF2. 3to roBopm o tom, 
hto TpaHcno3HH,Ha MOxceT ocymecTBJíHTbCH 6e3 tnpB hjih c 
ero 3aMeHOH ajibTepHaraBHOH (J)yHKu,HeH. 

BcTaBKH Spm Moryr ynacTBOBaTb b Kompo/ie sKcnpec- 
chh reHOB no Mecry CBoero BHeupeHHa. JIoKyc-peijHnHeHT 
MOXCeT OHyTHTbCH nOA HX KOHTpOJieM — KaK HeraTHBHbIM, 
Tax h no 3 HTHBHbiM. no onpeAejieHHio, Spm-c ynpeccnpye- 
Mbíň jiOKyc npeTepneBaeT HHrnÓHpoBaHHe sKcnpeccHH, b 
to BpeMH Kan 5 pm- 3 aBHCHMbiH JiOKyc MOxceT 6 biTb sKcnpec- 
cnpoBaH TOJibKO npn no/wepacKe Spm. Ecjih npoH 30 iiuia 
HHcepu,Ha dSpm, cynpeccna hjih 3 aBHCHMOCTb Toace Moryr 
B 03 HHKHyTb — KaK OTBCT Ha mp(ZHC-2.KľUBHyK) (J)yHKU,HK), 
ocyniecTBJíaeMyio aBTOHOMHbiM Spm. 

Ha neM ocHOBbiBaiOTca CTOJib npoTHBonojioacHbie 3(J)- 
(J)eKTbi, KaK cynpeccna h 3 aBHCHMOCTb? CynpeccnpyeMbiH 
ajmejib conepacnT BCTaBKy dSpm BHyTpn 3K30Ha. KaKHM 06 - 
pa30M TaKaa CTpyicrypa Booóme MoaceT 6 biTb sKcnpeccnpo- 
BaHa — naace Ha hh3kom ypoBHe? flejio b tom, hto nocjieno- 
BaTejibHOCTb dSpm MoaceT 6 biTb Bbipe3aHa H3 TpaHCKpnnTa 
b xo^e cnjiaHCHHra, ecjín 6ynyT ono3HaHbi ee Kpaa. TaKOH 


HeCTaHAapTHblH CnJiaHCHHr MOaceT BHAOH3MCHHTb okoh- 
naTejibHyio noaieAOBaTejibHOCTb mPHK, hto OTpa3HTca Ha 
CBOHCTBax KOAnpyeMoro eio óejiKa. noxoacaa cnocoÓHOCTb 
6biTb Bbipe3aHHbiMH H3 TpaHCKpnnTa 6bma oÓHapyaceHa y 
HeKOTOpblX BCTaBOK Ds. 

Cynpeccnpyioiiiyio (J)yHKu,Hio, no KOTopoň 6buio naHo 
Ha3BaHne BceMy ceMeňcTBy Spm , oóecnenHBaeT tnpA. npn- 
cyTCTBHe HeaBTOHOMHororf5pm MoaceT yMeHbiiíHTbSKcnpec- 
chk) reHa, ho He nojiHOCTbio cbccth ee Ha hct. BHeupeHHe 
ace aBTOHOMHoro ojieMema, Hecyniero (JjyHKíiHOHajibHbin 
reH tnpA, MoaceT nojiHOCTbio nonaBHTb sKcnpeccHio reHa- 
MHineHH. 3(J)(J)eKT cynpeccHH oóyaiOBJíeH cnocoÓHOCTbio 
TnpA ono3HaTb Kpaa sjieMema h CBa3aTbca c hhmh, 3a6;io- 
KnpoBaB xoa TpaHCKpnniiHH. 

Ajuiejib, 3aBHCHMbiH ot Spm hjih dSpm , Haxo/jHTca pa- 
AOM c caHTOM BHeApeHna sjieMema. no Bcen bhahmocth, 
BCTaBKa cjiyacHT SHxaHcepoM (ycHJíHTejieM) TpaHCKpHnijHH 
c 6jiH3Jieacaniero npoMOTopa (npnHa/yieacamero 3aBHCHMO- 
My reHy). 

06a 3(J)(J)eKTa — cynpeccHa h 3aBHCHMOCTb — onnpa- 
lOTca, HecMOTpa Ha cboio nporaBonojioacHOCTb, Ha oaho h 
to ace B3aHMOACHCTBHe MeacAy (mp^wc-aKTHBHbiM) nponyK- 
tom reHa tnpA aBTOHOMHoro sjieMema h caňTaMH no KpaaM 
(B03MOXCHO, Apyroro, HeaBTOHOMHoro) sjieMema, bhcaphb- 
rneroca b kohkpcthom MecTe. TaKHM o6pa30M, oaho h to 
ace B3aHMOAencTBHe MeacAy ôcjikom h Jl HK jihóo noAaBJíaeT, 
jihóo CTHMyjinpyeT jiOKyc-MHineHb, hto oôycjiOBJíeHO pac- 
nojioaceHneM sjieMema BHyrpn reHa hjih Bbirne Hero. 

3jieMeHTy Spm cbohctbchho MHoacecTBO pa3JiHHHbix 
cocToaHHH. Oh MoaceT 6biTb b nojiHOH Mepe aKTHBeH wm 
ace BecTH CKpbiToe (KpnnTHHecKoe) cyniecTBOBaHne. Kpnn- 
THHeCKHH SJieMeHT «MOJIHHT», t. e. He SKCnpeCCHpyeT CBOH 
reHbi h TeM caMbiM He ynacTByeT b TpaHcno3HUHH — hh cbo- 
eň coócTBeHHOH, hh sjieMeHTOB dSpm. KpnnTHHecKHH 3Jie- 
MeHT MoaceT 6biTb BpeMeHHO aKTHBnpoBaH h Aaace Hanojiro 
nepeBeAeH b aKTHBHoe cocToaHne nepe3 B3aHMOAeňcTBHe 
c aKTHBHbiM 3JieMeHTOM Spm. Oópamoe npeBpauieHHe — 
HHaKTHBau,Ha — npoHCxoAHT b pe3yjibTaTe MeTHJinpoBaHHa 
noejieAOBaTejibHOCTH flHK Heno^ajieicy ot cTapTa TpaHc- 
KpHnu,HH tnpA. B neM 3aKjnoHaeTca MOJieicyjiapHaa npnpoAa 
MeTHJinpoBaHHa de novo h KaKOBbi B03M0acH0CTn aKTHBa- 
u,hh AeMerajiHpoBaHHeM (hjih npeAOTBpanieHHeM mcthjih- 
poBaHna), noKa Hen3BecTHO. 


21.14 


POilb MOÔHilbHblX 3/ieMeHTOB 
B TMÔpMAHOM AMCreHe3e 


fíniOHeBbie noH^TMa: 


• 0co6m jimhmm P DrosophiLa meíanogaster a b n a iotca HocmeaaMM 
reHeTMHecKMx P-aaeMeHTOB, npeAcraBjíaiomMx coóoíí 

TpaHCn030Hbl. 

• B pe3y/ibTaTe cxpeiAHBaHna caMua P c caMKoŕí M TpaHcno 3 mina 
P-aaeMeHTOB aKTMBMpyeica. 

• BHeApeHMe P-aaeMeHTOB b HOBbie caíiTbi MHaKTMBMpyeT 
MHO>KecTBo reHOB b reHOMe noTOMCTBa ot cxpeiAHBaHna caMua P 
c caMKOíí M, npHBOA^ k 6ecnjioAHio. 
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HeKOTopbie jihhhh njiOAOBbix MyrneK D. melanogaster 
ruioxo CKpemHBaioTCH mokay coóoh. Y hx noTOMCTBa npo- 
hbjihiotoi npn3HaKH BbipoxcAeHHH, KOTopbie Ha MOJieicy- 
jiapHOM ypoBHe npeAcraBjmioT coóoh cepnHHbie MyTau,HH, 
xpoMOCOMHbie a6eppau,HH, H3BpauteHHyio MeHoranecKyio 
cerperau,Hio xpomocom. ľloflBJíeHHe sthx npn3HaKOB, xop- 
pejinpyioiitHx MOKffy coóoh h oóyoiaBJíHBaioiitHx óecmio- 
AHe (CTepHJIbHOCTb) OCOÓH, Ha3bIBaiOT ra6pH^,HbIM ahc- 
reHe30M. 

Y D. melanogaster onncaHO ABe MOAejibHbix chctcmm 
THÓpHAHoro AHcreHe3a. B oahoh h3 hhx MyxH pa3AeJw- 
iotch Ha Tnnbi I (inducer, HH/j.yu.HpyiomHH) h R (reactive, 
pearnpyioiitHH). CHnxceHHaa miOAOBHTOCTb CBOHďBeHHa 
THÓpHAaM CaMUOB I C CaMKaMH R, HO He HaoóopoT. Bo 
BTopoň CHCTeMe MyxH flejmTCfl no TnnaM P (ot amn. pa- 
ternal contributing — oti/obckhh BKjiaA) h M (ot amn. 
maternal contributing — MaTepnHCKHH BKJiaA). p m c. 21 „28 
no^HepKHBaeT acHMMeTpnio cncreMbi: CKpemHBaHne 
MOK/ty caMu,OM P h caMKOH M npHBO/tHT k AncreHe3y, a 
oóparaoe CKpentHBaHHe — hct. 

flHcreHe3, xax (jjeHOMeH, óepeT Hanajio b KJieTKax 3apo- 
AbimeBoro nym (repMHHajibHbix KJieTKax). ripn CKpentn- 
BaHHH P-M, noTOMCTBO F1 (nepBoro noKOJieHHH) oÓJiaAaeT 
HOpMaJIbHbIMH COMaTHHeCKHMH TKaHHMH. OflHaKO TOHa^bl 
y hhx He pa3BHBaioTca, a Mop^oJionmecKHe otkjiohchhh 
B pa3BHTHH TaMCT (J)HKCHpyiOTCa, HaHHHafl CO CTa^HH óbic- 
TpblX KJieTOHHblX ZteJieHHH repMHHaJIbHOH JIHHHH. 

Jlioóaa H3 xpomocom caMi/a P moxcct HHAyu,HpoBaTb 
AHcreHe3 y rnópH/ta c caMKOH M. CrpoeHHe peKOMÓHHaH- 
THblX XpOMOCOM nOKa3bIBaeT, HTO HeCKOJIbKO OÓJiaCTeH 
BHyTpH Kaxe/tOH H3 P-XpOMOCOM CnOCOÓHbl K nOAOÓHOH 
HH/tyKIJHH. 3TO TOBOpHT O TOM, HTO B TCHOMe CaMIJOB P Cy- 
utecTByeT mhoxccctbo canTOB, nopoxc/taioiitHx HHflyKijHK) 
AHcreHe3a. MHAHBHAyaJibHbie jihhhh MyrneK P OTJiHnaioTca 
MOK/ty coóoh no pacnojioxceHHio sthx nooieAOBaTejib- 
HOCTeň, oTcyTCTByiomHx b xpoMOCOMax MyrneK M. 


Ot CKpeiMMBaHHii caMAa P c caMKoň M no/iyMaeicn 
crepH/ibHoe fiotomctbo 

P M 

CaMeu CaMKa 

M P 

CaMeu CaMKa 

m tpf 

1 

m 

i 


i 

m 

Tnôpnfl BbimflflMT 
HOpMa/lbHO, 

HO BBJlBeTCfl 
depn^bHbiM 

nOTOMCTBA HET 

i 

m 


P M C. 21.28 ľ n6pnflHbiM flncreHe3 acnMMeTpnneH: oh npoflBJíaeTCfl 
npn cKpeiuHBaHMH camta P c caMKoň M, ho He camta M c caMKoň P 


BnepBbie npnpoAa P-cneiiH(J)HHHbix nocjieAOBaTejib- 
HOCTeň óbuia ycTaHOBJíeHa upn KapTnpoBaHHH flHK y My- 
TaHTOB w, nona/taioiitHXCH cpe^n /tncreHe3Hbix rnópH/tOB. 
Bce ohh HecyT BcraBKy HK no Jioxycy w. HHaKTHBau,HH 
JIOKyCa BCTaBKOH npHBO/tHT K HaJIHHHK) y MyiUKH ÓeJIblX 
rjia3, noneMy oh, coóctbchho, h Ha3BaH «óejibiM» (white). A 
BCTaBJíeHHaa b Hero noaieAOBaTejibHOCTb nojiyqnjia Ha3Ba- 
Hne P-3JieMeHT. 

BcTaBKH P-ojieMema oópa3yioT loiaccnnecKyio MOÓHJib- 
Hyio CHCTeMy. OT/tejibHbie 3JieMeHTbi BapbnpyioT no /tJiHHe, 
ho roMOJiornHHbi no nocjie/tOBaTejibHOCTH. Bce ohh oójia/ta- 
10 T HHBepTnpoBaHHbiMH KOHu,eBbiMH noBTopaMH no 31 nH 
B COnpOBOXC/teHHH npaMblX nOBTOpOB flHK-MHUieHH no 
8 nH. CaMbie KpynHbie P-3JieMeHTbi hmoot /yiHHy ~2,9 TnH h 
coAepxcaT neTbipe OTKpbiTbix paMKH CHHTbreaHHH. Bojiee ko- 
pOTKHe SJieMeHTbl B03HHKai0T, no BCeH BH/tHMOCTH, AOBOJIb- 
ho nacTo, H3-3a BHyrpeHHHx /tejien,HH nojmopa3MepHoro 
P-3JieMeHTa. ľlo KpaHHeň Mepe, HeKOTopbie H3 yKoponeH- 
hhx P-3JieMeHTOB noTepajiH cnocoÓHOCTb npo/tyunpoBaTb 
TpaHcno3a3y, ho MOiyr óbiTb mpaHC-aKmBupoBmbi cj)ep- 
MeHTOM, 3aKO/tnpOBaHHbIM B nOJIHOLteHHOM P-3JieMeHTe. 

CTaH/tapTHaa jihhhh MyrneK P co/tepxcHT ot 30 ao 50 
P-3JieMeHTOB Ha reHOM, npHMepHO TpeTb hx nojmopa3- 
MepHbi. P-3JieMeHTbi OTcyTCTByioT b reHOMe Mymex jihhhh 
M. JIhhhh P HeceT P-3JieMeHTbi xax HHepTHbie KOMnoHeH- 
tw reHOMa, ho ohh aKTHBnpyioTCH, Kor^a caMeu, P CKpeiitH- 
BaeTca c caMKOH M. 

XpoMOCOMbi rnópHAHbix AHcreHe3Hbix MyrneK P-M He¬ 
cyT P-3JieMeHTbi, BHeApHBmnecH bo MHoro hobhx caňTOB. 
BcTaBKH HHaKTHBHpyiOT reHbl, B KOTopbie ÓbIJIH npHBHe- 
ceHbi, h Hepe^KO cjiyxcaT npnHHHOH pa3JiOMa xpomocom. 
MHaKTHBau,HH reHOMa — bot KaKOB oóiahh pe3yjibTaT 
BCnJieCKa TpaHCn03HU,H0HH0H aKTHBHOCTH. 


21.15 


PojieMeHTbi Moiyr 6biTb 
aKTMBMpOBaHbl B KjieTKax 
3apoAbiuieBoro nym 


KmoHeBbie noH^THíi: 


• ľlpn cKpeiunBaHnn camta P n caMKn M P-a/ieMeHTbi b K/ieTKax 
3apoAbiiueBoro nym nx noTOMCTBa 3 Kthbho nepeMeiuatoTCfl 
no reHOMy, nocKO/ibKy npn yaa/ieHnn oflHoro nHTpoHa b xofle 
cn/iaňcnHra, cnei4nct)HHHoro ajia K/ieTOK 3apoAbiiueBoro nym, 
o6pa3yeTca noc/ieAOBaTe/ibHOCTb, KOAnpytoiuafl TpaHcno3a3y. 

• flpyrofi 6e/iKOBbiň npoAyKT P-3JieMeHTa — penpeccop 
TpaHcno3nitnn f cnHTe3npyeTCfl bo Bcex K/ieTKax n ero oneHb 
MHoro b 4HTon/ia3Me 5iňiteKJieTOK caMKn P. 

• OicyTCTBne npn3HaKOB AncreHe3a y rnópnAa Me>KAy caMLtOM 
M n caMKOíí P oô^CHíieTCfl npncyTCTBneM penpeccopa b 
4nTon/ia3Me on/ioAOTBopeHHoň 5iňueKJieTKn. 


XOTfl P-3JieMeHTbI TpaHCKpHÓHpyiOTCH H B COMaTHHCCKHX 
TKaHHx, hx nepeMenteHHe no reHOMy xapaKTepHO Jinnib 
AJih KJieTOK 3apoAbimeBoro ny™. TKaHeBaa cnen,H(J)HH- 
HOCTb TpaHcno3HU,HH CBH3aHa c H3MeHeHneM naTTepHa 
cnjiaňcHHra. 


21.15 P-3/ieMeHTbi MoryT óbiTb aKTnBnpoBaHbi b K/iemax 3apoAbiujeBoro nym 555 














p M c. 21.29 H3o6pa>KaeT opraHH3au,Hio P-sjieMeHTa h 
ero TpaHCKpunTOB. nepBHHHbiH TpaHCKpnnT b cpe/meM 
cocTaBJíaeT 2,5 toh, ho motkct AOxoflHTb h ao 3 Tím — Be- 
pOHTHO, BCJieACTBHe CÓOeB («npOTeKaHHH») TepMHHaU.HH. 
Ha ocHOBe nepBHHHoro TpaHCKpunTa motkct, b kohchhom 
cneTe, 6biTb CHHTe3HpoBaHO ab a ajibTepHaTHBHbix óejiKO- 
Bbix npoAyKTa: 

• B coMaraHecKHx TKarax npw cnjiaňCHHre Bbipe3aioTai 
TOJibKO nepBbie Asa HHTpoHa, o6pa3ya KOAupyiomyio 
oÓJiacTb ORFO-ORF1-ORF2. TpaHCJmanfl nojiyHHB- 
meňoi mPHK AaeT óejiOK Maccon 66 Kfla. Oh paóoTaeT 
penpeCCOpOM TpaHCn03HU,H0HH0H aKTHBHOCTH. 

• B repMHHajibHbix TKarax AonojiHHTejibHbin MaHeBp 
cnjiaňcHHra y^ajmeT hhtpoh 3. Bjiaro^apa STOMy b 
cocTaB mPHK bxoaht Bce neTbipe OTKpbiTbix paMKH; 
TpaHCJiupyeMbiH c Hee óejiOK bccht 87 Kfla. 3tot 6e- 
jiok — TpaHcno3a3a. 

HeoóxoAHMOCTb b cnjiaňcHHre TpeTbero HHTpoHa ajih 
TpaHcno3HiiHH 6buia AOKa3aHa sKcnepHMeHTaMH ab yx th- 
noB. Bo-nepBbix, ecjiH b caň™ cnjiaňcHHra (splice junc- 
tions, ynacTKH Ha CTbiKax MOKAy sK30HaMH h HHTpoHaMu) 
BHecra MyTau,HH in vitro, a 3aTeM BHeApuTb sth P-sjie- 
MeHTbi b reHOMbi MyrneK, to OKaxceTca, hto sth sjicmch- 
Tbi noTepajiH Boncyio MOÓHJibHOCTb. Bo-BTopbix, ecjín y 
P-sjieMeHTa TpeTHH hhtpoh AeJieTnpoBaH, h tcm caMbiM 
ORF3 BKjnoneHa b cocraB mPHK KOHCTHTyTHBHO bo Bcex 
TKaHHX, TpaHCn03HUHH HMeeT MeCTO H B COMaTHHeCKHX 
TKarax — HapaBHe c repMHHajibHbiMH. TaKHM o6pa30M, 
npHcoeAHHeHne ORF3 k npeAinecTByiomeH paMKe chhth- 
BaHHH — HeoóxoAHMoe h AOCTaTOHHoe ycjiOBne TpaHcno- 
3HU.HOHHOH aKTHBHOCTH P-SJieMCHTa. OTO KpHTHHCCKHH 
acneKT peryjiflu.HH, b HopMe npncymHH Jinnib KJieTKaM 
3apoAbimeBoro nym 

HeM oóecneneHa TKaHeBaa cneu,H(j)HHHOCTb cnjiaHCHH- 
ra? CoMaTHHecKne kjictkh co^ep^caT ôejiOK, KOTopbiH cbh- 
3 biBaeTCH c nocjieAOBaTe/ibHOCTbio 3 K 30 Ha 3, npenaTCTBya 
cnnaHCHHry (y^ajieHnio H 3 TpaHCKpnnTa) nooieAHero (Tpe¬ 
Tbero) HHTpoHa (cm. pa 3 A. 26.12 «A/ibTepHaTHBHbiH cnjiaň- 
CHHr — sto peajiHsau.Ha pa 3 JiHHHbix BapnamoB cniHBaHHa 
3 K 30 H 0 B Me)KAy COÓOH»). B TepMHHaJIbHblX KneTKaX TaKOH 
óe/iOK OTcyTCTByeT, h cmiaHCHHr óecnpenaTCTBeHHO reHe- 
pnpyeT mPHK, KOAHpyiomyio TpaHcno 3 a 3 y. 

IIjví TpaHcno3HU,HH P-sjieMemy TpeôyioTca -150 nH 
coôcTBeHHOH kohučboh flHK. TpaHcno3a3a CBH3biBaeTOi c 
nocjieAOBaTejibHOCTHMH b 10 nH, npnMbiKaiomHMH (H3HyT- 
pn s^eMema) k 31 nH HHBeprapoBaHHbix KOHijeBbix noB- 
TopoB. TpaHcno3Hu.Hn npoHexoAHT no HepenjíHKaTHBHOMy 
MexaHH3My «HaApe3 h BcraBKa» («cut and paste») — KaK y 
óaKTepnajibHoro TnlO. Tanon MexaHH3M cnocoócTByeT 
rnópHAHOMy AwcreHe3y AsyMH cnocoóaMH: BCTaBKa b ho- 
BOM MeCTe MOXCeT 3aAeTb HHTaKTHblH JIOKyC H BbI3BaTb ero 
MyTauHio, a pa3opBaHHoe coctohhhc noKHHyToro AOHopa 
CnOCOÓCTByeT B03HHKH0BeHHK) ACJieU,HH. 

HmepecHO, hto b 3HanHTejibHOM npou,eHTe oiynaeB 
penapau,Ha pa3pbma flHK AOHopa nponcxoAHT c npHBJíe- 
neHHeM HH(J)opMau,HH (HyioieoTHAHOH nocjieAOBaTe/ib- 
HOCTH) H3 rOMOJIOrHHHOH XpOMOCOMbl. Ecjih TOMOJIOr 
HeceT b ce6e P-3JieMeHT, to npncyTCTBne P-sneMeHTa b 


Cn/iaMCMHr P>3^ieMeHTa 

OT/lHMaeTCfl TKaHeBOH Cne4H(f)M4HOCTbfO 

P- 3 /ieMem ^ 

Mhtpoh 1 Mhtpoh 2 MrnpoH 3 


^ TpaHCKpuni^Míi 

KopoTKafl PH K 
A^MHHafl PHK 



TpeTMM MHTPOH OCTaeTCfl 

«C 0 MaTM- 

necKa 5 i» 

mPHK 

OTKpbuafl paMKa 

CHMTbIBaHMfl 

1 


t 

Penpeccop 66 Kfla 

«ľepMM- 

Ha/ibHafl» 

mPHK 

— OiKpbuaB paMKa > 

CHMTbIBaHMB 
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PMC. 21.29 P-3/ieMem- coflep>KMT neTbipe 3K30Ha. B repMMHa/ibHbix 
K/ieTKax Bce neTbipe 3K30Ha oóbeAMHeHbi b oflHy OTKpbuyio paMKy 
CHMTbiBaHMfl. B coMaTMHecKMx K/ieTKax paMKa yKoponeHa, nocKO/ibKy 
b Heň OTcyTCTByeT Maiepna/1 neTBepToro 3K30Ha 


caňTe-AOHope moxcct 6 biTb BOCCTaHOBJíeHO (npoqeccoM 
HanoAOÓne penjíHKaTHBHOH TpaHcno 3 HU,HH). Ecjih y ro- 
MOJiora Ha stom MecTe P-sjieMem OTcyTCTByeT, to P- 3 Jie- 
MeHT y^ajmeTCH H 3 AOHopa, h pe 3 y;ibTaTOM cynepno 3 Hu.HH 
penapau,HH h TpaHcno 3 Hu,HH óy^eT aohop, aKKyparao 3a- 
níHTbiH no MecTy tohho Bbipe 3 aHHoro P-sjieMema (npn 
tom, hto TOHHoe Bbipe 3 aHHe j\rb TpaHcno 3 Hu.HH, CKopee, 
peAKOCTb). 

3aBHCHMOCTb THÓpHAHOrO Jl}\CTtHt32. OT nOJIOBOH 
opHeHTau,HH CKpeiAHBaHHH oóycjiOBJíeHa eme oahoh (J)op- 
MOH HaCJieACTBeHHOCTH — U,HTOn;ia3MaTHHeCKOH. KaK 
H3BecTHO, BioiaA caMija b onjiOAOTBopeHne orpaHHHHBa- 
eTca reHeranecKHM MaTepnajiOM, b to BpeMH KaK caMKa, 
KpoMe BTOpoíi nojiOBHHbi reHOMa, npeACTaBjmeT Taoce 
cjioxcHeHuiHM o6pa30M CTpyKTypnpoBaHHyio u,HTonjia3My 
HHu,eKjieTKH (oou,HTa). BioiaA u,HTon;ia3Mbi HHu,eioieTKH b 
HacjieACTBeHHOCTb o6o3HanaeTCH TepMHHOM i^HToran. 
JIhhhh MymeK-HOCHTejieň P-3JieMeHTOB HMeeT umoran P, 
MyniKH 6e3 P-sjieMeHTOB hmciot umoran M. rnópHAHbiH 
AHcreHe3 cjiynaeTOi TOJibKo BCJieACTBne Haxo>KACHHH xpo- 
MOCOM C P-SJieMeHTaMH (P-(J)aKTOpaMH) B yCJIOBHHX UHTO- 
rana M, t. e. TOJibKo ecjín otiiobckhc P-3JieMeHTbi nonajín 
B HHU.0 C U,HTOnJia3MOH M. 

Ecjih CKpemHBaHHe npoHAeT nepe 3 u,HTOTHn P (to ecTb 
noTOMCTBO Aac t caMKa, y KOTopoň b reHOMe ecTb P- 3 JieMeH- 
th), to y caMOK c reHoranoM M H 3 ee noTOMCTBa s(J)(J)eKT 


556 T/1ABA 21 TpaHcno30Hbi 

















Mo6H/ibHOCTb P-3/ieMeHTOB 33BMCMT ot HaiiHMHfi penpeccopa 


a MHMfl P (ot CKpeiMMBaHMfl CaMLia P C CaMKOM P) 
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PMC. 21.30 ľnópuflHbiM flncreHe3 o6yc/iOB/ieH B3anMOfleMCTBneM Me>Kfly a/ieMemaMM umoTMna m 
reHOMa (Me>Kfly penpeccopoM m P-ajieMemoM) 


mópHAHoro AHcreHe3a npn cKpemHBaHHH óyqeT noAaBaeH 
b HecKOJibKHx noKOJieHHax Kpa,ny. 3HaHHT, b ijHTOTHne P 
ecTb HenTO, noAaBJíaiomee rnópHAHbiH AncreHe3, HT0 mo- 
aceT 6biTb pa36aBJieHO u,HTonaa3MOH Apyroro rana amiib 3a 
HeCKOJIbKO nOKOJieHHH. 

C MOJieKyjiapHO-ÓHOJiorHHecKoň tohkh 3peHHa, 3(J)- 
(J)eKT u,HTOTHna oó^acHneTca MO^eabio Ha P M c. 21.30. Oh 
onpeAeaaeTca cnocoÓHOCTbio óeaKa b 66 KUa penpec- 
CHpoBaTb TpaHcno3Hu,Hio. 3tot óeaoK npHcyTCTByeT b 
aHu,eioieTKax P KaK MaTepHHCKHH u,HTonaa3MaTHHecKHH 
(JaKTop. Y Myx jihhhh P bo Bcex KaeTKax opraHH3Ma 3Toro 
óeaKa AoaacHO óbiTb AOcraTOHHO, htoóh oh npenaTCTBO- 
Baa HeacejiaTeJibHOH TpaHcno3HU,HH. B aioóOM CKpenjHBa- 
hhh c ynacTneM caMKH P npncyTCTBHe 3Toro (J)aKTopa b 
3nroTc (onaoAOTBopeHHOH aHu,eioieTKe) npeAOTBpamaeT 
CHHTe3 h aKTHBHOCTb TpaHcno3a3bi. Ecan ace aHu,eioieTKa 
npHHaflJiOKHT caMKe M h He coaepacnT penpeccopa, to 
P-oaeMeHT, BHeceHHbiH Tyqa KaK nacrb otijobckoh flHK 
npn onaoAOTBopeHHH, cboóoach npoAyu,HpoBaTb TpaHC- 
no3a3y h noab30BaTbca eio 6e3 KaKnx 6bi to hh óbiao or- 
paHHHeHHH. CnocoÓHOCTb u,HTOTHna P pacnpocTpaHaTb 
CBOHCTBeHHbie eMy orpaHHHeHna Ha HecKoabKO noKoae- 
hhh BnepeA roBopm o tom, hto KOHu.eHTpau.Ha penpec¬ 
copa b aHu,e P Aoaacra óbiTb BecbMa BbicoKa. TaKace otot 
óeaoK AoaaceH óbiTb Hpe3BbinaHHO craónaeH, htoóh aoac- 


AaTbca nepe^ann cae^yiomeMy noKoaeHHio nepe3 ooijht 
pa3BHBiueHca h noB3pocaeBineH ocoóh. 

JlaóopaTopHbie jihhhh D. melanogaster , Be/iymHe CBoe 
npoHCxoac/iieHHe ot ahkhx MyrneK, noHMaHHbix óoaee 30 
aeT TOMy Ha3aA, Bcer^a M. Ecjih anHna nponcxoAHT ot 
M yrneK, noHMaHHbix b TeneHne nocaeAHHx 10 aeT, to OHa 
noHTH Bceíyja aBaaeTca P-aHHHeň. He 03HanaeT jih sto, hto 
ceMencTBO P-oaeMeHTOB BTopraocb b reHOM ahkhx nony- 
jiau,HH 3a nocae^Hne HecKoabKO ^ecaTKOB aeT? fleHCTBH- 
TeabHO, P-oaeMeHTbi oneHb HHBa3HBHbi h npn nonaAaHHH 
b HOByio ,o;aa ceóa nonyaau.Hio oneHb óbiCTpo ee ocBanBaioT; 
hctohhhkom HHBa3HBHoro oaeMeHTa nocjiyacHa, BepoaTHO, 
KaKOH-TO ApyrOH BHA. 

ľHÓpHAHbiH AncreHe3 peAyujHpyeT MeacrpynnoBoe CKpe- 
niHBaHHe h noTOMy aBaaeTca rnaroM Ha nym k oópa30BaHHio 
hobhx TaKCOHOMHnecKHx rpynn. npe/ínoaoacHM, b KaKOH- 
HHÓyAb reorpa(J)HHecKOH tohkc 3eMHoro mapa ceMeHcreo 
TpaHcno30HOB oópa30Baao ^HcreHHHHyio cncreMy cKpeujH- 
BaHHa b nonyjiau.HH MyrneK (nan Apyrnx opraHH3MOB). flpy- 
roe ceMencTBO oaeMeHTOB MoaceT — Ha ochobc Toro ace mj\2. 
MyrneK — co3£aTb Apyryío cncreMy b Apyroň tohkc. MymKH 
OAHoro BH/ja, ho npoHCxoAaiane c pa3Hbix TeppHTopHH, óyoyr 
AHcreHHHHbi no AByM cncreMaM TpaHcno30HOB. Co3AaBmaaca 
TaKHM oópa30M reHeronecKaa H30Jiau,Ha totobht noHBy /yia 
aaabHenmeH cenapaunn h cnocoócTByeT BHaooópa30BaHHio. 
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Pe3K>Me 

lOieTKH npo- h syKapnoT co^ep^caT orpoMHoe pa3Hoo6pa- 
3He TpaHcno30HOB, HaxoflamHxca b abh^chhh: hx nocjie- 
AOBaTeJibHocTH no/yie^caT nepeMemeHHio hjih KonnpoBa- 
hhk) b ajibTepHaTHBHbie oóJiacTH reHOMa. ľIo othoiuchmk) 
k reHOMy TpaHcno30Hbi Bcer^a HaxoAflTai BHyrpH, hx mo- 
ÓHJibHocTb He noApa3yMeBaeT He3aBHCHMOH cjjopMbi cym.ec- 
TBOBaHHn. TpaHcno30H TpaAHUHOHHo paccMaTpHBaeTcn 
KaK «3roHCTHHHan J\ HK» — BJitMtm reHOMa, 03a6oneHHbiH 
jiHuib caMonoAAep^caHHeM; tcm He MeHee bo MHo^cecTBe 
CHTyauHH TpaHcno30Hbi cjiynaňHo cooômaioT xo35iHHy 
cejieKTHBHoe npeHMymecTBO. Bce TpaHcno30Hbi oÓJiaAaioT 
CHCTeMaMH orpaHHneHHn CBoen MOÓHJibHOCTH, noTOMy hto 
H eo6y3AaHHaa TpaHcno3Hu,H5i Mo^ceT npHHHHHTb KJieTKe 
3HanHTejibHbiH yin.ep6, ho MOJieKyjwpHbie MexaHH3Mbi Ta- 
Koro orpaHHneHHfl MoryT 6biTb oneHb pa3HbiMH. 

B thiihhhom cjiynae TpaHcno 30 H HeceT no KpanM HHBep- 
THpOBaHHbie noBTopbi H OKaHMJieH npnMbiMH noBTopaMH 
KopoTKon nocjieAOBaTeJibHocTH caírra CBoero BHeApeHna b 
reHOM. ripocTenuiHe TpaHcno 30 Hbi, TaKHe KaK BcraBOHHbie 
nocjieAOBaTejibHocTH (IS-sjieMeHTbi) óaKTepHH, coctoat h3 
HHBepTHpoBaHHbix KOHueBbix noBTopoB, cjjjiaHKHpyiomHx 
(KaK npaBHJio, OAHy) KOAHpyiomyio paMKy, óejiKOBbin npo- 
AyKT KOTopon — TpaHcno 3 a 3 a — oóecnenHBaeT MOÓHJib- 
HOCTb 3 JieMeHTa. K 0 Mn 03 HTHbie TpaHCn 030 HbI HMeiOT KOH- 
ueBbie Mo^yjiH, cocronmHe H 3 IS- 3 JieivieHTOB; no MeHbmen 
Mepe, 0/j.hh H 3 hhx cnocoóeH oôecnenHTb TpaHcno 3 a 3 Hyio 
aKTHBHOCTb. C TOHKH 3 peHH 5 I TpaHCn 03 HU.HH, OÓJiaCTb J\HK 
MOKjjy MO/iynnMH (nacro OHa co^ep^CHT reHbi ycroHHHBOc- 
th k aHTHÓHOTHKaM) — npocTO nacca>KHp. 

06pa30BaHHe noBTopoB nocjieAOBaTejibHocTH-MHineHH, 
OKaHivuimon^Hx BHeApnBuiHHcn b Hee TpaHcno30H, OTpmaeT 
xapaKTepHyio nepTy Bcex MexaHH3MOB TpaHcno3Hu,HH. CanT- 
MHUieHb noAroTaBnHBaeTca k BHeceHHio TpaHcno30Ha npn 
noMomH ^Byx Ha^pe30B (no OAHOMy b Ka^on u,enH AHK), 
CMemeHHbiMH Apyr oraocHTejibHo Apyra Ha cjjHKcnpoBaHHoe 
paccronHHe (nacro paBHoe 5 hjih 9 nH). TpaHcno30H BCTaB- 
jiaeTcn MOKffy OAHOuenoneHHbiMH BbicrynaMH KpaeB pa3pe3a. 
npnMbie noBTopbi MHuieHH B03HHKai0T b pe3yjibTaTe 3anoji- 
HeHHH OAHOuenoneMHbix ynacTKOB (ópernen). 

TpaHCn03HUHH IS-3JieMeHTOB, K0Mn03HTHbIX TpaHCnO- 
30hob, P-3JieMeHTOB noAHHHeHa HepemíHKaTHBHOMy Mexa- 
HH3My, npH kotopom 3JieMeHT cj)H 3 HHecKH nepeMemaeTcn H3 
canTa-^OHopa b canT-peijHnHeHT (MHrneHb). PeaKijHio Be^eT 
eAHHCTBeHHbin cjjepMeHT (TpaHcno3a3a), h acji aeT sto b pe- 
xcHMe «Ha/ípe3 h BcraBKa» («cut and paste»), npn kotopom 
TpaHcno30H nojiHocTbio BbiHneHaeTcn H3 cj)JiaHKHpyiomeH 
J\ HK. OT^ejieHMe kohijob TpaHcno30Ha ot AOHopa, BHeceHHe 
Haflpe30B b peuHnHeHT, noACoeAHHeHHe kohu,ob TpaHcno3o- 
Ha k cMemeHHbiM HaApe3aM — Bce sto nponcxoAHT b cocraBe 
HyioieonpoTeHHOBoro KOMmieKca, coAep)Kamero TpaHcno3a- 
3y. Yxofl TpaHcno30Ha ocraBjweT aohop b pa3opBaHHOM co- 
cronHHH. y KOMno3HTHoro sjieMeHTa TnlO TpaHcno3HijHH 
npHBH3aHa no BpeMeHH k nepHOAy cpa3y nocne penjiHKau,HH 
J\ HK. 3to oôecneHHBaeTcn ÔJiaro^apa TOMy, hto canTbi, Ha- 
xoAAmHeai b BeAeHHH chctcmh MeranHpoBaHHa dam , Bpe- 


MeHHO OKa3bIBaiOTCn MeTHJIHpOBaHHbIMH TOJIbKO no OAHOH 
uenn JlHK. TaKHM o6pa30M, TpaHcno3Huna npnxoAHTca no 
BpeMeHH Ha momcht, Kor^a Bca J\ HK b mieTKe npo/iyôJiHpo- 
BaHa — HTOôbi He ^cepTBOBaTb oôchmh kohhhmh ^OHopa jyu í 
T paHcno3HU,HH, KOTopaa onacHa /ym uenocTHOCTH K/ieTKH. 

CeMencTBO TpaHcno30HOB TnA nojib3yeTcn pemíHKa- 
thbhwm MexaHH3MOM nepeMen^eHHH. TpaHcno30H, He Bbi- 
xoAa nojiHocTbio H3 cocTaBa caňTa-AOHopa, noACoeAHHaeT- 
cn k MHuieHH. B3hb 3a ocHOBy STy CBH3Ky, pemíHKauHn nepe3 
oĎJiacTb TpaHcno30Ha co3AaeT MOJieKyjiy-KOHHTerpaT, co- 
Aep^camyK) ABe Konnn TpaHcno30Ha. PeaKijHfl pacxoxcAe- 
hhh (pa3AejieHHn) npeACTaBJíneT coôoh peKOMÔHHauHio no 
KOHKperaoMy caňTy nocneAOBaTejibHocTH TpaHcno30Ha, c 
nocne^yion^HM BbiCBo6o>KAeHHeM AByx ero KonHH: o^Ha oc- 
TaeTcn b AOHope, a pyran 0Ka3biBaeTcn BHeApeHHOH b caňT- 
MHuieHb. Becb npouecc TpeôyeT ynacTHn AByx cj)epMeHTOB, 
3aKOAnpoBaHHbix b TpaHcno30He: TpaHcno3a3a y3HaeT Kpaa 
MoÓHJibHoro sjieMeHTa h noACoeAHHneT ero kohuh k caňTy- 
MHrneHH, a pe30JibBa3a oóecnenHBaeT caňT-cneuH(J)HHHyio 
peKOMÔHHaUHIO. 

BaKTepno^ar Mu npoxoAHT penjíHKaTHBHyio TpaHC- 
no3HUHio no TOMy ^ce MexaHH3My, hto h TnA. KpoMe Toro, 
oh Mo^ceT Hcnojib30BaTb nojiynpoAyKT-KOHHTerpaT 
HepenjíHKaTHBHoro nepeMen^eHHn. Otjihhhc peaKu,HH He- 
penjíHKaTHBHOH TpaHcno3Hu,HH y 4)ara Mu h IS-3JieMeHT0B 
3aKJiiOHaeTcn b pa3HOM nopnAKe pa3pe3aHHn uenen J\ HK. 

CaMbie H3yneHHbie TpaHcno30Hbi pacTeHHH — sto koh- 
TponHpyjon^He SJieMeHTbi KyKypy3bi, KOTopbie no CHcreMa- 
THKe pacnaAaioTcn Ha HecKOJibKo ceMencTB. B Ka>KAOM ce- 
MencTBe ecTb eAHHCTBeHHaa pa3H0BHAH0CTb aBTOHOMHoro 
sneMema, aHajiorHHHoro 6aKTepHajibHbiM TpaHcno30HaM 
no cBoen cnocoÓHOCTH k caMOcronTejibHbiM nepeMemeHHAM 
no reHOMy. KpoMe Hero, k ceMencTBy othochtch mho^ccctbo 
pa3nHHHbIX HeaBTOHOMHblX SJieMeHTOB — npOH3BOAHbIX OT 
aBTOHOMHoro, AC(J)eKTHbix BCJieACTBHe MyrauHH (oóhhho, 
AejieuHň). HeaBTOHOMHbíň sneMeHT cnocoôeH coBepuíHTb 
TpaHCn03HlJHK), TOJIbKO eCJIH B TOH >Ke KJieTKe npHCyTCTByeT 
aBTOHOMHbíň sjieMeHT H3 ero ceMencTBa. Oh mpcmc- 2 Kľm- 
ho npeAOcraBjweT HeaBTOHOMHOMy sjieMeHTy cboh (})yHK- 
UHOHaJIbHbie B03M0)KH0CTH, KOTOpbIMH TOT nOJIb3yeTCH AM 
COBepmeHHH TpaHCn03HU,HH. 

FIomhmo HenocpeACTBeHHbix s(J)(J)eKTOB ot HHTerpa- 
u,hh h 3kcuh3hh, KOHTpojiHpyioiAHe sjieMeHTbi KyKypy3bi 
MoryT KOHTpOJIHpOBaTb aKTHBHOCTb reHOB BÓJIH3H Toro 
MecTa, rAe HaxoAHTcn BCTaBKa; TaKon Kompojib Mo^ceT noA- 
jie^caTb peryjinuHH b cootbctctbhh co cTaAnen HHAHBHAy- 
ajibHoro pa3BHTHn pacTHTejibHoro opraHH3Ma. TpaHcno30- 
Hbi Kyicypy3bi, BCTaBjíeHHbie b reHbi, MoryT Bbipe3aTbca H3 
TpaHCKpnnTOB — sto oô^ncHneT, noneMy, npn HHTerpaijHH 
b KOAHpyioiAyio paMKy, hm He yAaeTca noAaBHTb aKTHBHOCTb 
reHa. KoHTpojib SKcnpeccHH reHOB KyKypy3bi TpaHcno30Ha- 
mh 3aKJiiOHaeTcn b pa3Hoo6pa3Hbix MOJieicyjinpHbix 3 (jx{)eK- 
Tax, KaK to: aKTHBauHn c npeAoaraBJíeHHeM SHxaHcepa, cyn- 
pecam c ĎJioKHpoBaHHeM xoAa TpaHCKpnnuHH. 

TpaHcno3HUHn MOÓHJibHbix sjieMeHTOB KyKypy3bi (b 
ocoóeHHOcTH Ač) HepenjíHKaTHBHa, h, BeponTHo, TpeóyeT 
ynacTHn eAHHCTBeHHoro 4)epMema — TpaHcno3a3bi, koah- 
pyeMOH caMHM ajieMeHTOM. TpaHcno3HUHn npeHMyin,ecT- 
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BeHHO npoHCxoAHT cpa3y nocjie penjíHKaijHH ajieMema. 
no BCeň BHAHMOCTH, CymeCTByiOT MexaHH3MbI, OrpaHHHH- 
Baiomne nacTOTy TpaHcno3HijHH. flepecTpoHKH reHOMa, 
n03HTHBHbie C TOHKH 3peHHH KyKypy3bI, MOryT 6bITb o6yc- 
/iOBJíeHbi npHcyTCTBHeM KompojiHpyiomHx ajieMeHTOB. 

MoóHJibHbie P-3JieMeHTbi b reHOMe D. melanogaster 
OÔyCJIOBJlHBaiOT THÔpHAHblH ^HCľeHe3. nOAOÓHbie HBJíe- 
hhh Moryr cnocoócTBOBaTb reHeTHnecKOH mok- 

jiy nonyjiauHHMH h, tcm caMbiM, BHocHTb cepbe3Hbiň Biuia/t 
B 0Ópa30BaHHe HOBblX BH£OB OpraHH3MOB. flOTOMCTBO ot 
cKpemHBaHHa caMua, Hecymero P-aneMeHTbi b cocraBe 
CBoero reHOMa, c caMKoň, y KOTopoň hx hct, crepmibHo. 
P-3JieMeHT COAepXCHT HeTbipe OTKpbITblX paMKH CHHTbIBaHHfl, 
pa3AejieHHbix HHTpoHaMH. CrniaňcHHr, o&beAHrouomHH nep- 
Bbie TpH paMKH, HMeeT MeCTO BO Bcex KJieTKaX H npHBOAHT K 
CHHTe3y 66 Kfla penpeccopa. npHcyTCTBHe b mPHK Bcex ne- 

Tbipex OTKpbITblX paMOK CHHTbIBaHHtf XapaKTepHO JIHIUb /yia 
repMHHajibHoň mieTOHHOH jihhhh, Be/iymeH k o6pa30BaHHio 
nojiOBbix mieTOK. npn nona^aHHH b uHToruia3MaTHHecKoe 
oKpy^ceHHe, CBoňcTBeHHoe HHuemieTKe, r^e hct 66 Kfla pen¬ 
peccopa, P-3JieMeHTbi HanHHaioT aKTHBHo nepeMemaTbca. 
TaKaa Mo6njiH3auna, Hocamaa B3pbiBHon xapaKTep, HHaKTH- 
BHpyeT reHOM nojiOBbix mieTOK b pe3yjibTaTe o6pa30BaHna 
MHoroHHCJieHHbix BcraBOK no cjiynaHHbiM nojioaceHnaM. 
TojibKo nojiHoueHHbin P-saeMeHT MoaceT oiyacHTb hctoh- 
hhkom TpaHcno3a3bi, KOTopaa MoaceT Taxace oóecnenHBaTb 
TpaHCn03HUHI0 Ae(f>eKTHbIX P-3JieMeHTOB. 
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PeTpOBMpyCbl M peTp0n030Hbl 


KPATKOE COflEPWAHME ITlABbl j 


ESI BBeAeHne 

CÉHÉ >KM3HeHHblM UM K/l peipOBMpyca BK/llOHaeT B Ce6fl 
CTaflMM, nofloÓHbie TpaHcno3MUMM 

• PeTpoBMpyc C 0 Aep>KMT Aee koiimm reHOMa b c()opMe 
OAHOuenoHeHHOíí PHK. 

• MmerpMpoBaHHbiM npoBMpyc npeACTaB/iaeT coóoŕí 
AByxuenoHeHHyio flHK. 

• ľlpoBMpyc nopo/KAaeTca oópaiHoíí TpaHCKpMnuMeíí 
peipoBMpycHoro reHOMa. 

PeipoBMpycHbie reHbi KOAMpyioT no/iMnpoieMHbi 

• TMľiMHHbiM peipoBMpyc MMeeT TpM reHa: gag, pol m env. 

• Be/iKM Gag u PolipaHC/iMpyiOTCfl c no/iHopa3MepHoro 
TpaHCKpMma BMpycHoro reHOMa. 

• TpaHC/iBUMB PolTpeóyeT ot pMÓocoMbi cflBura paMKM. 

• Be/iOK EnvTpaHC/iMpyeTCfl c OTAe/ibHoíí mPHK, 
o6pa3yK)meíícB b pe3y/ibiaie cn/iaiícMHra. 

• Ka/KAbiíí M3 Tpex no/iMnenTMAHbix npoAyKTOB 
noABepraeTCB npoueccMHry npoTea3aMM, c 
o6pa30BaHMeM MHomecTBa óe/iKOBbix npoAyKTOB. 

E£SS flHK peipoBMpyca BB/ineTCfl n po Ay kto m oópaTHoíí 

TpaHCKpMnUMM 

• PHK peipoBMpyca HeceT KOHueBbie noBTopbi 
KopoTKOíí noc/ieAOBaie/ibHOCTM R; HyK/ieoTMAHbie 
noc/ieAOBaTe/ibHocTM 5'- m 3'-KOHueBbix o6/iadeíí 
BMpycHoíí PHK Ha3biBaiOT R-U5 m U3-R, cooTBeTCTBeHHO. 

• OópaTHaB TpaHCKpMnia3a HaHMHaeT CMme3MpoBaTb 
flHK, ec/iM 3aTpaBKa b cfjopMe tPHK cBB3biBaeTCB c 
caŕÍTOM PHK peipoBMpyca, otcto/uamm ot 5'-KOHua Ha 
paccTOBHMe ot 100 ao 200 ocHOBaHMM. 

• KorAa (JjepMeHT aoxoamt ao KOHua Maipnubi, 5'- 
KOHUeBbie OCHOB3HMB PHK CTaHOBBTCB npeAMeTOM 
AerpaAauMM, hto OTKpbiBaeT 3'-KOHeu flHK-npoAyKTa. 

• OCHOBaHMfl OTKpblTOľO S'-KOHUa KOMľUieMeHTapHO 
B33MMOAGMCTByK)T c 3'-kohuom Apyroŕí MOJieKy/lbl PHK 
peTpoBMpyca. 

• CMHTe3 flHK npoAO/DKaeTCB; ero AByxuenoHeHHbiíí 
KOHeHHbiíí npoAyKT MMeeT noBTopaiomMe Apyr Apyra 
KOHueBbie oó/iacTM, a mmchho — U3-R-U5. 

• Bo BTOpOÍÍ pa3 CMeHa MaTpMUbl OÓpaTHOÍÍ 
TpaHCKpMnia30M, oóycnoBjíeHHaa nepexoAOM Ha HOByio 
MaTpMuy CMHTe3MpyeMOM uenM flHK, npoMexoAMT, KorAa 
cjjepMeHT Mcno^b3yeT coócTBeHHbiíí flHK-npoAyKT KaK 
MaTpMuy a/ib CMHTe3a BTopoŕí uenM Ayn/ieKca. 
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• ľlepexoA CMHTe3MpyeMoŕí uenM flHK Ha Apyryto 
MaTpMuy — K/noHeBoe coóbiTMe peKOMÓMHauMM no 
MeX3HM3My Bblóopa KOnMM. 

BMpycHa/i flHK MHTerpMpyeTCfl b xpoMOCOMy 

• 0praHM3auM/i npoBMpycHoíí flHK b xpoMOCOMe TaKaa 
>Ke, KaKy TpaHcno30Ha: npoBMpyc (JjjiaHKMpoBaH 
KOpOTKMMM npBMblMM nOBTOpaMM nOC/ieAOB3Te/lbHOCTM 
caMTa-MMiueHM. 

• /lMHeiÍHaB flHK BCTaB/iBeTCB HenocpeACTBeHHo b 
xpoMOCOMy X03BMH3 npM yHBCTMM peTpOBMpyCHOľO 
cJjepMeHTa MHTerpa3bi. 

• B npouecce MHTerpauMM noc/ieAOBaTe/ibHOdb flHK 
peTpoBMpyca TepaeT no Aee napbi ocHOBaHMM c Ka>KAoro 
KOHua. 

PeTpoBMpycbi MoryT nepeHOCMTb K/ieTOHHbie 

noc/ieAOBaTe/ibHOCTM 

• TpaHC(()opMMpyioiAMe peTpoBMpycbi bo3hmk3K)t 
b pe3y/ibiaTe peKOMÓMHauMM, npM KOTopoíí 
noc/ieAOBaTe/ibHocTb K/ieTOHHoíí PHK 3aMeHaeT HacTb 
noc/ieAOBaTe/ibHOCTM PHK peTpoBMpyca. 

7y-3/ieMeHTbi Apo/K/Keíí aHa/iorMHHbi peTpoBMpycaM 

• ľlo cBoeíí opraHM3auMM 7y-3/ieMeHTbi noxo>KM Ha 
aHAoreHHbie peTpoBMpycbi. 

• 7y-3/ieMeHTbi - 3 to peTpono30Hbi c coócTBeHHOíí 
peBepTa3HOÍÍ aKTMBHOCTbK), npOMOKyTOHHblíí npOAyKT 

MXTpaHcno3MUMM npeACTaB/ieH PHK. 

B HMC/ie MOÓM/ibHbix 3/ieMeHTOB Drosophila melano- 

gaster ecTb peTpono30Hbi 

• 3/ieMeHT copia - 3to peTpono30H, b m3o6mjimm 
npMcyTCTByioiAMM y D. melanogaster. 

CMCTeMaTMKa peTpono30HOB 

• K HaAceMeŕícTBy BMpycHbix peTpono30HOB othocbt 
T paHcno30Hbi, MOÓM/ibHOCTb KOTopbix pea/iM3yeicfl 
nepe3 PHK, He BxoAflmyto b cocraB MHcJjeKUMOHHOM 
HaCTMUbl. 

• HeKOTopbie peTpono30Hbi Mcno/ib3yiOTflKn m tcm 
caMbiM AOMOHCTpMpyioT HenocpeACTBeHHoe cxoactbo 

c peTpoBMpycaMM; HeKOTopbie peTpono30Hbi He mmciot 

flKn. 

• CymecTByiOT 3/ieMeHTbi, nopo/KAeHHbie coóbiTMBMM 
TpaHcno3MUMM, onocpeAOBaHHbiMM PHK, ho npM 
3TOM He KOAMpyiOlAMe (JjepMeHTOB, KaTa/lM3MpyiOlAMX 
TpaHCn03MUMI0. 
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• TpaHcno30Hbi n peTpono30Hbi cociaBJífliOT noHTM 
nojiOBMHy reHOMa nejiOBeKa. 

ALu-ceMeíícTBO m ero 3KBMBa/ieHTbi b reHOMax 
M^eKonmaioiUMx 

• Eojibiuafl nacTb noBTopfuomeŕícfl flHK 

b reHOMax MjieKonmaiomMx npeACTaBJíeHa 
ajieMeHTaMM, npMHaA/iewamMMM k OflHOMy 
ceMeŕícTBy, opraHM30BaHHbiMM noAOÓHO 
TpaHcno30HaM m BeAyiAMMM cBoe 
npOMCXOMAeHMe OT npOAyKTOB aKTMBHOCTM 
PHK-nojiMMepa3bi III. 
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ľlpoueccupoBaHHbie nceBAoreHbi BeAyTCBoe 
nponcxo>KAeHMe ot cyócrpaTOB TpaHcno 3 nunn 

• ľlpoueccMpoBaHHbm nceBAoreH npeACTaBJíaeT 
coóoíí npon3BOAHyio, nojiyneHHyio b xoAe oópaiHoíí 
TpaHCKpMnuMM noc^eAOBaie^bHOCTM mPHK. 

LINES ncnoAb3yeT coócTBeHHyio 3HAOHymiea3y, mo6bi 
C03AaTb 3aTpaBOHHblíí KOHeu CMHTe3a flHK 

• y 3/ieMeHTOB LINES OTCyTCTByiOT flKľl. ľl03T0My 3TM 
peipono30Hbi KOAMpyiOT 3HAOHyKJiea3y, KOTopaa 
npoM3BOAm HaApe3bi a/ia 3aipaBKn oépaTHoíí 
TpaHCKpMnUMM. 

Pe3K)Me 


22.1 


BBeAeHMe 


TpäHCn03HLl,HH, B KOTOpOH B KäMCCTBe o6a3aTe;ibHoro 
nocpeAHHKa ynacTByeT PHK, yHHKaiibHa /yia synapnoT. 
3Ta pa3H0BHAH0CTb TpaHcno3HiiHH oóecneHHBaeTca 
CnOCOÓHOCTbK) peTpOBHpyCOB BCTaBJIHTb flHK-KO- 
íihh — npoBHpycbi — CBoero PHK-reHOMa b xpoMocoMbi 
KjieTKH-xo3aHHa. HeKOTopbie TpaHcno30Hbi syKapHOT 
no CBoen oómeň opraHH3au,HH, a Taioice no MaHepe co- 
BepmaTb TpaHcno3Hu,Hio c npoMeacyTOHHbiM npo/jyKTOM 
b cjiopMe PHK, poACTBeHHbi peTpo-npoBnpycaM. KaK 
Kjiacc, Tanne ajieMeHTbi Ha3biBaiOT peTpono30HaMH 
njín peTpoTpaHcno 30 HaMH HannpocTenmHe H3 Tannx 
ajieMeHTOB He oó-na/jaioT co6ctbchhoh TpaHcno3nunoH- 
HOH aKTHBHOCTbK), HO CO/jepacaT nOCJieAOBaTeJIbHOCTH, 
ono3HaBaeMbie aKTHBHbiMH sjieMeHTaMH KaK cyócrpaT 
AJia TpaHcno3Hu,HH. TaKHM o6pa30M, 3JieMeHTbi, b otho- 
rneHHH KOTopbix npnMeHaeTca PHK-3aBHCHMaa TpaHcno- 
3Hu,na, paH^cnpyioT ot coóctbchho peTpoBnpycoB (cno- 
COÓHblX CBOÓOAHO HH(})HĽl,HpOBaTb KJieTKy-X03aHHa) K 
nocjieAOBaTeJibHocTHM, Ko/jHpyiomHM Bce cjiyHKíjHH /yia 
nepeMemeHna ce6a no reHOMy c npHHaraeM npoMeacy- 
tohhoh (J)opMbi PHK, BnaoTb a o nocjieAOBaTejibHocTeň, 
He cnocoÓHbix noAKpenmb coócTBeHHoe nepeMeiyeHHe 
KOAnpoBaHneM cooTBeTCTByioiiiHx 4)yHKiiHH. C TpaHcno- 
30HaMH ohh HMeiOT Ty oómyio AHarHocTHnecKyio nepTy, 
hto b came CBoero BHe/jpeHHa b reHOM nopoacAaioT ko- 
poTKHe npaMbie noBTopbi flHK-MHiueHH. 

flaace b Tex reHOMax, r/je He 6buiH oÓHapyaceHbi aKTHB- 
Hbie TpaHcno30Hbi, mo>kho Hanra cjie/jbi /jaBHHx coómthh 
TpaHCn03HU,HH B BH^e npaMblX nOBTOpOB, 4)HaHKHpyiOmHX 
pacceaHHbie no reHOMy noBTopaiomHeca nocjieAOBaTejib- 
HOCTH. HeKOTopbie H3 3THX TeHOMHblX nocjieAOBaTejib- 
Hocren HaAeaeHbi ocoóeHHocTaMH, yKa3biBaiomHMH Ha to, 
hto ee npeAiuecTBeHHHKOM aBjíaaacb nocaeAOBaTejibHocTb 
PHK. no Bcen bhahmocth, PHK 6bma CKonnpoBaHa b cjiopMy 
AByxyenoneHHOH flHK h b TaKOM BH^e BCTaBjíeHa b xpoMO- 
coMy, noAOÓHO TpaHcno30Hy. 

Kan h aio6oe Apyroe caMOBOcnpoH3Be,aeHHe, penpo- 
AyKTHBHbin yHKji peTpoBHpyca hjih peTpono30Ha Henpe- 
pbiBeH. MoMeHT «Hanajia» rynoia 3aAaeTca npoH3BOJibHbiM 
o6pa30M, Hcxo/ja H3 cooópaaceHHH Haójno/jaTejia. no- 
3TOMy b HarneM bhachhh sthx 3JieMeHTOB reHOMa npe- 
oÓJiaAaiOT Te hx 4)opMbi, b KOTopbix ohh oówhho OKa- 



PMC, 22.1 PenpoAyKTMBHbie UMKabi peTpoBnpycoB n peipono3OH0B 
mo>kho paccMaipMBaib KaK HepeAOBaHMe ciaAMÍí np^Moíí m oópaTHOM 
TpaHCKpMnuMM (KonMpoBaHMe flHK b b hab PHK n oópaTHo). 06pa30- 
BaHMe MH(|)eKI4MOHHblX HaCTMU. ľlOKMAaiOlAMX KaeTKy M 3apa>KaK)lUMX 
Apyrne K/ieim cBoíícTBeHHo peipoBMpycaM, ho He peipono30HaM, ko- 
Topbie npoBOA^T penpoAyKTMBHbie unmibi b npeAeaax oahoíí K/ieTKM 


3biBaiOTca AOCTynHbi HarneMy HaôJnoAeHHio (puc. 22 . 1 ). 
BnepBbie peTpoBHpycbi 6buiH oôHapyaceHbi b (f)opMe 
HH^eKyHOHHbix BHpycHbix HacTHu,, cnocoÓHbix nepeAa- 
BaTbca MeacAy KiieTKaMH, h Becb BHyTpHKjieTOHHbíň ynioi 
(c cjwrypHpyiomeH b hcm AByxuenoneHHOH flHK) mo>kho 
paccMaTpHBaTb, KaK MeponpHaTHe no BoenpoH3BOACTBy 
PHK-coAepacaiyero BHpyca. PeTpono30Hbi 6buiH oTKpbi- 
th KaK KOMnoHeHTbi reHOMa, a PHK-cj)opMbi b ochobhom 
xapaKTepH30BajiHCb c tohkh 3peHHa HX MPHK-4)yHKllHH. 
nocjieAOBaTejibHocTH peTpono30HOB mh pacyeHHBaeM 
KaK AByxu,enoHeHHyio reHOMHyio flHK, oó^a^aiomyio mo- 
ÓHjibHocTbio BHyTpH reHOMa; MeacAy KneTKaMH 3th noc- 
aeAOBaTejibHocTH He MHrpnpyioT. 
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PHK -* if\HH -+ PHK 


>KM3HeHHbiM amkji peTpoBHpyca 
BiuiiOHaeT b ce6fl CTaflnn, 
noflOÓHbie TpaHcno3M4MM 


KnioHeBbie rohatha: 


• PeipoBMpyc coflep>KMTflBe Komín reHOMa b c()opMe 
OflHouenoHeHHOM PHK. 

• MHTerpnpoBaHHbiM npoBMpyc npeACTaBJífleT 
co6oíí AByxuenoHeHHyio flHK. 

• ľlpoBupyc nopo>KflaeTCfl oópaTHoŕí ipaHCKpnnuneM 
peipoBupycHoro reHOMa. 

PeTpoBHpycbi oôJia/íaioT reHOMaMH, coctohiu,hmh h3 oaho- 
uenoneMHOH PHK. npoMOKyTOHHbiM npoAyKTOM pemíHKa- 
u,hh PHK-reHOMa aBJíaeTca AByxuenoneHHaa flHK. )Kh3hch- 
Hbíň uyiKn BHpyca o6a3aTejibHo BKjnonaeT b ce6a craAHio 
HHTerpauHH AByxuenoneHHOH flHK b reHOM xo3aHHa. npo- 
ijecc HanoMHHaeT TpaHcno3HijHK) h nopo^acr KopoTKHe 
npaMbie noBTopbi flHK-MHiueHH. 

3HaneHHe stoh peaKijHH bmxoaht 3 a npeAejibi noTpeó- 
HOCTeň BHpyca. Bot HeKOTopbie H3 ee nocneACTBHH: 

• PerpoBHpycHaa nocneAOBaTejibHocTb, HHTerpHpoBaH- 
Haa b reHOMHyio fl HK kjictkh 3apoAbiiueBoro riyra, oc- 
Taerca b kjictohhom reHOMe b KanecTBe SHAoreHHoro 
npOBHpyca. Hoaoóho jiH3oreHHOMy óaKTepnocjjary, 
npoBHpyc Be^eT ce6a KaK nacTb reHeTHMecKoro MaTe- 
pnajia opraHH3Ma. 

• KaeTOHHbie nocneAOBaTejibHocTH BpeMa ot BpeMeHH 
peKOMÓHHHpyiOT c perpoBHpycHOH nocneAOBaTeab- 
HOCTbio, nocjie nero HaMHHaiOT BMecTe c Hen nepeMe- 
maTbca no reHOMy. 3th cjjparMeHTbi kjictohhoh fl HK 
MoryT 0Ka3aTbca BCTaBJíeHHbiMH b reHOM no hobmm 
MecTonojioaceHHaM. 

• KaeTonHbie noaieAOBaTejibHocra, nepeMemaeMbie no 
reHOMy peTpoBHpycoM, MoryT MeHaTb CBoňcTBa kjictok, 
3apaaceHHbix sthm BHpycoM. 

CTa/^nn acH3HeHHoro uHK/ia peTpoBHpyca HJUIIOCTpH- 
pyeT P n c. 22 . 2 . lOnoneBbiMH MOMemaMH aBjíaiOTca: koh- 
BepcHa BHpycHon PHK b fl HK, HHTerpau,na (BHeApeHHe) 
STOH flHK B KJieTOMHblH reHOM c o6pa30BaHHeM npOBHpyca, 
TpaHCKpHnu,Ha npOBHpyca (h B03BpameHHe reHeTHMecKoro 
MaTepnajia b cjjopMy PHK). 

ÔepMeHT, OTBeTCTBeHHblH 3a C03AaHHe HCXOAHOH flHK- 
KOnHH BHpyCHOH PHK, Ha3bIBaiOT OÔpaTHOH TpaHCKpHn- 
Ta30ň. OepMem KOHBeprapyeT PHK b jiHHenHbin AyruieKc 
flHK B UHTOmia3Me HH(j)HLI,HpOBaHHOH KJieTKH. 3Ta flHK 
MoaceT 6biTb nepeBeAeHa n b KOJibu,eBbie cjjopMbi, ho ohh, 
no-BH^HMOMy, b penpo/iyKn,HH BHpyca He ynacTByiOT. 

JlHHeňHaa flHK npoAejibiBaeT cboh nyTb b a^po. O^Ha 
hjih HecKOJibKO ee Konnn cTaHOBaTca HHTerpnpoBaHHbiMH 
b reHOM xo3aHHa. 3a HHTerpau,Hio oTBenaeT oahh-cahhc- 
TBeHHbíň (J)epMeHT, Ha3biBaeMbiň HHTerpa3oň. Kjictom- 
Hbie CHCTeMbi TpaHCKpHÔnpyiOT npoBHpyc c o6pa30BaHH- 
eM BHpycHbix PHK, Hcnojib3yeMbix AByMa cnocoóaMH: h 
KaK mPHK, h KaK reHeraMecKHH MaTepnaji jyvi ynaKOBKH 
b BHpHOHbi. Hmerpauna, KOTopaa /yia TpaHCKpHnijHH 
HeoóxoAHMa, npeACTaBJíaeT coóoh HopMajibHyio craAHio 
)KH3HeHHOrO UHKJia. 


PHK W 

rw 

\ 

OópaTHaji 
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flKn 

flKn 

B MHeíí Hafl ah K \AAAA/ VO 

\ 

^ HHTerpai 4 Mfl 
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P H C, 22,2 B >KM3HeHHOM unKae peTpoBHpyca npoMCxoAm oópaT- 
H3B TpaHCKpnnuníi ero PHK-reHOMa b AByxuenoHeHHyio flHK, koto- 
paB BCTaBJÍBeTCB B KJieTOHHblií reHOM, HTOÓbl, B CBOK) OHepeAb, ÓbITb 
TpaHCKpMÓMpOBaHHOM B PHK. flKľl — AaMHHbIM KOHUeBOÍÍ ľlOBTOp 


B Ka>KAbiH bhphoh ynaKOBbiBaeTca no ABe Konnn PHK- 
reHOMa BHpyca, TaK mto (J)aKTHnecKH Ka^qaa BHpycHaa 
MacTHu,a AnnjiOHAHa. Ecjih KJieTKa OKa3a^acb 3apaaceHa o a- 
HOBpeMeHHO AByMa nOXO^CHMH, HO He OAHHaKOBbIMH BH- 
pycaMH, MoryT o6pa30BaTbca reTepo3HroTHbie BHpycHbie 
nacTHUbi, Hecynj,He no oahoh Konnn reHOMa Ka^cAoro rana. 
^HnaoHAHoe cocToaHHe, bo3mo)kho, noMoraeT BHpycy b 3a- 
xBaTe ^parMemoB KJieTOHHOH J\ HK. OepMembi oópaTHaa 
TpaHCKpnnTa3a h HHTerpa3a nepeHocaTca b cocTaBe BHpyc- 
hoh MacTHu,bi BMecTe c PHK-reHOMOM. 


22.3 


PeTpoBMpycHbie reHbi 
KOflMpyiOT noiiMnpoTeMHbi 


KmoneBbie noHBTMB: 


• TMnMHHbiŕí peipoBMpyc MMeeT TpM reHa: gag; pol m env. 

• BeaKM Gag m PolipaHCJHipyiOTca c noaHopa3MepHoro 
TpaHCKpMma BMpycHoro reHOMa. 

• TpaHcaBUMB Pol TpeóyeT ot pMÓocoMbi CABMra paMKM. 

• BeaoK Env TpaHcaMpyeTCB c OTAeabHoíí mPHK, o6pa3yK)iueíícB b 
pe3yabiaie cnaaíícMHra. 

• KaMAbiíí M3 Tpex noaMnenTMAHbix npoAyKTOB noABepraeTCB 
npoueccMHry npoTea3aMM, c o6pa30BaHMeM MHomecTBa 
6eaKOBbix npoAyKTOB. 


KaK npaBHao, HyKjieoTHAHaa nocjieAOBaTeabHOCTb peTpoBH¬ 
pyca coAepacHT Tpn hjih neTbipe «reHa». B kohtckctc stoh 
maBbi TepMHH zeu noApa3yMeBaeT KOAHpyiomyio oójiacrb, 
AaioiAyio, ÓJiaroAapa peaKUHaM npoueccHHra, Hanajio mho- 
acecTBy ócjikob. THnHMHbin TpexreHHbíň peTpoBHpycHbin 
reHOM, opraHH30BaHHbiH b bhac nocjieAOBaTejibHocTH gag- 
pol-env, H3o6paaceH Ha pmc. 22 . 3 . 

PeTpoBHpycHbie mPHK hmoot oóbiMHyio cTpyicrypy: 
ohh KsnnpoBaHbi no 5'-KOHu,y h nojiHaACHHJinpoBaHbi no 
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3a CMeT ajibTepHaTHBHbix cnocoôoB TpaHc/muHM h co3peBaHim 6e/iKa peTpoBHpycHbie reHbi 

AatOT MHOJKeCTBO pa3HblX npOflyKTOB 

10-80 

I 80-100 BnpycHbiíí reHOM 

I I 

170-1260 
_ 1 


— U3 n 

-2000 

-2900 -1800 

TpaHC^BUMB ^ 

ľlpoueccMHr 1 
(co3peBaHnef 

CyóreHOMHaa PHK TpaHC jibumíi j 

(noc/ie cn/iaiícMHra) y 

CynpeccMA ■ 

MJ1M CflBMľ paMKM ripOUGCCMHr 1 

b koh uegag y 



Ka/Kflbm reH flaeT HecKO/ibKO óe/iKOBbix npoflyKTOB 

> 

V 

npoueccMHr 

(C03pGBaHMGy 

f 

i>W 

MA = MaTpMKC (MG>KAy HyK/ieoKancMflOM m o6o/iohkoíí 

Gag BMpycHOÍí HacrMLjbi) 

CA = KancMfl (ochobhoíí CTpyKTypHbiíí KOMnOHeHT) 

NC= HyK/ieoKanCMfl (yK/iaflKa flMMepa PHK) 

PR = npoTea3a (pacmen/iíieT Gag-Pol m Env) 

RT = oópaTHaB TpaHCKpMnTa3a (cMHTG3MpyeT AH K) 

IN = MHTerpa3a (BCTaB/iíieT npoBMpyCHyio AHK b reHOM) 

r SU = nOBepXHOCTHblíí 6e/10K (lUMnMKM Ha BMpyCHOÍÍ HaCTMLJG 

B3aMMOfleMCTByK)T C ÓyflyiMMM X03BMHOM) 

^ TM = TpaHCMeMÓpaHHbiíí 6 g/iok (cnocoócTByeT c/imbhmio 
BM pyCHOÍÍ HaCTMUbl C K/ieTKOM-X03BMHOM) 


P MC. 22.3 ľlpn 3Kcnpeccnn peipoBMpycHbix reHOB no/iyHatOTca nojinnpoTenHbi, KOTopbie noarpaH- 
CJlflUMOHHO flOBOflBTCB AO KOHKpeTHblX (J)yHKUMOHaJlbHblX Óe/lKOBblX ľipOAyKTOB 


3'-KOHqy. riojiHopä3MepH2 H mPHK TpaHoiHpyeToi c o6pa- 
30BaHHeM nojiHnpoTeHHOB Gag h Pol. ľlpoAyKT TpaHCJia- 
u,hh noA Ha3BaHHeM Gag o6pa3yerca npn npoHTeHHH pn- 

ÓOCOMOH OTpe3Ka MaTpHIJbl OT HHHU,HHpyK)merO KOAOHa 

AO nepBoro TepMHHHpyiomero KOAOHa. Htoôh cocroajiacb 
3Kcnpeccnfl Pol, pHóocoMa AOJDKHa otot TepMHHHpyiomHH 
KOAOH npOHľHOpHpOBaTb. 

Pa3Hbie BHpycbi nojib3yiOTca pa3HbiMH cnocoóaMH npe- 
OAOJieHHa TepMHHHpyiomero KOAOHa gag KaK nperorrcTBHa 
/yifl TpaHCJiai^HH, B 3aBHCHMOCTH OT TOTO, KaK COOTHOCflTCfl 
MOKAy COÓOH OTKpbITbie paMKH CHHTbIBaHHH gag H pol Ecjih 
BT opaa paMKa npeACTaBjweT coóoh npoAOJDKeHHe nepBoň, to 
M exaHH3M IIOAäBAeHHfl TepMHHaUHH, npHBOA«IAHH K oópa- 
30BaHHio eAHHoro nojiHnenTHAa Gag-Pol, ocHOBbiBaerca Ha 
y3HaBaHHH TepMHHHpyiomero KOAOHa MOJieicyjioH nnoTaMHJi- 
tPHK. Ecjih >k t gag h pol He nonaAaioT b OAHy paMKy, cootbctc- 

TByiOIAHH CABHT TpaHCJIHpyeMOH MaTpHU,bI (pHÓOCOMaJIbHblH 
CABHľ paMKH) — C TeM TKt 3(f)(f)eKTOM 0Ópa30BaHHfl eAHHOľO 
nojiHnenTHAa Gag-Pol — ocymecTBjraeT caMa pnóocoMa. J\ ona 
TpaHCJIHpOBaHHblX npOHTeHHeM Mepe3 TepMHHHpyiOmHH KO- 
AOH nOJIHOpa3MepHbIX TpaHCKpHÍITOB OÓblHHO COCTaBJíaeT 

~5%, TaK mto npoAyuHpyeMoe kojihmcctbo 6 e/iKa Gag npeBbi- 
rnaeT KOJiHMecTBO éejiKa Gag-Pol npHMepHo b 20 paa 

IlojiHnpoTeHH Env CHHTe3HpyeTca ApyrHM nyreM: 
cnjiaHCHHr nojiHopa3MepHoro TpaHCKpHnTa nopoxcAaeT 
yKoponeHHyK) cyôzenoMuyTO mPHK, npoAyKTOM TpaHCJia- 
U,HH KOTOpOH h HBjweToi Env. 



HacTMAa B M H oTnoMKOBbiBaeTcn ot k/ictomhom MeMÔpaHbi 


2. Bbin^HUBaHne o(j)opMjifleTCfl 

b 


1. ľlOHKOBaHMG Hana/iocb 


3. HacTMua yxoAMT 


HacTMua A03peBaeT 


P M C. 22.4 PeTpoBupycbi BMH (ot anzn. human immunodeficiency 
vírus — Biipyc MMMyHOAect)MUMTa He/iOBeKa) omoHKOBbiBaiOTCB ot ljm- 
TOn/ia3MaTMMeCKOÍÍ (HapyWHOÍÍ) MeMÓpaHbl HHC()MUHpOBaHHOM KJieTKM. 
OoTorpac()Míi juo6e3Ho npeAOcraB/ieHa Matthew A. Gonda, Ph.D., Chief 
Executíve Officer, IntePHKtional Medical Innovations, Inc. 
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TeH gag Hecer b ce6e HHcjjopMaijHio o óejiKOBbix kom- 
noHeHTax HyKjieonpoTeHHOBOH cepAueBHHbi BHpHOHa. B 
reHe pol 3aKOAHpoBaHO 3H3HMaTHnecKoe oóecneneHHe 
(jjyHKIJHH CHHTe3a H peKOMÔHHaUHH HyKJieHHOBblX KHCJIOT. 
TeH env KOAHpyeT KOMnoHeHTbi oóojiohkh BHpycHOH nacra- 
Ubi. B o6pa30BaHHH oóojiohkh, noMHMO cyryóo BHpycHbix 
env-6a ikob, ynacTByioT ceKBearpHpoBaHHbie KOMnoHeHTbi 
K/ieTOHHOH U,HTOnjia3MaTHMeCKOH MeMÓpaHbl. 

06a Gag hjih Gag-Pol h Env — sto nojiHnpoTeHHbi (mho- 
)KecTBeHHbie 6cjikh). ľIpoTea3a pacmeruiaeT hx Ha o6oco6- 
jieHHbie óejiKH, oÓHapyacHBaeMbie b 3 pe;ibix BHpHOHax. Bapn- 
aHTbl KOAHpOBaHHH ÓeJIKa-HOCHTeJIfl npOTea3HOH aKTHBHOCTH 
y pa3Hbix BHpycoB pa3JiHHHbi: oh MO>KeT npeACTaBJíaTb coóoh 
nacTb Gag, hjih nacTb Pol, hjih Boo6m,e npoAyKT aoiiojihh- 

TeJIbHOH He3aBHCHM0H OTKpbITOH paMKH CHHTbIBaHHfl. 

npOAyKUHH HH(j)eKIJHOHHOH peTpOBHpyCHOH HaCTHU,bI 
BKjnonaeT b ceóa yriaKOBKy PHK b cepAueBHHy, OKpyaceHHe 
ee KancH/jHbiMH óejiKaMH, oT^ejieHHe b cocTaBe cerMema ijh- 
Tonjia3MaTHnecKOH MeMÓpaHbi KjieTKH-xo35iHHa. STanbi npo- 
uecca noKa3aHbi pmc. 22 . 4 . EÍHcjjeKijHfl npeACTaBjweT coÓoh 
npouecc, OÓpaTHblH BbICBOÓO)KAeHHK) HH(j)eKIJHOHHbIX nac- 
thu,: HOBaa KJieTKa 3apaxaerca BHpycoM nocpeACTBOM cjihh- 
HHfl BHpHOHa C U,HT0IUia3MaTHMeCK0H MeMÔpaHOH H BblCBO- 

6o)K^eHHH ero co^ep^cHMoro bo BHyTpHKJieTOHHyio cpe/iy. 


22.4 


flHK peipoBMpyca BB/meioi 
□pOflyKTOM oépaTHOM TpaHCKpMnUMM 


KnioHeBbie noH^TMíi: 


• PHK peTpoBMpyca HeceT KOHLjeBbie noBTopbi KopoTKoŕí 
noc/ieflOBaTejibHOCTM R; HyK/ieoTMAHbie nocjieAOBaie/ibHOCTM 
5'- m 3'-K0HueBbix oó/iacTeŕí BMpycHOM PHK Ha3biBaiOT R-U5 m 
U3-R, COOTBeTCTBeHHO. 

• 06paTHaíi TpaHCKpnnia3a HaHMHaeT CMHie3npoBaTb flHK, 
ecjin 3aipaBKa b (JjopMe tPHK CBfl3biBaeTCfi c caŕÍTOM PHK 
peipoBupyca, otctoíuamm ot 5'-K0HAa Ha paccroflHMe ot 100 ao 
200 OCHOBaHMÍÍ. 

• KorAa c()epMeHT aoxoaht ao KOHLia Maipm^bi, 5'-KOHAeBbie 
ocHOBaHMíi PHK craHOBflTCfl npeAMeTOM AerpaAauMM, hto 
oTKpbmaeT 3'-KOHeu flHK-npoAyKTa. 

• OCHOBaHMÍÍ OTKpbITOrO 3'-KOHUa KOMľlJieMeHTapHO 
B3aMMOAeŕícTByK)T c 3 '-kohuom APyroíí MOJieKyjibi PHK 
peipoBMpyca. 

• CMHTe3 flHK npoAOJDKaeTca; ero AByxuenoneHHbiM KOHenHbm 
npoAyKT MMeeT noBTopaiomMe APyr APyra KOHueBbie oó/iacTM, a 
MMeHHO U3-R-U5. 

• Bo BTopoíí pa3 CMeHa Maipnubi oópaTHoŕí TpaHCKpMnia30M, 
oóycnoBJíeHHafl nepexoAOM Ha HOByio MaipMuy CMHTe3MpyeMOÍí 
uenM flHK, npoMcxoAMT, KorAa c()epMeHT Mcno;ib3yeT 
coócTBeHHbiíí flHK-npoAyKT KaK MaipMAy aha CMHTe3a BTopoíí 
uenM Ayn/ieKca. 

• ľlepexoA CMHTe3MpyeMoŕí uenM flHK Ha Apyryto MaipMuy — 
K/HoneBoe coóbiTMe peKOMÓMHauMM no MexaHM3My Bbióopa 

KOľlMM. 


PeTpoBHpycbi Ha3biBai0T BHpycaMH (+)-u,enH, noTOMy hto 
BHpycHaa PHK (nepBHHHbíň areHT hhcJdckijhh) caMa KOflHpy- 
cr ôejiKOBbie npoflyKTbi. OepMeHT oóparaaa TpaHCKpnnTa3a 
OTBenaeT 3 a nepeBOfl BHpycHoro reHOMa b KOMnjieMeHTap- 


Hyio eMy ijenb flHK, Ha3biBaeMyio (-)-i^enbio flHK nocjiefly- 
lomne CTa^HH npoflyKUHH flHK-flyiuieKca Taioce KaTajiH3Hpy- 
iotch oópaTHOH TpaHCKpnnTa30H. OÓJiaflaHne coóctbchhoh 
flHK-nojiHMepa3Hon aKTHBHOCTbio no3BOJiaeT 3TOMy (f)ep- 
MeHTy CHHTe3npoBaTb BTopyio u,enb flHK Ha MaTpnue OflHO- 
uenoHeHHoro oôpaTHoro TpaHCKpnnTa. BTopyio u,enb flHK- 
flynjieKca Ha3biBaiOT (+)-u,enbio flHK Bce Ta >Ke oópaTHaa 
TpaHCKpnnTa3a oójiaflaer eifle h aKTHBHOCTbio PHKa 3 bi H, 
KOTopaa, b KanecTBe HeoóxoflHMoro flonojiHeHHH k flHK- 
nojiHMepa 3 HOH aKTHBHOCTH, Bbi3biBaeT flerpaflauHio PHK b 
cocTaBe raópHfla c flHK. Bce oópaTHbie TpaHCKpnnTa3bi peT- 
poBnpycoB, Ha3biBaeMbie Taioce peBepTa3aMH, npoaBJíaioT 
3HaHHTeJIbHOe CXOflCTBO CBOHX aMHHOKHCJIOTHblX nOCJieflO- 
BaTejibHocreH; cooTBeTCTByioiflHe nepra roMOJiornn mojkho 
BblHBHTb H y HeKOTOpblX peTp0n030H0B. 

Ha pmc. 22.5 npHBefleHocpaBHeHnenepBHHHbixcrpyicryp 
flHK h PHK peTpoBHpyca. PHK peipoBHpyca c oóenx cropoH 
OKaHHHBaeTca npaMbiMH noBTopaMH, Ha 3 biBaeMbiMH R-cer- 
MeHTaMH. Hx juiHHa KOJieóJieTca b npe^ejiax ot 10 ao 80 Hyx- 
jieoTHAOB. 5'-KOHu,eByK) nocjieAOBaTejibHocrb BHpycHOH PHK 
Ha 3 biBaiOT R-U5, 3'-KOHiieByio nocjieAOBaTejibHocrb Ha 3 bma- 
kdt U3-R. R-cerMeHTbi Hcnojib 3 yiOTca AAfl o 6 pa 30 BaHna óojiee 
npoTH^ceHHbix npaMbix KOHu,eBbix noBTopoB npn nepeBOAe 
HyKJieoTHAHoň nocjieAOBaTejibHOCTH peTpoBHpyca H 3 PHK- 
(J)opMbi b flHK-(f)opMy. flaHHHbie KOHfleBbie noBTopbi (flKn) 
oÓHapy^KHBaioTCH y jihhchhoh AByxuenoneHHOH BHpycHOň 
flHK (PMC. 22.6 H PMC. 22.7). yKOpOHeHHOCTb HHTerpHpOBaH- 
hoh cjjopMbi BHpyca Ha 2 nH c Ka^aoro KOHu,a — cjieACTBHe 
cneflHajibHoro MexaHH3Ma HHTerpauHH (cm. pne. 22.9). 

Kan h ApyrHM flHK-noJiHMepa 3 aM, oóparaoH TpaHC- 
KpHnTa3e (peBepTa3e) TpeôyeTca 3aTpaBKa. EcTecTBeHHoň 
3 aTpaBKoň cjiy)KHT tPHK. Ka>KAbiH bhphoh coAep^CHT «He- 
3 apa^ceHHyio» (aMHHOKHCJioTOH) tPHK óbiBiiiero xo 35 iHHa. 
IlOCJieAOBaTeJIbHOCTb H3 18 OCHOBaHHH B 3'-KOHIjeBOH 06 - 
jiacTH tPHK KOMiuieMeHTapHo B3aHMOAeHCTByeT c caňTOM 
BHpycHoň PHK, 3 arjiy 6 jieHHbiM Ha 100-200 OCHOBaHHH ot ee 
5'-KOHija. OAHOBpeMeHHo Ta )Ke MOJieicyjia tPHK mo^kct B 3 an- 
MOAeHCTBOBaTb C CaHTOM BÓJIH3H 5'-KOH4a APyTOH BHpyCHOH 
PHK, accHCTHpya TaKHM o6pa30M AHMepH3aijHH BHpycHbix 
PHK-reHOMOB. 

HTaK, peBepTa3a HanHHaeT cHHTe3HpoBaTb flHK h abh- 
aceToi b HanpaBJíeHHH 5'-KOHfla MaTpHflbi, ot KOToporo OHa 
H3HanajibH0 otctoht Bcero Ha 100-200 HyKJieoTHAOB. KaKHM 
>Ke o6pa30M eň yAacrca npeo6pa30BaTb HHTaKTHbíň reHOM 
peTpoBHpyca b $opMy flHK? (3tot cjiynaň npeAcraBJíaeT 
coóoh 3KcrpeMajibHbiH Bapnarn oóifleň npoóJieMbi penjíHKa- 
U.HH KpaeB JIHHeHHOH MOJieKyJIbl HyKJieHHOBOH KHCJIOTbl; CM. 
pa3A. 16.2 «Kpaa Ahhchhoh flHK cjiomio penjiHflHpoBaTb»). 

B ycjiOBHHx in vitro chhtc3 aoxoaht ao kohua MaTpHflbi, 
nopo)KAaa KopoTKyio MOJieicyjiy flHK, Ha3biBaeMyio strong- 
stop (-)-uenH flHK. B KJieTKe in vivo TaKHx MOJieicyji He 06 - 
HapyacHBaeTCfl, nocKOJibicy b ecrecTBeHHbix ycjiOBHax chhtc3 
HenpeMeHHo npoAOJDKaeTca peaKUHeň, npoHjunocipHpoBaH- 
hoh Ha pne. 22.6. PeBepTa3a, nepecTaBjíaa CHHTe3HpyeMyio 
uenb flHK Ha HOByio MaTpnuy, coBepmaeT CMeHy MaTpHflbi. 
3TO nepBblH H3 AByX npbDKKOB MOKAy MaTpHflaMH, KOTOpbie 
(})epMeHT coBepmaeT 3 a BpeMa paóora HaA Ka^KAOH KonneH 
reHOMa peTpoBHpyca. 
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PeTpOBMpycHbie reHOMbi cymecTByiOT has mu n* AOBaie/ibHocTeií PHK h flHK 


Bwpyc b (J)opMe PHK 
10-80 —RU5 gag pot 

-2000 -2900 -1800 


U3 R—10-80 


80-100 170-1260 

BMpyc b c|)opMe cboóoahoíí jiMHeiíHoií flHK 


U3 RU- gag 

1 -1-' 

AKn 

250-1400 nH 


pol 


U3 R U 

1 - 1 -‘ 

AKn 


Bľipyc b (J)opMe MHTerpMpoBaHHOií flHK (t. e. BcraBKM b reHOM xo3BMHa) 
U3 noTepfl/i 2 nH U5 noTepa/i 2 nH 


flHK xo3«MHa U3 RU5 gag 

T 

4-6 nH noBTop 
B flHK-MMOJeHM 


pot 


U3 RU5 flHKxo3BMHa 


4-6 n h noBTop 
b flHK-MmueHM 


PMC. 22.5 PeTpoBMpycHaíi PHK OKaHHMBaeTCfl npaMbiMM noBTopaMM (R), CBo6oAHaa juiHeíiHaB bm- 
pycHaa flHK OKaHHMBaeTCB flKľl, npoBiipyc OKaHHMBaeTCB tcmm we flKľl, yKopoHeHHbiMM Ha 2 nH 


HTOÓbl CMeHä MäTpHUbl MOľJia COCTOHTbCa, peBepTä3a 
pa3pymaeT 5'-KOHueBon R-cernem MaTpnubi, ncnojib3ya 
npncymyio en aKTHBHocrb PHKa 3 bi H. OTKpbiBaiomnHca npn 
3TOM 3'-KOHUeBOH OflHOIjenOHeHHblH BblCTyn HOBOCHHTe 3 H- 
poBaHHoň flHK, no npnHunny KOMnjieMeHTapHOCTH, auien- 
BaeTca c 3'-KOHu,eBbiM R-cerMeHTOM flpyron MOJieKyjibi PHK. 
noaie cocroHBiueHCH TaKHM o6pa30M CMeHbi MaTpnij,bi 06 - 
paraaa TpaHCKpnnu,na npoflOJDKaeT cboh xoa nepe3 U3-cer- 
MeHT fla^biue, bo BHyrpeHHnň MaccnB PHK. 

3'-KOHueBon R-cerMeHT PHK, noflcraBaaeMbíň nofl 3'-koh- 
LjeBoň oflHOuenoneHHbiH BbicTyn flHK, b npnHijnne, MO^ceT 
HBJIHTbCH npOTHBOnOJIO)KHbIM KOHD.OM TOH >Ke CaMOH MOJie- 
Kyjibi PHK (Torfla HMeeT mccto BHyTpnMOJieKyjiapHoe cnapn- 
BaHne), ho oómhho upumppomr flpyron MOJieKyne (mokmo- 
jieKyjiapHoe cnapnBaHne). Me>KMOJieKy;iapHoe cnapnBaHne 
H3o6paxceHo Ha pne. 22.6; BHyrpnMOJieKyjiapHoe cnapnBaHne 
He ocraB/iajio 6 bi B03M0>KH0CTn n3MeHHTb caňT CBa3biBaHna 
npaňMepa ot ijniuia k ijnKJiy, b to BpeMa KaK OKcnepnMeH- 
th noKa3biBaiOT, hto noaieflOBaTCJibHOCTb TPHK-3aTpaBKn b 
>Kn3HeHHOM unioie peTpono30Ha He HaoieflyeTca. 

Pe 3 yjibTaTOM CMeHbi MaTpnn,bi n npopojwmm cnHTe3a 
aBJíaeTca floóaBJíeHne (-) U5-cerMeHTa k 5'-KOHijeBoň 06 - 
TiacTn (-)-ijenn flHK. Orpe30K HyioieoTnAHoň nocneflOBa- 
TejibHOcrn U3-R-U5 (b nponTeHnn no (+)-uenn) — sto n 
ecTb /yinHHbíň KOHijeBoň noBTop (flKn), nocKOJibKy no3>Ke 
(+) U3-cerMeHT óyfleT floóaBaeH k 5'-KOHijy (+)-uenn flHK, n 
oh oópeTeT BHfl U3-R-U5. npoTJDKeHHocrb flKn BapbnpyeT b 
npefleiiax ot 250 flo 1400 nH (cm. pne. 22.5). 

npouecc cnHTe 3 a (+)-uenn flHK c flKn Ha npoTHBO- 
nojio>KHOM (jicbom) Kpaio noKa 3 aH Ha pne. 22.7. PeBepTa3a 
3aTpaB/iaeT cnHTe3 (+)-n,enn ot ocraTOHHoro (J>parMeHTa 
flerpaflnpoBaBiueň PHK-MaTpnijbi b rnôpnfle c hobochhtc- 
3 npoBaHHoň (-)-uenbio. Strong-stop(+)-uenb flHK 0 Ka 3 bi- 


BaeTca CHHTe3npoBaHHoň, Korfla (jDepMem 1 flocTnraeT KOHija 
MaTpnubi (to ecTb cnnTbiBaeT (-)-uenb flHK flo ee 5'-KOHija). 
noTOM 3Ta KopoTKaa aflanTepHaa (+)-ijenb flHK coBepmaeT 
npbiacoK Ha npoTHBonojioacHbíň koho], (-)-Ljenn. BepoaTHO, 
ee OTTecHaeT Tyfla npoflyKT BToporo payHfla cnHTe3a (+)- 
uenn, c flpyrnM ocraTOHHbiM (jDpameHTOM PHK (Ha pncyHKe 
pacnojioaceHHbiM jieBee) b KanecTBe 3aTpaBKn. 

Ka>Kflaa peTpoBnpycHaa nacmija (BnpnoH) HeceT b ce6e 
flBa 3K3eMmiapa PHK-reHOMa Bnpyca. 3to oócTOHTejibCTBO 
ÓJiaronpnaTCTByeT peKOMÓnHaunn KaK coóbiTnio, ecrecTBeH- 
HOMy pm xcn3HeHHoro unioia Bnpyca. PeKOMÓnHauna Moacer 
cjiynnTbca bo BpeMa cnHTe3a (-)-uenn flHK n/njín bo BpeMa 
cnHTe3a (+)-uenn flHK. 

MeacMOJieKyjiapHoe cnapnBaHne, n3o6paxceHHoe Ha 
pne. 22.6, no 3 BOJiaeT npon 3 oňTn peKOMÓnHaunn MOKfly 
nocjieflOBaTejibHocTHMn flByx PHK, CMeHaioiflnx flpyr flpyra 
b KanecTBe MaTpnn, cnHTe3a (-)-uenn flHK. y peTpoBnpycoB 
peKOMÓnHauna b ochobhom n nponcxoflnT Ha 3Toň CTaflnn, 
Korfla HacueHTHaa uenb flHK OKa 3 biBaeTca, b npouecce 06 - 
paraon TpaHCKpnnunn, nepeHeceHHoň c oflHoň MaTpnijbi Ha 
Apyryío. 

(+)-uenb flHK MoxceT 6biTb cnHTe3npoBaHa npepbiBHCTO, 
to ecTb b pe3yjibTaTe peaKu,nn, Biononaiomeň b ce6a HecKoab- 
ko nHnunaunň cnHTe3a b pa3Hbix BHyrpeHHnx caňTax. nepe- 
hoc uenn cnHTe3npyeMoro (})parMeHTa Ha Apyryío MaTpnuy 
Ha 3TOH CTaAHH Taioce B03MOXCeH, HO B AeňCTBHTeJIbHOCTH 
cjiynaeTca He TaK nacTO. 

Cxoactbo AByx onncaHHbix BapnaHTOB b tom, hto pe- 
KOMônHauna b tom n ApyroM cjiynae aBaaeTca pe3VJibTaTOM 
CMeHbi MaTpnn,bi b npoAOJiaceHne aicra cnHTe3a flHK. TaKoň 
MexaHH3M peKOMÓHHaiJHH Ha3bIBaiOT BblGopOM KOnHH. 
MHorne ro^bi Bbiôop Konnn paccMaTpnBaaca KaK bo3mo>k- 
Hbíň MexaHH3M o6uj,eň (roMOJiornnHoň) peKOMÔnHaunn. 
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CwHTea noiiHopa3MepHoíí (-)-uenM Tpe 6 yeT 
CMeHbl NiaTpMtibl 


CMHie3 noflHopa3MepHoíí (+)-uenM 
rpe6yeT npbotcKa 3aTpaBKM no Matpime 


PeipoBMpyc nonaflaei b K/ieTKy KaK (+)-uenb PH K 

R U5 U3 R 

5 ' iimimmi iiiLiLiil r 

C (+)-uenbio B 3 anMOfleíícTByGT tPHK; i 
OHa cflyíKm npaŕÍMepoM, KOTopbíň I 
y3Haei cbom caňT n coBepiuaeT odkht A 

R U5 & U3 R 

5 ' 1L .LLLLLULL r 

OópaTHaB TpaHCKpnnia3a HaHľmaeT 
cmhtg3 (-)-uenn flHK 

(-)-uenb- 
3' 

5 ' UU 1 11 1 111 11111 i LLLLLLLLL o r 

OepMeHT flOHmbiBaeT Maipm^y flo KOHua; 
oópa3yeTCB strong-stop (J)parMeHT 
(-)-uenn flHK v j 

^ Strong-stop ^parMeHi-^p j 

3 ' S f 
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5'-KOHeu Maipm^bi 
nofljiewm pacmen/ieHwo 

KoHueBOíí—^— 

BbidynflHK 5' 
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OflHOuenoHeHHbíň R-pemoH flHK 
npn nepBOM npbi>KKe B3anMOfleííCTByeT c 3 '-kohuom 
A pyroíí MO/ieKy/ibi peipoBMpycHOÍí PH K 

CnapMBaHMe- 

yjLLU mimmmm mm 

Oópamafl TpaHCKpnma3a I 

B03o6HOB/iBeT CMHTe3 (-)-uenn AHK y 

s' uii. iiniiHHn miiinLi 


PMC. 22.6 CnHTe 3 (-)-uenn MfleT co CMeHoŕí Niaipnubi b npouecce 
oópaTHoíí TpaHCKpMnuuM 


Ma^OBepoHTHo, hto hm Ha caMOM naie nojib3yiOTca mieron- 
Hbie CHCTeMbi, ho bo BpeMfl hhcJdckij.hh PHK-coAepxcamHMH 
BHpycaMH (b tom HHcne BOcnpoH3BOAHmHMHca cyryóo Hepe3 
(J)opMbi PHK, KaK, HanpHMep, BHpyc nojiHOMHejíHTa) stot Me- 
xaHH3M peKOMÓHHauHH BecbMa aKTya^eH. 

ľlepexoA uenH — AonojiHHTejibHo k BbiHyxcAeHHoň pe- 
aKu,HH nepeHoca ijenH npn «ynope» CHHTe3a b kohoj MaT- 
pHu,bi — c onpeAejieHHoň nacTOTOH npoHcxoAHT b Ka^OM 
UHioie oópaTHoň TpaHCKpHnuHH. MexaHH3M nepexofla ijenH 
b AaHHOM cjiynae H3yneH HeAOCTaTOHHo, npHHu,Hn xce hjuiioc- 
TpHpyeT pmc. 22 . 8 . B yaiOBHax in vivo oóparaaa TpaHCKpHn- 
u,m npoHcxoAHT BHyTpH HyioieonpoTeHHOBoro KOMimeKca, 
b cocTaBe KOToporo u,enb PHK-MaTpHijbi CB5i3aHa c KOMno- 
HeHTaMH BHpHOHa, cpe^H KOTopbix — rjiaBHbiH óejioK KancH- 
Aa. B cjiynae BHH AOôaBJíeHHe stoto 6enKa, NCp7, Bbi3biBaer 
peKOMÓHHaUHIO B CHCTCMe in vitro. B03M0)KH0, 3(J)(J)eKT He- 
npHMOH: NCp7 KaKHM-TO 0Ópa30M BHAOH 3 MeHfleT CTpyKTypy 
PHK-MaTpHUbI, HTO, B CBOK) OHepeAb, BJIHHeT Ha CKJIOHHOCTb 
peBepTa3bi CMeHHTb oAHy MaTpHHHyio uenb Ha Apyryío. 
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3aipaBOHHaB tPHK yxoflm 
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PHK, cjiywMBiuafl MaipMueŕí, noA-newm 
flerpaflauMM, 3a MCK/iiOHGHMeM Heóo/ibiuMx 
4)parMeHTOB, KOTopbie noc/iywaT 3aipaBKaMM 
AJia CMHTe3a (+)-uenn AHK 
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Oparnem (+)-uenn npn btopom npbi>KKe 
nepeópacbiBaeTCB Ha flpyroň KOHeu 
(-)-!4GnH, M CMHTe3 B030ÓH0BBBeTCB 
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PMC. 22.7 n pH cMme3e (+)-uenn flHK MMeeT Medo BTopoíí npbi>K 0 
3aipaBOHHoro KOHua 


CMeHa Maipuqbi npuBOflm k peKOMÔMHauMH 


OópaTHaB TpaHCKpnnia3a 
CMHTe3npyeT uenb AHK 



OepMeHT ocraB/ifleT 
cbok) Maipmiy 


5 , uiimmnmnuumj 


OepMeHT CBB3blBaeTCB 
c flpyroíí MaTpmjeií 
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OópaTHaB 

TpaHCKpnni4MB 

B0306H0BBBeTCB 
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PMC. 22.8 PeKOMÓMHauMB no mny Bbióopa Konnn nponcxoAMT M3-3 
Toro, hto oópaTHaB TpaHCKpnnTa3a b npouecce peaKUMM MeHaeT Mai 
pMUy. fljia HarnBflHOCTM nepexoA c()epMeHTa c Maipnubi Ha Maipnu 
M3o6pa>KeH b BMfle OTAenbHbix 3TanoB 


22.4 flHK peTpOBMpyca BBABeTCB npOAyKTOM OÓpaTHOÍÍ TpaHCKpMľlUMM 56í 




































22.5 


HHTerpa3a Kaia/iM3iipyeT Bce craAMM MHTerpaitHM 


BMpycHan AH K nHTerpnpyeTCfi 
B XpOMOCOMy 


K/iiOHeBbie noHfiTMfi: 


• 0praHM3aunfl npoBnpycHoň flHK b xpoMocoMe TaKaa we, KaK 
y TpaHcno30Ha: npoBupyc (JxnaHKnpoBaH kopotkmmm npaMbiMn 
noBTopaMM nocneAOBaie/ibHocrn caŕrra-MniueHn. 

• JluHeííHaB flHK BCTaBjíaeTca HenocpeflCTBeHHo b xpoMOCOMy 
X03BMH3 npn ynacTHM peipoBupycHoro (JjepMema nmerpa3bi. 

• B npouecce nmerpaunn nocneAOBaie/ibHocrb flHK 
peipoBkipyca TepaeT no ABe napbi ocHOBaHnň c Kawfloro KOHua. 

CrpyKTypHaa opraHH3aqra y BHeApHBmeroca npoBHpyca 
non™ Tanaa xce, KaK h y jihhchhoh R HK. fljiHHHbie mm\c- 
Bbie noBTopbi (RKU) npoBHpyca HfleHTHHHbi MOKfly coôoh. 
3 / -KOHLj,eBaa oôjiacrb U5-cerMeHTa J\KTÍ npeflCTaBjíaeT co- 
6oh HHBepTHpoBaHHyio 5'-KOHqeByio oójiacrb U3-cerMeH- 
Ta, TaK mto Ka^bíň flKTI (paBHO KaK h npoBHpyc b ljcjiom) 
OKaHMJieH KOpOTKHMH HHBepTHpOBaHHbIMH KOHIjeBblMH 
noBTopaMH. BHeApeHHbíň npoBHpyc nofloôeH TpaHcno3o- 
Hy: OKaHHHBaeTCH HHBepTHpOBaHHbIMH noBTopaMH H (f)JiaH- 
KHpoBaH KopoTKHMH npaMbiMH noBTopaMH nocjieflOBaTejib- 
HOCTH-MHOieHH. 

npoBHpyc o6pa3yeTca KaK HenocpeACTBeHHaa BCTaBKa 
jihhchhoh Jl HK BHpyca b caHT-MHineHb. KpoMe jihhchhoh, 
cymecTByiOT Taioxe KOJibijeBbie c|)opMbi fl, HK BHpyca. OflHa 
H3 KOJibqeBbix (J)opM HeceT j\b a JlKYl, pacnoJioxceHHbix 
BiuioTHyio flpyr k Apyry b pe3yjibTaTe CKjieHBaHra kohh,ob 
JIHHCHHOH fl, HK. BOJIblIIHHCTBO XCe KOJIbljeBblX H HK BHpyca 
HeceT Bcero oflHy Konnio nocjieflOBaTejibHocTH fljcn — Be- 
poamo, npoAyKT coôbiTHa peKOMÓHHaijHH (a moxcct óbiTb, 
BHyTpHMOJieKyjmpHoro cnapHBaHHa?). KoJibijeBbie MOJieicy- 
jibi R HK peTpoBHpycoB flOJiroe BpeMa paccMaTpHBajincb KaK 
B03M0)KHbie npoMOKyTOHHbie npoAyKTbi HHTerpaqHH (no 
aHaJiornn c HHTerpaqneH R HK 6aKTepno(f)ara jwMÓfla) po 
Tex nop, noxa He CTaJio h3bcctho, hto b nmerpaunn peTpo- 
BHpycoB Hcnojib3yeTca JiHHeHHaa (J)opMa fl, HK. 

Hmerpaiflno jihhchhoh R HK KaTaJiH3HpyeT nmerpa- 
3 a — óejioK BHpycHoro nponcxoxcfleHHfl. PÍHTerpa3a bjihhct 
h Ha jiHHeHHyio AHK peTpoBHpyca, h Ha KjieTOHHyio fl,HK- 
MHineHb. PeaKu,HK) HjmiocTpHpyeT ľ y* *. z 2 . 9 . 

JJpn ycnexa stoh peaKijHH ocoôchho BaxcHa nepBHHHaa 
crpyKTypa kohu,ob fl,HK peTpoBHpyca — nofloÔHo TOMy, 
KaK MyrauHH b kohucbux oóJiacTax TpaHcno30Ha npe- 
miTCTByiOT ero HHTerpan,HH. CaMaa KOHcepBaTHBHaa oco- 
ôeHHocTb — npHcyTCTBHe AHHyKJieoTH^a CA 6jih3Ko k Ha- 
pyXCHOMy KOHH,y Ka^oro H3 KOpOTKHX HHBepTHpOBaHHblX 
noBTopoB, oKaHMJiaioLUHx Jl HK peTpoBHpyca (h KaJK^biH ee 
RKĽ. b oT/jejibHocTH). PÍHTerpa3a, b cocTaBe HyKJieonpoTe- 
HHOBoro KOMnjieKca, cboaht bmcctc Tynbíc KOHqbi jihhch- 
hoh Jl HK, a 3aTeM, y^ajma HyioieoTH^bi no BHeniHeMy Kpaio 
KOHcepBaTHBHbix CA, npeBpamaeT Tynbie AByxqenonenHbíc 
KOHqbi b yceneHHbie, c 5'-BbicTynoM h 3'-3arjiy6jieHHeM. B 
oómeM cjiynae, R HK npn stom TepaeT no ABa HyKJieoTHA- 
Hbix ocHOBaHHa c KajKAoro kohl#. 

Bbióop canTOB MHmeHen, b ruiaHe hx HyKjieoTHAHon 
nocjieAOBaTejibHocTH, AOCTaTOMHo cjiynaeH. PÍHTerpa3a bho- 
cht b caHT-MHineHb HaApe3bi co CMeiAeHneM. B npnMepe Ha 



PMC. 22.9 l/lHTerpa3a — 3to eAnHCTBeHHbíň BnpycHbíň ôe/iOK, He- 
o6xoflHMbm nHTerpaunn, npn KOTopoň 06 a flKľl TepBKDT no flBe 
KpaňHnx HyKaeomflHbix napbi n BcraB/iaiOTCfl Me>KAy 4 nH noBTopaMH 
nocaeAOBaieabHOcm caňia-MniueHn 

pne. 22.9 CMemeHne (oójiacrb KOToporo b xoac peaKij,HH npe- 
o6pa3yeTca b npaMbie noBTopbi canTa-MHineHn) cocraBJíaeT 
4 nH. IlpoTíDKeHHocTb noBTopa MHineHH cneijH(})HHHa a^ 
KaJKAoro BHpyca h moxcct paBHaTbca 4, 3 hjih 6 nH. ľlo Bceň 
bhahmocth, oHa onpeAejiHeTca CTepeoxHMHMecKHMH napa- 
MeTpaMH B3aHMOAencTBHa HHTerpa3bi c flHK-MHineHbio. 

5 '-KOHqbi HaApe30B flHK-MHmeHH KOBaJieHTHo npneo- 
eAHHaioTca k 3 arjiy 6 jieHHbiM 3'-KOHqaM flHK peTpoBHpyca. 
B 3tot MOMem jiHHeHHaa AByxuenonenHaa HHK peTpoBH¬ 
pyca 0Ka3biBaeTca cocahhchhoh c caHTOM-MHineHbio oa- 
hoh qenbio c KaJKAoro KOHqa. 3anoJiHeHHeM OAHoqenoneM- 
Hbix ynacTKOB mhiuchh 3aHHMai0Tca KjieTonHbie (f)epMeHTbi 
penapaqHH, h b xoac stoh peamjHH 5'-KOHqeBbie BbiCTynbi 
Jl HK peTpoBHpyca noAJiexcaT yAaJieHHio. TaKHM o6pa30M, 
BHeApeHHe b KjicronHbiH reHOM yKopanHBaeT HK peTpo¬ 
BHpyca Ha 2 nH C KaJKAOH CTOpOHbl; 3TO COOTBCTCTByeT no- 
Tepe 2 nH 5'-KOHueBoro U3-ceraeHTa h 2 nH 3'-KOHueBoro 
U5-cerMeHTa. 

PiTaK, Jl HK peTpoBHpyca HHTerpnpyeT b tchom xo3aHHa 
b npoH3BOJibHOM MecTe. ÝcneniHo HH(J}Hu,HpoBaHHaa kjict- 
Ka nojiynaeT b cboh reHOM ot oahoh po Aeca th Konnn npo¬ 
BHpyca. (3apajKeHHc kjictkh HH(})eKqHOHHbiMH nacTHqaMH 
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npoHCxo/jHT, KOHenHO xce, nepe3 ijHTonjia3My, a HHTerpa- 
u,m jihhchhoh flHK BHpyca b reHOM xo3aHHa npoHCxo/jHT 
b *mpe. PeTpoBHpycbi Moryr pa3MHoxcaTbca TOJibKo b npojin- 
(JjepnpyiomHx (aKTHBHO /jejramHxca) KjieTKax, noTOMy hto 
nona^aHMe b a/jpo Hyacepo/jHon HK bo3mc»kho TOJibKO 
npn MHT03e, H HMeHHO Ha STOH CTa/JHH KJieTOHHOrO UHKJia 
reHeTHnecKHH MaTepnaJi BHpyca (b (f)opMe jihhchhoh flHK) 
nojiynaeT /jocryn k co/jepxcHMOMy KjieroHHoro ímpa. 

B U3-cerMeHTe Kaxcnoro flKIl co/jepacnTca npoMOTop 
TpaHCKpnnuHH. ľlpoMOTop b jieBOM JXKU (/v m (+)-uenn 
oh 3'-KOHueBoň) oTBenaeT 3 a HHHiiHaijHK) TpaHCKpnnijHH 
npoBHpyca. Ecjih ynecrb, hto HecynjHH ero U3-ceraeHT no- 
BBJíaeTca b jicbom flKľl ójiaro/japa CMeHe MaTpnijbi (fjepMeH- 
T0M-peBepTa30H b npouecce CHHTe3a óy/jymeH HK npoBH- 
pyca, to nojiyHacrca, hto stot npoMOTop KaK TaKOBOH 6biJi 
nopoxc^eH caMHM nepeBO/jOM PHK BHpyca b (f)opMy /jByxije- 
noneHHOH flHK. 

HHor/ja (AOBOJibHO pe/jKo) npoMOTop b cocTaBe npaBoro 
JIKU 0Ka3bmaeT no/mepacKy TpaHCKpnnuHH reHOMHbix noc- 
jieAOBaTejibHocTen xo3aHHa, cmokhhx c caňTOM HHTerpa- 
u,hh. JIKU co^epxcHT TaioKe nocjie/jOBaTejibHOCTb-SHxaHcep, 
aKTHBHpyiomyio 6jiH3Jiexcamne npoMOTopbi — KaK BHpyc - 
Hbie, Tax h KjicroHHbie. Hepe3 aKTHBau,Hio onpe/jejieHHbix 
reHOB HHTerpauna pcrpoBHpyca moxcct cTaTb npHHHHOH 
nepexo/ja kjictkh b onyxojiepoAHoe cocroaHHe. Bo3MoxcHa 
jih 3KcqH3Ha H3 reHOMa BHe/jpeHHbix b Hero npoBHpycoB? 
fla, ÓJiaro/japa roMOJiorHHHOH peKOMÓHHauHH, KOTopaa mo- 
>KeT npoH30HTH MOKfly flKn npoBHpyca; OAHHOHHbie flKTI, 
ocTaBniHeca nocjie 3kcuh3hh, mo>kho oÓHapyxcHTb bo mho- 
THX KJieTOHHblX TCHOMaX. 

flo chx nop Mbi paccMaTpHBajiH peTpoBHpycbi c tohkh 
3peHHfl hx HH(})eKij 1 HOHHoro ijHKjia, r/je 3Tan HHTerpaijHH 
HeoóxoAHM /yia nocjieAyiomeH HapaôoTKH KonHH PHK. Qe- 
flyeT 3aMeTHTb, hto, Kor/ja HK peTpoBHpyca HHTerpnpyeT 
b reHOM KjieTKH 3apoAbimeBoro nyTH, 0Ha craHOBHTca Ha- 
cjie/iyeMbiM SHAoreHHbiM npoBnpycoM opraHH3Ma. Oôhhho 
3H,qoreHHbie npoBHpycbi He SKcnpeccHpyiOTca, ho hx Moryr 
aKTHBHpoBaTb HeopAHHapHbie coóbrraa BHeuiHero po/ja, Ta- 
KHe KaK HH(J)eKĽI,Ha KJieTKH ApyrHM BHpyCOM. 


H3o6pajKeH Ha p m c. 22 . 10 . Bmccto oóbiHHbix óejiKOB Gag, 
Pol h Env y Hero CHHTe3HpyeTca óejiOK Gag-v-One. TaKOH 
BHpyc peiuiHKai^HOHHO-Ae4)eKTeH: He caMo/jocľaTOHei 1 
b njiaHe npoxoxcneHHa HH(J)eKUHOHHoro uHKjia, Hy^aaeb 
b BHpyce-noMomHHKe, KOTopbin KOMneHcnpyeT eMy ot- 
CyTCTBHe COÓCTBeHHblX 3H3HMaTHHeCKHX (JjyHKIJHH. 

Ha3BaHHe onc npeAcraBjíaeT coóoh coKpameHHe cjio- 
Ba «OHKoreHe3» — cnocoóHocrb mpanc0opMUpoeamb 
KyjibTypbi KjieTOK, ynpa3AHaa orpaHHneHHa Ha hx pocr, hto 
npeAOcraBJíaeT KjieTKaM HeorpaHHHeHHyio enoeoÓHOCTb k 
AejieHHio. noe^eAOBaTe^bHOCTb onc Mo^ceT npHHajyiexcaTb 
jnoóoMy H3 MHoroHHCJieHHbix reHOB, Hba SKcnpeecHa b (pop- 
Me v-onc npHBOAHT k TpaHccfjopMaijHH mieTKH b onyxojie- 
pOAHblH (f)eHOTHn. npHHHHOH OnyXOJieBOH TpaHC(J)OpMaUHH 
MOXCeT CTaTb KaK KJieTOHHblH, TaK H BHpyCHblH reH onc. 

HaJiHHHe y BHpyca reHa v-onc npH^aeT eMy cnocoó- 
HocTb k TpaHC(})opMaiiHH KjieTOK-xo3aeB onpe/jeJieHHoro 
rana. Y xo3HHHa ecTb jioKycbi c roMOJiorHHHbiMH nocjieAO- 
BaTeJIbHOCTHMH — TCHaMH C~OnC. KaKOB MexaHH3M npHCBO- 
eHHa reHOB onc peTpoBHpycaMH ? IOiiohom k OTBeTy cjiy)KHT 
pacxoxc^eHHe b nepBHHHbix CTpyKTypax c-onc h v-onc. Ko- 
^npyiomaa nocjieAOBaTejibHocTb reHa c-onc oóhhho npe- 
pbmaeTca HHTpoHaMH, KOTopbix HeT y v-onc. 3to yKa3biBaeT 
Ha npoHcxoxc/íeHHe reHOB v-onc ot TpaHCKpnnTOB c-oric , 
npome/jiiiHx cnjiancHHr. 

MOAeJIb B03HHKH0BeHHH TpaHC(})OpMHpyK)mHX BHpyCOB 
npoHJunocTpHpoBaHa P ne. 22 , 11 . flonycTHM, B03Jie reHa c- 
onc b KjieTOHHbíň reHOM BHeflpHJica perpoBnpyc. 3a BHe/^pe- 
HHeM nocjieAOBaJia ACJieiina, b pe3yjibTaTe KOTopon npoBH- 
pyc h c-onc cjinjincb. TpaHCKpnniiHa oÓJiacTH hx cjinaHHa 
nopoiKAaeT PHK-xHMepy, nacTb KOTopon cooTBeTCTByeT 
nocjie/^OBaTejibHocTH BHpyca, a Apyraa nacTb — nocne/jo- 
BaTejibHocTH onc xo3aHHa. Hhtpohh, BXOAaniHe b cocTaB 
oôenx nacren, y^aJiaiOTca npn cnjiancHHre. nojiyHHBmaaca 
PHK oóJia^aeT cnrHaJibHOH nocjieAOBaTejibHOCTbio, Heoóxo- 
Ahmoh jsflK ynaKOBKH ee b bhphoh, h 0Ha ôyjxcľ Ty^a ynaKo- 
BaHa, ecjiH b KjieTKe ecTb Apyraa, HHTaKTHaa, Konna npoBH¬ 
pyca. Tor/ja HeKOTopbie BHpnoHbi (^HnjiOH^Hbie nacTHijbi) 
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PeipoBMpycbi 

Moiyr nepeHOCMTb KneľOHHbie 
noc/ieAOBaie/ibHocTM 


KjiKDHeBbie noHniM: 


• TpaHcc()opMMpyK)mMe peipoBMpycbi B03HMKaK)T b pe3yabiaie 
peKOMÔMHaLJMM, npn KOTOpoŕí nOCaeAOBaieabHOCTb KJieTOHHOÍÍ 
PHK 3aMeHaeT nacTb nocaeAOBaiejibHOCTM PHK peipoBkipyca. 


B CBeTe Toro oócToaTejibCTBa, hto peTpoBnpycbi KaK Kjiacc 
cnocoóHbi k 3axBaTy h npeo6pa30BaHHio KJieTOHHbix noc- 
jieAOBaTejibHOCTen, HHTepec k hx xcH3HeHHOMy iíHKjiy 
BecbMa BejíHK. TpaHCAyu,HpyK)iii,Hň BHpyc cnocoóeH ne- 
peHHMaTb KJieTOHHyio nocjienoBaTejibHocTb, c nacTHHHOH 
3aMeHoň coôcTBeHHOH nocjienoBaTejibHocTH reHOM v-onc , 


Ae(t>eKTHbie Bupycbi jiMiiieHbi HeKOTOpbix (fjyHKAMM 


fle^eKTHbiíí BHpyc 
R U5 gag 


U3 R 


I 

wwy 


BMpyc-noMOiMHMK 
H U5 gag pot 




Be^KM 
BMpyca-noMOUJiHMKa 
^ y pen^MUMpyíOT ■■■ ' 
Aec^eKTHbiM BMpyc 


PMC. 22.10 Y TpaHcc()opMMpyK)iAero BHpyca c Heno/iHoiieHHbiM o6ec- 
neHeHkíeM penakiKaAMM nacTb coócTBeHHoií HyKJieoTMAHoií nocaeAO- 
BaieabHocTM 3aMeHeHa cjjparMemoM nocaeAOBaieabHOCTM KaeioHHoro 
reHOMa. TaKoií Aec()eKTHbm Bkipyc MO>KeT penaMAMpoBaTbCB npn ynac- 
t m Bkipyca-noMOiAHMKa — Hocme/ia Bcex HeAOCTaKDiAMX cjjyHKAMM 
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Pen/iMKai4MOHHo-Ae<t>eKTHbie BMpycbi noflBJuuoTCfl M3-sa Ae/ieiiMM 


< ripOBMpyC" 

flKľl gag pol 


ľeH c-onc 


env flKľl 3 k 30 h HmpoH 3 k 30 h 

\/\fl 

flE/lEflMfl 


TpaHCKpMnuMfl i 

c npoBMpyca, I 

Hecyiuero Ae/ieumo ▼ 


■ TpaHCKpMnuMfl 
I c APyroro 

▼ i 


npoBnpyca 


i 


CruiaňcnHr 


\ 


PeKOMÔMHaLtMB PHK 


o 

I 


/ 


ynaKOBKa B BnpnoH 


PMC. 22.11 Bkipycbi c HenojiHOLjeHHbiM oôecneHeHMeM penziu ks 14 m m Moryr B03HM<aTb M 3 - 3 a KpynHbix 
Ae/iei 4 MM, 3aiparnBaiomMX npoBkipyc n npnBOAflmnx k cjimahmio ero HyK/ieoTMAHoŕí nooieAOBaiejib- 
hoctm c noc/ieAOBaTe/ibHOCTbK) K/ieTOHHoro reHOMa. AHOMajibHbiŕí TpaHCKpnriT TaKoro npoBkipyca 
MO>KeT 6 biTb ynaKOBaH b oflHy nacTkmy c HopMazibHbiM BkipycHbiM PHK-reHOMOM. Ec jim Me>KAy AByMB 
PHK npoM3oŕíAeT HeroMOJiorMHHafl peKOMÔkiHaLimi, b cneAyioiAeM MHíJjeKAMOHHOM Amuie bo3mo>kho 
noBBAeHkíe TpaHcc})opMMpyK)iAero Bnpyca c HenojiHOLjeHHbiM oóecneneHHeM peruinKai 4 nn 


H3 Tex, hto npoflyynpyeT 3Ta KJieTKa, 6yflyr co/jepacaTb no 
oahoh Konnn PHK-xnMepbi n PHK Bnpyca. 

ľlpo/iyKT peKOMÓHHaiiHH MOK/iy nocjieAOBaTejibHoc- 
TflMH flByX 3THX PHK, C OÔeHX CTOpOH OKaHHHBaiOmHHCfl 
noBTopaMH BnpycHoro nponcxoxcfleHHfl, moxcct oóiiaflaTb 
TpaHC(f)OpMHpyK)IlJHM nOTCHLJHa^OM. no XOfly HH(J)CKLI,HOH- 
Horo uniuia peTpoBnpyca peKOMÓHHau™ nponcxoflHT pa3- 
HOo6pa3HbiMH cnocoóaMH h c BbicoKoň nacTOTon. npeflno- 
jioxcHTeiibHo, HeroMOAornnHaa peaKyna Me>Kfly PHK Bnpyca 
n KjicroHHoň nacTbio PHK-xnMepbi noflHHHaeTCfl oflHOMy 
H3 MexaHH3MOB peKOMÓHHaynn, ncnojib3yeMbix BnpycaMH. 

06m,H0CTb nepT peTpoBnpycoB (yHnKanbHbix/yw hhx kzk 
miacca) roBopnT o bo3mo>khocth npoHcxoäCfleHna peTpoBH- 
pycoB ot oóiyero npeflxa. Kax eoín 6bi KaKne-To nepBHHHbie 
BCTaBOMHbie nocjieAOBaTeiibHocTn (IS-3JieMeHTbi) OKpy>KHJin 
KJieTOHHbíň reH, KOflnpyiomnH nojinMepa3y; cocToaBmnnca 
TaKHM o6pa30M MOAynb HMen 6bi BnAflKn-jDo/-/],Kn. 3bojik> 
ynn b HanpaBjíeHnn npeBpameHna b HH(f)eKyHOHHbiH Bnpyc 
AOJDKho 6 bmo conyrcTBOBaTb ycoBepmeHCTBOBaHne KOflnpy- 
eMbix BnpycoM MaHnnyjmiinň c HK- n PHK-cy6cTpaTaMn, b 
tom nnoie oópeTeHne reHOB, Mbn npoflyKTbi cmohih 6 bi yna- 
KOBbiBaTb PHK. flpyrne CBoňcTBa, HanpnMep cnocoóHocrb 
k npHBJíeMeHnio b CBoň cocTaB reHOB c TpaHC(j}opMHpyio- 
men (})yHKuneň, mohih 6 biTb npnoópeTeHbi no3flHee. Hčt 
ocHOBaHnň nojiaraTb, 4 to MexaHH3M npncBoeHna BnpycoM 
KiieTOMHbix noaieAOBaTejibHOCTeň yHHKaneH /y m reHOB onc\ 
Bnpycbi, Hecyiyne reHbi onc , Moryr oóiiaflaTb ceneKTHBHbiM 
npenMyiyecTBOM ÓJiaro/japa CTHMyjinpyiomeMy 3(f)(f)eKTy b 
OTHomeHnn K/ieTOHHoro pocTa. 


7y-3/ieMeHTbi ApoHOKeň 
aHaziorMHHbi pcTpoBiipycaM 


KnioHeBbie noHama: 


• no CBoeň opraHM3a4MM 7y-3jieMeHTbi noxo>Kn Ha 3HAoreHHbie 
peipoBkipycbi. 

• 7y-3AeMeHTbi — 3 to peipono30Hbi c coôcTBeHHoíí peBepia3Hoŕí 
aKTMBHOCTbK), npOMeZKyTOHHblH npOAyKT HX TpaHCn03M4MM 

npeACTaB/ieH PHK. 

7j-3JieMeHTbi — sto npe/jCTaBHTejín ceMeňcTBa noBTopaio- 
m,nxca nocjieAOBaTejibHOCTeň Jl HK, pacceaHHbix b pa3Hbix 
MecTonojioxceHHflx b reHOMax pa3Hbix niTaMMOB ppoyK- 
xceň. (06o3HaneHne Ty npeACTaBJíaeT coóoň coKpam,eHne 
ot transposon yeast, Apo^cxceBoň TpaHcno30H.) XapaKTep- 
Hbin aieA co6bn™ TpaHcno3nu,nn — noBTop nooieAOBa- 
TejibHoc™ MnrneHH c xa^oň CTopoHbi ot BHeApnBinerocH 
ojieMema — b a^hhom cjiynae cocTaBjíaeT 5 nH. Ty-siie- 
MeHTbi — sto perpono30Hbi, no MexaHH3My TpaHcno3H- 
u,nn noAOÓHbie peTpoBnpycaM. HacTOTa TpaHcno3nu,nň Ty 
Hnxce, neM y óoAbmnHCTBa óaKTepna^bHbix TpaHcno30HOB, 
n cocTaBjíaeT ~10~ 8 -10 _ ". 

OTACAbHbie Ty-dJimemu Moryr pa3AnnaTbca MOKjjy co- 
6 on AOBOJibHo cniibHo. BojibmnHCTBO npnHa^nexcHT k AByM 
ocHOBHbiM K/iaccaM, Ha3biBaeMbiM Tyl n Ty91 7.06nj,nň npn- 
Hu,nn opraHH3aiinn OAHHaKOB /yw sthx KnaccoB, oh H3o6pa- 
xceH Ha pmc. 22 . 12 . KxKfíbiň siieMeHT HMeeT /yinHy 6,3 Tím n 
c xa^KAoň CTopoHbi oKaHMHBaeTca 330 nH npaMoro noBTopa, 
Ha3bmaeMoro ô. OT^e^bHo B3aTbiň 7j-3JieMeHT moxcčt HMeTb 
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B/ieMem Ty coAepmMT Asa reHa 


ô tyA 


PHK a^imhoíí 
5,7 TľlH 

PHK fi/IHHOM 
5,0 m h 


Be/iOKTyA 

W-í* 


CflBMT paMKM 


V^A , 

.TyA-B 'WMMMr 


Be/ioK 


PílC. 22.12 3/ieMeHTbi Ty OKaHHMBaKDTCJi kopotkmmm n pa m bi m m noB- 
TopaMM m npkí TpaHCKpMrmm/i flaiOT ABe nepepeKpbiBaiomMeca PHK. 
Ohm coAep>KaT Aee OTKpbiTbie paMKM cHMTbiBaHMa, cooTBeTCTByioiAMe 
peipo b m py c h bi m reHaM gag m pol 


MHoacecTBO otjihhhh ot npoTOTHna CBoero miacca, Taícnx KaK 
HyKjieoTH/jHbie 3aMeHbi, BcraBKH wm AeJieijHH. TnnHHHbiH 

Apo^ceBoň reHOM coAepxcHT ~30 koíihh ajieMemoB Knacca 
Tyl h ~6 koíihh ajieMeHTOB miacca Ty91 7. KpoMe hhx b tom 
>K e reHOMe npHcyTCTByioT -100 He3aBHCHMbix dejibma-sjie- 
MeHTOB, TaiOKe Ha3bIBaeMbIX «COJIbHbIMH Ô». 

ľlocjie/íOBaTejibHOCTH ô reTeporeHHbi, xoth b oT/jejibHO 
B3HTOM SAeMeHTe ABa KOHljeBblX nOBTOpa HACHTHMHbl, BO 

bchkom cjiynae, oneHb noxoxcn. IlocjieAOBaTejibHocTH ô, ac- 
coqHHpoBaHHbie c Ty-dJitMtmzMu, 6 o;iee KOHcepBaTHBHbi, 
neM cojibHbie ô, mto yKa3biBaeT Ha BaxcHOCTb TOHHoro co 6 - 
jnoAOHHfl cTpyKTypbi noBTopoB /yiB hx ono3HaBaHHa (J)ep- 
MeHTOM TpaHCn03HqHH. 

ľlpoAyKTbi TpaHCKpHnijHH Ty-sntMtmz, nojin(A) + PHK 
AByx bh/job, b cyMMe cocTaBjunoT >5% TOTa^bHoň mPHK 
ranjiOHAHoň apotíokcboh kjictkh. TpaHCKpHrmbi oóohx bh- 
AOb HHHu,HHpyioTca BHyrpH npoMOTopa, pacnojioxceHHoro 
b jieBOM ô-noBTope 7j-3JieMeHTa. Oahh H3 hhx TepMHHHpy- 
K)Tca cnycTa 3 TnH; Apyrae — cnycTa 3,7 TnH BHyTpn npa- 
Boro ô-noBTopa. 

IlocjieAOBaTejibHOCTb ľy-sjieMeHTa coAepxcHT ABe ot- 
xpbiTbix paMKH CHHTbiBaHHa. 3 th paMKM HanpaBJíeHbi b 
OAH y h Ty xce cTopoHy, ho enHTbreaioTca b pa3Hbix (j)a3ax, 
HecMOTpa Ha to hto hmoot oóJiacTb nepeKpbrcaHHa b 13 
mnHOKMcnoT. Cym no nocmjipB^raihHOcm, nepBaa paM- 
xa, TyA, KOAHpyeT ,HHK-CBa3biBaiomHH 6e;iOK. ľlocJieAOBa- 
TejibHOCTb TyB coAepxcHT oójiac™ roMOJioran c peBepTa- 
3oň, npoTea3oň h HHTerpa30H peTpoBHpycoB. 

ľlo CBoen opraHH3au,HH h (f)yHKiiHOHaj[bHOMy npeAHa- 
3 HaneHHK) TyA h TyB aHajiornnHbi gag h pol peTpoBHpycoB. 
OTKpbiTbie paMKH CHHTbiBaHHfl TyA h TyB SKcnpeccHpyiOTca 
b AByx (J)opMax. EenoK TyA oToóparKaeT paMKy TyA h 3 axaH- 
HHBaeTca BMecTe c Hen. PaMKa TyB MoxceT óbiTb sKcnpec- 
cnpoBaHa TOJibKo KaK nacTb coeAHHeHHoro nojinnenTHAa, 
b kotopom oónacTb, eooTBeTCTByioLnaa paMKe TyA, cjíHTa c 


oóJiacTbio, cooTBeTCTByiomeH paMKe TyB, b pe3yjibTaTe Bbi- 
coKocneu 1 H(})HHHoro CABHra paMKH, no3BOJiaiomero TpaHC- 
jihuhh npeoAOJieTb KOAOH-TepM h h aTop. AHajiorHHHbie co- 
óbiTHa eonyTCTByioT TpaHCJiau.HH gag-pól y peTpoBHpycoB. 

PeKOM6HHau,Ha MOKAy Ty-sjieMeHTaMH, no Bcen bhah- 
mocth, npoxoAHT b peacHMe BcnbimeK reHOMHoro Macurra- 
6a: ecjiH b K/ieTKe 3a(f)HKCHpoBaHo oaho TaKoe coóbrrae, to 
BejíHKa BepoaraocTb oÓHapy^ceHHa Apyrnx. Me>KAy AByMa 
7);-3JieMeHTaMH c pa3HOH jiOKa/iH3aiiHeH MoxceT npoH3oň- 
th KOHBepcna, h TorAa oahh H3 hhx 0Ka3biBaeTca 3aMeii;eH- 
HbiM nocjieAOBaTe^bHocTbio Apyroro. 

ToMO^orHMHaa peKOMÓHHauna mctkjjy npaMbiMH ô-noB- 
TOpaMH MOXCeT npHBeCTH K 3KCU,H3HH Ty-dJlCMCUT2. MHO- 
xcecTBo cojibHbix ô-3JieMeHTOB MoxceT npeACTaBJíaTb coóoíi 
CJieAbI COÓbITHH 3KCU,H3HH. 3KCU,H3Ha MOXCeT ÓbITb COnpíDKe- 
Ha c peBepcneH 3(J)(J)eKTa MyTau,HH ot BCTpaHBaHHa Ty, crt- 
neHb peBepcHH MoxceT onpeAe^aTbca TeM, Kaicyio hmchho 
nocjieAOBaTejibHOCTb peTpono30H ô ocTaBHJi nocjie ce6a. 

napaAOKca^bHo, mto xotb o6a ô-noBTopa hmoot oah- 
HaKOByio noejieAOBaTejibHOCTb, b ô Ha oahom Kpaio Ty-snt- 
MeHTa aKTHBeH npoMOTop, a b ô Ha ApyroM Kpaio aKTHBeH 
TepMHHaTop. TaK óbmaeT h y Apyrnx MoónjibHbix 3JieMeH- 
tob, b tom HHCJie y peTpoBHpycoB. 

Ty-sjieMeHTbi — sto K/iaccnnecKHe peTpono30Hbi: 
(J)opMOH nepeMeiAeHHa no reHOMy hm c^kht PHK. Opn- 
rHHanbHbiH SKcnepHMeHTajibHbiH npoTOKOJi, ncno^b3ye- 
MbiH aa^ HccJieAOBaHHa ocoóeHHocTeň TpaHcno3Hu,HH Ty. 
npoHMiocTpHpoBaH Ha pmc. 22 . 13 . Ty-dJi eMern, HecyiAHH 


A/ifl TpaHcno3M4MM ľy AOAmeH nepenTH b c|)opMy PHK 


1/lcxoAHbiíí Ty 


► 


► 


Oamh M3 KOHueBbix Ae/ibTa ncM^enaioT Myiauneň 
3aMeHa ocHOBaHMB 

t ► 


B Ty BCTpaMBaiOT mhtpoh m b TaKOM BMAe 
CTaBAT noA npoMOTop 

flpOMOTOp l/lmpoH 



HoBbie KoriMM Ty (npoflyKTbi TpaHcno3Mi4Mn) He MMetOT 
MHTpoHa m HecyT MyTauMM b oôomx Ae/ibTa-3^eMeHTax 


PMC. 22.13 3/ieMeHT Ty C yHMKa/lbHOM MCKyCCTBeHHOM KOHCTpyKLJM- 
eíí McnoAb30Baaca A-na AOKa3aiejibCTBa, hto Ty aB/iaKDTca peipono30- 
H3MM (to eCTb HTO A^a TpaHCn03M14MM TaKOMy 3/ieMeHTy HeOÔXOAMMO 
nepeiÍTM b c()opMy PHK). HoBbie koiimm Ty OK33biBa/iMCb jiMiueHHbiMM 
MHTpoHa (to ecTb b npoLjecce TpaHcno3MAMM noABepra/iMCb cn^aŕí- 
CMHry, xapaKTepHOMy Aaa PHK, ho He ftna flHK) m oônapam mach- 
TMHHblMM KOHAeBbIMM ľlOBTOpaMM, ľipOMCXOAaiAMMM OT OAHOľO M3 
KOHAeBblX nOBTOpOB OpMTMHaJlbHOrO KOHCTpyKTa 
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HCKyccTBeHHyio BCTäBKy, co/jepacamyio hhtpoh, noMem,aK)T 
b njia3MH,oy nojx KOHTpojib npoMOTopa GAL 3Ty njia3MH/jy 
BHOCflT B /jpO)íOKeBbie KJieTKH. BCKOpe B KJieTOHHOM reHOMe 
noaBJíaiOTca MHoronHCJieHHbie Konnn Ty-sjitMtma, mc- 
MeHHOrO HCKyCCTBeHHOH BCTaBKOH — npO/jyKTbl COÓbITHH 
TpaHCn03HU,HH H3 nJia3MH/JbI B XpOMOCOMy. 3TH KOÍIHH, B 
otjihhhc ot Ty-sneMenya b cocTaBe ruia3MH/jbi, He co/jepxcaT 
HHTpOHa. 

H3BeCTeH TOJIbKO O/JHH CnOCOÓ yAaJieHHH HHTpOHOB: 
cnjiaňcHHr PHK. Cy m no BceMy, TpaHcno3Huna Ty aicj\ y- 
ct TOMy xce MexaHH3My, KaKHM nojib3yioTai peTpoBnpycbi. 
7j-3JieMeHT TpaHCKpnónpyeTca b (f)opMy PHK, KOTopyio 
ono3HaeT KJieTOHHbiH annapaT cnjiancHHra. nocjie cnjian- 
CHHra PHK y3HaeTca oóparaon TpaHCKpnnTa3on n «Boccra- 
HaBJiHBaeTca» b (J)opMy AByxijenoHeHHOH R HK. 

AHaJiorm c peTpoBnpycaMH 3axo/jHT Aajibine. Ecjih y 
Ty-3JiCMcm2 b njia3MH/je nocjieAOBaTejibHOCTH ô-noBTopoB 
MOK/jy co6on OTJiHMaiOTca, ero Konnn, nona/jaiomHe b Kjie- 
TOHHbin reHOM b pe3yjibTaTe TpaHcno3Hu,HH, oójiaAaiOT o/jh- 
HaKOBblMH Ô-nOBTOpaMH, H^eHTHHHblMH 5'-KOHU,eBOMy nOB- 
Topy ncxo/jHoro 3JieMeHTa. Ecjih OTOJKAecTBHTb ô-noBTop c 
RKÚ peTpoBHpyca, coctohluhm H3 cenvieHTOB U3-R-U5, to 
npoMOKyTOHHbíň npoAyKT TpaHcno3Hu,HH, Ty- PHK, co/jep- 
>kht oóJiacTb MCTKffy ppyMn R-cerMeHTaMH, BKjnoHHTeJibHO. 
nojiHbíň b-RKU BoccTaHaBjíHBaeTca npn /joóaBJíeHHH U5- 
cerMeHTa k 3'-KOHijy h U3-cerMeHTa k 5'-KOHijy, b tohhocth 
K ax noKa3aHO Ha pne. 22.3-22.6 jyia peTpoBHpycoB. 

TpaHcno3Hu,H5i Ty KOHTpojinpyeTca reHaMH, pacnojio- 
>KCHHbIMH B CaMOM SJieMCHTe. HpOMOTOp GAL, HCnOJIb3yeMbIH 
AJbi KOHTpojm TpaHCKpnnqHH MeneHHoro HCKyCCTBeHHOH 
BCTaBKOH 7j-3JieMeHTa b cocraBe ruia3MHAbi, HBjmeTOi HH/iy- 
u,H6ejibHbiM: oh BKjnoMaeTca npn /joóaBJíeHHH raJiaKT03bi. Hh- 
/jyKii.Ha npoMOTopa HMeeT Aea 3(f)(f)eKTa. OHa Heoóxo/jHMa, 
HTOÓbi aKTHBHpoBaTb TpaHcno3Hi^HK) Ty-sjiCMcmz H3 ruia3- 
mhah b reHOMHyio J3.HK /jpo^oceBOH kjictkh; KpoMe Toro, ax- 
THBau,H5i mia3MHAHoro npoMOTopa ynamaer TpaHcno3Hu,Hio 


ry-> neMeHTb' M?noM»n<aiOT eMpycbt 


PMC. 22.14 3jieMembi Ty flaiOT Hana/io BkipyconoAOÔHbiM nacr m- 
l iaM. Bocnpon3BeAeHO no J. Mol. BioĹ, vol. 292, AL-Khayat, H. A., 
et aL Yeast Ty retrotransposons pp. 65-73. ABTopcKkíe npaBa 
1999, c pa3peiueHM5i Elsevier. OoTorpac()Mfl jno6e3Ho npeAocraBJíeHa 
Dr. Hind A. AL-Khayat, Imperiál College London, United Kingdom 


7j-3JieMeHTOB, ywc npeóbreaiomHx b cocraBe reHOMHOH HHK 
X03HHHa. Sto TOBOpHT O TOM, HTO ÓCJIKOBbie npoAyKTbi Ty- 
3JieMeHTa Moryr mpanc-ZKmmio B03AencTB0BaTb Ha Apyrne 
noAOÓHbie 3JieMeHTbi (Ha hx PHK). 

Xoth 7y-3JieMeHTbi He nopoxc^aiOT HH(f)eKiiHOHHbix 
nacTHii,, BHyTpn KjieTOK, r/je 6buia HHAyiinpoBaHa HXTpaHC- 
no3Hu,ra, npoHcxoAHT HaKonjieHHe BHpycono/joÓHbix nac- 
thlj. HacTHiibi (KOTopbie mo>kho pa3rjra/],eTb Ha p n c. 22 . 14 ) 
co/jepxcaT nojiHopa3MepHyio PHK, AByxu,enoHeHHyio R HK, 
peBepTa3y h npo/jyKT TyB, oóJiaAaiomHH aKTHBHocTbio hh- 
Terpa3bi. nepBHHHbifi npo/iyKT TyA, no/joÓHO nojinnpoTe- 
HHy Gag, noAJiexcHT pacnienjieHHio c o6pa30BaHHeM 3pe- 
jibix óejiKOB cep/jijeBHHbi nacTHiibi. TeM caMbiM aHajiorna 
MOKAy ľj-3JieMeHTOM H peTpOBHpyCOM CTaHOBHTCH one- 
BHAHa. 7j-3JieMeHT Be^eT ce6a Kax peTpoBHpyc, KOTopbin 
noTepaji reH env h BCJieACTBHe nero OKa3ajica HecnocoóeH 
ynaKOBaTb cboh reHOM Ha^JiejKaiAHM o6pa30M. 

He Bce 7j-3JieMeHTbi aKTHBHbi: b jiioóom Apo^ceBOM 
reHOMe ÓOJIbOIHHCTBO H3 HHX, nO/JOÓHO HHepTHbIM 3HA0- 
reHHbiM npoBHpycaM, He 3aHHMacrca pacnpocTpaHeHneM 
coócTBeHHbix KonHH. BnponeM, y TaKHx sjieMeHTOB coxpa- 
raioTca ô-noBTopbi, ÓJiaro^apa KOTopbiM ohh Moryr craTb 
oóTeKTOM TpaHcno3HijHH CHjiaMH óejiKOB, oóecneMHBae- 
MblX aKTHBHbIM Ty~3JltMtmOM. 
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B MMCJie MOÔMilbHblX 3/ieMeHTOB 

Drosophila melanogaster 
eab peTpono30Hbi 


KnioHeBbie noHfiTMfi: 


• 3^eMeHT copia — 3to peipono30H, b m3o6mjimm 
npMcyTCTByioiAMíí y D. melanogaster. 


O npHCyTCTBHH MOÓHJIbHblX SJieMCHTOB B reHOMe Ap030(})HJIbI, 
Kax h o BcraBOHHbix nocjieAOBaTejibHocTax y óaKTepnn E. coli , 
BnepBbie 3anoA03pnjiH b cba3h c noaBjíeHHeM HecTaónjibHbix 
MyraiiHH. y hx HOCHTejien HaójuoAajiocb cnoHTaHHoe B03Bpa- 
meHHe k AHKOMy Tnny jihóo cnoHTaHHbie Renti\m\ o^Horo 
H3 (frnHroB caňTa MyTan,HH. OKa3ajiocb, hto HecTaônjibHbie 
MyTailHH BbI3bIBaiOTCa MOÓHJIbHbIMH nOCJieAOBaTeJIbHOCTHMH 
HeCKOJIbKHX THnOB, C KOTOpbIMH MO>KHO 03HaK0MHTbCB no 

pmc. 22 . 15 . B hx nncjie peTpono30Hbi copia , ceMencTBo FB, a 
Taioxe P-3JieMeHTbi (oócy^KAaBiiiHeca b pä3/j. 21.14 «Pojib mo- 
ÓHjibHbix sjieMeHTOB b THÓpHAHOM AHcreHe3e»). 

CeMencTBo copia H3yneH0 Jiynrne Bcex Apyrnx peTpo- 
no30HOB. B Ha3BaHHH ceMencTBa oTpa^eHo npHcyrcTBHe 
b reHOMe óojibinoro HHCJia npHHa/vie^aiAHx k HeMy 6 jih 3- 
KOpOACTBeHHblX nOCJieAOBaTeJIbHOCTCH, KOAHpyK)nj,HX 
oÓHjibHbiH nyji mPHK. CeMencTBo copia paccMaTpHBaeTca 
HccjieAOBaTejiaMH b KanecTBe napaAHrMbi (sto 03HanaeT, hto 
ero ocoóeHHOCTH, no yMOJinaHHio, to ecTb npn OTcyrcTBHH 
SKcnepHMeHTajibHbix onpoBep^eHnn, pacnpocTpaHaioTGi 
Ha HecKOJibKO Apyrnx ceMencTB peTpono30HOB, HbH nocjie- 
AOBaTejibHOCTH He noxo>KH Ha copia , ho njiaH CTpoeHna h 
T eHAeHiiHH, cy/ja no BceMy, aHajiornHHbi). 
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CymecTByet HecKO/ibKO tmíiob TpaHcno30HOB D . melanogaster 



PHC. 22.15 Mo6nnbHbie ajieMembi, BcrpenaiomMeca b reHOMe D. me¬ 
lanogaster r MMeioT TpM Turia opraHM3ai4MM 


MHCJieHHOCTb SJieMCHTOB COpia B reHOMe 3aBHCHT OT JIH- 
HHH, K KOTOpOH íipHHä/yiOKHT Myxa; OÔbIMHO HX HaCMHTbl- 

Baera ot 20 a o 60. PacnojioaceHne rnnpoKo pacceaHHbix no 
reHOMy s/icmchtob copia noAMHHeHo naTTepHaM, KOTopbie y 
pa3HbIX JIHHHH Myx MaCTHMHO coBnaAaiOT. 

Pa3JiHHHA b naTTepHax pacceaHna MoónjibHbix sjieMeH- 
tob no reHOMy B03HHKaJin b TeneHne nepnoAOB sbojholjhh. 
ľlpn cpaBHeHHH jihhhh, AHBeprnpoBaBinnx hc^bho (3a 
nocjieAHne jieT copox) b pe3y;ibTaTe CBoero pacnpocTpaHe- 
hhb b jiaóopaTopHon npaKTHKe, pa3JiHMHH oÓHapy^KHBaeTca 
MaJIO. Mbl He MO)KeM, TaKHM 0Ópa30M, OLjeHHTb CKOpOCTb 
H3MeHeHHH, ho MOJieKyjiapHaa npnpoAa coóbiTHH, KOTopbie 
oóycjiOB^HBaiOT sth H3MeHeHna, MoaceT óbiTb H3yneHa Ha 
mieTKax, BbipamHBaeMbix b KyjibType. Taxne kjictkh co/jep- 
acaT b HecKOJibKo pa3 óojibine ojicmchtob copia , neM a o nepe- 
BO^a b KyjibTypajibHbie ycaoBna. H3MeHeHna npeACTaBjíaioT 
coóoh BCTaBKH nocjieAOBaTejibHocTen copia b hobhx can- 
Tax. Ilpn a^anTaiinn KneTOK k ycjiOBnaM KyjibTHBnpoBaHna 
MaCTOTa TpaHCn03HU,HH KaKHM-TO HeH3BeCTHbIM 0Ópa30M 
BpeMeHHO noBbimaeTca ao ypoBHa b 10 -4 —10 -3 coóbiTnn Ha 
noKOJieHne. 

SjieMeHT copia HMeeT /yiHHy -5000 nH n HeceT npaMbie 
KOHU,eBbie noBTopbi 276 nH. Kaa^bin H3 sthx npaMbix noB- 
TopoB caM no ceóe c AByx ctopoh OKamnBaeTca HHBeprapo- 
BaHHbiMH noBTopaMH. B canTe BHeApeHna copia o 6 pa 3 yeTca 
npaMon noBTop 5 nH MnrneHH. flnBepreHiina MOKAy npeACTa- 
BHTejiaMH ceMencTBa copia Heóojibinaa, < 5%; BapnaHTbi noc- 
aeAOBaTejibHocren Hepe^KO coAepacaT Heóojibinne ppitixmi. 
B ueaoM sth ocoóeHHocrn npncymn h ApyrnM ceMencTBaM 
peTpono30HOB, xoTa nx MJieHbi npoaBJíaioT 6 o;iee BbicoKyK) 
cTeneHb AHBepreHijHH. 

B3anMHaa HAeHTHMHOCTb AByx npaMbix noBTopoB b co- 
CTaBe KaacAoro sjieMeHTa copia 03HanaeT oaho h 3 AByx: jihóo 
nx B3anMOAeňcTBne AonycKaeT KoppeKijnio, anóo (BepoaTHee 
Bcero) npn TpaHcno3Hunn ohh o 6 a 6 epyr cBoe Hanaao ot oa- 


Horo H3 npaMbix noBTopoB 3JieMeHTa-npe/],mecTBeHHHKa. KaK 
n b crynae c Ty-snmemmvi, sto yKa3bmaeT Ha poactbo copia 
c peTpoBnpycaMH. 

3^eMeHTbi copia b cocraBe reHOMa Bcer^a HHTaKTHbi; 
oóocoó^eHHbie Konnn nx KOHiieBbix noBTopoB He actckth- 
pyKľrca, xoTa nx noaBjíeHna mo>kho 6 buio 6 bi oacn/jaTb KaK 
pe3y^bTaTa peKOMÓHHaunn, KOTopaa /jejierapoBajia 6 bi 3a- 
KJiioneHHbíň MOKAy noBTopaMH MaTepnaji. B caMOM ppne, s;ie- 
MeHTbi copia BpeMa ot BpeMeHn moxcho BCTperaTb b (})opMe 
CBOÓOflHOH KOJIbU,eBOH J\ HK; nOAOÓHO KOJIbLjaM flHK peTpo- 
BnpycoB, óojiee /yiHHHaa (})opMa coAepacnT ABe Konnn KOHije- 
Boro noBTopa, a 6o;iee KopoTKaa — Bcero o^Hy. Taxace 6 buin 
3aMeneHbi nacTHiibi c co^epacaHneM HK copia . 

IlocaeAOBaTeabHOCTb copia co^epacnT eAHHCTBeHHyio 
OTKpbiTyio paMKy CMHTbiBaHna jym hoh 4227 nH. Meac/iy ot- 
AejibHbiMH nacTaMH stoh paMKn copia n nocaeAOBaTeabHoc- 
TaMH gag n pol peTpoBnpycoB npocaoKHBaeTca roMO/iorna. 
npnMenaTejibHO OTcyTCTBne roMOJiornn c nocaeAOBaTeab- 
HOCTaMH env peTpoBnpycoB, KOTopbie TpeóyiOTca /yia 06 - 
pa30BaHna oóojiohkh BnpycHon Macraiibi, Tax mto Bpa/j m 
s^eMeHTbi copia cnocoÔHbi k nopoxc^eHnio BnpyconoAOÔHbix 
nacTHu,. 

IlpoAyKTbi TpaHCKpnnn,HH copia b h3o6™hh npneyTC- 
TByioT b mieTKe b Bn^e 3peabix noan(A) + mPHK, npeACTaBaeH- 
Hbix Kax nojiHopa3MepHMH, TaK h kopotkhmh TpaHCKpnnTa- 
mh. y 3 thx mPHK OAHHaKOBaa 5'-o6aacTb, nocKoabKy Bce ohh 
HHHUHHpyiOTCa B CepeAHHe OAHOrO H3 KOHIieBblX noBTopoB 
sjieMeHTa. no-BHAHMOMy, óejiKH, KOAnpyeMbie ojicmchtom co¬ 
pia. , npoAyilHpyioTca c 3aAencTBOBaHHeM MexaHH3MOB cnjian- 
CHHra PHK h pacnj,en^eHHa nojinnpoTenHOB. 

IlpaMbie AOKa3aTe;ibCTBa TpaHcno 3 Hu,HH ojicmchtob copia 

B COOTBeTCTBHH C TeM HJIH HHbIM MexaHH3MOM OTCyTCTByiOT; 
BMecTe c TeM ohh TaK cnjibHO HanoMHHaioT peTpoBnpycoB, 
MTO HeH3ÔeaCHO AOJiaCHbl ÓbUIH npOH30HTH HMeHHO ot hhx. 
KaKHe H3 (})yHKllHH peTpoBnpycoB HM CBOHCTBeHHbl, CKa3aTb 
TpyAHO. HaM, KOHeMHo ^ce, h3bcctho, mto ohh coBepmaioT 
TpaHcno3Hu,HH, ho (KaK h b c^yMae 7j-3JieMeHTOB) hhmto He 
rOBOpHT 06 HX CnOCOÓHOCTH K HHÍ^HllHpOBaHHK). 


22.9 


CMdeMaTMKa peipono30HOB 


KnioHeBbie noHaTMa: 


• K HaAceMeiícTBy BkipycHbix peTpono30HOB omocaT 
TpaHcno30Hbi, Mo6nabHocTb KOTopbix peaan3yeica nepe3 PHK, 
He BXOflamyK) B COCTaB MHCj3eK14MOHHOÍÍ HaCTMAbl. 

• HeKOTopbie peipono30Hbi ncnojib3yiOTflKn n TeM 
caMbiM fle m o h CTp n py k)t HenocpeflCTBeHHoe cxoactbo c 
peTpoBnpycaMH; HeKOTopbie peTpono30Hbi He MMeiOTflKn. 

• CymecTByKDT 3aeMeHTbi, nopo>KAeHHbie coôbiTMaMM 
TpaHcno3MAMM, onocpeflOBaHHbiMM PHK, ho npn 3 tom He 
KOAnpyK)mne c()epMeHTOB, KaTajiM3npyiomMX TpaHcno3MAMK). 

• TpaHcno30Hbi n peTpono30Hbi cocTaBaaiOT noHTM noaoBMHy 
reHOMa nejioBeKa. 


IlpHHaAAcacHOCTb k peTpono30HaM onpeAejiaeTca cbohc- 
TBOM MOÓHJIbHOrO SJieMCHTa HCnOJIb30BaTb OÓpaTHyK) 
TpaHCKpnniiHK) PHK b HK KaK cocTaBHyio MacTb MexaHH 3 Ma 
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B reHOMax aynapMOT coAepxtaToi peipono30Hbi Tpex tmuob 



BnpycHoe HaAceMencTBO 

LINES 

HeBnpycHoe HaAceMeíícTBO 

TnnnHHbie 

npeACTaBme/iM 

Ty (S. cerevisiae) 
copia (D. metonogoster) 

L 1 (ne^OBeK) 

BI, B2 ID, B4 

( M bl ILI b) 

SINES (M/ieKoríHTaioiuHe). 
nceBfloreHbi TpaHCKpnnTOB 
flHK-no^HMepa 3 bi III 

Kpa« 

fl/lHHHbie KOHLteBbie nOBTOpbl 

HeT noBTopoB 

HeT noBTopoB 

ľlOBTOpbl MMlUeHM 

4-6 riH 

7-21 riH 

7-21 nH 

KoAMpyeMbie 

aKTHBHOCTH 

OópaTHan TpaHCKpnnTa3a 
h/h^h HHTerpa3a 

06paTH3B 

TpaHCKpnnTa3a/ 

3HflOHyMea3a 

HeT (bo bcbkom c^ynae, 
aKTHBHOCTeíí, CBOÍÍCTBeHHblX 
TpaHCn030H3M) 

0praHH3ai4HB 

MoryT coAep>KaTb HHTpoHbi 
(b cy 6 reH 0 MH 0 íí mPHK 
ohh nofl^e>KaTyAa^eHHK)) 

0ah3 hjih ABe 
HenpepbmaioiijiHXCB 
OTKpbITblX paMKH 
CHHTbIBaHHfl 

Hhtpohob HeT 


PMC. 22.16 Peipono30Hbi 3yKapncrr mo>kho noApa3AejiMTb Ha ipn HaAceMeiícTBa. ľlpeACTaBmejiki 
AByx HaAceMeiícTB (BwpycHoro n LINES) AOBOJibHO 6 jim 3 km k peipoBkipycaM. Peipono30Hbi HeBkipyc- 
Horo HaAceMeiícTBa fiBjíaiOTCfl Bbipo>KAeHHbiMM n He KOAnpyK)T nmamx coôcTBeHHbix 6e/iK0B 


TpaHCn03HllHH. IIOAPOÓHOCTH pa3ÓHeHHfl peTpono30HOB 
Ha Tpn cHCTeMaTHMecKne rpynnbi pacKpbmaeT p m c. 2 2 . 1 6. 

• HjieHbi HaAceMeňcTBa BHpycHbix perpono30HOB ko/jh- 
pyiOT oópaTHyio TpaHCKpHirra3y h/hjih HHTerpa3y. Pen- 
po/iyiiHpyioTca ohh, KaK h /tpyrne peTpono30Hbi, no/to6- 
HO peTpOBHpyCaM, OT KOTOpblX OTJIHHaiOTCa OTCyTCTBHeM 
He3aBHCHMOH (f)OpMbI C HH(})eKUHOHHbIM IIOTeHLtHaJIOM. 

CaMbie H3yneHHbie H3 hhx — Ty h copia y /tpoxoKen h Myx 
COOTBeTCTBeHHO. 

• JJjivLHHbie pacceaHHbie noBTopaiomHeai noaie/tOBaTejib- 
hocth (long interspersed repeated sequences, LINES) 
Taioice oó^a^aioT 3aKo/tHpoBaHHOH b hhx peBepTa3HOH 
aKTHBHOCTbK) (H, B03M02CH0, MOiyT CMHTaTbCH AäJIbHHMH 
pOACTBeHHHKaMH BHpyCHblX peTp0n030H0B), OAHaKO y 
HHX HeTflKn, H OHH nOJIb3yiOTai APyrHM MexaHH3MOM 3a- 
TpaBJíeHHa oópaTHon TpaHCKpnniiHH, nm peTpoBHpycbi. 
Ohh Be/tyr CBoe nponcxo^eHHe ot TpaHCKpnnTOB PHK- 
nojiHMepa3bi II. LINES, KOTopbie nojiHOCTbio cjiyHKíjHO- 
HajibHbi h aBTOHOMHbi b njiaHe TpaHcno3Hu,HH, b reHOMe 
MeHbuiHHCTBO; ocrajibHbie HecyT MyrauHH h cnocoóHbi 
COBepníHTb TpaHCn03HU,HK) TOJIbKO B pe3y^bTaTe 3H3HMa- 

THMecKOH mpauc-^Krmnocm aBTOHOMHoro siieMeHTa. 

• HjieHOB HaAceMeHCTBa HeBHpycHbrx perpono30HOB 

OTJIHMaiOT OCOÓCHHOCTH, n03B0JI5H0mHe npennOJIOXCHTb 

hx npoHCxo>KAeHHe ot noc^e/toBaTejibHOcreH PHK Bce 
>Ke oTHocHTejibHo npoHCxo^CAeHHa AHK-koiihh PHK-MaT- 
pHu,bi ocTacrca TOJibKO cneKyjinpoBaTb. Ohh Bcer/ja HeaB- 
TOHOMHbi h, npeAnojioxcHTejibHo, no/jnajiH no/t TpaHcno- 
3HU.HK) CHJiaMH (jiepMeHTOB, 3aKO/tHpOBaHHbIX B /tpyTOM 
Mecre. HeBnpycHbie peTpono30Hbi Beflyr CBoe nponcxo>K- 
AeHHe ot KneTOHHbix TpHacKpnnTOB h He KO/tnpyiOT 6eji- 
kob, KOTopbie ynacTBOBajiH 6bi b TpaHcno3Hu,HH. CaMbie 
H3BecTHbie mituu HaAceMencTBa Ha3biBaiOTca SINES (short 
interspersed repeated sequences, KopoTKne pacceraHbie 
noBTopínoiitnecB noejie/tOBaTejibHOCTH) h hb^hotcb npo- 
H3BOAHbIMH npOAyKTOB aKTHBHOCTH PHK-IIOJIHMepa3bI III. 

Ha p m c, 22.17 noKa3aHO, xax coothochtch MOK^y coóoh 
CT pyicrypbi h nocjieAOBaTejibHocTH pa3Hbix ojicmchtob, ko- 


AHpyioiitHx oópaTHyio TpaHCKpnnTasy (peBepTa 3 y). LIoaoôho 
peTpoBHpycaM, peTpono 30 Hbi, co/tep^amne flKTI, Moryr 6 biTb 
noApa 3 /tejieHbi Ha CHcreMaraHecKHe rpynnbi no HHCJiy He 3 a- 
BHCHMblX OTKpbITblX paMOK CHHTbIBaHHtf /yifl ľOMOJIOrOB gag, 
pol h int, a Taioxe no nopa^Ky, b kotopom sth paMKH pacno/io- 
aceHbi. HecMOTpa Ha Heôojibmne pa 3 JiHMHa b opraHH 3 au,HH, hx 
oóiiten nepTOH HBJíflercH Hajimne coócTBeHHbix peBepTa 3 bi h 
HHTerpa 3 bi. TnnHHHbie LINES MjieKoríHTaiomHx coflepacaT ABe 
OTKpbITblX paMKH CHHTbIBaHHH; ORH2. H 3 KOTOpblX KOAHpyeT 
óejioK, CBH 3 biBaioiij,HH HymieHHOByio KHCJiOTy, /tpyraa — aKTHB- 
hocth peBepTa3bi h 3HAOHyioiea3bi. 

flKľl-coAep^aiitHe siieMeHTbi — sto h peTpoBnpycbi, h 
peTpono30Hbi, yrpaTHBniHe enoeoÓHOCTb reHepnpoBaTb hh- 
(})eKiiHOHHbie uacTHu,bi. ľeHOMbi Apo^dcen h Myx co/teprar 
3JieMeHTbi, COOTBeTCTBeHHO Ty h copia , HecnocoóHbie reHe- 
pnpoBaTb HH(})eKUHOHHbie nacTHitbi. Tchom mhiiih coRcpmn 
HeCKOJIbKO aKTHBHblX SH/JOreHHblX peTpOBHpyCOB, cnocoô- 
Hbix reHepnpoBaTb nacTHijbi, pacnpocTpaHaioiitHe HH(j)eK- 


Peipono30Hbi oôiiaAaiOT 


COÓCTBeHHbIMH OÔpaTHbIMM TpaHCKpMirra3aMH 



P M C, 22.17 PeTpono30Hbi,6^M3KopoACTBeHHbie peTpoBnpycaM,MMe- 
kdt noxo>KyK) c HMMM opraHM3ai4WO. y peipono30HOB LINES cxoactbo 
c peipoBMpycaMM MCHepribiBaeTCfl HajiMHMeM coócTBeHHoŕí oôpaTHoŕí 
TpaHCKpnnTa3bi 
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PeTpOBMpycbi m TpaHcno30Hbi cocraB/iBiOT no/iOBMHy reHOMa Me/ioBena 


3/ieMem 


0praHM3ai4Míi 


(TI 


TRH) 


B reHOMe Me/ioBena 


Peipono30Hbi. 6/iM3Kne - 

k peipoBMpycaM 

LINES (aBTOHOMHbie), HanpMMep, L1 
SINES (HeaBTOHOMHbie), HanpMMep, Alu 
flHK-TpaHcno30Hbi 


Hmc/io flo/ifl 

IM gag pol -«yia 1-11 450 000 8% 

0RF1 (pol) iúm 6-8 850 000 17% 

■ <03 1 500 000 15% 

► TpaHcno3a3a i 2-3 300 000 3% 


^ 22.18 ľloHTM no/ioBMHa reHOMa HejiOBexa 3aHjua MOÔmibHbiMM a/ieMemaMM neľbipex TkinoB 


u,Hio ropH30HTajibHO (to ecTb 3apaacaTb IIOTOMCTBO APyTHX 
mieTOK). B jihhhh npeAKOB nenoBeKa, HanpoTHB, non™ Bce 
3H/ioreHHbie peTpoBnpycbi yTpaTHjín cboio amreHocTb oko- 
JIO 50 MHJUIHOHOB JieT TOMy m32p, H Ha CerOAHHUIHHH ptHb 
MejiOBeMecKHH reHOM co/jepacnT, no óojibmen nacra, HeaK- 
THBHbie OCTaHKH SH/JOreHHblX peTpOBHpyCOB. 

3;ieMeHTbi LINES h SINES OKKynnpyioT 3HaHHTejibHyio 
MaCTb TKHBOTHblX TCHOMOB. HCXO/JHO H/jeHTHCjDHĽI.HpOBaHHbie 
KaK MHOrOHHOieHHbie, OTHOCHTeJIbHO KOpOTKHe, noxoxcnc 
Apyr Ha /jpyra nocjie/jOBaTejibHocTH b cocraBe yMepeHHo 
noBTopaioiij,eHca flHK (onncaHHOH b pa3A. 4.6 «3yopHOTH- 
necKHe reHOMbi coctoht H3 yHHKanbHbix h noBTopaioiiJ.Hxca 
noaieAOBaTejibHOCTen»). LINES h SINES nojiynnjiH onptpait- 
Hne pacceaHHbix noaieAOBaTejibHocTen, vum paccenHHbix 
noBTopOB, H3-3a CBoen nacTon BCTpenaeMOCTH h npocrpaH- 
Horo pacnpeAe^eHHH b reHOMax. 

B pacreHHflx ripncyTCTByeT Apyroň Tnn Majibix Mo6n;ib- 
HblX SJieMeHTOB, Ha3bIBaeMbIH MITE (MHHHaTIOpHblH MOÓHJIb- 
HblH SJieMCHT C HHBepTHpOBaHHbIMH nOBTOpaMH, «Knem»). 
S^eMeHTbi MITE oKamnBaiOTCfl HHBepTHpOBaHHbIMH noBTo- 
paMH, (J)jiaHKHpoBaHbi 2 nH wm 3 nH noBTopoB MHineHH, He 
KOAnpyiOT 6e;iKOB h HMeiOT ppuuy ot 200 pp 500 nH. Hanpn- 
Mep, b reHOMe pnca npe/jcTaBJíeHO, no MeHbinen Mepe, ptBxrb 
ceMencTB MITE. Hx mptpm mo>kho oÓHapyacHTb bo (juiaH- 
KHpyK)nj,Hx oóJiacTax reHOB, Ko/jHpyiomHx 6e;iKH. HnKaKoro 
OTHomeHHH k SINES hjih LINES ohh He hmoot. 

KaK y^ce roBopunocb, LINES h SINES cocTaBJíaioT 3Ha- 
MHTejibHyio nacTb noBTopmomeHca fl HK b reHOMax xchbot- 
hmx. Bo MHornx reHOMax Bbicmnx syxapnoT sthmh sjie- 
MemaMn OKKynnpoBaHo ~50% TOTajibHon flHK. puč. 22 .18 
noAbiTo^cHBaeT pmubíc o pa3JiHHHbix Tnnax TpaHcno30HOB, 
cocTaRJi5nom,Hx noHTH nojiOBHHy reHOMa nenoBeKa. 3a hc- 
KjnoHeHHeM SINES, KOTopbie Bcer/ja He^yHKíjHOHajibHbi, Bce 
Tnnbi TpaHcno30HOB npe/jcraBjíeHbi KaK (jiyHKíiHOHajibHbiMH 
3JieMeHTaMH, TaK h sjieMeHTaMH, npeTepneBmnMH pentiami, c 
HapymeHHon OTKpbiTOH paMKOH CHHTbiBaHHa, Ko/mpyiomen 
ôe^OK, HeoóxoAHMbin p;m TpaHcno3Hij,HH. B reHOMe Mbirnn 
3TH THnbI TpaHCn030H0B TO>Ke npHCyTCTByiOT, H b CXO/JHblX 
nponopqHHx. 

CaMoe pacnpocTpaHeHHoe b reHOMax MjieKonHTaiomHx 
ceMencTBO LINES Ha3biBaiOT Ll. Ero TnnHHHbin npe/jCTaBK- 
Te^b HMeeT pp HHy 6500 nH h oKaHHHBaeTCH A-óoraraM TpaK- 
tom. fl Be OTKpbirax paMKH CMHTbiBaHHa nojiHopa3MepHoro 


Ll-3JieMeHTa Ha3biBaiOT: ORF1 h ORF2. Hnaio no;mopa3Mep- 
Hbix Ll-3JieMeHTOB b reHOMe oómmho hcbcjihko (~50), ocrajib- 
Hbie — yKoponeHHbie. Moxcho oÓHapy^cnTb h Ll-TpaHCKpnnTbi. 
LINES BapnaóejibHbi no noaieAOBaTejibHOCTH, npmeM cTeneHb 
Bapnaóe^bHocTH LINES MOK^y pa3HbiMH Bupmu khbothmx ro- 
pa3AO Bbime, neM BHyipn OAHoro Bupx E/jHHCTBeHHbie LINES, 
KOTopbie óbuin aKTHBHbiMH h y npe/iKOB Mbimn, h y npe/ycoB 
ne^OBeKa, — sto Ll. Y Mbirnen ohh, no-BH/i,HMOMy, TaK h oc- 
TaJIHCb BblCOKOaKTHBHbIMH, B TO BpeMfl KaK y JBOpCÚ HX aKTHB- 

HOCTb b npouecce sbo^iouhh couma Ha HeT. 

B 3 BOJHOLIHOHHOH po/ioc^OBHOH Me^OBeKa H3 Bcex SINES 
aKTHBHbiMH 6bmH To^bKo Alu-s^eMeHTbi. B reHOMe mhiuh 
ecTb aHajior Alu (BI), a Taioxe Apyrne SINES (B2, ID, B4), 
Kor/ia-To óbiBinne aKTHBHbiMH. BepoaTHO, Alu-3^eMeHTbi ne- 
jiOBeKa h Bl-3^eMeHTbi mhoih nponcxoAHT ot 7CJI PHK (cm 
pa3 p. 22.10 «Alu-ceMencTBO h ero SKBHBajieHTbi b reHOMax 
M^eKonHTaK)nj,Hx»). flpyrne MbiuiHHbie SINES, no Bcen bhah- 
mocth, npe/iCTaBjíínoT coóoh npoH3BO/iHbie oópaTHbix TpaHC- 
KpnnTOB tPHK. TpaHcno3HUHH SINES nponcxoflHT, CKopee 
Bcero, b pe3y^bTaTe ono3HaBaHHa hx b KanecTBe cyócTpaTa 
cjiepMeHTaMH aKTHBHoro Ll-s^eMema. 


Alu-ceMeíícTBO 
M ero 3 KBMBaiieHTbl 
b reHOMax MiieKOfíMTatou^iix 


KnioHeBbie noHjuMH: 


• Eo^biuaB nacTb noBTopaiomeiícfl flHK b reHOMax M^eKonmaK)mnx 
npeAcraBjíeHa 3/ieMeHTaMn, npnHaA/ie>KamMMM k oahomy ceMeiícTBy, 
OpraHM30BaHHblMM nOAOÔHO TpaHcno30HaM n BeAyiAMMM CBoe 
npoMcxo>KAeHMe ot npoAYKTOB aKTMBHOCTM PHK-no^MMepa3bi III. 

OcHOBHaa Macca SINES — sto MJieHbi poACTBeHHbix ceMencTB 
sjieMeHTOB b reHOMax pa3Hbix bhaob MjieKonHTaioLUHx. IIo cbo- 
hm HeóojibinHM pa3MepaM h bmcokoh noBTopaeMOCTH ohh no- 
xoxch Ha caTejuíHTHyio flHK, ho b OTjimne ot Hee He o6pa3yiOT b 
reHOMe TarmeMHbie miacTepbi, a pacnpeAcneHbi b hcm paccean- 
ho. KaK h b cjiynae LINES, CTeneHb cxo^CTBa sjieMenrroB BHyrpn 
ceMencTBa (b renoMax xaiBOTHbix opuoro Brma) npeBbimaeT CTe¬ 
neHb cxo/jCTBa npeACTaBHTejien ceMencTB y pa3Hbix bhaob. 


22.10 


22.10 Alu-ceMeíícTBO m ero 3KBMBa/ieHTbi b reHOMax MjieKonmaioiAMx 575 














B reHOMe HeaoBeKa 3Ha*iHTejibHaa nacTb yMepeHHO noB- 
Topaiomenca flHK coctoht H3 HaôopoB nOCJieAOBaTeJIbHOC- 
Teň b 300 riH, kotopbimh nepeMOKaeTca HenoBTopaiomaa- 
ca HK. B SKcnepHMeHTax no peHaTypaijHH, KaK mhhhmym 
nojiOBHHa MaTepnajia reHOMHOH HK, BoccTaHOBHBineroca 
b flByxijenoHeHHOH (})opMe, no/jBepaceHa pacmemieHHio 
3HflOHyKJiea3on pecTpHKí/HH Alul no e/jHHCTBeHHOMy can- 
Ty, pacnojio^ceHHOMy BHyTpn ojieMema SINES, b 170 nH ot 
ero Hanajia. Bce nocjie/jOBaTejibHocTH, pa3pe3aeMbie TaKHM 
0Ópa30M, OTHOCaT K O/JHOMy CCMCHCTBy, Ha3BaHHOMy Alu- 
ceMeňcTBOM, b necTb cnocoóa ero H/jeHTH(})HKaiiHH. B ran- 
jioh/jhom reHOMe HacHHTbiBaeTca ~300 000 hjichob (sjieMeH- 
tob) 3Toro ceMencTBa, hto eooTBeTCTByeT o/jHOMy sjieMeHTy 
Ha 6 TnH HK. noxoacne ceMencTBa noejie/jOBaTejibHOCTeH 
ecTb y Mbimn (BI, npe/jCTaBJíeHHoe ~50 000 ojicmchtob), y 
KHTancKoro xoManKa (Alu-3KBHBajieHTHoe ceMencTBo), y 
Apyrnx M^eKonnTaioiij,Hx. 

HaeHbi Alu-ceMencTBa name cxoacn, ho He H/jeHTHHHbi. 
no Bcen bh/ihmocth, 3JieMeHT-npoTOTHn Alu-ceMencTBa 
nejiOBeica bo 3 hhk ÓJiaro/japa TaH/jeMHon /jynjíHKau.HH, co- 
iipoBoac/jaBiiieHca BCTaBKOH 31 nH Hyacepo/jHon nocae/jOBa- 
TejibHocTH b npaByio noaoBHHy /jHMepa. 3 th a Ba noBTopa 
HHor/ía Ha3biBaioT jicboh h npaBon noiiOBHHaMH nocaeAO- 
BaTejibHOCTH Alu. noejie/jOBaTejibHOCTH oTAeiibHbix hjichob 
(sjieMeHTOB) Alu-ceMeňcTBa coBna/jaioT c KOHceHcycoM, b 
cpe^HeM, 

Ha 87%. Y MbiníH noBTopaiomaaca e/jHHHija BI HMeeT 
AJiHHy 130 nH h eooTBeTCTByeT MOHOMepy Alu-noBTopa ne- 
jioBeKa. Cxoactbo Mea<Ay hhmh cocTaBjíaeT 70-80%. 

nocjie/jOBaTejibHocTb Alu poACTBeHHa 7CJI PHK, KOMno- 
HeHTy cHrHaji-y3Haioiij l eH Hacraiibi (cm. pa3/j. 10.9 «SRP B3an- 
MOAencTByeT co cbohm peuenTopoM»). 7CJI PHK eooTBeTCTBy- 
eT jicboh nojiOBHHKe nocjieAOBaTejibHoc™ Alu co BCTaBKon b 
cepeAHHe. TaKHM oópa30M, 90 5'-KOHijeBbix ocHOBaHHH 7CJI 
PHK roMOJiorHHHbi jieBOMy Kpaio jicboh nojiOBHHKH nocjie- 
AOBaTe^bHOCTH Alu, uempajibHbie 160 ocHOBaHHH 7CJI PHK 
He HMeioT roMOJiorHH c nocjieAOBaTejibHocTbio Alu, a 40 3'- 
KOHueBbix ocHOBaHHH roMOJiorHMHbi npaBOMy xpaio jicboh 
nojiOBHHKH nocjie/i,OBaTejibHOCTH Alu. 7CJI PHK KOAnpyeTca 
reHaMH, KOTopbie aKTHBHO TpaHCKpHÓnpyeT PHK-nojiHMepa- 
3a III. Bo 3 moxcho, sth reHbi (hjih poACTBeHHbie hm) h /jajiH 
Hanajio HeaKTHBHbiM Alu-3JieMeHTaM. 

HjieHbi Alu-ceMencTBa, noAOÓHo TpaHcno 30 HaM, (jjjiaHKH- 
pOBaHbl KOpOTKHMH npaMbIMH nOBTOpaMH. JIlOÓOnbITHO, HTO 
/yiHHa 3 THX nOBTOpOB HH^HBH/íyaJIbHa /Via pa 3 HbIX HJieHOB 
ceMencTBa. Alu-eeMencTBO nponexoAHT ot TpaHCKpnnTOB 
PHK-noanMepa3bi III, nosTOMy 0 T/jeabHbie ero npeACTaBHTe- 
ji h MoryT hccth BHyTpn ee6a aKTHBHbie npoMOTopbi. 

MHoroo6pa3ne cbohctb h Be3AeeymH0CTb Alu-ceMencTBa 
nnTaeT MHoacecTBO rnnoTe3 no noBO/iy ero (jjyHKíjHH. HecMOT- 
pa Ha sto, nocTHMb ero HCTHHHyio pojib noxa He yAajioeb. 

no MeHbineň Mepe HeKOTopbie H3 hjichob Alu-ceMencTBa 
MOiyT ÓbITb TpaHCKpHÓHpOBaHbl B He3aBHCHMbie PHK. y kh- 
TancKoro xoMaHKa HeKOTopbie (ho He Bce) HjieHbi AIu-skbh- 
BajieHTHoro ceMencTBa, no-BHAHMOMy, TpaHCKpnónpyioTca 
in vivo. Eahhhubi TpaHCKpnnvHH TaKoro po^a moxcho oÓHa- 
pyacHTb noóaH30CTH ot Apyrnx TpaHCKpHni/HH. 

Kax MoacHO 3aMeTHTb no hx npHcyTCTBHio bo (})paKVHH 


/yiHHHOH a^epHOH PHK, naeHbi Alu-ceMencTBa MoryT bxoahtb 
b cocTaB e/iHHHu TpaHCKpnnuHH CTpyKTypHbix reHOB. npn- 
CyTCTBHe HeCKOJIbKHX KOnHH nOCJieAOBaTejIbHOCTH Alu BHyT- 
pn oahoh MoaeKyjibi PHK MoaceT npuj&Tb en BbipaaceHHyio 
BTopHHHyio CTpyKTypy. B caMOM /jejie, abBHHaa ao m btophm- 
hoh CTpyKTypbi aAepHOH PHK MjieKonHTalomHx oóycaoBJíeHa 
npHcyTCTBHeM b Hen HHBepTHpoBaHHbix noBTopoB, npHHa- 
/yieacanj.HX nocaeAOBaTeabHocTaM Alu. 


22.11 


npoijecciipoBaHHbie nceBfloreHbi 
BeflyT CBoe npoMcxo>KfleHMe 
OT CyÓCTpaTOB TpaHCn03HUHH 


KnioMeBbie noHaTMa: 


• ľlpoAeccMpoBaHHbm nceBfloreH npeflciaBaBeT co6oií 
npoM3BOflHyK) nocaeflOBaTeabHOCTM mPHK, noayHeHHoŕí b xofle 
oôpaTHoŕí TpaHCKpMnAmi. 


Pacno3HaTb noeaeAOBaTejibHOCTb, nojiyneHHyio b xo^e 06- 
paTHOH TpaHCKpHni/HH mPHK H 3aTeM BCTpoeHHyiO B reHOM, 
mo)kho, cpaBHHB 3Ty nocaeAOBaTeabHocTbio c reHOM, nocay- 
xchbiiihm MaTpni/eH /yia CHHTe3a ee mPHK. flHK-Konnio mPHK, 
BCTpoeHHyio b reHOM kjictkh, Ha3biBaioT npou,eccHpoBaH- 
HbiM nceBAoreHOM, b oTpaaceHHe Toro oócToaTeabCTBa, hto 
3Ta MOAH(})HVHpoBaHHaa Konua reHa 6bma npoveccHpoBaHa, 
KaK PHK, h orroro HeaKTHBHa. Ha pmc. 22.19 npoBe/jeHO 
cpaBHeHne npoi/eccHpoBaHHoro nceBAoreHa c reHOM-opuni- 
HaaoM h ero mPHK. PncyHOK cboaht bocahho Bce AHamoc- 
THnecKH-3HaHHMbie npH3HaKH; KaK npaBHao, annib nacTb 
hx oÓHapyacHBaeTca b KaacAOM oT/jejibHO B3aTOM npnMepe 
npoi/eccHpoBaHHoro nceBAoreHa. flaTb Hanajio nceBAoreHy 
MoaceT jiioóoh TpaHCKpnnT, CHHTe3npoBaHHbiH PHK-noanMe- 
pa3oň II. CymecTByeT MHoacecTBO npHMepoB TaKHx coóbithh, 
b hx nncae — npoveccHpoBaHHbie nceB/joreHbi raoÓHHOB, 
OTKpbiTbie nepBbiMH (cm. pa3A. 3.11 «Bca im reHeTHMecKaa 
HH(f)opMavHa coAepacHTca b ( Z1,HK?»). 

nceBAoreH moxcct HanHHaTbca b tomkc, 3 KBHBajieHTH 0 H 
5'-KOHijy mPHK, nero moxcho óbuio 6bi oacn/^aTb aninb b cay- 
nae nponcxoacAeHHa ero flHK ot PHK. HeKOTopbie nceBAore- 
Hbi cocToaT H3 tohho cocTbiKOBaHHbix nocaeAOBaTeabHocTen 
3K30H0B; HaCKOJIbKO H3BCCTHO, HHKaKOrO MexaHH3Ma On03- 
HaHHa hhtpohob b cocTaBe flHK He cymecTByeT, h Taxaa oco- 
óeHHocTb cTpoeHHa nceBAoreHa roBopHT o ero PHK-onocpe- 
AOBaHHOM npoHcxoacAeHHH. nceBAoreH MoaceT oKaHMHBaTbca 
kopotkhm 0Tpe3K0M nap ocHOBaHHH A-T, npeAnojioacHTeab- 
ho npoH3BOAHbiM ot nojiH(A)-XBOCTa PHK nceBAoreH cJ)aaH- 
KnpyiOT KopoTKne npaMbie noBTopbi, KaK ecan 6bi oh noaBna- 
ca b pe3yjibTaTe TpaHcno3Hi/HH. XpoMocoMHaa aoKajiH3au,M 
npoveccHpoBaHHoro nceBAoreHa HHKaK He CBa3aHa c ero 
npe/jnoaaraeMbiM mcctom nponcxoacAeHHa. 

npoi/eccHpoBaHHbie nceBAoreHbi He HecyT HHKaKOH hh- 
(})opMavHH, KOTopaa Moraa 6bi óbiTb ncnoab30BaHa b no jw~ 
paocy coóbiTna TpaHcno3Hi/HH (vum xoTa 6bi /via npeABapn- 
TeabHoň oópaTHoň TpaHCKpHni/HH PHK). 3to yKa3biBaeT Ha 
to, hto PHK (npeAinecTBeHHHK nceBAoreHa) cjiyaoma cy6- 
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BctpaHBaHHe b reHOM npoAyKta oópatHoií TpaHctcpiiniiifii p,aei nceBfloreH 


ľlDeDblBMCTblM 3K30H 1 MHTpOH 3K30H 2 MHTpOH 3K30H 3 

ren X/X/ X/X// X/X/ X/\/\/X/ 


flflepHafl PHK 


mPHK 


ľlpoueccMpoBaH 
Hbiíí nceBfloreH 


i 


x/x/x/x/x/x/ 

5'-KOHe4, 

KaKy mPHK 


AAAAAAAA 


3'-KOHei4 npoAOJi>KaeTCfl 
b 0Tpe30K M3 nap A-T 




■ HenpepbiBHaB nepefla 3K30H0B- 


KopOTKMÍÍ npBMOÍÍ 
noBTop flHK MMlUeHM 


KopOTKMÍÍ npBMOÍÍ 
nOBTOp flHK MMlUeHM 


PMC. 22.19 ľlceBAoreHbi B03HMKai0T BcneflCTBMe BCTpaMBaHMfl AByxuenoHeHHbix n po Ay kto b o6pai- 
hoíí TpaHCKpnni 4 MM mPHK b reHOM 


CTpaTOM Apyroň CHCTeMe, KOAHpyeMOH peTpono30HOM. Oc- 
HOBHOH HCTOHHHK KAeTOHHOH peBepT33HOH 3KTHBHOCTH — 

sto sjieMeHTbi LINES. Bnojme bo 3 mo>kho, mto ohh, íiomhmo 
oóecneMeHHH coóctbchhoh TpaHcno3HiiHH, B03fleHCTByi0T h 
H a noaieAOBaTejibHocTH SINES, h cTHMyjiHpyioT bo3hhkhobc- 
HHe npoueccnpoBaHHbix nceB/joreHOB. 


22.12 


LINES ncnojib3yeT 
coóaBeHHyio 3HAOHywiea3y, 
moébi co3flaTb 3aipaBOHHbiíí 
KOHeA fl/lfl CHHTe3a AH K 


KniOHeBbie noHjrr m: 


• y 3JieMeHTOB LINES OTCyTCTByiOTflKn. ľl03T0My 3TM 
peipono30Hbi KOAkipyioT 3HflOHyKJiea3y, KOTopaB npon3BOAm 
HaApe3bl flJlfl 3aTpaBKM OÔpaTHOÍÍ TpaHCKpMľlLlMM. 


B OTJIHHHe OT THnHHHblX peTpOBHpyCHblX 3JICMCHTOB, HJie- 
Hbi ceMeňcTBa LINES h HeKOTopbie flpyrne peTpono30Hbi 
He (J)JiaHKHpoBaHbi flKII Kax nponcxoflHT 3aTpaBjieHHe 
oópaTHoň TpaHCKpnniiHH b Tarax cjiynaax? OóbiHHaa 
peaKiiHB, npn kotopoh TPHK-3aTpaBKa 3a™naeT Ha RKU 
(cm. pne. 22.6) 3 /jecb HenpHMeHHMa. OTKpbiTbie paMKH 
CHHTbIBaHHfl LINES He KOAHpyiOT ÓeJIKOBblX flOMCHOB c 
aKTHBHOCTHMH npOTea3bI H HHTerpa3bI, HO OÓblHHO co- 

AepacaT nocjie/jOBaTejibHOCTb, roMOJiorHHHyio peBepTa3e, a 
Ta Kače KOAHpyioT coócTBeHHyio 3HflOHyioiea3y. B LINES L1 
nejiOBeKa ORF1 cooTBeTCTByeT flHK-CBasbiBaioiijeMy 6e;i- 
Ky, a ORF2 — aKTHBHocniM peBepTa3bi h 3HflOHyKJiea3bi. 
fljm TpaHcno3HiiHH HeoóxoAHMbi o6a npoAyKTa. 

Kax HMeHHO ohh 3a/íeHCTBOBaHbi, noKa3aHO Ha 
pmc. 22 .20. CHanajia KOflHpyeMaa peTpono30HOM LINES 3H- 


A/ifl Hana/ia TpaHcno3HAnn HymeH HaApe3 



PMC. 22.20 PeipoTpaHcno3MAM5i 3/ieMeHTOB, y KOTopbix OTcyTCTB 
flKľl, b npMHAMne, B03M0>KHa. fljifl ee Hana/ia HeoôxoflMMo noai 
Hne Haflpe3a b caŕrre-MMueHM; m Hero ôepeTca CBOôoflHbiŕí 3a' 
BOHHbIM KOHeU, HeOÔXOAMMbIM flJlfl OÔpaTHOÍÍ TpaHCKpkínAMM. B 
3yAbTaie b caiíTe-MmueHM (Ha MaTpmie PHK) cnHTe3npyeTCB Kfl 
Coôbrme peKOMÔMHaAMM Mo>KeT npeBpaímb ee bo BdaBKy. 3'-koi 
Aeneíí oôo3HaHeHbi crpe/iKaMM 


22.12 LINES Mcno/ib3yeT coôcrBeHHyio 3HflOHyK/iea3y, htoôh co3flaTb 3aTpaBOHHbm KOHeu ajib CMHTe3a flHK 5 







































Se/iKH UNES qíic-aiCTMBHbi 



PMC. 22.21 ľeHOMHafl KoriMa LINES TpaHCKpMÔMpyeTca b PHK, ko- 
Topaa TpaHc/iMpyeTca b 6e/iKM, o6pa3yK)mne c Heŕí KOMn/ienc. 3tot 
KOMľineKC HaripaB/uieTCfl b a/ipo m BcraB/ifleT b reHOM OHepeflHyio 
AHK-kohmio LINES 

AOHyioiea3a bhocht HaApe3 (hhk) b caHT-MHiueHb. TaKHM 06 - 
pa30M, cjiopMHpyeTCfl 3'-OH-KOHeu,, 3 aTpaBjunomHH chhtc 3 
kAJHK Ha MaTpnije PHK PHK-npoAyKT ojieMema (cyôcrpaT 
TpaHCn03HU,HH) aCCOU,HHpyeT C ÔeJIKOM, CBfl3bIBaiOII],HM AHK 
no MecTy HaApe3a. ĽTopon HaApe3 BCKpbiBaeT ocTaBinyioca 
u,enb JX HK, noaie nero /JHK-PHK raôpH a noAinHBaeTca cbo- 
hm npoTHBonojio)KHbiM kohu,om k ApyroMy cjmaHry pa3pe3a 
(sto MO^ceT npoH30HTH no3x<e, yace noaie npeBpameHHa 
cyôcTpaTa TpaHcno3Hu,HH b AyrmeKC flHK, KaK h noKa3aHO Ha 
pHCyHKe). riOXO^HH MexaHH3M HCn 0 ^b 3 yeTCa HeKOTOpbIMH 
MOÔHJIbHbIMH HHTpOHaMH (CM. pHC. 27.12). 

Eoih sneMembi Bepyr CBoe npoHexoxcAeHHe ot TpaHC- 
KpHnTOB PHK-no^HMepa3bi II, hx reHOMHbie nocne/jOBa- 
TeJlbHOCTH HeH36e)KHO HeaKTHBHbl: B HHX OTCyTCTByeT npo- 
MOTOp, HaXOAHBUIHHCa Bbinie TOHKH CTapTa TpaHCKpHnn,HH. 
OôbiMHo Taxne sneMembi oônaAaiOT npH3HaKaMH 3pe;ioro 
TpaHCKpHnTa, noTOMy hx h Ha3biBaiOT npou,eccHpOBaH- 
HbiMH nceBAoreHaMH. 

OAHa H3 npHMHH, no KOTOpbIM LINES CTOJIb 3(j)(j)eK- 
THBHbi b pacnpocTpaHeHHH no reHOMy cbohx npou,eccH- 
poBaHHbix nceBAoreHOB, 3amnoHaeTCfl b caMOM MexaHH3Me 
3Toro pacnpocrpaHeHHfl. KorAa mPHK LINES, OKa3aBniHCb 
b u,HTon^a3Me, TpaHCJiHpyeTca, ee 6e;iKOBbie npo/jyKTbi 
BbiKa3bmaiOT t(wc-npeAnoMTeHHe k CBfl3biBaHHio hmch- 
HO TOH mPHK, C KOTOpOH OHH ÔbIJIH TpaHCJIHpOBaHbl. Ha 
pmc. 22.21 noKa3aHO, Kax nočné TaKoro CBfl3biBaHHa pn- 
ôoHyKjieonpoTeHHOBbin KOMniieKc ABHXceTca b a/jpo, r^e 
ôeiiKH BCTaBJíaiOT b reHOM ^HK-Konnio mPHK. Hepe^KO 
oôpaTHaa TpaHCKpHnu,Hfl He aoboahtca ao KOHu,a, TaK hto 
K onna nojiynaeTCfl HeaKTHBHon. O^HaKO noTeHu,Ha;ibHO 
BCTaBKa MoxceT 0Ka3aTbca aKTHBHOH, Be^b cyôcTpaTOM 

TpaHcno3Hu,HH oiyacHJi TpaHCKpHnT aKmuenoeo sneMema 
(xoTb h 6e3 npoMOTopa). 

Ee^KOBbie npo/iyKTbi syKapHOTHnecKHx flHK-TpaHC- 
no30HOB, Mba TpaHcno3Hu,Ha He no/mepacHBaeTca PHK- 
cyôcTpaTOM, HanpoTHB, He pacnonaraiOT B03M0)KH0CTbK) 


OTJIHHHTb nO^HOpa3MepHbIH TpaHCn030H OT HeaKTHBHOrO 
(AeiieTHpoBaHHoro). KorAa nociie CHHTe3a b uHTomia3Me 

OHH OKa3bIBaiOTCfl HMnopTHpOBaHHbIMH B AAPO, TO HC- 
no;ib3yK)T b KanecTBe cyôcTpaTa jiioôoh siieMeHT, MapKH- 
pOBaHHblH HHBeprapOBaHHblMH KOHU,eBbIMH noBTopaMH c 
noAxoAflmen CTpyKTypon (cm. pmc. 22 . 22 ). 3to bo MHoro 
pa3 CHHXcaeT rnaHC Toro, mto ohh noAeHCTByioT Ha no/iHO- 
pa3MepHbiH, a He AenerapoBaHHbiH, ojieMem. OieACTBHeM 
ftBJwtTcn mmimcmíc HeaKTHBHbix sucmchtob. nocTeneH- 
ho ceMencTBO BbiMHpaeT, nocKoiibKy BepoflraocTb BCTpenn 
TpaHCn03a3bI C nOJIHOCTblO (j)yHKU,HOHaJIbHbIM TpaHCn030- 
hom b KanecTBe cyôcTpaTa CTaHOBHTca npe3BbinaHHO Maiia. 

H/jeT jiu TpaHcno3Hu,Ha b reHOMax coBpeMeHHbix M^e- 
KonHTaioiii.Hx, hjih xce HarneMy Haô^iOAeHHio npeACTaiOT 
JlHIUb C^eAbl ApCBHHX MOÔHJIbHblX CHCTeM? 0TO 3aBHCHT 
ot KOHKpeTHoro BH^a M^eKonHTaioiii.Hx. B reHOMe ne^o- 
Bexa aKTHBHbix TpaHcno30HOB Majio, 3aTo b reHOMe Mbirnn 
HaCHHTbIBaeTCfl HeCKOJlbKO HX pa3HOBHAHOCTeH. nOSTOMy 
cnoHTaHHbie MyTaiiHH no npHMHHe BHeApeHHa LINES CJiyHä- 
iotoi y MbiníH c nacTOTOH ~3%, a y ne^OBeKa — Bcero -0,1%. 
Akthbhhx 3JieMeHTOB LINES b HejiOBenecKOM reHOMe mo- 
xceT ôbiTb ot -10 ao ~30. HeKOTopbie 3a6o^eBaHHa nejiOBe- 
Ka Moryr pa3BHTbca H3-3a TpaHcno3Hu,HH L1 BHyrpb reHOB, 
Apyrne — H3-3a HepaBHoro KpoccHHroBepa npn ynacTnn 
noBTopínom,Hxca KonHH Ll. Hcc^eAOBaHHa, npoBeAeHHbie 
Ha MOAeiibHOH CHCTeMe, rAe TpaHcno3Hu,HH LINES HMe^n 
MecTO b luieTKax Ky^bTypbi TKaHen, noKa3a;iH, mto conyrc- 
TByioiAHH ynj,ep6 ot BHeApeHHa LINES MOXceT 3amnonaTbca 
b xpoMocoMHbix nepecTpoHKax h ACJieu,Hax — moiahhx 
MexaHH3Max reHeTHnecKHx H3MeHeHHH. B reHOMax (kjictok 
3apoAbimeBoro nyTH) npeAKOB ne^OBeKa hh flHK-TpaHcno- 
30HbI, HH peTpOBHpyCHbie TpaHCn030HbI He 6bmH aKTHBHbl- 
mh yace 40-30 mh^hohob ^eT, b to BpeMH KaK y coBpeMeH- 
Hbix Mbinien oÔHapy^cHBaeTca no HecKo^bKy 3K3eMmwpoB 
H Tex, H APyTHX. 


ABTOHOMHbie 3/ieMeHTbl OÔCByMCMBaiOT HeaBTOHOMHbie 



PMC. 22.22 TpaHcno30H TpaHCKpn6npyeTCíi b PH K, KOTopaa TpaHC- 
/íupyeTCíi b 6e/iKM. 3tm 6e/iKM He3aBMCMMO HanpaB^íuoTCA b flflpo, rfle 
AeŕícTByiOT Ha /no6yio napy MHBepTMpoBaHHbix noBTopoB (c toíí we 
HyK/ieoTMflHoŕí noc/ieflOBaTe/ibHOCTbio, hto m y cxoAHoro TpaHcno30- 
Ha), KOTopyio mm y/jacTCfl pacno3HaTb 
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3aMeTHM, hto pjm 3axpemieHHfl TpaHcno3Hu,HH b re- 
HOMaX nOTOMKOB OHa /JOJDXHa np0H30HTH B JIHHHH KJieTOK 
3apoAbimeBoro nym TpaHcno3Hu,Ha, xoTopaa npoH3om;ia 
B COMaTHMeCKOH KJieTKe, He/I,CHCTBHTeJlbHa B OTHOnieHHH 
nocjie/jyiomHx noxojieHHH opraHH3MOB. 
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Pe3iOMe 


Oôparaaa TpaHcxpHnu,Hfl — sto o6iii,hh MexaHH3M pa3MHO- 
xceHHa peTpoBHpycoB h caMono/mepxcaHHa peTpono30HOB. 
U,HXJIbI CaMOBOCnpOH3BefleHH5I 3THX Abyx 3JieMeHTOB 3y- 

KapHOTHHecKoro reHOMa noxoacn, xota yM03pHTejibH0 
reHeTHHecKHň MaTepnaji peTpoBHpycoB npHBbiHHee otoxc- 
fleCTBJItfTb CO CBOĎO/JHOH BHpyCHOH (j)OpMOH (PHK), peTpo- 
no30Hbi xce — paccMaTpHBaTb xa k 3;ieMeHT reHOMa xjictxh- 
xo3aHHa (AByxuenoMeMHOH HK). 

PeTpoBHpycbi HMeiOT OAHOu,enoMeMHbie PHK-reHOMbi, 
KOTopbie /yw penjiHxau,HH nepexoAfiT b npoMexcyTOHHyx) 
(J)opMy AByxu,enoMeMHOH JX HK. Kaxc/tbiH OT/jejibHO B3flTbiH 
pcrpoBHpyc coAepxcHT pbc xonHH PHK-reHOMa. B hcm co- 
AepxcaTca venu gag, pol h env, TpaHCJinpyeMbie b no;iHnpo- 
TeHHbi, xaxc/tbin H3 KOTopbix npeTepneBaeT pacmemieHHe po 
Heôo^bniHx cj)yHKijHOHajibHbix ôe^KOB. KoMnoHeHra Gag h 
Env 3a/jeHCTBOBaHbi b ynaKOBKe PHK h co3flaHHH BHpHOHa, 
KOMnOHeHTbl Pol 3a/jeHCTBOBaHbI B CHHTe3e HyKJieHHOBblX 
XHCJIOT. 

DiaBHblM H3 KOMnOHeHTOB Pol flBJItfeTCfl oôpamaa 
TpaHCKpnnTa3a (peBepTa3a). 3 tot cj)epMeHT oTBenaeT 3a 
CHHTe3 (-)-u,enH — flHK-KonHH BnpycHOH PHK, hjih (+)- 
yeriH. flHK-npo/jyxT nojiynaeTca pnunmc, neM PHK-MaTpn- 
ya. MeHaa MaTpnuy c o/jhoh u,enH PHK Ha Apyryío, peBepTa- 
3a npHxpenjraeT xonHio 5'-xoHu,eBOH noaieflOBaTejibHocra 
PHK k 5'-xoHu,y (-)-uenH flHK (to ecTb, b kohcmhom cne- 
Te, k 3'-xoHu,y (+)-u,enH flHK). noxoxcaa CMeHa MaTpHijbi 
npoHexoAHT b xopc cHHTe3a (+)-u,enH JX HK Ha MaTpnye 
(-)-u,enH JX HK; npn stom 3'-xoHu,eBaa noaieAOBaTejibHOCTb 
PHK OKa3braaeTCfl Ha 5'-xoHu,e (+)-u,enH JX HK. Tax B03HHxa- 
iot xapaxTepHbie JXKYl (zyiHHHbie xoHijeBbie noBTopbi) JX HK 
perpoBHpyca. JlHHeHHaa flByxu,enoHeHHaa JX HK peTpoBHpy- 
ca BCTaB^aerca b tchom xo3flHHa cj)epMeHTOM HHTerpa30H. 
TpaHcxpHnu,Htf HHTerpHpoBaHHon RHK c npoMOTopa b 
jieBOM JXKU reHepHpyeT nooie.oyioiii.He xonHH noaie/jOBa- 
TejibHOCTH PHK peTpoBHpyca. 

CMeHa MaTpHu,bi b npou,ecce CHHTe3a HyxjieHHOBOH xhc- 
jiOTbi pemer bo3mo>xhoh pexoMÔHHaijHio no MexaHH3My 
Bbiôopa xonHH. B TeneHHe HH^exyHOHHoro u,HXJia BHpyc 
MoxceT oÔMeHHTb nacTb CBoen oômhhoh noaie/jOBaTejibHoc- 
th Ha cj)parMeHT xjieTOHHoro reHOMa. noJiynHBiiiHHCfl BHpyc 
pen^Hxau,HOHHo-Ae^)exTHBeH, ho moxcct pa3MHoxcHTbca b 

yCJIOBHaX COBMeCTHOH HH(j)exyHH C BHpyCOM-nOMOIUHHXOM. 
MHorae H3 TaxHx Ae^exrHbix BHpycoB 3anoJiynmiH b cboh 
cocTaB PHK-BepcHX) ( v-onc) xjieTOHHoro reHa (c-onč). noc- 
jie/jOBaTejibHocTb onc MoxceT npHHa/yiexcaTb ^io6oMy H3 mho- 
roMHCJieHHbix reHOB, Mba sxcnpeccna b ^>opMe v-onc npHBo- 
/jht x TpaHC^)opMau,HH xjieTXH b onyxojiepoAHbiH ^eHoran. 


CoôbiTHe HHTerpau,HH BHpyca b xjieTOMHbin reHOM 
nopox^aeT npaMbie noBTopbi noaie,aoBaTe^bHOCTH caňTa- 
MHiueHH (no/joÔHO TOMy, xax sto ptm\OT TpaHcno30Hbi, 
Mo6miH3yeMbie nepe3 npoMexcyTOMHyx) ^)opMy flHK). Ta- 
xhm o6pa30M, BHeApHBniHHca npoBHpyc HeceT npaMbie 
Jl Kn H (j)JiaHXHpOBaH XOpOTXHMH npaMbIMH nOBTOpaMH 
flHK-MHiueHH. ľeHOMbi M^exonHTaioiyHx h nTHu, co/jepxcaT 
SH^oreHHbie (HeaxTHBHbie) npoBHpycbi c Taxon cTpyxTy- 
poň. flpyrHe s^eMeHTbi c Taxon >xe opraHH3au,Hen oôHapy- 
acHBaiOTCfl b caMbix pa3Hbix syxapHOTHMecxnx reHOMax, b 
ocoôeHHocTH — y 5. cerevisiae h D. melanogaster. 3;ieMeH- 
Tbi Ty h copia b reHOMax ppoyíOKm h Myx, cooTBeTCTBeHHO, 
Hecyr xoAHpyioiii.He noaieAOBaTejibHOCTH, roMo^ornnHbie 
peBepTa3e, h Mo6miH3yx)Tca nepe3 npoMexcyTOMHyx) cj)opMy 
PHK. Ohh MoryT reHepHpoBaTb nacTHybi, HanoMHHaioiyHe 
BHpycHbie, xoTopbie, OAHaxo, He oôJiapziOT cnocoÔHOCTbio 
HH^)Hu,HpoBaTb ppyruc xjieTXH. noaieAOBaTejibHocTH LINES 
b reHOMax M^exonHTaioiii.Hx ym^H ot peTpoBHpycoB eiye 
/jajibiue, coxpaHHB, BnponeM, cTeneHb cxo,acTBa, roBopamyio 
06 o6iii,hocth npoHCxoxc/iieHHa c peTpoBHpycaMH. HTo6bi 
HHHu,HHpoBaTb oôpaTHyx) TpaHCxpHnu,Hio, LINES Hcno;ib3y- 
K)T ajibTepHaTHBHbíň cnocoô npaňMHHra: 3HflOHyx^ea3Haa 
aXTHBHOCTb, aCCOU,HHpOBaHHaa C OÔpaTHOH TpaHCXpHn- 
Ta30H, BHOCHT B flHK-MHUieHb H2J\pt3 (HHX), H3 XOTOpOľO 

3aHMCTByeT 3'-OH-xoHeu„ 3aTpaB^aioii] 1 HH CHHTe3 JJftK m 
MaTpHye LINES-PHK. B conocTaBJíeHHH c sjieMemaMH c 
/IHK-onocpeAOBaHHOH MoômibHOCTbio, nacTOTa TpaHcno- 
3 hu,hh y LINES noBbimeHHaa. 3 to pe3y^bTaT Toro, mto hx 
ôejixoBbie npo/iyxTbi ^wc-axTHBHbi: ohh OTjinnaiOTCfl cpopc- 
TBOM X TOH MPHK, C XOTOpOH ÔbUlH TpaHCJIHpOBaHbl, H aC- 
cou,HHpyiOT c Hen, o6pa3ya HyxjieonpoTeHHOBbiH xoMrmexc, 
xoTopbíň TpaHcnopTHpyeTca b *mpo. 

Ilpe/i.CTaBHTejiH ^pyroro Ha^ceMencTBa peTpono30HOB, 
o6ji2jj,2í{ npHMeTaMH TpaHcno3Hu,HH nepe3 PHK, He Hecyr 
xoflnpyiomHx noaieAOBaTe^bHOCTeH (no xpanHen Mepe, 
TaXHX, MTO HMeJIH 6bl OTHOnieHHe X peTpOBHpyCHbIM (j)yH- 
xynaM). Ohh MorjiH B03HHXHyTb xax naccaacnpbi coôbiTHa 
TpaHcno3Hu,HH Ha peTpoBHpycHbíň MaHep, r^e PHK nooiy- 
acruia oôpaTHOH TpaHCxpHnTa3e cyôcTpaTOM. Tax bo3hhxjih 
npou,eccHpoBaHHbie nceBAoreHbi. Ocoôaa pa3HOBH^HOCTb 
sjieMeHTOB, nopoxc^eHHbix npou,eccHHroM b coneTaHHH c 
oôpaTHOH TpaHCxpHnyneH h HHTerpayHeH, — sto SINES 
M^exonHTaiom.Hx; x hhm othocht Alu-ceMeňcTBo b reHOMe 
nejiOBexa. HexoTopbie Ma^bie a^epHbie PHK (cpe/jn xoto- 
pbix 7SL snPHK, xoMnoHem CHraaji-y3Haioii] 1 eH nacTHybi) 
poACTBeHHbi HJieHaM SToro ceMeňcTBa. 
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Ka« c|)opMMpyeTCfl 
MHoroo6pa3ue ammen 

KPATKOE COflEPWAHME ITlABbl J 


(Éfijft BBefleHne 

■££■ Hnc^eHHOCTb ammíJdoumtob, oTBenatomMx Ha 
onpefle/ieHHbie aHTMreHbi, yBeAMHMBaeTca 
6^aroflapB KAOHaAbHoíí ce/ieKUMM 

• Ka>KAbm B-ammc|)oumt npoAyunpyeT MMMyHor/io6y/iMH 
OflHoro BMfla, a KawAbiŕí T-amm4)oumt npoAyUMpyeT 
T-K^eTOHHbiŕí peuenTop OAHoro BMAa. 

• CyiuecTByeT orpoMHoe pa3Hoo6pa3ne 
MMMyHor/io6y^MHOB n T-K/ieTOHHbix peuenTopoB. 

• CBfl3biBaHne aHTMreHa c MMMyHor/io6y/iMHOM mam 
T-K jieľOHHbiM peuenTopoM npMBOAMT k pa3MHO)KeHMK) 
KOHKpeTHOTO K/lOHa K/ieTOK. 

E£Q ľeHbl MMMyHOrAOÓyAMHOB KOMľlOHytOTCB 
M3 COCTaBHblX HaCTeM B JlMM(J)OUMTaX 

• HMMyHOMo6y/iMH — 3 to TeipaMep, coctoaiamm M3 Aeyx 
jierKMx m Aeyx T5i>Ke/ibix ueneií. 

• JlerKMe uenM c|)opMMpyK)T ceMeŇCTBa aam6a 3 n Kanna; 
TflweAbie uenn othocatca k eAMHCTBeHHOMy ceMeŕícTBy. 

• B k3>kaom uenn npMcyTCTByeT N-KOHLjeBOM Bapna6e/ibHbiií 
paŕíoH (V) n C-KOHueBoŕí KOHdaHTH bi íí paŕíoH (C). 

• V-AOMeH pacno3HaeT aHTMreH, a C-AOMeH o6ecnenMBaeT 
OTBeT 3C|)C|)eKTOpHOM H3CTM. 

• V-AOMeHbi m C-AOMeHbi KOAMpyiOTca OTAe/ibHO 
cerMeHTaMM V-reHa n C-reHa cooTBeTCTBeHHo. 

• ľeH, KOAMpyioiAHŇ MMMyHor/io6y/iMHOByio uenb, 
o6pa3yeTca b xoAe coMaTMnecKOM peKOM6nHaunn nyieM 
o6-beAMHeHM5i cemeHTOB V- n C-reHOB. 

BM JlerKMe ueriM o6pa3ytOTCB nyTeM eAMHCTBeHHoro 

aKTa peKOMÓMHauMM 

• JlerKaa uenb aam6a 3 c|)opMMpyeTCfl c noMombio 
eAMHCTBeHHoro aKTa peKOMÔMHauMM Me>KAy V-reHOM m 
cemeHTOM J-C. 

• V-reHHbiŕí cerMeHT MMeeT AMAepHbiŕí 3K30H, mhtpoh m 
noc/ieAOBaTe/ibHOCTb, KOAMpyiomyio BapMa6eAbHyio 
o6^acTb. 

• J-C reHHbiŕí cerMeHT coctomt M3 KopoTKoro 
J-KOAMpyiomero 3K30Ha, MHTpoHa m C-KOAMpyiomeŕí 
o6/iacTM. 

• JlerKaa uenb Kanna c|)opMMpyeTCfl nyTeM eAMHCTBeHHoro 
aKTa peKOMÔMHauMM Me>KAy V-reHHbiM cerMeHTOM m 
oahmm M3 nflTM J-cerMeHTOB, npeAwecTByioiAMx C-reHy. 

BQ TaweAbie uenM o6pa3ytOTCA nyTeM Aeyx bktob 
peKOMÓMHaUMM 

• Aaa c))opMMpoBaHM5i Tflwenbix ueneíí b peKOMÔMHauMM 
Mcno/ib3yiOTCfl TaKMe 3/ieMeHTbi, KaK V-reH, D-cemeHT m 
J-C- reHHbiŕí cerMeHT. 

• ľlepBbiM payHA peKOMÔMHauMM oôteAMHfleT D- m 
J-C- cerMeHTbi. 
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• Btopom payHA peKOMÔMHauMM coeAMHaeT V- c 
D-J-C-cemeHTaMM. 

• C-CerMeHT COCTOMT M 3 HeCKO/lbKMX 3 K 30 H 0 B. 

PeKOMÓMHauMB co3AaeT orpoMHoe pa3Hoo6pa3Me 
aHTMTeA 

• Jloxyc JierKMx ueneíí MO>KeT npoM3BecTM 6o/iee 1000 
pa3/iMHHbix ueneii nyTeM kom6mh3umm 300 V-reHOB c 
HeTbipbMfl-níiTbK) C-reHaMM. 

• H-ziOKyc MO>KeT npoM3BecTM 6o/iee 4000 ueneŕí, 
KOM6MHMpy5i 300 V-reHOB, 20 D-cemeHTOB m neTbipe 
J-cerMeHTa. 

ľl p M peKOMÓMHaUMM reHOB MMMyHHOÍÍ CMCTeMbl 
Mcno/ib3yK)TCfl ABa ima KOHceHcycHbix 
n o ca e ao b aie a b h o cre íí 

• KoHceHcycHaA nocAeAOBaTeAbHOCTb aaa 
peKOM6MHauMM — 3 to renTaMep, OTAeneHHbiM 
MHTepBanoM b 12 nH mam 23 nH ot HOHaMepa. 

• PeKOM6MHaUMA npOMCXOAMT Me>KAy AByMA 
KOHCeHCyCHbIMM nOCAeAOBaTeAbHOCTAMM, KOTOpbie 
MMeioT pa3Hbie MHTepBaAbi. 

PeKOMÓMHauMA Bbi3biBaeT AeAeuMM 
MAM MHBepCMM 

• PeKOM6MHauMA npoMexoAMT nyTeM AByxijenoHeHHbix 
pa3pbiBOB b paŇOHe renTaMepoB AByx KOHceHcycHbix 
nocAeAOBaTeAbHocTeM. 

• CMTHaAbHbie KOHUbi c|)parMeHTa Me>KAy tohk3mm 
pa3pblBOB o6blHHO COeAMHAlOTCA APyr c APyrOM c 
o6pa30BaHMeM KOAbueBoro Bbipe3aeMoro <})parMeHTa. 

• KoAMpyioiAMe nocAeAOBaTeAbHOCTM KOBaAeHTHO 

coeAMHAiOTCA Apyr c APyroM: V c J-C (L-uenb), a D c J-C 
m V- c D-J-C (H-uenb). 

• Ecam peKOM6MHMpyioiAMe reHbi MHBepTMpoBaHbi Apyr 
OTHOCMTeAbHO Apyra, to BMecTO AeAeuMM KOAbLjeBoro 
4)parMeHTa npoMexoAMT MHBepcMA. 

AAAeAbHOe MCKAKDHeHMe MHMAMMpyeTCA 
npoAyKTMBHOíí peopraHM3auMeM reHOMa 

• PeKOM6MHauMA, BeAymaA k o6pa30BaHMio MHTaKTHoro 
reHa MMMyHorAo6yAMHa, npoAyKTMBHa, ecAM 
o6pa3yioiAMMCA reH cnoco6eH 3KcnpeccMpoBaTb 
dKTMBHbIM 6eAOK. 

• ľlpoAyKTMBHaA peKOM6MHauMA reHeTMHecKoro 
MaTepMana npeAOTBpamaeT AaAbHeMuuyio 
peopraHM3auMio, b to BpeMA KaK HenpoAyKTMBHaA 
npoAOA>KaeT nepecTpoiÍKy. 

• AAAeAbHoe MCKAioneHMe npMMeHaeTCA OTAeAbHO 
k AerKMM uenAM (TOAbKO OAHa Kanna mam aam6ab 
uenb MO>KeT 6 biTb npoAyKTMBHO peopraHM 30 BaHa) 
m k TAweAbiM uenAM (TOAbKO OAHa TJUKeAaa uenb 
noABepraeTCA npoAyKTMBHoŕí peopraHM 3 auMM). 





gfU 


gro 


gro 
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Be/iKM RAG KaTa/iM3npyK)T pa3pbiB m BOCcoeflMHeHne 
flHK 

• fl/ia peaKunn pacmen/ieHMfl Heo6xoflMMO m flociaTOHHO 
3KTMBHOCTM 6e/lKOB RAG. 

• RAGl pacno3HaeT KOHceHcycHyio noc/ieflOBaie/ibHOCTb- 
HOHaMep fl/iB peKOMÔMHaunn. RAG2 CBfl3biBaeTCfl c 
RAGl m pacmeruifleTflHK b paŇOHe remaMepa. 

• PeaKHanoMMHaeT co6biTMfl, nponcxoflBiune 
npn pa3peiueHMM ueneŕí b pe3y/ibiaie pa6oibi 
Tonon30Mepa3bi npM TpaHcno3MLjMM. 

• Ha KOHLja, HecymeM KOAMpyiomyio noc/ieflOBaTe/ibHocTb, 
o6pa3yeTCB npoMewyroHHbiM npoflyKT b BMfle wnM/ibKM; 
pacKpbiBaHne 3 tom wnM/ibKM npMBOflUT k BHeflpeHmo 
Aono/iHme^bHbix ocHOBaHnŕí (P-HyK/ieoTMAOB) b 
o6pa3yiomMMCB reH. 

• fle30KCMHyK^eo3Mfl-TpaHcc|)epa3a bboamt Ao6aBOHHbie 
N-HymieoTMAbi b KOAMpyiomMM KOHeu. 

• Koaoh b Mede o6"beAMHeHMfl V-(D)-J cemeHTOB 
MCK/iioHmejibHo Bapna6e/ieH m KOAupyeT aMMHOKuc/ioTy 
96 b paŇOHe aHTMreH-CBfl3biBaiomero ynacTKa. 

• flByxijenoHeHHbie pa3pbiBbi b MecTe oôteAMHeHMfl 
KOAupyioiAMx noc/ieAOBaie/ibHOCTeŇ penapupyiOTCfl 
tom >ne CMcreMOM, hto AeMCTByeT npn coeAMHeHMM 
HeroMO/ioruHHbix kohljob noBpewAeHHoŕí flHK. 

• 3HxaHcep b C-reHe aKTMBMpyeT npoMOTop V-reHa noc/ie 
peKOMÔMHaunu (b c/iynae o6pa30BaHMB MmaKTHoro 
reHa MMMyHO/irjio6yjiMHa). 

ľlpOUeCCMHr PHK MO>KeT M3MeHflTb paHHKDK) 
3KcnpeccnK) Tflwe/ioM uenu 

• Bce jiMMc|)0UMTbi HanMHaiOT 3KcnpeccnpoBaTb 
MMMyHor/io6y/iMHbi c MeM6paHOCBB3aHHOM c|)opMbi IgM. 

• KorAa B-K/ieTKM AMC^epeHUMpyiOTCfl, 
MeM6paH0CBB3aHHaB c|)opMa CMeHfleľCfl ceKpeTopHoíí 3a 
cneT cn/iaŇCMHra PHK. 

PeKONi6nHauMfl flHK Bbi3biBaeT nepemitoneHMe 

KJiaCCOB MMMyH 0 rjl 06 yjlMH 0 B 

• MMMyHor/io6y/iMHbi noApa3Ae/iflioT Ha nmb K/iaccoB b 
COOTB eTCTBMM C TMľlOM KOHCTaHTHOrO ynaCTKa Tfl)KeJ10M 
uen n. 

• ľlepeK/iiOHeHMe K/iaccoB npn CMeHe C H -ynacTKa 
npoMcxoAMT nyieM peKOMÓMHauMM Me>KAy S-paŕíoHaMM 

c Ae/ieuneŇ BceŇ noc/ieAOBaTe/ibHOCTM Me>KAy ciapbiM n 
HOBbIM C H -yHaCTKaMM. 

• Mo>KeT npoMcxoAMTb MHO>KecTBO ycneiuHbix 
peKOMÔMHauMM A-n^ nepeK/iiOHeHMfl K/iaccoB. 

ľlepeKAKDHeHne nponcxoAm nyieM Heo6bNHOíí 

peaKLJMM peKOMÓMHaUMM 

• ľlepeK/iiOHeHMe npoMcxoAMT c noMOiAbio 
AByxuenoHeHHoro pa3pbiBa n coeAMHeHMfl 
HeroMO/iorMHHbix nacreM. 


23.14 


• XapaKTepHoŕí oco6eHHocibio paŕíoHa nepeK/HoneHMa 
BBJÍBeTCB Ha/lMHMe MHBepTMpOBaHHblX nOBTOpOB. 

• fl/iB nepeK/HoneHHB Heo6xoAMMa aKTMBauMfl 
npoMOTopoB Bbiiue cama nepeK/iiOHeHMfl. 

CoMaTunecKue Myiaunu co3f\a\oi Aono/iHmejibHoe 
MHoroo6pa3ne aHTMTe/i y Mbnueíí m He/iOBexa 

• ľloc/ieAOBaTe/ibHocTb V-paííoHOB aKTMBHbix reHOB 
MMMyHor/io 6 y^MHOB OT/iMHaeTCB ot 3 Toro ynacTKa b 
K/ ieTKax 3 apoAbiiueBoro Tuná M 3 - 3 a coMaTMnecKMx 
MyiauMM. 

• CoMaTunecKue MyiauMM npeAcraBjífliOT co6om 3aMeHy 

KOHKpeTHblX HyKJieOTMAOB. 

• CaŕÍTbi MyiauMM KOHLieHTpMpyiOTCfl b o 6 jiacm aHTMreH- 
CBB 3 biBaioiuero ynacTKa. 


23.15 
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• BHeceHMe coMaTMnecKMx MyiauMíí 3aBMcm ot pa6oTbi 
3HxaHcepa, KOTopbiPí aKTMBMpyeT TpaHCKpnni4HK) 
Ig-/ioKyca. 

l_lnTMAMHAe3aMMHa3a m ypauMjirjiMK03Mjia3a 

b bi 3 bi Ba K) t coMaTunecKMÍí MyiareHe3 

• LlMTMAMH-Ae3aMMHa3a Heo6xoAMMa xax a/ib 
coMaTMnecKoro MyTareHe3a, Tax m a/ia nepex/ix)HeHMfl 
K/iaCCOB MMMyH0r/106yJlMH0B. 

• AKTMBHOCTb ypaUM/l-flHK-MMK03M/ia3bl BJIMfleT H3 
CTpyKTypy coMaTMnecxMx MyiauMŕí. 

• ľloc/ieAOBaTe/ibHoe AeŕícTBMe 3 tmx c|)epMeHTOB MO>KeT 
Bbi3BdTb rnnepMyTaumo. 

HMMyHorAo6yAMHbi nTMUo6pa3yK)TCB M3 nceBAoreHOB 

• ľeH MMMyHor/io6y/iMHa y Abin/ieHKa c|)opMMpyeTCB 
nyieM KonnpoBaHMB noc/ieAOBaTe/ibHOCTM OAHoro M3 25 
nceBAoreHOB b eAMHCTBeHHbiíí aKTMBHbíň ^oxyc reHa. 

EbiCTpbiíí BTopnHHbiíí OTBeT B03M0>KeH 6navof\apfi 

B-K/ieTKaM naMBTM 


UMbl 




23.21 


gro 


• ľlepBMHHbm OTBeT Ha aHTkireH c|)opMMpyeTCB 6/iaroAapfl 
B-K/ieTKaM, norn6aioiAMe noc/ie OTBeia. 

• B03HMKai0T HeaKTMBHbie B-KJieTKM ľiaMBTM, MMeioiAMe 
cnei4Mc|)MHHOCTb k TOMy >xe caMOMy aHTMreHy. 

• ľloBTopHafl BCTpena c aHTMreHOM 3anycKaeT BTopMHHbm 
OTBeT, M K/ieTKM ľiaMBTM 6blCTpO aKTMBMpyiOTCB. 

T-KAeTOHHbie peuenTopbi cxo>km 
c MMMyHorjioéyjiMHaMM 

• fl/lB o6pa30BaHMB OAHOľO M3 Aeyx TMľlOB T-K^eTOHHOrO 
peuemopa T-K/ieTKM ncno/ib3yiOT aHa/iomHHbm 
B-K/ieTOHHOMy MeX3HM3M V-(D)J-C-COeAMHeHMfl. 

• T-peueniopbi ap o6Hapy>KMBaK)TCB Ha noBepxHOCTM 
6o/iee 95% T-^mmc|)oumtob; T-peuenTopbi y ô — Ha 
noBepxHOCTM MeHee 5% T-^mmc|)oumtob. 

T-KAeTOHHbie peuenTopbi paóoTatOT bo 

B3aMMOAeííCTBMM c MHC 

• T-peueniopbi pacno3HaiOT kopotkmíí nermiA, 
pacno/io>KeHHbm b 6opo3AKe 6e/ixa r/iaBHoro 
KOMn/ieKca mcTOCOBMecTHMOCTM Ha noBepxHOCTM 
npe3eHTMpyK)iAeŕí K/ieTKM. 

JlOKyc rAaBHoro KOMn^eKca rucTocoBMecTMMOCTM 

KOAMpyeT MHO>KeCTBO reHOB MMMyHHOÍÍ CMCTeMbl 

• /loxyc MHC KOAMpyeT 6e/iKM K/iacca I m II, a Ta Kme 
Apyrwe 6e^xn MMMyHHoíí CMCTeMbi. 

• Ee/iKM K^acca I — aHTMreHbi TpaHcnjiaHTaLiMM, 
OTBenaioiAMe 3a pacno3HaBaHMe «cbomx» m «ny>KMx» 
TKaHeií. 

• Ee/iKM MHC K/iacca I aKTMBHbi b bmab reiepoAMMepa c 
P 2 -MMKpOMo6y/lMHOM. 

• Ee/iKM K/iacca II pa6oiaiOT npw B3aMMOAeMCTBMM Me>KAy 
T-K^eTKaMM. 

• Ee/iox MHC K/iacca II npeACTaB/iBeT coôoíí reiepoAMMep 
M3 a- m p-ueneíí. 

Bpo>KAeHHbm MMMyHmeT b CBoeíí pa6oie 

Mcno/ib3yeT KOHcepBaTMBHbie CMrHaAbHbie nym 

• BpoKAeHHbiŕí MMMyHmeT aKTMBMpyeTCB peueniopaMM 
(PÁMP), pacno3HaK)LAMMM onpeAe/ieHHbie 
BbicoKOKOHcepBaTMBHbie MOTMBbi y 6aKTepMM m APyrMx 
MHC|)eKI4MOHHblX areHTOB. 

• Toll-noAo6Hbie peueniopbi lUMpoxo Mcno/ib3yiOTCB a^^ 
aKTMBauMM 3Toro nyTM. 

• CMdeMa Bpo>KAeHHoro MMMyHMTeia 
BblCOKOKOHCepBaTMBHa y 6ecn03B0H0HHblX 
m no3BOHOHHbix, aHa-norMHHaB CMdeMa 
o6Hapy>KeHa m y pacieHMM. 

Pe3K)Me 


582 TJ 1 ABA 23 Kax (J)opMMpyeTCB MHoroo 6 pa 3 Me aHTMTe/i 
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BBeAeHiie 


ÄHTMTena B3aMHOAeMCTByiOT c aHTMreHaMH 


Bce mh noMHHM aKCHOMy reHerann, r/iacamyio, mto reHO- 
ran o6pa3yeTCfl b 3HroTe nyTeM KOM6HHau,HH reHeranec- 
Koro MaTepnajia cnepMaT030H/ja h AHijeiuieTKH h 3aTeM Ha- 
oieAyeTca bccmh mieTKaMH B3poc;ioro opraHH3Ma. Hto6h 
06'bflCHHTb pa3JiHHHa cjieHoranoB coMaraHecKHx mieTOK, 
mm Hccjie/iyeM pa3JiHMHa b nompojie SKcnpeccHH reHOB, ho 
HC yMHTbIBaeM B03M0)KH0CTb H3MCHeHHfl COCTaBa flHK. 

TeM He MeHee cymecTByioT ocoôbie cjiynaH peopra- 
HH3au,HH onpeAejieHHbix noe^eAOBaTejibHOCTen .QHK, mto 
H cno;ib3yeTCfl /y m pery;mu,HH 3KcnpeccHH reHOB jihôo /yia 
C03AaHHa hobmx reHOB. HMMyHHaa CHCTeMa npeACTaBjíaeT 
co6oň yfl,HBHTejibHbiH npHMep, nor/ja noaieAOBaTejibHocTb 
reHOMa H3MeHaeTca, a peKOM6HHau,Hfl co3/jaeT HOBbie anraB- 
Hbie reHbi b jiHMcjiounTax. flpyrne H3BecTHbie npHMepbi — 
sto 3aMeHa oahoh nocjieAOBaTejibHocra flHK Ha /jpyryío /yia 
H3MeHeHHa rana cnapHBaHna y ApoxoKen h /yia o6pa30Ba- 
h m HOBbix noBepxHOCTHbix aHTHreHOB y TpHnaHocoM. 

IlMMyHHbíň oTBeT y no3BOHOMHbix npeACTaB^aeT 
co6oh 3aiyHTHyio CHCTeMy, KOTopaa cnocoôHa oTjiHMaTb 
My^KepoAHbie ôcjikh ot 6e;iKOB coôcTBeHHoro opraHH3Ma. 
Hy^cepoAHbin MaTepnaji (hjih MacTb Tanoro MaTepnajia) 
pacno3HaeTca nan aHTHreH. Oômhho aHrareH — sto ôe/ion 
(hjih MacTHya, npHCoeAHHeHHaa k ôejiny), KOTopbin nona^ b 
K pOBOTOK XCHBOTHOrO, HanpHMep ÔeJIOK OÔOJIOMKH BHpyea. 
BcTpeMa c aHrareHOM 3anycKaeT HMMyHHbin OTBeT, u,ejibio 
KOToporo aBjíaeTca cnei^wpmnoe pacnosuaeanue u yum- 
moMeuue aHmuzeua. 

3a HMMyHHbie peaKu,HH oTBeMaiOT ôeiibie npoBflHbie 
Tejibu,a — B- h T-jiHM<f)oi],HTbi, a Taione ManpocjjarH. JIhm- 
(jjOU.HTbl nOJiyMHJIH CBOH Ha3BaHHH IIO TeM TKaHÍIM, B KO- 
TOpblX OHH o6pa3yK)TOI. y MJieKOnHTaiOmHX B-KJieTKH 
C03peBai0T B KOCTHOM M03ľe, B TO BpeMfl KaK T-KJieTKH 
co3peBaiOT b THMyce. Jpín yuacmm e mrnymoM omeeme 
e KdMÔOM U3 3mux KJICICC06 jiuM^oiyumoe npoucxodum 
peopzaHmaUtUR JlHK. 

y HMMyHHOH CHCTeMbI eCTb MHOXCeCTBO cnocoôoB 
yHHMTOxceHHa aHTHreHa, OAHano y/joÔHO pa3/jejiHTb hx Ha 
r Ba ocHOBHbix rana. Kanón n3 srax ranoB ôy/jeT pa3BnBaTb 
HMMyHHaa cncTeMa npn BCTpene c My^epo/jHon cTpyKTy- 
poň, MacraMHO 3aBncnT ot npnponbi aHrareHa. OTBeT on- 
peAejiaeTca TeM, nanne KJieTKn b ochobhom 3afleňcTBOBaHbi: 
T- hjih B-ioieTKn. 

ryMOpajibHMH OTBeT 3aBncnT ot paôoTbi B-mieTOK. 
lOieran cenperapyioT amnTejia, npeACTaBJíaiomHe coôoň 
6e;iKn-HMMyHorjio6yjiHHw. npomeodcmeo aHmumejia, 
cneiyucpuHHozo k nyxcepodnou MOJieKyjie, — smo zjiaenuú 
npou,ecc, omeeHaioiiyuú 3a pacno3naeaHue anmuzena. ľlpn 
pacno3HaBaHnn aHTHTe/io CBfl3biBaeTca c HeôojibmnM paňo- 
hom n;in CTpyKTypoň aHrareHa. 

OyHKyna amnTeji cxeMaraMHO npe/jCTaBJíeHa Ha 
phC. 23/i. HyxcepoAHbíň MaTepnan, u,npKy;inpyioiiinň b 
npoBn, — k npnMepy, tokchh hjih naToreHHaa 6aKTe- 
pna, — Ha noBepxHocra HeceT npe3eHTnpoBaHHbie aHra- 
reHbi. AHTnreH(bi) paeno3HaiOTCfl aHTHTejiaMn, KOTopbie 
o6pa3yiOT KOMnuenc aHTnreH-aHTHTejio. 3 tot KOMrnienc 


fl/ia cexpeuMM amme/i B-mieTKaMM 
HeoóxoAMMbi T-xe^nepbi 





AHTme^a ^ AHTHreH 



nepeBapMBaeT KOMn^exc 


P H C. 23.1 ryMopa/ibHbiŕí MMMyHHbiŕí OTBeT ocyiuecTB/iBeTCB nyieM 
CBB3blBaHMB CBOÔOflHblX aHTUTe/l C aHTMreHOM C 4)OpMMpOBaHMeM 
KOMn/ieKCOB aHTureH-aHTme/io, KOTopbie yfla/iBiOTCB MaKpoc|)araMM 
m/im Hanp/iMyK) aiaKyiOTca 6e/iKaMM KOMn/ieMema 

3aTeM npnBJíenaeT BHHMaHne APyr^x KOMnoHeHTOB hm- 
MyHHoň cncTeMbi. 

ľyMopajibHbíň OTBeT 3aBncnT ot Apyrnx KOMnoHeHTOB 
nMMyHHoň cncTeMbi. Bo-nepBbix, B-ioieTKn aojixchh nojiy- 
MHTb cnraajibi ot ocoôbix T-mieTOK, mtoôh Hanara ceKpera- 
poBaTb aHTHTena. 3ra T-KJieTKH Ha3bmaioT T-xejmepaMH, 
nocKOJibKy ohh 0Ka3biBai0T noMoiyb B-ioieTKaM. Bo-bto- 
pbix, o6pa30BaHHe KOMn^enca aHrareH-aHTHTejio hhhljh- 
npyeT npou,ecc yHHMTOxceHna aHrareHa. Ochobhoh nyTb 
yHHMToxceHHa — AencTBHe chctcmh KOMiuieMema, kom- 
noHeHTa HMMyHHon CHCTeMbi, Mbe Ha3BaHne oTpaxcaeT ero 
enOCOÔHOCTb JlOnOJIHÍITb, «KOMnJieMeHTHpOBaTb» ACHCTBHe 
aHTHTejia. CncTeMa KOMnjieMeHTa BKJiiOMaeT b ce6a okojio 
20 ôe^KOB, KOTopbie ocyniecTB/iaiOT cboh ^lyHRiinn nyTeM 
Kacna/^a npoTeojíHTHMecKnx peanniHH. B aiynae, nor^a aH- 
rareH nBjmtTcn nacraio kjictkh — HanpHMep, HH(j)Hu,Hpy- 
lonien ôaKTepHH, — cjjyHKíiHOHnpoBaHHe CHCTeMbi kom- 
n^eMema npHBOAHT k jiH3ncy stoh ny^cepo^Hon KJieTKn. 
Pe3yjibTaT ^enc tbhh CHCTeMbi KOMnjieMeHTa Taione cji^cht 
/ yia npnBjíeMeHHH BHHMaHna ManpocjiaroB, yAajiínom,Hx ny- 
XCepOflHbie KJICTKH H npOUyKTbl HX >KH3Hejie5ITeJIbHOCTH. 
C Apyron cTopoHbi, KOMn^enc aHTnreH-aHTHTejio MOxceT 
yHHHToxcaTbCfl HenocpeACTBeHHO Manpo^araMH (mieTKa- 
MH-Mycopm,HKaMH). 

OcoÔblH Knacc T-^HM^)OU,HTOB — ĽÍHTOTOKCHHeC- 
KH€ T-KJieTKH (T-KHJI^epbl) — BbinOJIHÍieT KJieTOH- 
HO-onocpeAOBaHHWH otbct. OcHOBHaa (J)yHKu,Híi 


23.1 BBeAeHkíe 583 










T-mieTOK no pacno 3 HaBaHHio u,ejieBoro aHTnreHa cxeMa- 
thhho npe/jCTaBJíeHa Ha P M c. 23.2. KjieTOHHO-onocpeflo- 
BaHHblH OTBeT OÔblHHO BbI 3 bIBaeTCfl BHyTpHKJieTOHHbIMH 
napa 3 HTaMH, HanpHMep BHpycaMH, HHcjjHu.HpyiomHMH 
KJieTKH opraHH 3 Ma. B pe 3 yjibTaTe BupycHon HH(j)eKij,HH 
cjjparMeHTbi nyacepoAHbix (BHpycHbix) aHTHreHOB skc- 
noHHpyiOTca Ha noBepxHocTH kjictkh. 3th cjjparMeHra 
pacno 3 HaiOTca peijeiiTOpaMH T-KjieTOK (TCR), aBJíaio- 
IU,HMHCa T-KJieTOMHblMH SKBHBaJieHTaMH aHTHTCJI, npOAy- 
u,HpyeMbix B-ioieTKaMH. 

OrjiHHHTejibHOH nepTOH npouecca pacno3HaBaHHa 
aBJíaeTca to, hto anmuzeH dojiMen 6umb npe/jCTaBJíeH 
cneUfUcuibHbiM ôejiKOM , nejmiomuMCH yjienoM rjiaBHo- 
ro KOMiuieKca rHCTOCOBMecTHMOCTH (MHC). Ee;ioK 
MHC Ha noBepxHocTH HeceT 6opo3/jKy, KOTopaa CBa3bi- 
BaeT ôejiKOBbin cjjparMeHT nyxcepo/jHoro aHrareHa. Pe- 
u,enTop T-kjictok pacno3HaeT nenTH/jHbiH (J)parMeHT b 
KOM6HHau,HH c ôejiKOM MHC Kaxc/jbin opraHH3M HMeeT 
cboh xapaKTepHbin Haôop ôejiKOB MHC. Ohh BaxcHbi b 
peaKijHflx oTTopxceHHa TpaHcrniamaTa; ynacTOK TKaHH 
ot OAHoro nejiOBeKa npn nepeca/jKe /jpyroMy nejiOBeKy 
OTTopraeTca hmchho BBH/iy pa3JiHHHH b ôejiKax MHC y 
AOHopa h peu,HnHeHTa, h sto HMeeT ôojibinoe 3HaneHHe 



PC, 23.2 ľlpu K/ieTOHHO-OnOCpeflOBaHHOM MMMyHHOM OTBeTe KMJ1- 
/íepHbie T-K-neTKM ncno/ib3yiOT peuemopbi T-K/ieľOK ajia pacno3Ha- 
BaHMfl c|)parMeHTa HywepoflHoro aHTMreHa, npe3eHTMpoBaHHoro Ha 
noBepxHocTH ue/ieBoŕí K/ieTKM 6e/iKOM MHC 


b MeflHíjHHe. Bbino^HeHHe ycjiOBHa, hto T-aHMcjjou.HTbi 
pacno3HaiOT nyacepoflHbiH aHrareH h ôejiOK MHC, rapaH- 
THpyeT, MTO KJieTOMHO-Onoepe/IOBaHHblH OTBeT ACHCTBy- 
eT TOJibKo Ha KJieTKH xo3flHHa, HH(J)Hij,HpoBaHHbie nyace- 
poAHbiM aHTHreHOM. (Pa3Ae;ieHHe ôejiKOB MHC Ha miacc 
I h II Mbi oôcyAHM no3xce, b pa3/j. 23.20 «JIoKyc rjiaBHoro 
KOMn^eKCa rHCTOCOBMecTHMOCTH KOAHpyeT MHOXCeCTBO 
reHOB HMMyHHOH CHCTeMbI».) 

U,ejibio jnoôoro HMMyHHoro oTBeTa aBJíaeTca aTaKa ny- 
xcepoAHoro arema. Pacno3HaBaHHe 3Toro arema — npepo- 
raTHBa B-mieTOMHbix HMMyHorjioôyjiHHOB h peu,enTopoB 
T-mieTOK. KjnoneBOH MOMem b hx cjjyHKíiHH — sto cnocoó- 
HOCTb OTJIHMaTb «CBOHX» H «Hy>KHX». EeJIKH H KJieTKH COÔC- 
TBeHHoro opraHH3Ma nmozda He /jojDKHbi ôbiTb aTaKOBaHbi. 
A ny^cepoAHbie areHTbi /jojdrhm ôbiTb nomocnmo ynm- 
moMeuu . Cbohctbo He aTaKOBaTb cboh kjictkh Ha3biBaioT 
TOJiepaHTHOCTbio. YTpaTa stoh cnocoÔHOcra npHBOAHT k 
ayTOHMMyHHOMy 3a6ojieBam«o, npn kotopom HMMyH- 
Haa CHCTeMa aTaicyeT coôcTBeHHbiH opraHH3M, mto nacTO 
HMeeT pa3pyniHTejibHbie noejiejíCTBHa. 

KaKOB xce MexaHH3M npe/jOTBpameHHa peaKijHH jihm- 
(j)OI],HTOB Ha ÔeJIKH CBOerO OpraHH3Ma? nO-BH/JHMOMy, 
TOJiepaHTHOCTb B03HHKaeT Ha paHHHX CTaAHaX pa3BHTHH 
jihm4>ou,htob, Kor/ja B-kjictkh h T-kjictkh, pacno3Haio- 
iijne «cboh>> aHTHreHbi, yHHHToacaiOTca. 3 tot npou.ecc Ha- 
3biBaiOT KjiOHajibHOH ^ejiei^HeH. B AonojiHeHHe k stoh 
H eraTHBHOH eeJieKU,HH eCTb H n03HTHBHaa, C OTÔOpOM 
T-KjieTOK, Hecymnx onpejiejieHHbie Haôopbi peu,enTopoB 
T-KJieTOK. 

H3-3a TOJiepaHTHOCTH MoxceT OKa3aTbca oneHb Tpy/j- 
ho nojiynHTb aHTHTejia k ôejiKaM, 6jiH3KopoACTBeHHbiM 
ôejiKaM coôcTBeHHoro opraHH3Ma. C npaKTHnecKOH tomkh 
3peHHa ôbrnaeT cjiojkho Tpy^HO Hcnojib30BaTb Mbinib hjih 
KpojíHKa, k npHMepy, /yia nojiyneHHa ammeji k ôejiKaM 
nejiOBeKa, aBJiaioii],HMca BbicoKOKOHcepBaraBHbiMH b sbo- 
JHOU,HH MJieKOnHTaiOIIl.HX. TOJiepaHTHOCTb MbiníH H KpOJIH- 
Ka k coôcTBeHHbiM ôejiKaM MoaceT b stom cjiynae pacnpo- 
CTpaHaTbea h Ha MejiOBenecKHe ôejiKH. 

BejiKH b Kaxc/],OH H3 Tpex rpynn, HeoôxoAHMbix /yia pa3- 
BHTHa HMMyHHOľO OTBeTa — HMMyHOľJIOÔyJIHHbl, T-KJieTOa- 
Hbie peu,enTopbi h ôejiKH MHC, — oneHb pa3Hoo6pa3Hbi. 
Hccjie/iya ôojibmoe mhcjio jiioach, moxcho Hanra mhoxccctbo 
BapnaHTOB sthx ôejiKOB. Kaxc/i,biH ôejiOK KOAHpyeTca 6ojib- 
iuhm ceMencTBOM reHOB; b cjiynae aHTHTeji h peu,enTopoB 
T-KJieTOK MHoroo6pa3He yBejiHHHBaeTca peopraHH3auneH 
Jl HK B COOTBeTCTByiOIIl.HX JIHM^)OU,HTaX. 

HMMyHorjioôyjiHHbi h peu,enTopbi T-KJieTOK — npa- 
Mbie aHajiorn, ho Kaxc/jbiH o6pa3yeTca cbohm TnnoM 
jiHMcjjou.HTOB. 3th ôejiKH poACTBeHHbi no CTpyKType, a 
hx reHbi cxoAHbiM o6pa30M opraHH30BaHbi. Hctomhhkh 
MHoroo6pa3Ha hx noMTH OAHHaKOBbi. BejiKH MHC TaioKe 
HMeiOT HeKOTopbie o6ui,He nepTbi c aHTHTejiaMH, KaK h 
Apyrne jiHM^ou.HT-cneu.H^HMHbie ôejiKH. B oTHonieHHH 
opraHH3au,HH reHOB HMMyHHOH CHCTeMbi Mbi HMeeM AeJio 
c u,ejibiM pa/^OM poACTBeHHbix ceMencTB reHOB, to ecTb 
c cynepceMeHCTBOM, KOTopoe Morjio o6pa30BaTbca H3 
oômero npeflinecTBeHHHKa, onpeAejiaBuiero npHMHTHB- 
HblH HMMyHHblH OTBeT. 
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23.2 


HMC/ieHHOCTb JlMMíJlOUMTOB/ 
OTBenaiomMx Ha onpeAe/ieHHbie 
aHTMreHbi, yBe/iMmiBaeiCH 
6/iaroAapn wioHa/ibHou 
cejieKUMM 


K/HoneBbie noHHTMB: 


• Ka>KAbm B-jimmc|)Oamt npoAyuupyeT MMMyHor/io6yjiMH oflHoro 
BMfla, a Kawflbiíí T-jimmc|)oumt npoAyUMpyeT peuemop T-K/ieľOK 
OAHoro BMAa. 

• CymecTByeT orpoMHoe pa3Hoo6pa3ne MMMyHor/io6yjiMHOB m 
peuenTopoB T-K/ieľOK. 

• CBB3biBaHne aHTureHa c MMMyHorjio6y/iMHOM mjim peuenTopoM 
ľ-KJieTOK npMBOAMT K p33MHO)KeHMK) KOHKpeTHOTO K/10H3 
KJieTOK. 


TepMHH «HMMyHHbiň 0TBeT» nojiyHHJi TaKoe Ha3BaHHe H3- 

3a OAHoro H3 r/iaBHbix ero npH3HaKOB. noc;ie BCTpenH op- 
raHH3Ma c aHTHreHOM oh craHOBHTca UMMynnuM k hobhm 
HH( j)eKĽI l HflM. flo BCTpeMH C KOHKpeTHbIM aHTHreHOM y op- 
raHH3Ma HeT bo3mo>khocth npe/jOTBpaTHTb ero TOKCHnee- 
KHe 3(J)(J)eKTbL 3Ta cnocoÔHOCTb npHoôpeTaeTca bo BpeMa 
HMMyHHoro OTBeTa. noc/ie noôeAbi HaA HH(j)eKij,HeH opra- 
hh3m coxpaHaeT cnocoÔHOCTb ôbicTpo OTBenaTb b cjiynae 
nOBTOpHOH HH(j)eKI],HH. 

3th ocoôeHHOCTH oô^acHaioTca Teopnen K/iOHajib- 
hoh cejieio^HH, noKa3aHHOH Ha p m c. 23.3. ľlyji jihmcJx)- 
U.HTOB BKJnonaeT b ce6a B-kjictkh h T-kjictkh, HecymHe 
orpoMHoe pa3Hoo6pa3He HMMyHorjioóy/iHHOB kjih T-mie- 
TOMHbix peu,enTopoB. Kaycduu B-jiim^oUfUm npomeodum 
odun mun UMMynozjíoôyjiunoe, cnocoônuu pacno3naeamb 
mojibKo odun KOHKpemnuú anmuzen; cxodnbiM oôpcuoM, 
KCDtcdbLú T-jiuM0on l um npou36odum mojibKo odun cnei^u- 
(fimecKuu T-KJiemoHHuu peu,enmop. 

He3pe;ibie HecTHMyjmpoBaHHbie B- h T-KJieTKH Mop- 
(J)OJiorHMecKH HeoTjiHMHMbi Apyr ot Apyra. ľlpn BCTpene c 
aHTHreHOM B-KJieTKa, o6pa3yK>mafl aHTHTe/io, cnocoÔHoe 
CBa3biBaTbca c hhm, hjih T-KJieTKa, Hecymaa peu,enTop, 
cnocoÔHbiH ero pacno3HaBaTb, no/iynaiOT CTHMyji k Ae- 
jieHHio, BepoaTHO, nyTeM oôpaTHOH cba3h c noBepxHoe- 
th KJieTKH, r^e npoHexoAHT peaKu,Ha aHrareH-aHTHTe- 
AO/peU,enTOp. OTHMyJIHpOBaHHbie KJieTKH pa3BHBaiOTCfl 
B 3pe^bie B- HJIH T-JIHM(jX)Ľl l HTbI, HTO BKJIIOHaeT b ce6a 
MopcJ)o^orHMecKHe H3MeHeHHa, BKJHonaiomHe, k npn- 
Mepy, yBe/iHHeHHe b pa3Mepax (ocoôeHHo sto KacaeTca 
B-kjictok). 

HanaBmyioca OKcnaHCHio cneu,H(j)HHecKHx B- hjih 
T- mieTOK npH nepBoň BCTpene c aHTHreHOM Ha3breaiOT 
nepBH'iHUM HMMyHHWM otbctom. 06pa3yeTca 6o;ib- 
rnoe mhcjio B- h T-^hm^)ou,htob, cneu,H(j)HHHbix k u,e;ie- 
BOMy aHTOreHy. KaxcAaa nonyjiflu,Hfl npeACTaBJíaeT coôoh 
kjioh hcxoahoh pearapyiomeň KJieTKH. B-mieTKH cexpeTH- 
pyioT aHTHTena b ôojibiuoM KOJiHnecTBe, h ohh Moiyr Aaxce 
npeoôJiaAaTb bo Bcen nony^au,HH aHTHTen. 

ľlocjie ycneniHoro nepBHMHoro HMMyHHoro OTBeTa 
opraHH3M coxpaHaeT B- h T-ioieTKH, npoH3BOAamHe co- 
OTBeTCTByioiii.He aHTHTena h^h peu,enTop. TaKHe kjictkh 


Pacno3HaBaHne aHTMreHa cnymni 

CnyCKOBbIM MexaHM 3 MOM A/Iil K/IOHa/lbHOií 3 KCIldHCMM 
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PMC. 23.3 riy/i He3peAbix amm^oamtob BKAionaei b ce6n B-K/ieTKM m 
T-KA eTKM, o6pa3yioiAMe aHTme/ia m peuenľopbi c pa3Hoo6pa3HbiMM 
Cľiei4MC|)MHHOCTBMM. PeaKLJMfl C aHTHreHOM npMBOAHT K KJlOHa/lbHOM 
3KcnaHcnn AMMc|)ouma, o6pa3yioiAero aHTme^a (B-AMMc|)oum) mam 
peuenTop (T-amc|)oumt), pacno3HaioiAMe AaHHbiM aHTMreH 


naMATH HaxoA^Tca b npoMexcyTOMHOM coctoíihhh Mexc- 
Ay 3pe^biMH h He3pe^biMH KJieTKaMH. Ohh He HMeioT 
Bcex npH3HaKOB 3pe^bix KneTOK, oAHaKO Taxne KJieTKH 
AOJiroxcHByiAHe w MoryT óbicTpo npeBpaTHTbca b 3pe^bie 
KJieTKH. npHCyTCTBHe TaKHX KJieTOK B OpraHH3Me n03B0- 
AaeT ÔblCTpO pa3BHTb BTOpH^HWH HMMyHHblH OTBCT, 
ecjiH xcHBOTHoe CHOBa BCTpeTHTca c TeM xce caMbiM aH¬ 
THreHOM. 

ľlyji He3pe^bix ^hm^)ou,htob y M^eKonHTaioiii.Hx bkjiio- 
naeT b ce6a npHMepHO 10 12 KJieTOK B HeM coAepxcaTca He- 
KOTOpbie JIHM^)OUHTbI C yHHKaJIbHbIMH OCOÔeHHOCTÍIMH 
(nocKOJibKy eooTBeTCTByioiAHe aHTHreHbi eui,e hh pa3y He 
BCTpeMajiHCb), b to BpeMfl xaK HeKOTopbie Apyrne npeA- 
CTaB^eHbl B KOJIHMeCTBe AO 10 6 KJieTOK (nOCKOAbKy hhcao 
KJ ieTOK, oTBenaioiAHx Ha aHTHreH, yBejiHMHBaeTca ô^aro- 
Aapa KJioHa/ibHOH cejieKu,HH). 
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KaKHe ocoôchhocth paeno 3 HaiOTca b aHTHreHe? 
AHTHreHbi oôbiMHO aBjíaioTca MaKpoMOJieKyjiaMH. Heôojib- 
iime MoaeKyjibi Moiyr HMeTb aHrareHHbie /jeTepMHHaHTbi 
h MOiyr pacno 3 HaBaTbca aHTHTeaaMH, xoTa oôbiMHO ohh 
HC 3 (jxj)eKTHBHbI B CTHMyjlfllJHH HMMyHHOľO OTBeTa BBHAy 
CBoero Maaoro pa 3 Mepa. O^HaKo ohh Moiyr Bbi 3 breaTb hm- 
MyHHbiH oTBeT, ee;iH KOH'biorHpyiOT c ôo/ibmen Heeymen 
MOJieKyjioň (oôbiMHO sto óeaoK). Heôojibiuyio MOJieKyay, 
OIOCOÔHyiO BbI 3 bIBaTb HMMyHHblH OTBeT no TaKOMy npH- 
Hynny, Ha 3 biBaiOT ranTeH. 

JlHííib Heôojibiuaa nacTb noBepxHOCTH MaKpoMoaeKy- 
jiapHoro aHTHreHa paeno 3 HaeTca oahhm KOHKperabiM aH- 
THTejiOM. CanT CBa 3 biBaHHa coctoht Bcero H 3 nara-mecTH 

aMHHOKHCJIOTHblX OCTaTKOB. Pa3yMeeTCa, KaXCAblH ÔeJIOK 

MoxceT HMeTb ôojibiue OAHoro earrra rj\% CBa3biBaHHa, b 
stom ejiynae oh paeno3HaeTca aHTHTejiaMH co eneyH(j)HH- 
hoctíimh k pa3HbiM ynacTKaM. Oô/iacTb aHrareHa, Bbi3biBa- 
iomyio OTBeT, Ha3biBaiOT aHTnreHHOH ^eTepMHHaHToň, 
hjih siihtoiiom. Ecjih aHTnreH eoAepacHT HecKOJibKo snH- 
TonoB, HeKOTopbie H3 hhx MoryT 6biTb ôoaee 3(}xj)eKTHBHbi 
B BbI3bIBaHHH HMMyHHOľO OTBeTa; (j)aKTHHeCKH, OHH MOiyT 
ÔbITb HaCTOJlbKO 3(jxj)eKTHBHbI, 4T0 ÔyAyT AOMHHHpOBaTb B 
HMMyHHOM OTBeTe. 

Kax jiHM^)OLi,HTbi HaxoA^T yeaeBbie aHrareHbi h r^e 
npOHCXOAHT HX C 03 peBaHHe? JlHM(}X)yHTbI — CTpaHCT- 
Byioiyne KJieTKH. Ohh pa 3 BHBaiOTca H 3 He 3 pe;ibix cTBOJiOBbix 
KJieTOK, pacno^oxceHHbix b kocthom M 03 re. 3 aTeM Mnrpn- 
pyioT b nepH(j)epHHecKHe jiHM(j)OHAHbie TKaHH (ee;ie 3 eHKy, 
^HM^aranecKHe y 3 ;ibi) jihôo HanpaMyio c tokom kpobh 
( ec™ sto B-mieTKH), jihôo nepe 3 THMyc (r^e ohh cTaHO- 
BflTCfl T-lUieTKaMH). JlHM(j)OyHTbI peyHpKyJIHpyiOT MOKAy 
KpoBbio h jihmcJjoh; stot npoyeee rapaHmpyeT, MTO aH- 
THreH Ôy^eT SKCnOHHpOBaH JIHM(j)OyHTaM CO BCeMH B 03 - 
moxchhmh eneu,H^)HMHOCTaMH. KorAa jiHM(j)oyHT BCTpena- 
eT aHTHreH, CBa 3 bmaioii] 1 HH ero aHTHTejio hjih peyenTop, 
miOHajibHaa SKcnmcm HanHHaeT HMMyHHbiH OTBeT. 


23.3 


reHbl MMMyHOrJIOÓyjIMHOB 
KOMflOHytOTCfl M3 COCTaBHblX 
HaCTeŇ B i1MM(|)04MTaX 


KiHOHeBbie noHATMíi: 


• MMMyHorjio6y/iMH — sto TeipaMep, coctobiamm m AByx jierKMx 
m flByx TB>Ke/ibix ueneíí. 

• JlerKne i\euv\ c|)opMMpyK)T ceMeŕícTBa jibMÔ fla m Karina; 

Tflwe/ibie uenu othocbtcb k eflMHCTBeHHOMy 
ceMeŇcTBy. 

• B Ka>Kfloíí uenM npMcyľCTByeT N-KOHueBOŇ BapMa6e/ibHbiíí 
paŕíOH (V) M C-KOHUeBOM KOHCTaHTHbm paŇOH (C). 

• V-AOMeH pacno3HaeT aHTnreH, a C-flOMeH o6ecneHMBaeT OTBeT 
3C|)C|)eKTOpHOM H3CTM. 

• V-flOMeHbi m C-flOMeHbi KOflupyiOTCB OTfle-nbHo cerMemaMM 

V-reHa m C-reHa, cooTBeTCTBeHHo. 

• ľeH, KOAMpyioiAMÍí MMMyHor^o6y^MHOByK) i\enb, o6pa3yeTCB 
b xoAe coMaTunecKoŕí peKOMÔMHaAMM nyieM oôbeABHeHMíi 
cerMeHTOB V- m C-reHOB. 


OTJIHMHTeJIbHOH MepTOH HMMyHHOľO OTBeTa flBJIfleTCfl 
enOCOÓHOCTb XCHBOTHOľO npOH 3 BOAHTb COOTBeTCTByiOmee 
aHTHTejio npH BCTpene c hobmm aHTHreHOM. KaKHM xce 06 - 
pa 30 M OpraHH 3 M MOXCeT npOH 3 BOAHTb Ôe^KOBbie aHTHTe/Iä, 
KaxcAoe H 3 KOTopbix HMeeT cneu,H^)HMecKyio CTpyKTypy /yw 
pacno 3 HaBaHHa aHTHreHa, cj)opMy KOToporo 3 apaHee npeA- 
nOJIOXCHTb HCB 03 M 0 XCH 0 ? 

B npaKTHMecKHx ye^ax mm oôbiHHO noaaraeM, mto 
M aeKonHTaioiii.ee MoaceT o 6 pa 30 BaTb ot 10 6 ao 10 8 pa 3 JiHH- 
hhx TnnoB aHTHTe/i. KaxcAoe aHTHTeno — sto HMMyHor- 
aoôyaHHOBbiH TeTpaMep, cocToamHH H 3 AByx HAeHTHMHbix 
jierKHx u,eneň (L) h AByx HAeHTHHHbix thhccjiux i^e- 
neň (H). Ecjih CMHTaTb, mto jyin C 03 AaHHa amme/ia ksľk- 
Aaa aerxaa u,enb MoaceT o 6 T.eAHHaTbca c KaacAOH Taaceaoň 
yenbio, to ruk 10 6 —10 8 noTeHijHajibHbix aHTHTea Heoôxo- 

AHMO 10 3 —10 4 pa3JIHHHbIX AeľKHX H CTOAbKO JKt pa3JIHH- 
Hbix Taaceabix yenen. 

Cynj,ecTByeT ABa rana aerKHx yenen h okojio 10 TnnoB 
Taaceabix. Pa3Hbie miaccbi HMMyHoraoôyaHHOB BbinoaHa- 
IOT pa3Hbie 3(J)(J)eKTopHbie (J)yHKLi l HH. Kaacc HMMyHorao- 
ôyaHHOB onpeAeaaeTca KOHCTaHTHbiM ynacTKOM TaaceaoH 
u,enH, KOTopbiH h BbinoaHaeT 3^)^)eKTopHyio c^yHRyHio 
(cm. pne. 23.17). 

CrpyKTypa TeTpaMepa-HMMyHoraoôyaHHa noKa 3 aHa 
Ha P M c. 23 . 4 . JlerKHe h Taaceabie u,enH HMeiOT b u,ejiOM 
exoAHyio opraHH 3 au,Hio. ľlpn stom KaacAaa H 3 hhx co¬ 
ctoht H 3 AByx npHHijHnHajibHO pa 3 aHMHbix panoHOB: 
N-KOHueBoro BapnaGejibHoro ynacTKa (V-ynacTOK) 
h C-KOHu,eBoro KOHCTaHTHoro ynacTKa (C-ynacTOK). 
Hcxoaho hx onpeAejiHJiH nyTeM epaBHeHHa noeaeAO- 
BaTeJIbHOCTeH aMHHOKHCaOTHblX OCTaTKOB pa 3 HbIX ye- 
nen HMMyHoraoôyaHHOB. KaK npeAnoaaraiOT Ha 3 BaHHa, 
BapHaôejibHbiH ynacTOK HMeeT ôoabnioe pa 3 HOo 6 pa 3 He 
noejieAOBaTejibHOCTeH y pa 3 Hbix 6 eaKOB-HMMyHorao 6 y- 
ahhob, b to BpeMa KaK KOHCTaHTHbiH ynacTOK oôaaAaeT 
6 oaee BbipaaceHHOH KOHcepBaTHBHocTbio. 

fljia o 6 pa 30 BaHHa oTAeabHbix aomchob 6 eaKa-HM- 
MyHoraoôyjiHHa eooTBeTCTByioiii.He panoHbi aerrax h 
T aa<e;ibix yenen eoeAHHaiOTca. 

BapHaôeabHbiH aomch (V) o6pa3yeTca nyTeM ac- 
cou,Hau,HH BapnaôeabHbix ynacTKOB aerKOH h Taaceaoň 
u,enH. V-doMen orneenaern 3a pacno3Haeanue anmuze- 
na. HMMyHoraoôyaHH HMeeT Y-noAOÔHyio CTpyKTypy, 
B KOTOpOH naeMH STOH ÔyKBbl Y HAeHTHMHbl H Ka)KAOe 
HeeeT OAHy Konnio V-AOMeHa. 06 pa 30 BaHHe V-aomchob 
c pa 3 AHMHbIMH CneU,H^)HMHOCTaMH A^eT B 03 M 0 XCH 0 CTB 
OTBenaTb Ha pa 3 HOo 6 pa 3 Hbie aHTHreHbi. B u,eaoM hhuio 
BapnaôeabHbix ynacTKOB nm ôeaKOB KaK aerKHx, TaK h 
T aaceabix yenen H3MepaeTca eoTHaMH. TaKim oôpa30M, 
srnu ôejiKu MaKcimanbuo pa3noo6pa3uu e ynacmKax, 
omeemcmeeHHUx 3a c6R3U6anue anmuzena. 

HhCJIO KOHCTaHTHblX ynaCTKOB 3HaMHTeabHO MeHb- 
rne, neM hhcjio BapnaôeabHbix, — oôbiMHO ot OAHoro ao 
AeeaTH C-ynacTKOB a^ KaacAoro THna yenH. KoHCTaHT- 
Hbie ynacTKH b HMMyHoraoôyaHHOBOM TeTpaMepe acco- 
ynpoBaHbi Apyr e ApyroM TaKHM o6pa30M, MToôbi eo3Aa- 
BaTb oTAeabHbie C-aomchm. ľlepBbiH aomch — pe3yabTaT 
accou,Hau,HH eAHHCTBeHHoro KOHCTaHTHoro ynacTKä 
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TetpaMep ammena Hecet oTAe/ibHbie AOMeHbi 



?Wi. 23,4 Tajne/ian m /íerKaa i\euv\ (rôbeAUMfliOTCfl a/ia o6pa30BaHMfl 
MMMyHor/io6y/iMHa, MMeiomero HecKO/ibKO OTAe/ibHbix AOMeHOB 


jierKoň u,eriH (C L ) c C H rHacTbio KOHCTaHraoro ynacTKa 
Taacejion u,enH. Be koíihh sToro AOMeHa C03Aai0T mie™ 
Y-noAOÔHoň MOJieKyjibi. riyreM o6T>eAHHeHHa C-panoHOB 
TJDKejibix ueneň o6pa3yiOTca AonojiHHTejibHbie C-aomchm, 
npHHeM HHCJIO STHX AOMeHOB B O/JHOH MOJieKyjie MO^CeT 
BapbHpoBaTb b 3aBHCHMoera ot THna Taacejioň u,enH. 

CpaBHHBaa xapaKTepHCTHKH BapHaôejibHbix h koh- 
CTaHTHbix ynacTKOB, Mbi bhahm rjiaBHyio AHJieMMy b 
CTpyKType reHa HMMyHonioôyjiHHa. KaKHM o6pa30M b 
reHOMe 3aKOAHpoBaH u,ejibiH Haôop ôejiKOB, b KaacAOM H3 
KOTopbix jiioôaa OTAejibHaa nojiHnenTHAHaa u,enb aojdk- 
Ha HMeTb oahh H3 MeHee 10 B03M0>KHbix C-ynacTKOB, 
HO npn STOM Taoce HMeTb OAHH H3 HeCKOJIbKHX COTeH 
B03M0^CHbix V-ynacTKOB? OKa3biBaeTca, hto hhcjio ko- 
AnpyioiAHX nocjieAOBaTejibHocTeH nm KaacAoro ynacTKa 
OTpaacaeT ero BapHaôejibHOCTb. CymecTByeT MHoacecTBO 
reHOB, KOAHpyioiAHx V-ynacTKH, ho Jinnib HecKOJibKo re- 
hob nm C-ynacTKOB. 

B stom KOHTeKCTe noHHmue «zeu» 03Hmaem nocjie- 
doeamejibHOcmb flHK, KodupyToiuyn) omdejibnyw uacmb 
wmynozjíoôyjiuHoeozo nojiunenmuda (nacTb Taacejioň hjih 
jierKOH u,enH). TaKHM o6pa30M, V-reHbi KOAnpyioT Bapna- 
ôejibHbie yMacTKH, a C-reHbi KOAnpyioT KOHCTaHTHbie ynac- 
tkh, xoTa hukukou U3 3mux zeuoe ne 3Kcnpeccupyemcn 
kuk He3aeucuMaH eduuui^a. V-reH aojdkch cj)H3HHecKH co- 
eAHHHTbca c C-reHOM, qToôbi nojiyHHJiacb nocjieAOBaTejib- 
HOCTb, cnocoÔHaa SKcnpeccHpoBaTbca b bhac ayTeHTHHHOH 
JierKOH hjih Taacejion u,enH. B stoh CHCTeMe ABa «reHa» ko- 
AnpyioT oahh nojiHnenTHA. Bo H3ôe^caHHe HeAonoHHMaHHa 
Mbi ôyjxm Ha3bmaTb sth noejieAOBaTejibHOCTH «reHHbiMH 
cerMeHTaMH», a He «reHaMH». 

ľlocjieAOBaTejibHOCTH, KOAnpyioiAHe jiencne h Ta- 
xcejibie ijeriH, coeAHHaioTca TaKHM ace o6pa30M: jitoôou 
U3 MHOMecmea V-zennux cezMenmoe MOMern coedu- 
HumbCR c juoôbtM U3 uecKOJibKux C-zennux cezMenmoe. 


3 Ta coMaTiraecKafl peKOMOiiHapna nponcxoAHT e 
B-jiuMípotifUme, nupuôumueuTou^eM anmumejio. Oc- 
HOBHaa pojib b o 6 pa 30 BaHHH orpoMHoro pa 3 Hoo 6 pa 3 Ha 
HMMyHorjioôyjiHHOB npHHaAJiexcHT ôojibiuoMy HHCJiy ao- 
CTynHbix V-reHHbix cerMeHTOB. OAHaKO MHoroo 6 pa 3 ne 
He nojiHOCTbio 3 aKOAnpoBaHO b reHOMe; onpeAejieHHbie 
BapHau,HH B 03 HHKai 0 T b npou.ecce o 6 pa 30 BaHHa (jjyHKíjH- 
OHajibHoro reHa. 

B u,e;iOM Bce sto onncaHne moxcho npHMeHHTb h k 06- 
pa30BaHHio ^jyHKUHOHajibHbix reHOB, KOAHpyiomHx 6e;i- 
KOBbie u,enH T-KJieTOHHbix peijenTopoB. Ha noBepxHocra 
T-kjictok coAepacaTca ABa rana peu,eriTopoB — oahh, cocto- 
aui,HH H3 AByx THnoB u,eneH, Ha3biBaeMbix a h p, h BTopon, 
cocToam,HH H3 y h ô uenerí. ľloAOÔHO reHaM HMMyHorjio- 
ôyjiHHOB, reHbi, KOAnpyioiAHe u,enH T-mieTOHHbix pei^en- 
TOpOB, COCTOflT H3 OTACJIbHblX HaCTCH, BKTIOHaiOIAHX V- H 
C-o6jiacTH, oô'beAHHaioiii.Heai b aKTHBHOH T-KJieTKe (cm. 
pa3A. 2 3.18 «T-mieTOMHbie peuenTopbi cxoacn c HMMyHor- 
jio6y;iHHaMH»). 

TaKHM 0Ôpa30M, OCHOBHOH MOMeHT CHHTe3a HMMyHOr- 
jioôyjiHHOB coctoht b tom, mto oôwduHeuue V-zennux u 
C-zennux cezMenmoe e KJiemmx, npomeodmu^ux mrny- 
Hozjíoúyjľuuu (mu T-KJiemounue pei^enmopu), onvimaem 
amu KJiemm om ecex ocmajibnux coMammecmx KJiemoK 
mu KJiemoK3apoduiueeoúJiUHUU. 

Co3AaHHe reHa (J)yHKij,HOHajibHoro HMMyHorjioôyjiHHa 
hjih reHa T-ioieTOHHoro peuenTopa mo^cho paccMaTpH- 
BaTb KaK npou,ecc, onHcaHHbin JlaMapKOM: H3MeHeHHe re- 
HOMa b OTBeT Ha onpeAejieHHyio oeoôeHHOCTb (JjeHOTHna 
(aHTHreH). npn po^AeHHH opraHH3M He HMeeT ^)yHKu,HO- 
HajibHoro reHa wn npoH3BOACTBa KOHKpeTHoro ammejia 
hjih T-KjieTOHHoro peu,enTopa. Oh HMeeT ôojibmoe hhcjio 
V- reHHbix cerMeHTOB h ropa3AO MeHbniee mhcjio C-reHHbix 
cerMeHTOB. BnocjieACTBHH aKTHBHbin reH co3AaeTca H3 
sthx MacTeň Rjm npoH3BOACTBa aHTHTejia, cnocoÔHoro 
pearHpoBaTb c aHTHreHOM. Teopna miOHajibHOH cejieKUHH 
npeAnojiaraeT, mto STa peopraHH3au,Ha flHK ocynj,ecTBJia- 
eTca do ecmpenu c anmuzenoM, a 3aTeM npoHcxoAHT ce- 
jieKi^m KJieTOK, Hecymnx ôejiOK, cnocoÔHbiH CBa3biBaTbea 
c aHTHreHOM. Becb npou,ecc npoHcxoAHT b coMaTHnecKHx 
KJieTKax h He 3aTparHBaeT kjictkh 3apoAbimeBOH jihhhh; 
TaKHM o6pa30M, OTBeT Ha aHTHreH He nepeAaeTca noTOMC- 
TBy opraHH3Ma. 

CymecTByeT ABa ceMencTBa jierKHx uenen HMMyHor- 
jioôyjiHHOB, k h \ h oaho ceMeHCTBO, coAepacaiAee Bce 
THnbi Taacejibix u,eneH (H). KaacAoe ceMencTBO pacnojioace- 
ho Ha pa3Hbix xpoMoeoMax h coctoht TOJibKo H3 CBoero 
Haôopa V-reHHbix h C-reHHbix cerMeHTOB. 3 to Ha3biBaiOT 
3apodbiiueebLM nammepnoM, h TaKaa cTpyKTypa Haxo- 
AHTca b KJieTKax 3apoAbimeBOH jihhhh h b coMaTHMecKHx 
KJieTKax Bcex Apyrnx jihhhh, 3a HCKJHoneHHeM kjictok hm- 
MyHHOH CHCTeMbl. 

B mieTKe, SKcnpeccHpyioiii.eH ammejio (KaacAaa H3 ero 
qeneň — OAHa jierKaa u,enb (k hjih X) h OAHa Taacejiaa u,enb) 
KOAnpyeTca oahhm HHTaKTHbiM reHOM. ľlyTeM peKOMÔHHa- 
u,hh, coeAHHaioiAeH V-reHHbin cerMeHT h C-reHHbin cer- 
MeHT, C03AaeTCa aKTHBHblH reH, COCTOaiAHH H3 SK30H0B, 
TOMHO COOTBeTCTByiOIAHX (J)yHKUiHOHaJIbHbIM AOMeHaM 


23.3 ľeHbi MMMyHorjio6yjiMHOB KOMnoHytOTca M3 cociaBHbix HacTeíí b jiMM(})0UMTax 587 
















ôejina. Hhtpohm y/jajiaiOTca oôbihhbim cnocoôoM b xo/je 
craaHCHHra PHK. 

PeKOM 6 HHau,Ha MOK/iy V- h C-reHHbiMH ceraeHTaMH 
/Via o 6 pa 30 BaHHa (J)yHKijHOHajibHbix jioicycoB npoHCxo/jHT 
B nonyjiai],™ He 3 peabIX JIHM(jX)Ľ| 1 HTOB. y B-JIHM(j)OĽ| 1 HTa 
oôbihho ôbiBaeT jiHinb o/jHa npo/jyKTHBHaa peopraHH 3 au,Ha 
reHHbix cerMeHTOB jiencHx ijeneH (k vum X) h o/jHa — reH- 
hbix cerMeHTOB tjdkcjibix u,eneH. Cxoahbim oôpa 30 M, h 
T-ji h M(j)ou 1 HT npo/iyKTHBHO peopraHH 3 yeT a-reH h ( 3 -reH 
hjih o/jhh ô-reH h o/jhh y-reH. CTpyrcrypa aHTHTejia hjih 
T-mieTOHHoro peijenTopa onpefleaaeTca kohkpcthoh koh- 
(J)Hrypau 1 HeH cocahhhbiiihxoi V- h C-reHHbix cerMeHTOB b 
K aeTKe, hx npoH 3 BO/vnu,eH. 

npHHu,Hnbi, ójiaro/japa KOTopbiM oôpa 3 yiOTca (J)yHKu 1 H- 
OHajibHbie reHbi, o/jhh h Te xce b Kaxc/joM ceMerícTBe, ho ecTb 
pa3JiHHHa b /jeTaaax opraHH 3 au,HH V-reHHbix h C-reHHbix 
cerMeHTOB h, cooTBeTCTBeHHO, b peaKi/nax peKOMÓHHaijHH 
MexcAy hhmh. KpoMe V- h C-reHHbix cerMeHTOB b (J)yHKi/HO- 
HajibHbie coMaTHHecKHe Jioicycbi BKAKmioTca h Apyrae ko- 
poTKHe nocjie//OBaTeabHOCTH flHK (b tom HHCJie J-cerMeHTbi 
h D-cerMeHTbi). 


23.4 


JlerKMe uenw o 6 pa 3 yK>TOi 
nyieM eAMHCTBeHHoro aKTa 
peKOMÓMHaUMM 


KnioMeBbie noHflTMfl: 


• JlerKaB uenb/iflMÓAa c()opMMpyeTCB c noMombio eAMHCTBeHHoro 
aKTa peKOMÓMHauMM NiewAy V-reHOM m cerMemoM J-C. 

• V-reHHbiíí cerMeHT MMeeT /iMAcpHbiM 3 K 30 H, mhtpoh m 
nocaeAOBaie/ibHOCTb, KOAMpyiomyio Bapna 6 ejibHyio o 6 /iacTb. 

• J-C reHHbiíí cernem coctomt M3 KopoTKoro J-KOAMpyiotuero 
3K30H3, MHTpoHa m C-KOAMpyiomeM o6/iacTM. 

• JlerKaa uenb Kanna c()opMMpyeTCB nyieM eAMHCTBeHHoro aKTa 
peKOMÓMHauMM Me>KAy V-reHHbiM cerMemoM m oahmm M 3 nflTM 
J-cemeHTOB, npeAiuecTByioiAMx C-reHy 


/Iernaa u,enb X coÔHpaeTca H3 /jByx HacTeň, nan nonasaHO 
Ha p n c. 23.5. V-reHHbíň cerMeHT coctoht h 3 JiH/jepHoro 
3K30H3 (L), oTAeaeHHoro ot BapHaóejibHoro cerMeHTa (V) 

eAHHCTBeHHbIM HHTpOHOM. C-reHHblH CerMeHT COCTOHT H 3 

J-cerMema, oT/jejieHHoro hhtpohom ot KOHCTaHTHoro (C) 
3K30Ha. 



PHC. 23.5 C-reHHOMy cerMemy /ibm6a 3 npeAiuecTByeT J-cemeHT; tbkmm o6pa30M, V-J peKOMÓMHa- 
Umb co3AaeT cJjyHKUMOHa/ibHbiíí reH jierKOM uenM jiaMÓAa 
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Kanna-reHbi o6pa3yK>TCfl nyteM peKOMÔMHat^MM V-3 cemeHTOB 



PMC. 23.6 C-reHHOMy cerMeHTy Kanna npefliuecTByeT MHo>KecTBo J-cerMemoB b K/ieTKax3apoflbiiue- 
Boro nyTM. V-J coeflMHeHMe MO>KeT 6biTb Niewfly /íioóbiM M3 stmx J-cerMemoB, noc/ie nero npoMcxo- 
flMT cn/iaíícMHr k C-cememy bo BpeMB PHK-npoueccMHra 


J-ceraeirra (ot anzn. joining — coeflHHeHHe) 0603 - 
HanaeT paňoH, c kotopbim coeflHHaeTca V-cerMeHT. Ta- 
KHM 0Ôpa30M, peaKU,™ OÔ'beflHHCHHa He npOHCXOflHT 
HenocpeflCTBeHHO Meac/jy V- h C- cerMeHTaMH, a npoHC- 
xoaht Hepe3 J-cerMeHT; h norfla mbi oócyacflaeM coeflH¬ 
HeHHe V- h C-cerMeHTOB b arynae JierKHx ijeneri, mbi b 
flCHCTBHTeJIbHOCTH HMeeM B BHfly COeflHHeHHe V-JC. 

J-cerMeHT flOBOJibHO kopotkhh h KOflHpyeT nocJieflHHe 
HecKOJibKO aMHHOKHCJioTHbix ocTaTKOB BapHaôejibHoro 
paňoHa (nan onpefleaHJín rryreM aMHHOKHCJioTHoro cen- 
BeHHpoBaHHa). B HHTaKraoM reHe, oôpa30BaHHOM penoM- 
ÔHHauHeň, V-J cerMeHT npeflCTaBaaeT coôoh oahh 3K30h, 
KOflHpyiomHH Becb BapHaôe^bHbíň ynacTOK. 

noc;ieflOBaTe;ibHOCTb peaKijHH OÔ'beflHHCHHa cer- 
MeHTOB u,enH k noKa3aHa Ha p u c. 23.6. Jlernaa u,enb k co- 
ônpaeTca Taioxe H3 flByx nacTeň, ho b stom cjiynae ecTb 
HeKOTopbie OTjiHMHa b opraHH3au,HH C-reHHoro cerMema. 
Tpynna H3 na™ J-cerMemoB pacnpeflejieHa Ha ynacTKe ot 
500 fl o 700 nH h OTflejieHa ot 3K30Ha Ck hhtpohom ot 
2 flo 3 ™h. Y MbiuiH u,eHTpajibHbiH J-cerMeHT He (J)yHKU 1 H- 
OHajieH (^J3). VK-cerMeHT MoaceT coeflH h HTbca c jhoôbim 
H3 J-cerMeHTOB. 

Kanón 6bi J-cerMeHT hh Hcnojib30Bajica, oh CTaHOBHT- 
ca KOHeHHOH nacTbio HHTaKTHoro BapHaôeabHoro 3K30Ha. 
Bce ocTajibHbie J-cerMembi caeBa ot penoMÓHHHpyiomero 
J-cerMeHTa yflaaaioTca (J1 Ha pHcyHKe 6 hji yflajieH). Bce 


ocTajibHbie J-cerMeHTbi cnpaBa ot penoMÔHHHpyiomero 
J-cerMeHTa BoenpHHHMaioTca nan nacTb HHTpoHa Meacfly Ba- 
pHaÓeabHblM H KOHCTaHTHbIM 3K30HaMH (J 3 BKJIIOHaeTCa B 
HHTpoH, KOTopbíň Ha pHcyHKe Bbipe3aeTca). 

Bce (J)yHKijHOHajibHbie J-cerMeHTbi HecyT cHraaji Ha 
JieBOH rpaHHU,e, flaiOIflHH HM B03M0)KH0CTb peKOMÔHHH- 
poBaTb c V-cerMeHTOM; Taione ohh hmoot CHraaji Ha npa- 
boh rpaHHu,e, kotophh MoaceT Hcnojib30BaTbca /yia cmian- 
CHHra k C-3K30Hy. Kanón 6bi J-cerMeHT hh coeflHmuíca c 
V-cerMeHTOM, nocae coeflHHeHna ncnojib3yeTca ero CHraaji 
enaaHCHHra jyw npoijeccHHra PHK. 


23.5 


Tameabie Lienu o6pa3yiOTcn 
nyreM flByx aKTOB peKOMÓMHauMM 


KiiioMeBbie noHATMfl: 


• fl/lfl (J)OpMMpOBaHMB TflWe/lblX fleneíí B peKOMÓMHaUMM 
Mcno/ib3yiOTCB TaKMe 3/ieNieHTbi, Kax V-reH, D-cerMeHT 
m J-C-reHHbiíí cerMeHT. 

• ľlepBbiM payHfl peKOMÓMHauMM o6-beAMH5ieT D- n J-C-cemeHTbi. 

• Bľopoíí payHfl peKOMÓMHauwM coeflMHaeT V- c 
D-J-C-cerNieHTaMM 

• C-CerMeHT COCTOm M3 HeCKOJlbKMX 3K30H0B. 


23.5 Tawe/ibie uenu o6pa3ytOTca nyieM flByx a kto b peKOMÓMHaunu 589 




















Tflwesibie tieni* coónpaiOTcn nyteM noc/ieAOBaTe/ibHbix a kto b peKOMÓMHaijMM 



PMC. 23.7 ľeHbi Tflwe/ibix ueneíí o6pa3yiOTCfl nyieM noc/ieflOBaie/ibHbix peaKuníí coeflnHeHna. 
CHana/ia D-cerMeHT coeflnHfleicfl c J-cememoM, a 3aieM V-reHHbiíí cernem coeAMHfleica c D-cer- 
MeHTOM 


B o6pa30BaHHH tjdkcjioh u,enH ynacTByeT AonojiHHTejib- 
Hbíň cerMeHT. D-cerMeHT (ot omji. diversity — pa3- 

H006pa3He) 6blJI OTKpbIT B BH^e AOnOJIHHTeJIbHblX OT 
AByX A O TpHHaAIjara aMHHOKHCJIOTHblX OCTaTKOB B 
óejiKe MOK^y nocjieAOBaTejibHOCTfiMH, KOAHpyeMbiMH 
V-cerMeHTOM h J-cerMeHTOM. ynacTOK c ôojiee hcm 10 
D-cerMeHTaMH HaxoflHTca m xpoMOCOMe MOK^y mho- 
xcecTBOM V H -cerMeHTOB h HeTbipbMa J H -cerMeHTaMH. 

Oô'beAHHeHHe V-D-J npoHCxoAHT b abc cTa£HH, nan no- 
Ka3aHO Ha pmc. 23.7. OrnaTia oahh h 3 D-cerMeHTOB penoM- 
ÓHHHpycr c J H -cerMeHTOM; a V H -cerMeHT 3aTeM penoMÓH- 
HHpycr cDJh o6T>eAHHeHHbiM cerMeHTOM. 3 to coeAHHeHHe 
Be^eT k SKnpeccHH cMOKHoro C H -cerMeHTa (cocToamero 

H3 HeCKOJIbKHX 3K30H0B). (Mbl OÔCyAHM HCn0JIb30BaHHe 

pa3JiHMHbix C H -reHHbix cerMeHTOB b pa3#. 23.12 «Pckom6h- 
mu,m flHK Bbi3biBaeT nepeioiiOHeHHe K/iaccoB HMMyHorjio- 
6yAHHOB»; cemac mbi npocTo onHCbiBaeM peaKUHio b Tep- 
MHHax coeAHHeHHa o^Horo H3 HecKOJibKHx J-cenvieHTOB, 
npeAinecTByioiiJ,Hx C H -reHHOMy cerMeHTy.) 

D-cerMeHTbi opraHH30BaHbi b burc TaH^eMHOH noc- 
jieflOBaTejibHOcra. MbiniHHbiH jioKyc TJDKejibix ijeneH co- 
Aep)KHT ABeHaAU,aTb D-cerMeHTOB pa3JIHHHOH TVIHHbl; 3TOT 
JioKyc y HejioBena HeceT okojio 30 D-cerMeHTOB (ho He Bce 
H3 hhx aKTHBHbi). ľloKa He BbiacHeH MexaHH3M, oôecne- 
HHBaiomHH ynacrae mozo we cclmozo D-cerMemra b D-J h 
V-D peaKijHflx coeAHHeHHfl. (ľlpH oôcy^eHHH oô^cruhc- 
HHtf V- h C-cerMeHTOB T5DKejibix ueneň mbi AonycKaeM, hto 
3tot npouecc ocymecTBjíaeTCfl nyreM V-D h D-J peaKijHH 
coeAHHeHHa.) 

V-reHHbie cerMeHra Bcex Tpex ceMeňcTB HMMyHorjio- 
ÓyJIHHOB CXOXCH B OpraHH3aU,HH. riepBblH 3K30H KOflHpy- 


eT CHmajibHyio nocjieAOBaTejibHOCTb (HeoôxoAHMyio pjm 
npHCoeAHHeHHa k MeMÔpaHe), a BTopoň 3K30H KOflupy- 
eT ocHOBHyio HacTb coócTBeHHO BapHaóeAbHoro yqacraa 
(/yiHHOH <100 koäohob). OcTaBinyioca nacra KOAHpyer 
D-cerMeHT (tojibko b H-ceMencTBe) h J-cerMeHT (bo Bcex 
Tpex eeMeHCTBax). 

CrpyKTypa KOHCTaHTHoro ynacTKa 3aBHCHT ot rana 
qenH. y Jienrax ueneň k h X KOHCTaHTHbíň ynacTOK ko- 

AHpyeTCa eAHHCTBCHHblM 3K30H0M (KOTOpblH CTaHOBHT- 
ca TpeTbHM 3K30 hom oôpa30BaHHoro aKTHBHoro reHa). Y 
H-u,eneH KOHCTaHTHbíň ynacTOK KOAHpyeTca HecKOJibKHMH 
3K30HaMH; b cootbctctbhh co CTpyKTypoň óejiKOBOH uenn 
Ha pne. 23.4 pa3Hbie 3K3 ohbi KOflHpyiOT yqacTKH: C H i, map- 
HHp, C H2 , C H 3- Kax^Hň CH-3K30H cocTaBjíaeT okojio 100 
koaohob; mapHHpHbíň ynacTOK Kopone. Hhtpohbi oômhho 
OTHOCHT ejibHO Majibi (~300 nH). 


23.6 


PeKOMÓMHauna 
C03AaeT orpoMHoe 
pa3Hoo6pa3ne amme/i 


KnioMeBbie noHATHfl: 


• JioKyc /íerKMx ueneíí MO)KeT npon3BecTM 6o/iee 1000 
pa3/iMHHbix ueneíí nyieM KOM6nHaunn 300 V-reHOB 

c HeTbipbMfl-nflTbio C-reHaMn. 

• H-noKyc mmei npoM3Becm 6onee 4000 ueneŕí, 
KOM6nHnpyfl 300 V-reHOB, 20 D-cerMeHTOB n neibipe 
J-cerMeHTa. 


590 T/IABA 23 KaK c()opMMpyeTCB MHoroo6pa3ne aHTmeji 











Tenepb HaM HyucHO paccMOTpeTb pa3JiHHHbie ranbi V- h 
C-reHHbix cerMeHTOB, htoóm yBHAeTb, Kanoe MHoroo6pa3He 
motkct óbiTb nojiyneHO c yueTOM nammm cep™ KOAHpyio- 
ujhx noaieAOBaTe^bHOCTeň b mieroax 3apoABiuieBoro nym 
B KaucAOM reHHOM ceMeňcTBe jierKHx ueneň HMMyHonioóy- 
jihhob MHOxcecTBO V-reHHbix cerMeHTOB cueraeHO c ropa3- 
Ao MeHbUIHM HHCJIOM C-reHHbIX CerMeHTOB. 

Ha pmc. 23.8 noKa3aHo, hto Jioicyc X HeceT okojio 6 
C-reHHbix cerMeHTOB, KaucAOMy H3 KOTopbix npeAiuecTByeT 
CBOH COÔCTBeHHblH J-CerMeHT. JI 0 K 54 C X y MblUIH COAepXCHT 
3HaHHTejibH0 MeHbiue BapnaHTOB reHHbix cerMeHTOB, hcm 
y HejiOBena. Ochobhoc otjihhhc b tom, hto y mbiuih ecTb 
TOJibKo ABa V^-reHHbix černela; KaucAbíň cijenjieH c AByMu 
J-C-cerMeHTaMH. H3 neTbipex Q-reHHbix cerMeHTOB oahh 
H eaKTHBeH. B npoumoM reHOM mbiuih noABeprca KaTacrpo- 
(J)HHecKOH AeJieijHH ôojibuiHHCTBa cbohx V^-reHHbix cer¬ 
MeHTOB 3apoAbimeBoro nyTH. 

Ha P m c. 23.9 noKa3aHO, hto Jioicyc k HeceT tojibko oahh 
C-reHHbiH ceraeHT, ho eMy npeAuiecTByiOT naTb J-ceraeHTOB 
(oahh h3 KOTopbix HeaKTHBeH). V K -reHHbie cerMeHTbi 06 - 
pa3yioT ôojibmoH K/iacrep Ha xpoMOCOMe Bbirne cerMeHTa 
KOHCTaHTHoro paňoHa. y nejioBena otot K/iacrep HMeeT ABa 
yuacnca. HenocpeACTBeHHO npeAuiecTByiouj,HH CK-reHHOMy 
cerMeHTy ynacTOK b 600 nH coAepucHT naTb jK-cerMemoB 
h 40 VK-reHHbix cerMeHTOB. Ot ein,e oahoh rpynnbi b 
36 VK-ceraeHTOB otot ynacTOK oTAejieH npoMeucyncoM b 
800 nH. 

VK-reHHbie cerMeHTbi moucho pa3AeuHTb Ha ceMeňcTBa, 
njieHbi b KOTopbix óyAyr HMeTb ôojiee 80% cxoACTBa aMH- 
HOKHCJIOTHblX nOCJieAOBaTeJIbHOCTeH. MblUIHHOe pa3HOOÔ- 
pa3ne ocoôeHHO oóuihpho (-1000 reHOB): cymecTByeT -18 
ceMeňcTB Vk, BapbHpyiomHx b pa3Mepe ot 2 ao 100 n;ie- 
HOB. nOAOÓHO APyrHM CeMeHCTBaM pOACTBeHHblX reHOB, 
poACTBeHHbie V-reHHbie cerMeHTbi cjjopMHpyiOT noArpyn- 
nbi, B03HHKniHe b pe3yjibTaTe AynJíHKaijHH h AHBepreHU.HH 
ApeBHHx nueHOB-npeAuiecTBeHHHKOB. npn stom MHorae H3 
V-cerMeHTOB npeAcraBjuuoT coôoh HeaKTHBHbie nceBAore- 
hh, h, no-BHAHMOMy, <50 Hcnoub3yiOTca pjm oôpa30BaHHu 
HMMyHOrjIOÓyJIHHOB. 

KaxcABiH oTAeubHbíň jihmcJjou.ht oôpa3yeT jiuôo k-,jiu6o 
^-uenb ajiu accou,HauHH c tjdkcjioh ijenbio. y nejiOBena -60% 
oôpa3yiomHxai JierKHx u,eneH npHHaAJieucaT k ceMeňcTBy k, 
h -40% — k ceMeňcTBy X. Y mbiuih 95% B-kjictok OKcnpec- 
cnpyiOT jiericyio uenb k, Bepoarao, H3-3a Heôojibiuoro nncjia 
^-reHHbix cerMeHTOB. 


/IflMÓfla coAepmaT V reHbi m J-C-cerMeHTbi 


V x -reHHbiecer M eHTbi J X1 C X1 \£ u J X3 C X3 

IMtiMM |* |- |« 

2 y MbiiuM 4 J-C-reHHbix cerMeHTa y Mbiiun 
-300 y Me/ioBeKa > 6 J-C-reHHbix cerMeHTa y Me/ioBeKa 


PMC. 23.8 CeNieiícTBo JiflMÓfla coctomt M3 V-reHHbix cerMeHTOB, 
cuen/ieHHbix c Heóo/ibWMM hmcjiom J-C-reHHbix cerMeHTOB 



PMC. 23.9 CeMeíícTBO xanna y MbiwM m y ne/iOBeKa coctomt M3 V-reH- 
Hbix cerMeHTOB, cueruieHHbix c naTbio J-cemeHTaMM, coeAMHeHHbix c 
eflMHCTBeHHblM C-cemeHTOM 


ĽAHHCTBeHHbiH Jioicyc Taucejibix u,eneH y nejioBena co- 
CTOHT H3 HeCKOJIbKHX OTACJIbHblX yuaCTKOB, KaK nona3aHO 
Ha PMC. 23.10. y MblUIH CXOUCaa CHTyan.HU, XOTU y HHX ÔOJIb- 
rne V H -reHHbix cerMeHTOB, MeHbrne D- h J-ceraeHTOB, h ecTb 
HeôojibuiHe otjihhhu b HHCJie h opraHH3au,HH C-reHHbIX 
cerMeHTOB. nepBbíň 3'-ynacTHHK V H -ioiacTepa oTAeueH 
Bcero jiHiub 20 Tím ot nepBoro D-cerMeiiTa. D-cerMeHra 
pacnpeAejieHbi Ha -50 Tím h conpoBoxcAaiOTcu KnacTe- 
poM J-cerMeHTOB. B oieAyiomHx 220 Tím coAepucaTcu Bce 
C H -reHHbie cerMeHTbi. Cyuj.ecTByeT acbutb (J)yHKu,HOHajib- 
hbix C H -reHHbix cerMeHTOB h ABa nceBAoreHa. Tanau opra- 
HH3aqHu npeAnouaraeT, hto y-reHHbiH cerMem b npomuoM 
6bui AynuHu.HpoBaH, a^b ynacTOK y-y-e-a, nooie nero bcu 
3Ta rpynna Tanúce ôbiua AyrmHu.HpoBaHa. 

HacKoubKO MHoroo6pa3He V-ynacnca y 6cukob-hm- 
MyHorjioóyjiHHOB oôycuoBueHO hmchho pa3Hooôpa3HeM 
HH(J)opMau 1 HH b KJieTKax 3apoABiuieBOH jihhhh? riyreM 
KOMÔHHHpOBaHHU UlOÔOrO H3 -50 V-reHHbIX cerMeHTOB c 
juoóbiM H3 neTbipex-nuTH J-cerMeHTOB THnnnHbiH Jioicyc 
uerKHX u,eneH moucct a^tb okojio 250 pa3JiHHHbix u,eneH. 


JIOKyc Tjwe/ibix ueneŕi Ig npocTMpaeic« Ha HecKO/ibKO cotch mw 


^ V H -reH 
-300 

bi ► D-cerMeHTbi 

-20 

6 p ô 

Y 3 

y 1 a 1 ipy 

2 4 2 

Y y e a 

• • * » 

^ •• • 

mi • • 



-- 44 i 

TľlH 

300 250 

200 

150 

100 

50 0 


PMC. 23.10 Y ne/iOBeKa eflMHCTBeHHbiM reHHbiíí K/iaciep coflepwMT bcio MHc()opMauMK), HeoóxoflM- 
Myio a/ 153 c|)opMMpoBaHMB TB>Kejibix ueneíí 


23.6 PeKOMÓMHauMu co3flaeT orpoMHoe pa3Hoo6pa3Me aHTMTe/i 591 




















B jioKyce H-i/eneň 3aioiKmeTca eme óojibiiiee MHorooópa- 
3ne; nyreM kom6hh3uhh Kaacfloro H3 ~50 V H -reHHbix cer- 
MeHTOB, 20 D-reHHbix cerMeHTOB h Herapex J-cerMeHTOB 
noTeHu,Ha^bHO reHOM mokct o6pa30BaTb 4000 BapHaôejib- 
hhx ynacTKOB ona oôbe/jHHeHHH c C H -reHHbiM cerMeHTOM. 
y MJieKOIlHTaKDmHX 3TO HCXOflHaa TOHK3 /yia (JjopMHpo- 
B3Hna MHoroo6pa3Ha, ho cyn/ecTByiOT //onoaHHTeabHbie 
MexaHH3Mbi, BHocau/He flaabHeňuiHe H3MeHCHHa. Mccne- 
dyn ÔJimKopodcmeeHHbie eapuanmu UMMynozjíoôyjimoe, 
nacmo MOJtcHo naúmu ôojibwe ôejiK.oe, ue.u cymecmeyto- 
mee hucjio coomeemcmeytouyux V-zemux cemenmoe. Ho- 
Bbie HJieHbi co3//aioTca nyTeM coMaTHnecKHx n3MeHeHHň 
b HH/jHBH/jyaabHbix reHax bo BpcMa hjih nocjie npoi/ecca 
peKOMÓHHai/HH (CM. pa3/V 23.14 «COMaTHMeCKHe MyTai/HH 
co3//aioT eme óojibiiiee MHoroo6pa3He aHTHTeji y Mbirneň 
h 4eaoBeKa»). 


23.7 


lipu peKOMÓMHaUMM reHOB 
MMMyHHOM CMCTeMbl MCnOJlb3yK>TCfl 
ABa Tuná KOHceHcycHbix 
noc^eAOBaie^bHoaeíí 


K/iioMeBbie noHATMfl: 


• KoHceHcycHaB noc/ieAOBaiejibHocTb, Mcno/ib3yeNiafl ajib 
peKOMÓMHauMM, — 3 to remaNiep, oTfle/ieHHbiíí MHTepBa/iOM 
b 12 nH hjih 23 nH ot HOHaMepa. 

• PeKOMÓMHaUMB npOMCXOflMT Me>KAy AByMB KOHCeHCyCHbIMM 
noc/ieAOBaie/ibHOCTBMM, KOTopbie MMeiOT pa3Hbie 
MHTepBa/ibi. 


ripn côopne reHOB jierKHx h TOKejibix ijeneH Hcnojib3yiOT- 
Ctf OflHH H Te xce MexaHH3MbI (XOTtf KOJIHHCCTBO COCTaBHblX 
qacTeň oTjiHnaeTca). Ha rpaHHijax Bcex cerMeHTOB, ynacT- 
Byioiij,Hx b peaiojHflx coeAHHeHra, HaHAeHbi oahh h Te ace 
KOHceHcycHbie noejieAOBaTejibHOCTH. Kax^aa KOHceHcyc- 


Haa nocjieAOBaTejibHocTb coctoht h3 renTaMepa, OT^ejieH- 
Horo 12 hjih 23 nH ot HOHaMepa. 

Ha ph c. 23.11 noKa3aHbi B3aHMOAeňcTBHa MOK/jy 

KOHCeHCyCHbIMH nOCJieAOBaTeJIbHOCTaMH B MblUIHHHX 
Jioicycax reHOB HMMyHorjioôyjiHHOB. B K-jioKyce Kaxc/jbiH 
VK-cerMeHT eonpoBOxcAaeTCB KOHceHcycHoň nocjieAOBa- 
TejibHOCTbio c 12-HymieoTHAHbiM HHTepBajiOM (cneňce- 
poM). KaxcAOMy jK-cerMeHTy npeAiiiecTByeT KOHceHcycHaa 
noejieAOBaTejibHOCTb c 23-HyKjieoraAHbiM cneňcepoM. V 
h J KOHceHcycHbie nocjieAOBaTejibHocra hmoot HHBepra- 
poBaHHyio opHeHTau,Hio. B ^.-JioKyce KaxcAbíň V)y-cerMeHT 
conpoBoxcAaeTca kohcchcvchoh noejieAOBaTejibHOCTbio 
c 23-HymieoTHAHbiM cneňcepoM; a Kaxc/jOMy J^-cerMemy 
npeAinecTByeT KOHceHcycHaa noejieAOBaTejibHOCTb c 

12-HyK/ieoTHflHbiM cneHcepoM. 

npaBHJio, no KOTopoMy npoHcxoflflT peaKUHH coeAH- 
HeHHa, rjiacHT: KoncencycnaR nocjiedoeamejibHocmb c 
odním munoM cneucepa MODtcem coedunumbCH c Koncen- 
cycnou nocjiedoeamejibuocmbK), necymeú monbKO dpyzoú 
mun cneucepa. KOHceHcycHbie noejieAOBaTejibHOCTH y 
V- h J-cerMeHTOB MOiyr pacnojiaraTbca b jiioôom nopa/j- 
ne; TaKHM oôpa30M, pa3Hbie cneHcepbi He HecyT HHKaKoň 
HanpaBJíaiomeH HHcjjopMau.HH, a cjiyxcaT jihuib /yia npeAO- 
TBpanj,eHHa peKOMÔHHaijHH V- hjih J-cerMema c TaKHM ace 
cerMeHTOM. 

Tanaa moacjib noATBepjK/jaeTca h CTpyicrypoH kom- 
noHeHTOB reHHbix cerMeHTOB thxccjibix ueneň. Ka^bíň 
reHHbiŕí cerMeHT V H conpoBoxcAaeTca KOHceHcycHOH noc- 
jieAOBaTejibHOCTbio c 23 -HyKjieoraAHbiM ranoM cnencepa. 
D-cerMeHT (jjjiamcHpoBaH co Bcex ctopoh KOHceHcycHOH 
noejieAOBaTejibHOCTbio c 12-HyioieoTHAHbiM cneHcepoM. 
J H -cerMeHTy npeAniecTByeT KOHceHcycHaa nocjieAOBaTejib- 
hoctb c 23-HyKJieoTHAHbiM cneHcepoM. HTan, V-reHHbiH 
cerMeHT aojixcch coeAHHHTbca c D-cerMeHTOM, a D-cerMeHT 
AOJixceH ôbiTb coeflHHeH c J-cerMeHTOM. V-reHHbin cerMeHT 
He MoxceT óbiTb coeAHHeH HanpaMyio c J-cerMeHTOM, noc- 
KOJibKy 06 a ohh HecyT o^hh h tot ace ran KOHceHcycHOH 
nocjieAOBaTejibHOCTH 


Ue^eBafi noc/ieAOBaie/ibHOCTb 

peKOMÓMHauMM npeACTaB/iaeT co6oií rentaMep-cneHcep-HOHaMep 


remaMep 
C A C A G T G 
G T G T C A C 


HoHaMep 

ACAAAAACC 

TGTTTTTGG 


HoHaMep 

GGTTTTTGT 
C C A A A A A C A 


ľerrraMep 

C A C T G T G 
G T G A C A C 


Cneŕícep 12 nH 


Cneŕícep 23 nH 


P H C. 23.11 Y Kawfloíí napbi peKOMÓMHMpyioiMMx caíiTOB KOHceHcycHaB noaieAOBaTe/ibHOCTb npw- 
cyTCTByei b MHBepTMpoBaHHOM opMemauMM. Oamh M/ieH M3 Ka>KAOíí napbi MMeeT Me>KAy KOMnoHeH- 
T3MM MHTepBa/1 B 12 nH; BTOpOÍÍ — B 23 nH 


592 I7IABA 23 KaK cfiopMMpyeTCB MHoroo6pa3Me aHTMTeA 










Cneňcepbi MOK/jy KOMnoHeHTaMH KOHceHcycHbix noc- 
jieAOBaTcnbHOCTeň iiohth cooTBeTCTByiOT OAHOMy hjih 
flByM BHTKaM ABOHHOH OIHpaJIH. 3TO MOtfCeT OTpa)KaTb HX 

npocTpaHCTBeHHoe pacnojioaceHHe bo BpeMa peaKijHH pe- 
KOM6HHau,HH. HanpHMep, ôenoK (hjih óchich) peKOMÓHHa- 
IJHH MO)KeT nO^XOAHTb K flHK C OflHOH CTOpOHbl, nOAOÔHO 
TOMy, Kax PHK-nojiHMepa3a h penpeccopbi npHÔJiHxcaeToi 
k pacno3HaBaeMbiM sjieivieHTaM, TaKHM na k npoMOTopbi h 
onepaTopbi. 


23.8 


PeKOMÓMHaLlMfl Bbl3blBaeT 
fle/ieUMM HJIH MHBepCMM 


fímoHeBbie noHATH/i: 


• PeKOMÓMHauMB npoMcxoflMT nyieM flByxuenoneHHbix 
pa3pbiBOB b paííoHe remaNiepoB a By x KOHceHcycHbix 
n o c/i e ao b aie/i b h o cie íí. 

• CMrHa/ibHbie KOHUbi c()parMeHTa Me>KAy tohk3mm pa3pbiBOB 
oóbiHHO coeAUHBiOTCfi Apyr c ApyroM c o6pa30BaHMeM 
Ko/ibueBoro Bbipe3aeMoro ct/parNiema. 

• KoAMpyiomne noc/ieAOBaie/ibHOCTM KOBa/iemHo coeAMHfuoTca 
Apyr c ApyroM: V c J-C (L-uenb), a D c J-C n V- c D-J-C (H-ueríb). 

• Ec/im peKOMÓMHMpyioiAMe reHbi MHBepTMpoBaHbi Apyr 
OTHocMTe/ibHO Apyra, to BNiecro Ae/ieuMM Ko/ibueBoro 
ct/pameHTa npoMcxoAm MHBepcMB. 


PeKOMÓHHauHa KOMnoHeHTOB reHOB HMMyHorjioóyjiHHOB 
3aBepmaeTca (})H3HHecKOH peopraHH3au,HeH nocjieAOBa- 
TeAbHOCTeň, BiuiKraioineH b ce6a pa3pbiB h BoccoeAHHeHHe 
ueneň, OAHaKO MexaHH3M oTjiHHaeTca ot roMOJiorHHHOH 
peKOMÓHHaUHH. OCHOBHOH npHHIJHn peaKIJHH JJflR JieľKOH 
uenw noKa3aH Ha p ne. 23 . 12 . (PeaKu,Ha b jioKyce tjdkcjihx 
ueneň aHajiorHHHa, tojibko tam npoHCxoAflT ab a coôbiTHa 
peKOM6HHau,HH: CHaHajia D-J, 3aTeM V-DJ.) 

Pa3pbiB h BoccoeAHHeHne npoHcxoAflT xan otac- 
jibHbie peaKu,HH. flByxu.enoHeHHbíň pa3pbiB npoH3BOAHTca 
b panoHe renTaMepoB Ha KOHu,e KOAHpyiomero ynacTKa. 
3to BbicBoôoxcAaeT ijejibiH (jjpanvieHT MOKAy V-reHHbiM 
cerMemoM h J-C-reHHbiM cerMemoM; OTpe3aHHbie koh- 
Ubi 3Toro (J)parMeHTa Ha3biBaiOT ciirHajibHbiMH koh- 
U,aMH. CBOÔOAHbie KOHIJbl V- H J-C-JIOKyCOB Ha3bIBaiOT 
KOflHpyiOIIJHMH KOHÚTMI! ^Ba KOAHpyiOLAHX KOHH,a 
KOBaJieHTHO COeAHHHIOTCa; 3TO COeAHHeHHe CB5I3bIBaeT 
V- h J-cerMeHTbi. Ecjih 6bi Aea CHraajibHbix KOHija Taioxe 
coeAHHaAHCb, to Bbipe3aeMbiH (J)parMeHT o6pa30Bbmaji 6bi 
KOAbu,eByio MOJieKyjiy. 

Mbi noKa3ajiH, mto V- h J-C-JioKycbi hmoot OAHHaKOByio 
opHeHTau,Hio. B pe3yAbTaTe, pa3pe3aHHe b naxcAOH kohcch- 
cycHoň noaieAOBaTeAbHOCTH BbiCBOôoxcAaeT ynacroK mok- 
Ay HHMH B BHAe JIHHeHHOľO (^paľMCHTa. ECJIH CHľHaJIbHbie 
kohiih coeAHHaiOTca, to oh npeBpamaeTca b KOJibijeByK) 
MOAeKyjiy, xan noKa3aHO Ha pne. 23.12. J\aieuw c Bbipe3a- 
HHeM KOAbu,eBOH MOJieKyjiH — sto npeo6AaAaioiij,HH cno- 
COÓ peKOMÓHHailHH B JIOKycaX HMMyHľJIOÓyJIHHOB H TCR. 

B HeKOTOpblX HCKJIIOHHTeJIbHblX CJiyHaflX V-reHHbIH 
cerMeHT HMeeT oôparayio opHeHTaijHK) Ha xpoMocoMe 
OTHOCHTeAbHO J-C-AOKyca. B TaxoM cjiynae pa3pbiB h boc- 



PHl i? Mi Pa3pbiB m BoccoeAMHeHMe b KOHceHcycHbix noc/ieAOBa- 
Te/lbHOCTBX npMBOA/lT K o6pa30BaHMK) reHOB MMMyHr/106y/lMH0B 


coeAHHeHne HHBeprapyeT npoMOKyTOHHbiH MaTepnaji 
(BMecTo ero AeneijHH). Pe3yAbTaT HHBepcHH bmccto ac- 
jieu,HH TanoH xce, nan 6buio nonasaHO paHee pjm tomojio- 
THHHOH peKOM6HHaU,HH MeXCAy npaMbIMH H HHBepTHpO- 
BaHHblMH nOBTOpaMH Ha pHC. 21.9 H pHC. 21.10, C OAHOH 
OrOBOpKOH: npH peKOMÔHHaUHH C HHBepTHpOBaHHbIM 
V-reHHbiM cerMemoM cHraajibHbie kohiibi ôojimhu 6umb 
coeAHHeHbi, nocKOJibKy HHaHe b AOKyce ocTaHeTca pa3pbiB. 
HHBepcHH BCTpeHaioTca npn peKOMÓHHaiiHH TCR, a Taioxe 
(HHOľAa) b jioKyce jierKHx u,eneH k. 


23.9 


A/uie/ibHoe ncmiK>MeHne 
MHIU^IUipyeTCB npOflyKTMBHOM 
peopraHM3auMeŕí reHOMa 


K/HoneBbie noHBTMB: 


• PeKOMÓMHauMB, BeAymafi k o6pa30BaHMio MHTaKTHoro reHa 
MMNiyHorjioóyjiMHa, npoAyKTMBHa, ec/iM o6pa3yioLAMMCfi reH 
cnocoóeH 3KcnpeccMpoBaTb aKTMBHbiíí 6e/ioK. 

• npoAyKTMBHaa peKOMÓMHauMB reHeTMHecKoro Maiepna/ia 
npeAOTBpamaeT Aa/ibHeMiuyK) peopraHM3auMio, b to BpeMB KaK 
HenpoAyKTMBHa/i npoAO/i)KaeT nepecTpoŕíKy. 

• A/uie/ibHoe McioiioHeHMe npMMeHBeTCB OTAe/ibHO k jierKMM i\enm 
(TO/ibKo OAHa Kanna hjih /íBMÓAa uenb MO>KeT 6biTb npoAyKTMBHO 
peopraHM30BaHa) m k TB>Ke/ibiM uenaNi (TO/ibKo OAHa T/DKe/ia/i uenb 
noABepraeTca npoAyKTMBHOíí peopraHM3auMM). 


23.9 ABBeBbHoe ncK/itOHeHMe nHminnpyeTca npoAyKTMBHoíí peopraHM3auneíí reHOMa 593 

















Ka^aa B-KJieTKa 3KcnpeccHpyeT o#hh mu jiernoH ijenn 
H OflHH THn TJDKeJIOH UenH, nOCKOJIbKy B KOHKpeTHOM 
JIHMCjDOIJHTe npOHCXO^HT TOJIbKO o#Ha npo/iyKTHBHafi 
peopraHH3au,Hfl Kax^oro ™na /yia o6pa30BaHHa e£HHC- 
TBeHHoro reHa jiernoH ijenn h eflHHCTBeHHoro reHa tk- 
xcejiotí Ljerm. B Kax^OM aKTe ynacTByioT reHbi tojibko o#- 
hoh roMo^oruHHoň xpoMocoMbi, h b pe3yjibTaTe ajuienu 
c dpyzoú xpOMOCOMU ne dKcnpeccupyíomcn e mou Jtce 
KJiemKe. 3to aBjíeHne Ha3biBaioT ajuiejibHMM hckjiio- 
^eHHeM. 

Ajuie;ibHoe HCKJiiOHeHHe 3aTpy^Haer aHajiH3 coMaTH- 
HecKoň peKOMÓHHaqHH. 3 oh^, KOMruieMeHTapHbíň ynacTKy, 
peopraHH30BaHHOMy Ha o/jhoh roMOJiorHHHOH xpoMOCOMe, 
Taioxe óyAeT^eTeKTHpoBaTb ajuiejibHbie nocjie£OBaTejibHoc- 
to Ha flpyron xpoMocoMe. TaKHM oópa30M, HaM nprmeTca 
aHajiH3HpoBaTb pa3Hyio cyzjbôy oôenx xpomocom. 

OôbiHHbíň narrepH, oôpa30BaHHbiH peopraHH30BaH- 
hhm aKTHBHbiM reHOM, moxcho HHTepnperapoBaTb b Tep- 
MHHax flejieijHH iviaTepnajia MOK^y peKOMÓHHnpyiomHMH 
V- h C-;iOKycaMH. 

B aKTHBHblX KJieTKaX MOXCHO BCTpeTHTb #Ba THna reH- 
HOH OpraHH3aiJHH: 

• 3oH£bi Ha aKTHBHbíň reH MoryT noKa3aTb Hajimne o#- 

HOH pe0praHH30BaHH0H KOnHH H OflHOH KOnHH JIHHHH 

3apoflbimeBoro nyTH. CjieflOBaTejibHO, Mbi npeAnojiara- 


eM, hto oô'beflHHeHHe npoH3omjio Ha o/jhoh xpomoco- 
Me, b to BpeMtf Kan flpyraa xpoMOcoMa ocTajiacb HeH3- 
MeHeHHOH. 

• Moryr óbiTb oÔHapyxceHbi flBa pa3JiHHHbix narrepHa 
peopraHH3au,HH, yKa3bmaa Ha to, hto o6e xpoMoco- 
mh noABepr^HCb He3aBHCHMbiM aKTaM peopraHH3a- 
U.HH. B HeKÔTOpblX H3 3THX CJiynaeB MaTepHaJI MOK/iy 
V- h C-reHHbiMH cerMeHTaMH nojiHOCTbio oTcyrcTByeT 
b K/ieTOHHOH jihhhh. TaKoe nojioaceHHe #eji jicthc Bcero 
oôTacHHTb He3aBHCHMbiMH AejieijHtfMH (b pe3yjibTaTe 
peKOM6HHau,HH) Ha Ka^aoH xpoMocoMe. 

B cjiynae, Kor^a Ha oóenx xpoMocoMax He ocTaerca naT- 
TepHa jihhhh 3apoflbimeBoro nyTH, oôbihho tojibko o#Ha H3 
hhx 0Ka3biBaeTca nponie/jmeH npo^yKTHBHyio peopra- 
HH3au,Hio c oôpa30BaHHeM cJjyHKíTHOHajibHoro reHa. Bto- 
paa xpoMocoMa noflBeprjiacb HenpopyKTHBHOH peopra- 
HH3au,nn; Taxaa peopraHH3au,H5i mokct hmctb HecKOJibKO 
cjjopM, o^Hano b Kaxc^oM cjiynae noejieflOBaTejibHOCTb reHa 
He MoxceT óbiTb SKcnpeccHpoBaHa b bh fle óejixa-HMMyHor- 
jioóyjiHHa. (rioejieAOBaTejibHOCTb MoxceT 6biTb HenojiHoň, 
HanpHMep, ecjiH D-J coe^HHeHHe npoH30uuio, a V-D coeflH- 
HeHHa He 6bmo; jihóo nocjieflOBaTejibHOCTb MoaceT óbiTb m- 
pyrneHa, nor/ja npoijecc coeflHHeHHa 6biJi 3aBepmeH, ho He 
OKa3ajica ycneuiHbiM b oôpa30BaHHH reHa, KOflHpyiomero 
(J)yHKITHOHaJIbHbIH ÓeJIOK.) 


HCícnroMeHMe orpaHMHMBaei ycneiuHyŕo peopranM3auMK> oahmm annene* 


ľeHbi 3apoflbiujeBOM mwm (Ig°/Ig°) 


ripoAyKTMBHaíi peopraHM 3 ai 4 Mfl flaeT Ig°/Ig + HenpoAyKTMBHafl peopraHM3ai4MB 

flaei Ig°/Ig" 






TpaHCKpnrmiiB 


1 


Biopoŕí a^/ie/ib mojkct peKOMÓn- 

HupoBaTb m flaib Ig + /Ig~ 


'/vv s O 


3Kcnpeccn5) Ig npeflOTBpamaeT 
AajiLHcňujyio peopriHM3ai4MKj 


TpaHCKpunuMB 

I 

i 


P H C, 2 3.13 ycneiuHaa peopraHM3auMfi c o6pa30BaHneM aKTMBHoíí AerKOÍí mjim Tfi)KejiOM uenM no- 
AaB/ifieT AaAbHeííiuyK) peopraHM3auMio Toro we Tuná m npuBOAm k a/iJie/ibHOMy MCK/noneHMio 
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OflHOBpeMeHHoe HajiHnne npoAyKTHBHOH h HenpoAyK- 
thbhoh peopraHH3auHH npeAnojiaraeT HajiHHHe oôparaoH 
cbh3h /yia KOHTpojia npoijecca peKOMÓHHaijHH. Moacjib 06- 
paTHoň cbh3h npeACTaBjíeHa Ha p m c. 23.13. ľlpeAnojioacHM, 
hto KaacAaa KjieTKa BCTynaeT b npouecc c /jByivia jioKycaMH 
b HepeopraHH30BaHHoň KOHcjjHrypauHH jihhhh 3apoAbime- 
Boro nyTH Ig°. Kaac/jbiň H3 sthx jioicycoB MoaceT óbitb peop- 
raHH30BaH c oópa30BaHHeM npo/jyKraBHoro reHa Ig + hjih 
HenpoAyKTHBHoro reHa Ig~. 

Ecjih peopraHH3au,Ha npo/iyKTHBHa, chhtc3 aKTHBHOH 
uenn npeAOTBpamaeT peopraHH3an,Hio /jpyroro ajuiejia. 
Tor/^a aKTHBHaa mierca HMeeT KOHcjjHrypari.Hio Ig°/Ig + . 

Ecjih peopraHH 3 an,Ha 0 Ka 3 a;iacb HenpoAyKTHBHOH, 06 - 
pa 3 yeTca K/ieTKa c KOHcjjHrypaijHeH Ig°/Ig". ripn stom hct 
npenaTCTBHH /yia peopraHH3an,HH ocTaBineroca ajuiejia c 
KOHcjDHrypaiiHeH 3apoAbiineBoro nyTH. Ecjih STa peopra- 
HH3au,Ha 0Ka3biBaeTca npo/jyKTHBHOň, SKcnpeecHpyiomaa 
KJieTKa HMeeT KOH(j)HrypauHio Ig + /Ig _ . H CHOBa npHcyre- 
TBHe aKTHBHOH ijenH no/iaBaaeT AäJibHeHinyio B03MoacHyio 
peopraHH3aiiHio. 

ľloejie //Byx nocjie//OBaTeabHbix Henpo/iyKTHBHbix pe- 
opraHH3au,HH oôpa3yeTca K/ieTKa Ig _ /Ig _ . HHor/ja K/ieTKa Ig - / 
Ig - MoaceT CHOBa no/jBeprayTbca peopraHH3au,HH. Haôaio^a- 
eMbíň b HeKOTopbix ejiynaax naTTepH flHK Mor B03HHKHyTb 
tojibko rryreM noejieAOBaTejibHbix peopraHH3au,HH. 

CyTb Mo^ejiH b tom, hto KjieTKa nbiTaeTca penoMÔHHH- 
poBaTb V- h C-reHHbie cerMeHTbi ro tcx nop, nona He 6y- 
AeT AOCTHľHyTa npoAyKTHBHaa peopraHH3au,Ha. Kax tojibko 
oópa3yeTca aKTHBHaa ijenb, npoHexoAHT ajmejibHoe hckjiio- 
neHne rryreM cynpeccHH noejie/iyiomHX aKTOB peopraHH3a- 
u,hh. Cyn/ecTBOBaHHe Taxoro MexaHH3Ma in vivo noKa3aHO 
c noMom,bio co3/^aHHbix TpaHcreHHbix Mbiuieň, y KOTopbix 
kjictkh 3apoAbimeBoro nyTH HecyT yace peopraHH30BaHHbiH 
reH HMMyHoraoôyaHHa. SKcnpeecHa TpaHcreHa b B-KJieTKax 
noAaBjíaer peopraHH3auHio SHAoreHHbix reHOB. 

AjuiejibHoe HCKJiiOHeHHe He3aBHCHMO rjw JioicycoB Ta- 
acejibix h JierKHx u,eneH. IeHbi Taacejibix u,eneH oôbihho pe- 
opraHH3yiOTca nepBbiMH. AjmejibHoe HCKJiiOHeHHe /yia jier- 
khx u,eneH aojdkho npnMeHaTbca b paBHOH Mepe k oôohm 
ceMeHCTBaM (nocKOJibicy kjictkh Moryr hmctb jihôo k, jihôo 
aKTHBHyio jiencyio uenb). BepoaTHO, kjictkh CHanajia pe- 
opraHH3yiOT reHbi eeMeňcTBa k, a reHbi ceMeHCTBa X peop- 
raHH3yiOT, tojibko ecjiH o6e nonbiTKH c reHaMH k 0Ka3ajiHCb 
HeycneuiHbiMH. 

B sthx cepnax coóbithh ecTb HHTepecHbíň napaAOKC. 
B peaKiiHax peKOMÔHHaijHH ynacTByioT o/jhh h Te ace koh- 
ceHcycHbie noejieAOBaTejibHoera h onm h Ta ace V(D)J-pe- 
KOMÔHHa3a B H", K- H ?WIOKycaX, OflHaKO 3TH TpH aoicyca 
peopraHH3yiOTca b onpeAeaeHHoň noeaeAOBaTeabHOCTH. 
Hto oôecnenHBaeT peopraHH3au 1 Hio Taaceaoň u,enH ro pe- 
opraHH3au,HH Jiencnx u,eneH, a peopraHH3au 1 Hio K-u,eneH ro 
peopraHH3auHH X.-u,eneH? 3th aoicycbi Moryr óbitb Rocryu- 
hbi /yia (JjepMeHTOB b pa3aHHHoe BpeMa, B03MoacHo, b pe- 
3yabTaTe TpaHCKpHnu,HH. TpaHCKpHnu,Ha ocym,ecTBjiaeTca 
Aaace ro peopraHH3au,HH, xoTa, pa3yMeeTca, npo/iyKTbi hh- 
nero He KO/jnpyiOT. TpaHCKpHnu,Ha MoaceT H3MeHaTb CTpyK- 
Typy xpoMaTHHa, oóecnenHBaa ^ocTyn (JjepMema k kohcch- 
cycHbiM noejieAOBaTCJibHOCTaM /yia peKOMÓHHaijHH. 


B e/i km RAG Kaia/iM 3 MpyiOT pa 3 pbiB 
m BOceoeflMHeHMeflHK 


K/noMeBbie noHflTMfl: 


• fljia peaKUMM pacmen/ieHMB HeoóxoflMMO m flocraTOHHO 
aKTMBHOCTM 6e/lKOB RAG. 

• RAG1 pacno 3 HaeT KOHceHcycHyio noc/ieAOBaie/ibHOCTb- 
HOHaMep fljia peKOMÓMHauMM. RAG2 CBB3biBaeTCB c RAG1 m 
pacmen/ifleTflHK b paííoHe remaNiepa. 

• PeaKUMB HanoMMHaei coóbiTMB. npoMcxoflBLUMe npw pa3pemeHMM 
ueneíí b pe3y/ibTaie paóoľbi TonoM30Mepa3bi npw TpaHcno3MUMM. 

• Ha KOHLje, HecymeM KOAMpyiomyio nocaeAOBaie/ibHocTb, 
o6pa3yeTca npoMe>KyTOHHbiM npoflyKT b bma 6 wnMJibKM; 
paCKpbIBaHMe 3TOM UJnMJlbKM npMBOflMT K BHeApeHMK) 
AOnOJlHMTe/lbHblX OCHOBaHMÍÍ (P-HyKJieOTMAOB) B 
o6pa3yioLAMMCfl reH. 

• fle30KCMHyKaeo3MA-TpaHC(t)epa3a bboaht Ao6aBOMHbie 
N-HyKJieOTMAbl b KOAMpyioiUMÍí KOHeu. 

• Koaoh b Mecie oó-beAMHeHMfl V-(D)-J cerMeHTOB 
MCKJHOHMTe/ibHo BapMaóe/ieH m KOAMpyeT aMMHOKMc/ioiy 96 b 
paííoHe aHTMreH-CBB3biBaioLAero ynacTKa. 

• flByxuenoHeHHbie pa3pbiBbi b Mecie o6i>eAMHeHMB KOAMpyioiAMx 
nocjieAOBaiejibHocTeíí penapMpyioTCB toíí >xe cmctcmom, 

hto AeíícTByeT npw coeAMHeHMM HeroMO/iorMHHbix kohljob 
noBpe>KAGHHOM flHK. 

• BHxaHcep b C-reHe aKTMBMpyeT npoMoiop V-reHa noc/ie 
peKOMÓMHauMM (b c/iynae o6pa30BaHMB HHTaKTHoro reHa 
MMMyHor/ioóyjiMHa). 

BeaKH RAG1 h RAG2 Heoóxo/íHMbi h AOCTaTOHHbi rj ia pac- 
ivenaeHHa flHK /yia V(D)J npn peKOMÓHHaiiHH. Hx KO/jnpy- 
kdt ABa reHa, oTAeaeHHbie Apyr ot Apyra <10 Tím m xpoMO- 
coMe. TpaHC(})eKiiHa sthx reHOB b (JjHÓpoôaacTbi npHBOAHT 
k TOMy, hto eooTBeTCTByioiij,aa flHK noABepraeTca peaio/HH 
coeAHHeHHa V(D)J. Mbiuih, He HMeioiiiHe reHOB RAG1 h 
RAG2, HecnocoÔHbi peKOMÓHHHpoBaTb reHbi HMMyHoraoôy- 
ahhob h T-KJieTOHHbix peu,enTopoB h b pe 3 yjibTaTe hmoot 
ToabKO He 3 peabie B- h T-aHMcjjou.HTbi. BeaKH RAG npoH 3 - 
bo/vit KaTaaHTHHecKne peaio/HH pacni,enaeHHa h Boccoe/iH- 
HeHHa flHK, a Taicace oóecnenHBaiOT cTpyKTypHyio ocHOBy, b 
paMKax KOTOpOH H npOHCXO/VIT sth peaKi^HH. 

RAG1 pacno3HaeT cHmajibi renTaMepoB/HOHaMepoB c 
cooTBeTCTByiomHMH 12/23-HyKjieoTHAHbiMH cneHcepaMH 
h pexpyTHpyeT RAG2 b peaKi/HOHHbiH KOMnaexc. HoHaMep 
aBjíaeTca caHTOM aj ia nepBHHHoro pacno3HaBaHHa, a renTa- 
Mep yKa3biBaeT mccto pacni,enaeHHa. 

PeaKi/HH, npoHCxoAHmne bo BpeMa peKOMÔHHauHH, no- 
Ka3aHbi Ha P n c. 23.14. KoMnjieKc AeaaeT oAHon,enoHeHHbiH 
pa3pbiB b Kaa<AOM H3 mcct coeAHHeHna. 3 tot pa3pbiB HMeeT 
3 '-OH h 3 '-P KOHu,bi. Cboóoahbih 3 '-OH kohoj, 3aTeM aTaicy- 
eT c})oc(J)aTHyio CBa3b b eooTBeTCTByioiij,eH no3Hu,HH na dpy- 
zoú cmopone dyrmeKca. TaKHM oôpa30M Ha KOAHpyioiAeM 
KOHu,e (})opMHpyeTca mnnjibKa, b kotopoh y- kohcľ, orhou 
u,enH KOBajieHTHO coeAHHeH c í'-kohiiom Apyroň u,enH; npn 
stom ocTaeTca AByxuenoneHHbiH pa3pbiB Ha CHmajibHOM 
KOHU,e. 

3tot pa3pbiB npeACTaBjíaeT coóoh peaioiHio TpaHCSTe- 
pHcjjHKaiiHH, b kotopoh 3anacaeTca SHeprna xhmhhcckhx 
CB a3eH. Taxaa peaKi/na HanoMHHaeT peaKiiHH TonoH30- 
MepH3au,HH, KaTajiH3HpyeMbie 6eaKaMH-pe30JibBa3aMH H3 
ôaKTepnajibHbix Tpacno30HOB (cm. pa3A. 21.9 «B TpaHcno- 
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3 HU.HH TnA ynacTByioT TpaHcno3a3a h pe30JibBa3a»). Cxo^c- 
tbo MCTKffy 3THMH peaiojHflMH no/wepacHBaeTca Taoce TeM, 
hto ôe^oK RAG1 cxo^eH c ôaicrepHajibHbiMH HHBepTa3aMH 
(HHBepTOpyioiij,HMH cneu,H(J)HHecKHe cerMeHTbi flHK nyreM 
nOXOXCHX peaKI^HH peKOMÓHHaiJHH). OaKTHHCCKH ÓeJIKH 
RAG MOiyr BCTaBjmTb yqacTKH /johophoh flHK, CBOÔOflHbie 
KOHIJbl KOTOpOH COflepXCaT COOTBeTCTByiOIIJ,He CHmaJIb- 
Hbie noc^e^oBaTe^bHocTO (remraMep- 12/2 3-HyKJieora£- 
Hbíň cnencep-HOHaMep), b He3aBHCHMyio qe^eByio J\ HK 
b peaiojHH TpaHcno3HUHH in vitro. 3th cjiaicrbi MoryT ro- 
BOpHTb O TOM, HTO COMaTHHeCKafl peKOMÓHHaUHa reHOB 
HMMyHHOH CHCTeMbI SBOJIIOIJHOHHpOBaJia H3 IipeflKOBblX 
(J)opM TpaHcno30HOB. KpoMe Toro, onHcaHHbiH MexaHH3M 
npeflnojiaraeT, hto ócjikh RAG OTBeuaiOT 3a xpoMOCOMHbie 
TpaHCJiOKau,HH, b KOTopbix Ig- hjih TCR-JioKycbi coeRmm- 
lOTca c flpyrHMH JiOKycaMH. 

IlInrabKH B03Jie KOflHpyiomHx kohijob co 3 flaioT cy 6 - 
CTpaT ,zyw nooieflyioiijeH cTa/j™ peaiojHH. Ecjih oflHoqe- 
noHeHHbíň pa3pbiB bhochtck 6 jih 3 ko k mnmibKe, peaiojra 
ruiaB^eHHa B03Jie stoto KOHija co3^aeT oflHouenoHeHHbiH 


BbicTyn. CHHTe3 KOMmieMeHTapHOH u,eriH npeBpamaeT 
KOAHpyioiij,HH KOHeu, b jjynneKc. 3Ta peaKi^Ha oômcmcr 
BĽCJICHUC P-HyiOieOTH^OB B KO^HpyK)IIJ,HH KOHeu,; OHH 
npeACTaB^noT coóoh HecKOJibKO ^onojiHHTejibHbix nap oc- 
HOBaHHH, pacno^oxceHHbix b oôparaoň opHeHTau,™ otho- 
CHTejibHo HCxo^Horo Koflupyioinero KOHu,a. 

MOKfly KOAHpyiOIIJ,HMH KOHU,aMH MOľyT ÓbITb BBeflCHbl 
HeCKOJIbKO flOnOJIHHTeJIbHblX OCHOBaHHH, nO-BHAHMOMy, 
b c^yqaňHOM nopímne. Hx Ha3biBaiOT N-HyioieoTH^aMH. 
BiouoHeHHe sthx HyKneoTH^OB npoHCxo^HT ójiaro/japa 
aKTHBHOcTO cjiepMeHTa ^e30KCHHyKneo3Ha-TpaHcc})epa3bi 
(H3BCCTHO, HTO 3TOT (jiepMCHT aKTHBCH B JIHMCjDOIJHTax) B 

panoHe CBoóoflHoro 3'-KOflHpyioinero rohí#, o6pa3yiome- 
roca bo BpeMtf npoijecca coe/jHHeHHa. 

H3MeHeHra nocjieflOBaTejibHoc™, TaKHM oôpa30M, 
nOtfBJWIOTCtf BCJie^CTBHe 3H3HMaTHHeCKHX MexaHH3M0B, 
ynacTByiomHx b pa 3 pbiBe h BoccoeflHHeHHH flHK. B peKOM- 
ÔHHaijHH THXce^bix ueneň napbi OCHOBaHHH TepaiOTca mu 
BCTaBjunoTca b MecTax coeflHHeHHH V H -D, D-J vm h b 060 - 
hx c^ynaax. JXeneixmi Taioxe npoHCxoAHT npu coeflHHeHHH 
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Vk-JK a HHcepu,HH b stom Mecre BcrpenaiOTai pe/jKo. H3Me- 
HeH m nodeflOBaTejibHocreH 0Ka3biBai0T bjihuhhc m noc- 

JienOBZTOlbHOCľb aMHHOKHCJIOTHblX OCTaTKOB, 3aKOflHpO- 
BaHHbix b MecTax coe^HHeHHH V-D h D-J b TOKejibix ijemix 
vum b Mecre coeflHHeHHa V-J b jierKHx ijenflx. 

Enazodapn cyu^ecmeoeanuK) necwjibKux pa3Jimnux 
Mexanu3M06 oôecneHueaemcH cumyai^un , npu Komopou 
Mecmo coedunenm MOMem imemb nocjiedoeamejibnocmb 
nymeomudoe, omjiuHatowytocn om upedcKasannoú (ecjiu 
ucxodumb U3 nenocpedcmeennozo coedunenm Kodupyn)- 
mux KonUfOG V-, D- u J-ynacmKoe). 

H3MeHeHHfl noaie^OBaTe^bHOCTH b MecTax coe/jHHe- 
HHH C 03 flai 0 T B03M0}KH0CTb /yifl nOflBJICHHfl 3jjecb ÓOJIblIIO- 
ro pa3HOOÓpa3H5I aMHHOKHCJIOTHblX OCTaTKOB. HHTepeCHO, 
HTO aMHHOKHCJIOTa B n03HI],HH % nOHBJIHeTOI BCJie^CTBHe 
peaKUHH coeflHHeHHB V-J. 3tot ocTaTOK oôpa3yeT HacTb aH- 
THreH-CB5i3biBaioiij,ero caňTa h Taioxe ynacTByeT b co3/jaHHH 
KOHTaKTa MexcAy JierKHMH h TiDKejibiMH ijemiMH. TaKHM 06 - 
pa30M, MaKCHMyM pa3HOOÔpa3H5i co3naeTCfl b MecTax koh- 
TaKTa c ijejieBbiM aHTHreHOM. 

H3MeHeHHe HHCJia OCTaTKOB HyioieoTH^oB b MecTax 
COeflHHCHHH MeH5ieT paMKy CHHTbIBaHHfl. Oo-BHflHMOMy, 
npoijecc coe/jHHeHHfl nBjíneToi oiynaHHbiM oTHOCHTejib- 

HO paMKH CHHTbIBaHHfl; TaKHM 0Ôpa30M, BepOflTHO, JIHIIIb 
o^Ha TpeTb coôpaHHbix nocjieflOBaTejibHocreH coxpamieT 
npaBHJibHyio paMKy. Ecjih V-J-ynacTKH coeflHHniOTai Ta¬ 
KHM 0Ópa30M, HTO J OKa3bIBaeTCfl BHe npaBHJIbHOH paMKH 
CHHTbiBaHHA, TpaHCJi5nj,H5i ocraHaBjíHBaeTCfl npoK/jeBpe- 
MeHHO H3-3a HOHCeHC-KOAOHOB B STOH OÓJiaCTH. MOXCHO 
npe^no^oxcHTb, hto oôpa30BaHHe HapynieHHbix reHOB 
npeACTaBJíneT coôoh Ty u,eHy, KOTopyio KJieTKa BbiHpigieHa 
n^aTHTb 3a yBejiHHeHHe pa3Hoo6pa3Ha, npHoópeTaeMoro 
npn BHeceHHH h3mchchhh b noc^e^OBaTe^bHOCTb b Mec¬ 
Tax coe^HHeHHH ynacTKOB. 

ľloAOÓHbiM oópa30M — hjih R2Me b óojibineH Mepe — 
co3^aeTCH pa3HOoôpa3He b peaKijHflx coeuHHeHra tjdkcjioh 
u,enH npn ynacTHH D-cerMeHTa. Othochtc^bho paMKH chh- 
TbiBaHHA moxcho BH^eTb TaKOH xce pe3yjibTaT; b peaKn,™x 
coe^HHeHHH oôpa3yiOTC5i Henpo/iyKTHBHbie reHbi, b koto- 
pbix J- h C-cerMeHTbi Bbina/jaioT H3 paMKH npeflinecTByio- 
mero V-reHHoro cerMeHTa. 

B peaKijHflx coe^HHeHHH KO/jHpyiomHx kohijob hc- 
nojib3yeTCfl tot xce cnocoô HeroMOJiornHHoro coe/jHHeHHfl 
KOHH.OB (NHEJ), c noMoinbio KOToporo b K/ieTKe penapn- 
pyiOTCH AByxuenoHeHHbie pa3pbiBbi (cm. pa3fl. 20.11 «Chc- 
TeMbi penapau,HH syKapHOTHnecKHx ioieTOK KOHcepBaraB- 
Hbi»). HanajibHbie cra^HH peaKijHH óhjih H3yneHbi nyTeM 
Bbi^ejieHHH npoMOKyTOHHbix npo^yKTOB-HHTepMe^HaTOB 
H3 jihmcJiouhtob MbiuiH c MyraiiHeH SCID (ot anzn. se- 
vere combined immunodeficiency — tjdkcjibih komóhhh- 

pOBaHHblH HMMyHOfle(J)HĽI 1 HT), npHBO/JÍIIII,HH K CHJIbHOMy 
na^eHHio ypoBra peKOMÓHHaijHH HMMyHomoóyjiHHOBbix 
reHOB h reHOB TCR. Mbirnn, Hecymne SCID , HaKaraHBaiOT 
aóeppaHTHbie MO^eKy^bi, oóopBaHHbie b MecTax ^Byxn.e- 
nOHCHHblX pa3pbIBOB y KOAHpyiOIIJ,HX K0HU,0B, H, TaKHM 
oópa30M, ^ecj)eKTHbie b HeKOTopbix acneKTax peaKUHH co- 
eflHHeHHfl. MyTai^HH SCID HHaKTHBHpyeT flHK-saBHCHMyio 
npoTeHHKHHa3y (flHK-ľlK). 3Ta KHHa3a HanpaB^neTCH k 


flHK óejiKaMH Ku70 h Ku80, CBH3biBaioiij,HMHC5i c KOHn,aMH 
HK. flHK-nK c})occ})op™HpyeT h, TaKHM oôpa30M, aKTH- 
BnpyeT óe^OK Artemis, KOTopbiH bhocht pa3pbiB no koh- 
u,aM um™bKH (TaKxce oh HMeeT SK30Hyioiea3HyK) h sh^o- 
HyKnea3Hyio aKTHBHOCTH, npoflBJunomHecfl b NHEJ nyTH). 
JlnrHpoBaHHe BbinojiHaeToi flHK-^HrasoH IV (npn ynac- 
thh óejiKa XRCC4). Y ^lo^eH Myraij.HH b óe^Kax Ku, XRCC4 
hjih flHK-^Hraae IV HaH^eHbi y nauneHTOB c 6o^e3HHMH, 
Bbi3bmaeMbiMH Ae(})eKTaMH penapau,HH J\ HK, hto npHBo- 
flHT K nOBblUieHHIO HyBCTBHTeJIbHOCTH K OÔJiyneHHK). 

KaKOBa xce CBH3b Mexjsy coe/jHHeHHeM V- h C-reHHbix 
cerMeHTOB h hx aKTHBan,HeH? HepeopraHH30BaHHbin 
V-reHHbiH cerMeHT HeaKTHBHO npe^CTaB^eH cpe^H ny^a 
PHK. OflHaKO noc^e npojiyKTHBHoro npHCoe^HHeHHii 
V-reHHoro cerMeHTa k C k , nojiyneHHa^ e/jHHHija TpaHCKpn- 
ónpyeTCH. nocjie/íOBaTe^bHOCTb Bbirne V-reHHoro cerMeHTa 
He H3MeH5ieTC5i b npouecce oô'be^HHeHHii, h b pe3yjibTaTe 
npOMomop dojotcen 6umb oduname e nepeopzanwoean- 
nbix, nenpodyKtnueno peopzanu3oeannbix u npodyKmueno 
peopzanusoeanmix zenax. 

npoMOTop jiokht Bbiine Kax^oro V-reHHoro cerMeHTa, 
ho oh HeaKTHBeH. npoMOTop aKTHBHpyeTCH npn nepecTa- 
HOBKe ero k C-ynacTKy. 3 tot scJ)(J)eKT ^ojixceH 3aBHceTb ot 
B bimejioKamHx nooie^OBaTe^bHocTeH. Kaicyio ^ce po^b ohh 
M oryr HrpaTb? SHxaHcep BHyrpH hjih Bbirne C-reHHoro cer- 
Mema aKTHBHpyeT npoMOTop B03Jie V-reHHoro cerMema. 
3 tot SHxaHcep TKaHecneuH([)HHeH; oh aKTHBeH TOJibKo b 
B- mieTKax. Ero cymecTBOBaHne no3BOjmeT npejyio^CHTb 
MO^e^b, noKa3aHHyio Ha *-nir ?3.i5, cor^acHO KOTopoň 
npoMOTop V-reHHoro cerMeHTa aKTHBHpyeTcn, Kor^a ero 
flocraBJunoT b oó^acTb ^chctbhíi SHxaHcepa. 


PexoMÔHHaiiMii aKTMBMpyei npoMOTop V-reHa 


HeaKTMBHblíí 

npoMOTop 3HxaHcep 



V-3K30H C-3K30Hbl 

^ PeKOMÓMHaUMfl 


■ AKTMBaUMfl ■ 

t 

ľlpoMOTop 3HxaHcep 


—TpaHCKpununfl 


PMC. 23.15 ľlpoMOTop V-reHHoro cerMeHTa HeaKTMBeH flo Toro mo- 
MeHTa, noKa c noMombio peKOMÓMHauMM oh He 6yflei nocraBjíeH He- 
fla/ieKo ot SHxaHcepa b C-reHHOM cerMeHTe. 3 tot SHxaHcep aKTHBeH 
TOJlbKO B B-nMM())OUMTaX 
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23.11 


ripoiieccMHr PHK 
MOWeT M3MeHMTb paHHioio 
3KcnpeccMio ™>KejioM uenw 


KniOMeBbie nonnim: 


• Bce ^MMcfjoumbi HaHUHatoT 3KcnpeccnpoBaTb 
MMMyHomo6y/iMHbi c MeM6paH0CBfl3aHH0ií cfjopMbi IgM. 

• Korfla B-k/ictkh AMc|)(})epeH 4 MpyK)TCfl, MeM6paH0CBfl3aHHaa 
cfjopNia CMeH^era ceKpeiopHoíí 3a cneT cn/iaíícMHra PHK. 


nepHOA CHHTC32 IgM, C KOTOpOľO HäHHHäeTOí pä3BHTHe JIHM- 
(J)OU,HTOB, MOXCHO p23ACJIHTb H2. JJfit HaCTH, BO BpeMfl KOTOpblX 
CHHTe3HpyioToi paannHHbie BepcHH p-KOHCTäHTHoro ynacTKa: 

• B TO BpeMfl KaK CTBO/IOBbie KJICTKH flH(f)<f)epeH 4 HpyK)TCfl B 
npe-B-jiHM(fx)UHT, CHHTe3HpyeTca cooTBeTCTByioiij.aa jier- 
Kaa u,enb, h IgM-Mo;ieKy;ia (L 2 p 2 ) noflBJweTCH Ha noBepx- 
HOCTH KJICTKH. 3Ta (j)OpMa IgM COAepXCHT BepCHK) p m KOH- 
craHTHoro ynacTKa (m noKa 3 biBaeT, hto IgM HaxoAHTca Ha 
MeMÓpaHe). MeMÓpaHHaa jioKajiH 3 ai],H 5 i moxcct oTpaxcaTb 
HeOÓXOAHMOCTb HHHU,HHpOBaTb npOJIH(j)epaUHIO KJieTOK 

b otbct Ha nepBHHHoe pacno3HaBaHHe amrireHa. 

• Kor/ja B-jihmc|)ouht AH(f)(f)epeHiiHpyeTCfl Aajibine (b 
njia3MaTHHecKyio mieTKy), 3KcnpeccHpyeTca p s Bep- 
cna KOHCTaHTHoro ynacTKa. IgM ceKpeTHpyeTca b BH^e 
nemaMepa IgM J, b kotopom J - sto coeflHHHTejibHbíň 
nojiHnenraA (He HMeeT oraoineHHfl k J-ynacTKy), o6pa- 
3yiomHH AHcyjibcfjHAHbie CBA3H c p-uenaMH. Cexpeuna 
óejiKa conpoBOxcflaeTca ryMopajibHbiM otbctom, KaK no- 
Ka3aHO Ha pne. 23.1. 

BepcHH T5DKCJIOH U,enH p m H p s pa3JIHHaiOTCa TOJIbKO Ha 
C-KOHue. Uenb p m 3aKaHHHBaeTDi rbmpocf)o6HOH nocjieAO- 
BaTcnbHOCTbio, KOTopaa, BepoaTHO, h 3aKpemiaeT ee Ha mcm- 
6paHe. 3Ta nocneAOBaTejibHOCTb 3aMemaeTca kopotkoh tur- 


CnnaMCHHr MeHHeT 3K30Hbi 3'-KOHua 


ľeH coAep>Km 6 3K3 ohob 


ml m2 m3 m4 

MeM6paH0CB«3aHHaB craAMfl 
flAepHaa PHKTepMMHMpyeT Ha M2. 

B mPHK npMcyTCTByioT 3K30HW Ml * M2 


Ml M2 


• -AAAA 


^ CnjiaiícMHr 

f » 

CeKpeTopHa« craAMfl 

flAepHaa PHKTepMMHMpyeT noc/ie 3K30Ha 4. 
B mPHK COAep>KMTCB TO/lbKO HeTbipe 3K30H3 


1 


"AAAA 

Cn/iaŕícMHr 


PI4C. 23.ió 3'-KOHeu pery/iwpyeT Mcno/ib30BaHne rpaHrnj cn/iaíí- 
CMHra, T3KMM o6pa30M, MOryT 3KCFipeCCMpOBaTbCfl aAbTepHaTMBHbie 
cpopMbi reHa Tflwe/ioíí i\eu m 


pocjDHjibHoň nocjieAOBaTcnbHOCTbio b |i s ; h Taxoe 3aMemeHne 
no3BOJiaeT tídkcjioh u,enH p npoňTH nepe3 MeMÓpaHy. H3Me- 
HeHHe C-KOHpa coBepmaeTca nyreM ajibTepHaTHBHoro crniaň- 
CHHra 3'-KOHpa *mepHOH PHK, KaK noKa3aHO Ha p n c. 23.16. 

Ha craAHH cynj,ecTBOBaHHa MeM6paHOCBfl3aHHOň cfjop- 
mh IgM, PHK 3aKaHHHBaeTCfl noejie 3K30Ha M2, h kohc- 
TaHTHbíň yqacroK o6pa3yeTca nyTeM cnjiaňcHHra rnecra 
3K30hob. nepBbie neTbipe 3K30Ha KOAHpyiOT neTbipe AOMe- 
Ha KOHCTaHTHoro ynacTKa. nocjieflHHe ABa 3K30Ha, Ml h 
M 2, KOAnpyiOT rHApoc|)o6HbiH C-kohiicboh ynacTOK H3 41 
aMHHOKHcnoTHoro ocTaTKa h HeTpaHCJiHpyeMbíň Tperaep. 
5'-rpaHHi;a cn^aňcHHra 3K30Ha 4 coeAHHaeTca c 3'-rpaHH- 
ueň cnjiaňcHHra b Hanajie Ml. 

Ha ceKpeTopHoň cTa^HH aAepHaa PHK OKaHHHBaeT- 
ca noc^e 3K30Ha 4. 5'-rpaHHua cnjiaňcHHra 3Toro 3K30Ha, 
KOTopaa coeAHHa^acb c Ml b MeM6paHOCBfl3aHHOň c|)opMe, 
ceňHac HrHopnpyeTca. 3 to no3BO^aeT 3K30Hy y/yiHHHTbca 
Ha 20 koaohob. 

noxoxcee npeo6pa30BaHHe c MeMÓpaHOCBjmHHOH Ha 
ceKpeTopHyio c|)opMy oÓHapyxcHBaeTca h b cjiynae c Apyru- 
MH KOHCTaHTHbIMH ynaCTKaMH. KOHCepBaTHBHOCTb CTpyKTy- 
pbi 3K30 hob roBopHT o tom, hto b AaHHOM c^ynae AeňcTByeT 
TOT xce MexaHH3M. 


23.12 


PeKOMéMHauMa AHK 
Bbi3biBaeT nepeiaiiOMeHiie 
KJiaCCOB MMMyHOTJlOÓyjlMHOB 


KmoneBbie nonnim: 


• l/lMMyHorAo6yAMHbi noApa3fleA5iK)T Ha naTb kabccob b 
COOTB eTCTBMM C TMFIOM KOHCTaHTHoro yHaCTKa TíDKeAOÍÍ [jenu. 

• ľlepeKAKJHeHMe kabccob npw CMeHe C H -yHacTKa npowcxoAMT 
nyTeM peKOMÓMHaiiMM Mewfly S-paííoHaMM c AeAeuweíí Bceň 
noc/ieAOBaTe/ibHocTM Me>KAy ciapbiM m hobwm C H -yHacTKaMn. 

• Mo>KeT npOMCXOAMTb MHO>KeCTBO yCneiAHblX peKOMÓMHaLlMM AH« 
nepeKAK)HeHMfl kabccob. 


Knacc HMMyHonioóyjiHHa onpeAe^aeTca THnoM C H -yHacTKa. 
Ha pmc. 23.17 npeACTaB^eHbi naTb KJiaccoB Ig. IgM (HMMy- 
HOľ^OÓy^HH, KOTOpblH B-KJieTKa npOH3BOAHT nepBbIM) h IgG 
(caMbíň pacnpocTpaHeHHbiH HMMyHonioóyjiHH) cnabHee 
ApyTHX CnOCOÓHbl aKTHBHpOBaTb KOMniieMeHT, HTO Be^eT K 
pa3pynieHHio BHeApHBmeňca kjictkh. IgA oÓHapyxcHBaeTca 
b BbiAe^aeMbix xchakocthx (TaKHx KaK c^iOHa), a IgE ynacT- 
ByeT b aAneprHHecKHx peaKunax h 3am,HTe ot napa3HTOB. 

Bce JIHM(f)OUHTbI HaHHHaiOT npOAyKTHBHyiO XCH3Hb KaK 
He3pe;ibie kjictkh, npoH3BOAanj,He IgM. Kjictkh, 3Kcnpecaipy- 
ioiij,He IgM, HMeiOT 3apoAbimeByio opraHH3auHio C H -KJiacTepa 
reHHbix cerMeHTOB, noKa3aHHyio Ha pne. 23.10. V-D-J pean- 
u,hh coeAHHeHHa 3anycKaioT 3KcnpeccHio C M -reHHoro cer- 
MeHTa. OÓblHHO JIHM(J)OLI 1 HT npOH3BOAHT O^HH lOiaCC HMMy- 
HOr^OÓy^HHOB B Ka>KAbIH MOMeHT BpeMeHH, HO KJiace MO)KeT 

MemiTbca b npouecce kjictohhoh AH<f><f>epeHiiHpoBKH. Ta- 
Koe H3MeHeHHe 3KcnpeccHH Ha3biBaioT nepeiciiOHeHHeM 
KJiaccoB. Oho coBepmaeTca nyTeM 3aMemeHHa 3Kcnpeccn- 


598 TJ1ABA 23 KaK cjDopMMpyeTca MHoroo6pa3ne aHT men 
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Te/ibHbm 6e/iOK b IgM; Bce ocra/ibHbie Tunbi Ig AB/iaiOTCfl TeipaMepaMM 


pyiomeroca C H -ynacTKa. Oaicropbi OKpy^caioiij.eH cpeflbi mo- 
iyr cTHMyjiHpoBaTb nepeKJiiOHeHHe; HanpHMep pocroBOň 
(f)aicrop TGF|3 Bbi3bmaeT nepeKJiiOHeHHe c C M Ha C a . 

ľlepeKJiTOHenue 3ampazueaem mojibKO zemnú cez- 
Menm C H ; npu síyiom npodojiMaem dKcnpeccupoeambcn 
mom Me V H -zennuú cezMenm. TaKHM o6pa30M, V H -reHHbiň 
cemeHT moxcct nocjieAOBaTeiibHO 3KcnpeccnpoBaTbCfl b 
KOMÓHH aUHH C ÓO JICC HCM O/JHHM C H _ rCHHbIM CCľMCHTOM. 
Ta xce caMaa jierKaa u,enb npoflOJDKaeT 3KcnpeccnpoBaTbCfl 
b KJieTOHHoň jihhhh Ancf)(f)epeHiiHpoBKH. nepemnoHeHne 
KJiaccoB, cjieAOBaTe^bHO, no3BOjmeT H3MeHHTb thit 3<f)(f)eK- 
TopHoro OTBeTa (onocpeflyeMoro C H -ynacTKOM), coxpaHaa 
npH stom cnocoÓHOCTb pacno3HaBaTb tot xce caMbíň aHra- 
reH (hto onocpeAyeTca V-ynacTKOM). 


M 3 MeHeHHa b SKcnpeccnn C H -reHHoro cerMema npo- 
H3BOAHTca flByMfl cnocoóaMH. Mame Bcero sto nponcxoflHT 
nyTeM AajibHeňmeH peKOMÓHHaiinn flHK (npn ncnoJib30- 
BaHHH flpyrHx CHcreM, neM b oiynae coeAHHeHna V-D-J, 

3TH CHCTeMbI OIOCOÓHbl flCHCTBOBaTb n03XCe B pa3BHTHH 

B-ioieTOK). flpyroň cnocoó H3MeHHTb miacc AeňcTByeT Ha 
ypoBHe npoueccHHra PHK, ho nanje 3 tot cnocoó ncnoiib- 
3 yerca /yia H 3 MeHeHHa C-kohucboh nocjieflOBaTejibHOcm 
C H -ynacTKa (cm. pa3fl. 23.11 «npoijeccHHr PHK MOxceT H3- 
MeHHTb paHHIOK) 3KCnpeCCHK) TíDKeJIOH 4enn»). 

KneTKH, 3KcnpeccnpyK)iij,He HnacejiOKamne C H -reHHbie 
ceraeHTbi, HecyT cenením C M h flpyrax reHHbix cerMeHTOB, 
npe/íiiiecTByioiij.Hx SKcnpeccnpyeMOMy C H -ynacTKy. nepe- 
KJiiOMeHHe KJiaccoB ocynj;ecTBJiaeTca nyTeM peKOMÓHHaijHH 


ľlepeiuiiOMeHMe KJiaccoB nponcxoflMT nyTeM peKOMÔMHaiiMH c BbipeaaHMeM ynacTKOB AH K 


feHbi 

ynacTKM 

nepeKJiKDHeHMfi 


VDJ p ô 

4i 

S H 

I 


y 3 y 1 y 2 P y 2a £ al q2 

p| p* . * i I M| 

S Y3 S yl S Y2b S Y2a S e S al S a2 

ô 


^ S Yl peKOMÓMHaUMfl [iy 


■ ľeH y 1 3KcnpeccnpyeTCfl ■ 


Bbipe3aHHaíi 

KO/ibueBaíi 

flHK 


VDJ y 1 Y 2 P Y 2a £ cx 1 a 2 

m m hh 


^,Yl ^Y^b ^y 2 a ^al ^a 2 

1 _ 1 



V, Y 1 — 

1 

^ S al peKOMÔMHaUMÍl 


v 2 P xx 



e v '' 


> 

f 


Y a 


■ ľeH al 3KcnpeccnpyeTCfl ■ 


VDJ a 1 a 2 

Hl phÄ~ .• 


HU . d j.lc IlepeMKJHeHMe K/iaccoB reHOB Tflwe/ibix ueneíí Mo>KeT ocymecTB/iflTbca nyieM peKOM- 
ÓMHauMM Me>KAy ynacTKaMM nepeK/uoHeHMfl (S), c Ae/ieuneíi Maiepwa/ia Me>KAy peKOMÓMHupyKJiAMMn 
S-caííTaMM. Bo3Mo>KHbi noc/ieAOBaie/ibHbie KacKaAHbie nepeK/uoHeHMfl 


23.12 PeKOMÓMHaunB flHK Bbi3biBaeT nepeK^toneHne K/iaccoB MMMyHor/ioóy/iMHOB 599 



















AJia coHJieHeHHfl HOBoro C H -reHHoro cerMeHTa c SKcnpec- 
CHpyeMbiM yqacTKOM V-D-J. nocjieAOBaTejibHOCTH nepeiuno- 
neHHbix 6jiokob V-D-J-Ch noKa 3 biBaioT, hto caňTbi nepeiuiK)- 
neHna jieacaT Bbirne caMHx C H -reHHbix cerMeHTOB. CaňTbi 
nepeionoHeHna Ha 3 biBaioT S-y^acncaMH. HaPMC. 23.18 no- 
Ka3aHbi flBa nocaeAOBaTejibHbix nepeKjnoneHHa. 

B nepBOM nepeioiiOMeHHH 3a SKcnpeccneň C M aie/iyeT 
SKcnpeccna C^. C Yl -reHHbiň cernem nepeHOCHTca b nojio- 
xceHHe SKcnpeccnn nyTeM peKOMÓHHaijHH Me>K/iy caň- 
TaMH S M h S Yl . CaňT S M jiokht MOKAy V-D-J h C^-rcHHbiM cer- 
MemoM. CaňT S Yl pacnojioaceH Bbirne C Yl -reHHoro cerMeHTa. 
nocaeflOBaTe;ibHOCTb flHK Mexc/iyAByMa caňTaMH nepomio- 
neHHa Bbipe3aeTca b bhac KOJibveBOň MOJieKyjibi. 

JlHHeňHaa ACJievHOHHaa MOAejib HajiaraeT orpaHHne- 
Hna Ha Jioxyc Taacejibix i/eneň: Yloaie nepeKrnmenm mac- 
coe neeomoMHo dKcnpeccupoeamb jitoôoú m C H -zennbix 
cemenmoe, Komopue pacnojiazanucb MeMdy C M - u ho- 
euM C H -zennbiM cezMenmcm. Ha npnMepe, noKa 3 aHHOM Ha 
pne. 23.18, KJieTKH, SKcnpeccHpyioivHe C^, aojdkhm 6 biTb He- 
cnocoÓHbi SKcnpeccHpoBaTb (^3 (KOTopbíň 6 bui ynajieH.) 

O^HaKO coxpaHaeTca B03M0>KH0CTb BbinojiHHTb noc- 
Jiep , yiomee nepeiuiiOHeHHe h SKcnpeccnpoBaTb jiioóoh 
C H -reHHbiň cerMem moce yace SKcnpeccnpoBaHHoro reHa. 
Ha pne. 2 3.18 noKa3aHO BTopoe nepeiuiiOHeHHe k sxcnpec- 
chh C a , np0HCX0Aaiu.ee 3a cneT peKOM6HHau,HH MOKAy ynac- 
tkom nepeioiioHeHHa S„i h yqacTKOM S M>Yl , o6pa30BaHHOM b 
pe3yjibTaTe nepBoro nepeiuiiOHeHHa. 

Mbi npeAnoaaraeM, hto Bce C H -reHHbie cerMeHTbi HMe- 
10 T S-ynacTKH Bbirne KOAHpyiomeň nocjieAOBaTejibHOcra. 
HeH3BecTHO, cynj,ecTByioT jih KaKHe-TO orpaHHneHHa Ha hc- 
noab30BaHHe S-ynacTKOB. nocjieAOBaTejibHbie nepeKjHone- 
HHa AcňcTBHTejibHO npoHcxoAaT, ho mh He 3HaeM, aBJíaiOT- 
ca jih ohh (J)aKyjibTaTHBHbiM h jih o6a3aTeabHbiM nyŤeM /yia 
nepexoAa k óojiee a ajibHHM C H -reHHbiM cerMemaM. Hme- 
pecHO 6 buio 6 bi y3HaTb, MoaceT jih IgM nepeKJHonaTbca Ha- 
npaMyio Ha moôou Apyroň Kjiacc. S-ynacTKH JieacaT BHyTpn 
HHTpoHOB, npeAniecTByioiij,Hx C H -KOAHpyiomHM ynacTKaM; 
nosTOMy nepeioiioHeHHe He H3MeHaeT paMKy CHHTbraaHHa. 


23.13 


riepeKiiiOHeHMe nponcxoflm 
nyieM HeoébiMHoň peaKunn 
peKOMÓMHaUMIi 


KjuoneBbie noHflTMfl: 


• ľlepeKaKJHeHne nponcxoAm c noMOiAbK) AByxuenoHeHHoro 
pa3pbiBa m coeAHHeHHa HeroMo/iomHHbix nacren. 

• XapaKTepHoíí ocoóeHHocrbK) paiíoHa nepeK/uoHeHHa aB/iaeica 
HaanHne MHBepiupoBaHHbix noBTopoB. 

•flaa nepeK/uoHeHHa HeoóxoAHMa aKTHBauna npoMOTopoB Bbiiae 
caŇTa nepeK/uoHeHHa. 


H3BecTHO, hto caňTbi nepeKjnoneHHa HeoAH03HanHbi, noc- 
KOJibKy AOKa3aHO, hto pa3Hbie kjictkh, SKcnpeccnpyiomHe 
oahh h Te ace C H -reHHbie cerMeHTbi, peKOMÓHHnpyioT b pa3- 
hhx MecTax. YHacTKH nepeioiiOHeHHa hmoot pa3JiHHHyio 
/yiHHy (Kax onpeAejinjín no orpaHHMeHnaM caňTOB, ynacr- 


Byioiij,Hx b peKOMÓHHavnn) ot 1 j\o 10 tuh. Ohh co^epacaT 
rpynnbi kopotkhx HHBeprapoBaHHbix noBTopoB, b KOTopbix 
noBTopaioiAaaca eAHHnua MoaceT BapbnpoBaTb no /yiHHe ot 
10 ao 80 HyKjieoTHAOB. nocjieAOBaTejibHOCTb ynacTKa nepe- 

KJiioHeHHa, no-BHAHMOMy, HeBaacHa; BaacHO Jinuib HajiHMne 
HHBepTHpOBaHHblX nOBTOpOB. 

S-ynacTOK oóhhho pacnojiaraerca npnMepHO b 2 rim 
Bbirne C H -reHHoro cerMeHTa. MaTepnaji Meac/iy caňTaMH 
nepeionoHeHna b pe3y;ibTaTe peaKi/nn Bbipe3aeTca b bhac 
KOJ ibveBoň MOJieKyjibi J\ HK. cf>a3bi oOTeAnHeHna b pc- 

aKunn VDJ-peKOMÓHHauHH HeoóxoAHMbi ABa 6e;iKa: Ku n 
JJHK-PKcs (xpoMe Toro, ohh HyacHbi h pjm HeroMOJiorHHHO- 
ro coeAHHeHHa kohvob, NHEJ). 3tot cfmT roBopHT o tom, 
hto peaKi/na coeAHHeHHa MoaceT Hcno;ib30BaTb NHEJ nyTb. 
B vejiOM sto 03HanaeT, hto peaKvna nponcxoAHT nyreM 
AByxvenoMeHHoro pa3pbiBa, conpoBoacAaeMoro boccocah- 
HeHneM pa3pe3aHHbix kohvob. 

MoAejib o 6 pa 30 BaHHa AByxvenoHeHHoro pa 3 pbiBa HMe- 
eT cjieAyioiij,He ochobhhc momchtm: 

• Hyama TpaHCKpnnvna S-ynacTKa; 

• HeOÓXOAHMbI HHBepTHpOBaHHbie nOBTOpbl; H 

• pa 3 pbiB MoaceT npoH 30 HTH bo MHornx MecTax BHyTpn 

S-ynacTKa. 

Ha p u c. 23.19 noKa3aHbi cTaAHH peaKi/HH nepeioiioHe- 
Hna KaaccoB. npoMOTop (I) HaxoAHTca HenocpeACTBeHHO 
nepeA KaacAbiM ynacTKOM nepeioiiOHeHHa. /I/ia nepeioiiOHe- 
HHa 3TOT npOMOTOp AOJDKCH ÓbITb TpaHCKpHÓHpOBaH. HpO- 
motop MoaceT OTBenaTb Ha ACňcTBHa aKTHBaTopoB, KOTopbie, 
b cbok) onepeAb, OTBenaiOT Ha ycjiOBHa cpeAbi (HanpnMep, Ha 
CTHMyJiaiJHK) VHTOKHHaMH), H 3Ta CHCTCMa, TaKHM 0Ôpa30M, 
npeACTaBJíaeT coóoň MexaHH3M /yia peryjiaiiHH nepeioiiOHe- 
HHa. CjieAOBaTejibHO, nepBaa CTaAHa nepeioiiOHeHHa — sto 
aKTHBau,Ha I-npoMOTopoB nepeA KaacAbiM ynacrKOM, koto- 
pbíň 6yAeT ynacTBOBaTb b peaKiinn. npn aKTHBau,HH c 3thx 
npoMOTopoB o6pa3yiOTca HeTpaHCJinpyeMbie (cTepnjibHbie) 
TpaHCKpnnTbi, KOTopbie cnaaňcnpyiOTca jyw coeAHHeHHa 
I-ynacTKa c cooTBeTCTByioiAHM ynacTKOM Taacejioň u,enH. 

KjnoneBbiM coóbiTHeM Ha nyTH k noHHMaHHio MexaHH3- 
Ma nepeiononeHna 6buio OTKpbiTHe pojih cfjepMeHTa AID 
(aKTHBailHOHHO-HHAyUHpyeMOH U,HTHAHHAe3aMHHa3bl). B 
OTcyTCTBHe AID nepeioiiOHeHHe KaaccoB ójiOKnpyeTca ao 
CT aAHH o6pa30BaHHa OAHOvenoneHHoro pa3pbiBa. CoMa- 
THnecKHH MyTareHe3 Taxace ÓJiOKnpyeTca, hto yKa3bmaeT 
Ha HHTepecHyio CBa3b AByx BaacHbix npou,eccoB reHepa- 
u,hh HMMyHOJiorHHecKoro pa3HOOÓpa3Ha (cm. pa3A. 23.15 
«U,HTHAHH-Ae3aMHHa3a h ypavHji-rjiHK03Hjia3a Bbi3biBaiOT 
coMaTHnecKHH MyTareHe3»). 

AID 3KcnpeccnpyeTca TOJibKO Ha onpeAejieHHoň CTa¬ 
AHH AH<})<J>epeHLi,HpoBKH B-jihmc|)ovhtob, npHBa3bmaa 
npoveccbi nepeiononeHna imaccoB h coMaTnnecKoro My- 
TareHe3a k stoh CTaAHH. AID — oahh h3 hjichob Kaacca 
(JjepMeHTOB, B03AeňcTByioiij 1 Hx Ha PHK jijín 3aMeHbi u,hth- 
AHHa Ha ypHAHH (cm. pa3A. 27.10 «PeAaKTHpoBaHHe PHK 
xacaeTca KOHKpembix a30THCTbix ocHOBaHHň»). OAHaxo 
AID HMeeT Apyryío cneu,H(|)HHHOCTb h AcňcTByeT Ha oaho- 
venoneHHyK) PHK. 

Jljm nepeKJnoneHHa KJiaccoB h coMaranecKoro MyrareHe- 
3a Taxace hcoóxoahm AonojiHHTejibHbíň cjjepMeHT. 3 to UNG, 


600 TJ1ABA 23 KaK (jDopMupyeica MHoroo6pa3ne aHTmea 





ilpw nepeKniOMeHMM wiaccoB 3aAencTBOBaHbi 3Kcnpeccnfi pacujen/iemie m BoccoetfMHeHMe AHK 


3Kcnpeccníi 

VDJ p 

e 

TeHbi 4 

i i 

ynacTKH IS 

nepeKJHOHeHMfl | 

IS 

CK/ieeHHbie t^VDJ p 

TpaHCKpMľlTbl 

- Ip 

Hx 

Pacmen/ieHMe 

Pa3pbiB 

i 

Pa3pbiB 

1 

VDJ { p 

ŕ— 4? M 

0 i 

CoeflMHeHMe 

VDJ e 


• ti 

CK/ieeHHbie 

TpaHCKpMnTbl 

r 

^ VDJ e 


PMC. 23.19 IlepeKAioHeHMe K/iaccoB npoMCxoflm nepe3 oľfle/ibHbie cia p,m. I-npoMOTopbi mh 
pyKJTTpaHCKpununK) c o6pa30BaHneM HeipaHC/iMpyeMbix (crepM/ibHbix) TpaHCKpunTOB. ľlepeK/iJOHa- 
eMbie ynacTKu Bbipe3aK)TCB. B Meciax Bbipe3aHHbix ynacTKOB fipomcxoamt coeAMHeHne 


ypaiiRn-flHK-rAHK03Rna3a, yqajiaiomHH ypaujui, KOTopbíň AID 
o6pa3yer nyreM fle3aMHHHpoBaHna u,HTH^HHa. flecjDHij.HTHbie 
no UNG Mbirnn HMeiOT CHrDKeHHbíň b 10 pa3 ypoBeHb nepe- 
KJnoneHHa KJiaccoB. 3 to npeflnojiaraeT MOfle^b, npn KOTopon 
noaieflOBaTcnbHbie flencTBHa AID n UNG co3flaiOT Taxne can- 
Tbi b flHK, H3 Koropbix yqajieHO ocHOBaHne. Tanoe flencTBHe 
npnBOAHT k pa3JiHHHbiM nocjieACTBnaM b nepemimeHHH 
KJiaccoB n b cncreMe coMamnecKoro MyrareHe3a. 

Hctohhhk OAHOiienoHeMHOH ^HK-MHineHH /y m AID 06 - 
pa 3 yeTca nyreM cTepnjibHoň TpaHCKpnniiHH, Hanóojiee Be- 
poarao, H 3 - 3 a SKcnoHnpoBaHHa HeMaTpHHHon u,enn J\ HK, 
BbiTecHaeMon Kor/ja flpyraa u,enb ncnojib 3 yeTca b KanecTBe 
MaTpnijbi /yia cnHTe 3 a PHK. 3 Ta MO/je/ib no/mepxoiBaeT- 
ca HaÓAiOAeHHeM, hto AID BbiónpaeT b KanecTBe MnmeHH 
npeflnoHTHTejibHO HeMaTpHHHyio ijenb. 

JIjir nepeiononeHna miaccoB 3 th canTbi npeBpamaiOTca 
b pa3pbiBbi HyioieoTHAHOH yenoMKH, hto oóecneMHBaeT Bbi- 
pe3aHne ynacTKOB, noKa3aHHoe Ha pne. 23.19. Pa3pe3aHHbie 
Komibi coeflHHaioTca nyreM NHEJ, KOTopbíň npe/jCTaB/iaeT 
coóon cncTeMy penapaynn, fleHCTByiomyio Ha flByxijeno- 
nenHbix pa3pbiBax flHK (cm. pa3fl. 20.12 «HecneiiHajiH3npo- 
BaHHaa cncTeMa penapaynn flByxu,enoHeHHbix pa3pbiBOB»). 
rioxa Hen3BecTHO, Kax ynacTOK c yqajieHHbiM ocHOBaHneM 
npeBpamaeTca b /jByxijenoHeHHbiH pa3pbiB. Bo3mo>kho, b 
stom 3 a,aeHCTBOBaHa cncTeMa MSH (magnesium silicate 
hydrous), ynacTByiomaa b penapaynn HecnapeHHbix ocho- 
BaHHH b flHK (nocKOJibKy MyTaiinn b reHe MSH2 CHHacaiOT 
ypoBeHb nepeKjnoneHHa KJiaccoB). 

OflHa H3 HeoxcH,qaHHbix oeoóeHHOCTeň npoyecca — sto 
ynacTne HHBepTnpoBaHHbix noBTopoB. CymecTByeT BepoaT- 


HOCTb Toro, HTO UinHJIbKH 06pa3VK)TCH nyTCM B3aHMOAeňe- 
TBna Me^K^y HHBeprapoBaHHbiMH noBTopaMH Ha BbiTecHae- 
moh HeMaTpnHHOH yenn, Kax noKa3aHO Ha p m c 23 . 20 . npn 
conpjDKeHHH c o6pa30BaHneM ynacTKa c y/ja^eHHbiM ocho- 
BaHneM Ha stoh yenn flaHHbíň npoyecc mo)kct npnBOflHTb 
k pa3pbiBy. 

JXb2l oneHb BaxcHbix Bonpoca, KOTopbie ocTajincb 6e3 ot- 
BeTa, cocToaT b cjie^yiomeM: Kax onncaHHaa cncTeMa Haye- 
jiHBaeTca Ha cooTBeTCTByiomHe ynacTKH b jiOKyce Ta>Kejibix 
yenen h Kax nponcxoflHT KOHTpoiib 3 a ncno;ib30BaHHeM 
caňTOB nepeiononeHna? 



PMC. 23.20 B MOMeHT pa3fle/ieHHfl peneíí flHK npn TpaHCKpnnLiMM 
oflHa M3 peneií Mo>KeT o6pa30BbiBaib wnunbKy (npn nanmm na/iMH- 
ApoMHoíí nocAeAOBaieabHocTu) 
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23.14 


CoManmecKue MyiaunM co3AaiOT 
Aono/iHme/ibHoe MHoroo6pa3ne 
aHTMTe/i y MbiLueň u MejiOBexa 


fOiíOHeBbie fiohathb: 


• noc^eflOBaie-nbHocTb V-paŇoHOB aKTMBHbix reHOB 
MMMyHor/io6y/iMHOB 0T/iMHaeTCB ot 3toi*o ynacTKa b K/ieTKax 
3apoflbiiueBoro Turia M3-3a coMaTMHecKux Myiauníí. 

• CoMaTunecKue Myiaunu ripeflCTaB/iaroT co6oií 3aMeHy 
KOHKpeTHblX HyK/ieOTMflOB. 

• CaŇTbi MyTauníí KOHiiempMpyioTCfl b 06 /iacTM aHTureH- 
CBA3biBaiomero ynacTKa. 

• BHeceHne coMaTMHecKux Myiauníí 3aBncm ot paóoTbi 
3HxaHcepa, KOTopbm aKTMBMpyeT TpaHCKpnrmmo Ig-Jionyca. 


npH cpaBHeHHH noc^eAOBaTe^bHOCTeň 3KcnpeccHpy- 
eMblX reHOB HMMyHOrjIOÓyJIHHOB H COOTBeTCTByiOIIJ.HX 
V-reHHbix cerMeHTOB 3apoAbimeBO h jihhhh bhaho, hto 
b OKcnpeccHpyeMOH uouymu,uu noflBJunoTca HOBbie 
nocjieflOBaTejibHOCTH. HeKOTopaa nacTb 3Toro ^oíiojihh- 
TejibHoro pa3HOo6pa3Ha o6pa3yeTca b pe3y;ibTaTe H3Me- 
HeHHa noc^eAOBaTe^bHOCTeň b V-J- hjih V-D-J-coeAHHe- 
hhax, npoHcxoAamero bo BpeMfl peKOMÓHHaiiHH. flpyrHe 
H3MeHeHHa, o^HaKO, HaÓJiioflaiOTCfl Bbirne 3thx ynacTKOB 
BHyTpH BapHaóejibHbix aomchob. 

nočné Toro KaK nyTeM peopraHH3aiiHH 6bui o6pa30BaH 
(J)yHKn,HOHajibHbiH reH HMMyHorjioóyjiHHa, H3MeHeHHa b 
V- reHHbix noe^eAOBaTe^bHOCTax npoHcxo/iaT c noMonj,bio 
flByX MexaHH3MOB. Y He^OBeKa H MblIIIH TaKHM MexaHH3MOM 
flBJweTca HH/iyKLi.Ha coMaTH^ecKHx MyTau,HH b OTAeiibHbix 

TOMKaX BHyTpH reHa, B OCOÓeHHOCTH B aKTHBHblX JIHM(fX)- 
u,HTax. 3 tot npoijecc HHorfla Ha3biBaioT mnepMyraijHeH. 
Y Kyp, KpojíHKa h CBHHbH Apyroň MexaHH3M Hcno;ib3yeT 
reHHyio KOHBepcHio jyin 3aMeHbi cerMema 3KcnpeccHpye- 
Moro V-reHa Ha eooTBeTCTByiomyK) noejieAOBaTejibHOCTb H3 
Apyroro V-reHa (cm. pa3A. 23.16 «HMMyHorno6y;iHHbi umu, 
o6pa3yiOTCfl H3 neeBAoreHOB»). 

3oha, npeACTaB^aioiij,HH coóoh ynacTOK 3KcnpeccHpye- 
Moro V-reHa, mo>kho Hcno;ib30BaTb jyin onpeAejieHHa Bcex 
cooTBeTCTByiomHx yqacTKOB b 3apoAbimeBOH jihhhh. Hx 
noejieflOBaTejibHOCTH AOJDKHbi noKa3aTb Becb cneicrp TaKnx 
cerMeHTOB, KOTopbie Moryr Hcno;ib30BaTbCfl b opraHH3Me. 
JIioóoh SKcnpeccHpyeMbiH reH, noc;ieflOBaTe;ibHOCTb koto- 
poro OTjiHnaeTca, o6pa30Bajica b pe3y;ibTaTe eoMaTHHecKHx 

H3MCHCHHH. 

O/jHa H3 TpyflHOCTeň coctoht b tom, qTOÓbi AOKa3aTb, 
hto óbuin oÓHapy^ceHbi AeňcTBHTejibHO Bce noTeHiinajib- 
Hbie HCTOHHHKH V-reHHbix CerMeHTOB 3apOflbIIIieBOH JIH- 
hhh. 3Ta npoÓJieMa He npeACTaBjmeT TpyqHoera b ejiynae 
MbiuiH, y KOTopoň flocTaTOHHO npocTaa CHCTeMa X-iieneň. 
HccjieflOBaHHe HecKOJibKHx MnejiOMHbix jihhhh, npoH3BO- 
AfliijHx X r ri,enH, noKa3ajio, hto nacTb H3 hhx hmoot noc- 
jieAOBaTejibHOCTb ojjHoro h Toro tkc reHHoro cerMema 
3apoAbimeBOH jihhhh. flpyzan nacmb necem noeue noaie- 
doeamejibHocmu, Komopue ôojimhu 6bum o6pa3oeambCH 
nymeMMymaupú e 3apodumeeoM zenncm cezMenme . 

Jpm onpeflejieHHfl qacTOTbi coMaTHMecKHx MyTau,HH He- 
OÓXOflHMO HCC^eflOBaTb ÓO^bUIOe HHC^O lOieTOK, B KOTOpblX 


SKcnpeccHpyiOTca OAHHaKOBbie V-reHHbie cernemu. Ha 
npaKTHKe mm onpe,ae^eHHa TaKoň rpynnbi xapaicrepH3yK)T 
HMMyHorjioóyjiHHbi cepHH ioictok, npoaB^aioiij,Hx HMMyH- 
Hbíň OTBeT k onpeflejieHHOMy aHTnreHy. 

Jpm stoh u,ejiH Hcno^b3yiOT snHTonbi k Ma^biM MOJie- 
Ky^aM — ranTeHaM, 3JieMeHTapHaa cTpyKTypa KOTopbix Bbi- 
3bIBaeT CTaÓHJIbHblH OTBeT B OTJIHHHe OT MHOTHX ÓCHKOB, 
pa3^HHHbie Mae™ KOTopbix Bbi3biBaiOT o6pa30BaHHe pa3- 
jiHMHbix aHTHTeji. ľanTeHbi KOHT>iorHpyiOT e HepeaKTHBHbiM 
óe^KOM /yia o6pa30BaHna aHTnreHa. Kjictkh no^yqaiOT, 
HMMyHH3npya Mbinib TaKHM aHTnreHOM, Bbi^e^aioT peaK- 
THBHbie JIHM(J)OLI,HTbI H HHOr,qa C^HBaiOT 3TH JIHM(J)OLI,HTbI C 
KJieTKaMH MHeJIOMbl (HMM0pTaJIH30BaHHbIMH onyxo^eBbiMH 
kjictkh) mm o6pa30BaHHa nrópHAOM, KOTopbie npoAOJDKa- 
iot 3KcnpeecHpoBaTb Hy>KHbie aHTHTejia HeorpaHHMeHHO 
AO^roe BpeMa. 

npHBe/jeM OAHH H3 npHMepOB: 10 H3 19 pa3^HH- 
Hbix KjieTOHHbix jihhhh, npoH3BOA«iiJ,Hx aHTHTejia npo- 
thb ranTeHa c|)oc(|)op™xo^HHa, hmoot o^Hy h Ty le 

V H -noejieflOBaTejibHOCTb. 3Ta noe^eAOBaTe^bHOCTb HMeeT 

3apoAbimeBbiH V-reHHbíň cerMem TI 5, oahh h3 qeTbipex 
poACTBeHHbix V H -reHOB. ^pyrne AeBaTb 3KcnpeecHpyeMbix 
reHHbix cerMeHTOB OTjinqaiOTca Apyr ot Apyra h ot Bcex qe- 
Tbipex 3apoAbimeBbix h^chob eeMeHCTBa. Óhh 6bmn 6o^ee 
noxo^CH Ha TI5 3apoAbmieByio noe^eAOBaTe^bHOCTb, qeM 
Ha KaKyio-^HÓo HHyio, h hx c|)^aHKHpyK)iij,He noe^eAOBa- 
TejibHOCTH 6bmn TaKHMH ^ce, KaK h BOKpyr TI 5. 3tot cJ)aKT 
TOBOpHT O TOM, HTO OHH B03HHKJ1H H3 TI 5 nyTeM COMaTH- 
necKoro MyTareHe3a. 

Ha p v\ c. 2 3. 21 noKa3aHO, hto H3MeHeHHa noc^eAOBaTenb- 
hocth ;i0KajiH30BaHbi BOKpyr V-reHHoro eerMeHTa, pacno/ia- 
raaeb Ha ynacTKe ot ~ 150 nH Bbirne V-reHHoro npoMoropa h 
flo —1,5 TnH. M3MeHeHHa npeACTaB^aioT coóoh 3aMeHbi otac- 
jibHbix nap HyioieoTHAOB. Oóhhho sto ot ~3 flo ~15 3aMeH, 
hto eooTBeTCTByeT <10 3aMeHaM aMHHOKHCJiOT Ha 6enoK 
3aMeHbi KOHueHTpnpyiOTca b aHTHreH-CBH3biBaiomeM caňTe 
(eo3AaBaa, TaKHM o6pa30M, MaKCHMyM pa3HOOôpa3Ha jm 
paeno3HaBaHHa hobhx aHTHreHOB). To^bKO HeKOTopbie H3 
MyrauHH b^hhiot Ha aMHHOKHCJiOTHyio nocjieAOBaTenbHOCTb, 
nocKO^bKy nacTb H3 hhx OKa3biBaeTca b TpeTbeM nojiO)KeHHH 
koaohob, a TaK^ce b HeTpaHCJiHpyeMbix ynacTKax. 

npHCyTCTBHe AOBOJIbHO ÓO^bUIOH HaCTH He3HanaiAHx 
MyTaiJ.HH rOBOpHT O TOM, HTO COMaTHHeCKHe MyTaiJ.HH npo- 


CoMaTHMecKHe MyrauHH npoMcxoflWT b panoHe VD3 



VDJ 2 TnH C 


P M C. 2 3.21 CoMaTMHecKue MyTauMM nponcxoflíiT b paŇOHe, ok- 
py>naK)iMeM V-cerMeHT f m pacnpocTpaHBioTCB Ha coeflMHeHHbie 
VDJ-cerMeHTbi 
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23.15 


hcxoaat 6ojiee hjih MeHee cjiyqaňHbiM o6pa30M b paHOHe, 
BKJiiOHaiomeM V-reHHbíň cerMeHT h ero OKpyaceHHe. Jhm He- 
KOTopbix MyTau,HH cymecTByeT TeHAemj.Ha noBTopaTbca bo 
MH orax cayHaax. Ohh MOiyr npeACTaBJMTb coóoh ropanne 
tohkh, B03HHKaiomHe H3-3a KaKHx-TO BHyTpeHHHx npeA- 
nOHTeHHH B CHCTeMe. 

CoMaTHHecKHe MyTau,™ npoHcxoAaT bo BpeMa mio- 
HajibHoň npojincfjepaijHH, co CKopocTbio npHMepHO ~10~ 3 
Ha nH Ha noKOJieHHe mieTOK. ľlpHMepHO nojiOBHHa flonep- 
hhx KJieTOK Heccr MyTau,HK); b pe3yabTaTe kjictkh, 3Kcnpec- 
cnpyiomHe MyraHTHbie aHTHTejia, cocTaBjmioT óójibinyio 
MaCTb KJIOHa. 

Bo MHornx caynaax eAHHCTBeHHoe ceMeňcTBO 
V-reHHbix cerMeHTOB nocToaHHO Hcnoab3yeTca ajia otbc- 
Ta Ha onpeAeaeHHbíň aHTHreH. ripn y3HaBaHHH aHTHreHa 
V-ynacTOK c HaHÓojibmen acfxfjHHHOCTbio (npe/i;nojio>KH- 
TeabHO) oóecneHHBaeT OTnpaBHyio TOHKy. CoMaraHec- 
KHe MyTau,HH 3aTeM yBejiHHHBaiOT cneKTp pa3HOo6pa3Ha. 
CayqaňHbie MyrauHH hmoot Henpe£CKa3yeMbie 3(f)(f)eKTbi 
Ha cfjyHKíjHK) 6e;iKa; HeKOTopbie HHaKTHBHpyiOT 6e;iOK, 
b to BpeMa KaK Apyrae oóecneHHBaiOT BbicoKyio cneu,H- 
(JiHHHOCTb k onpeAeaeHHOMy aHrareHy. ľlponopijHfl h 
3(J)(j)eKTHBHOCTb JIHM(j)OĽI 1 HTOB, OTBeHaiOIIJ,HX Ha aHTHreH, 
yBejiHMHBaiOTca nyreM cejieKu,HH b nonyaauHH c oTÓopoM 
KJieTOK, HecymHx aHTHTeaa, Myraunn b KOTopbix yBejiHHH- 
JIH a(jxj)HHHOCTb K aHTHreHy 


l4MTMflMHAe3aMMHa3a 
M ypaAMJI M M K03MJia3a Bbl3blBaK>T 
coManmecKMÍí MyTareHe3 


KaiOHeBbie noHATMa: 


• U[mMflMHfle3aMMHa3a HeoóxoflMMa KaK aji* coMaTunecKoro 
MyiareHe3a, TaK n flaa nepeK/noHeHMa K/iaccoB 
MMMyHOr/IOÓyjIMHOB. 

• AKTMBHocTb ypamm-flHK-rjiMK03mia3bi B/iMaeT Ha CTpyKTypy 
COMaTMHeCKMX MyTaiJMM. 

• llocaeAOBaTeabHoe AeíícTBMe 3 tmx cfjepMeHTOB Mo>KeT Bbi3BaTb 
rnnepMyiaAMK). 

ľlpouecc B03HHKH0BeHHa coMaTHHecKHx Myrai^Hň npeA'b- 
aBJíaeT TaKne ace TpeóoBaHHa, KaK h nepeKJimeHHe KaaccoB 
(cm. pa3A. 23.13 «nepemiiOHeHHe npoHcxoflHT nyreM He- 
OÓblHHOH peaKU,HH peKOM6HHan,HH»): 

• u,ejieBOH yqacTOK AOJiaceH 6biTb TpaHCKpHÓnpoBaH (b 
stom cjiyaae hcoóxoahm 3HxaHcep, aKTHBHpyiomHH 
TpaHCKpHnuHio b Kaac^OM Ig-jioKyce); 

• HeoôxoAHMbi cfjepMeHTbi AID h UNG, h 

• MSH-CHCTeMa penapau,HH HecnapeHHbix ocHOBaHHH 
TaioKe HeoóxoAHMa. 

MoAejib, npn KOTopoň y^aiieHne Ae3aMHHHpoBaHHoro oc- 
HOBaHHa npHBOAHT k coMaTHHecKHM MyTau,HaM, npe/yioaceHa 
Ha ocHOBe 3KcnepHMeHTOB, onncaHHbix Ha p n c. 23.22. Kor^a 


(Ipoijecc rHnepMyrareHeaa 3anycKaeTcn UMT03MHAe3aMWHa30H m ypaumi-AHK-rjiHK03mia3oŕí 



!- 'M 1 ■ KorAa AeíícTBHe AmnAHHAe3aMMHa3bi (BBepxy) conpoBO>KAaeTca agmctbhcm ypaunn-flHK- 
mnK03M^a3bi f o6pa3yeTCB caíÍT c yAa/ieHHbiM a30TMCTbiM ocHOBaHHeM. lipu pen/íHKaAMM b 3tot caííT 
(b AonepHeíí i\eu n) c paBHoíí BepoaTHOCTbK) Moryr Bcrpombca Bce neTbipe ocHOBaHwa (b LieHTpe). Ecnw >Ke 
ypaLjH/i M3 flHK He yAa/iaeica, to pen/iMKaAMa c ero ynacTMeM fipmboamt k TpaH3 v\i\m C-G Ha A-T 
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AD fle3aMHHHpyeT u,hto3hh, o6pa3yeTca ypau,™, KOTopbíň 
3aTeM y^a^neTca H3 JX HK (f)epMeHTOM UNG. Oóhhho Bce B03- 
MO^CHbie 3aMeHbi npoHcxoAHT b caňTe c yqajieHHbiM a30Tnc- 
thm ocHOBaHHeM. Eam AeňcTBHe ypaunn-ÄHK-r^HK03nna3bi 
ÓJiOKHpoBaHO, to Mbi yBH^HM Apyron pe3y;ibTaT. Ecjih ypau,™ 
H3 Ä HK He 6bui yqajieH, npn penjíHKari.HH oh cnapHTca c a/je- 
hhhom. B HTore HcxoAHaa C-G napa 3aMeHHTca Ha A-T napy. 
ypauRn-flHK-mHKOSRnasa MoaceT 6biTb ÓJiOKHpoBaHa nyreM 
BBe^eHna b KJieTKH reHa, KOflHpyionj.ero 6 cjiok, HHrnónpy- 
lOIIJHH 3TOT (J)epMeHT. (3 tOT ľeH — KOMnOHeHT ÓaKTepHO- 
cf)ara PSB-2, Meň reHOM co^ep^cHT ypau,™, TaKHM o6pa30M, 
eMy HeoóxoAHMO ÓJiOKHpOBaTb 3 tot (J)epMeHT npn c|)aroBOH 
HH(J)eKLi,HH.) Kor/ja TaKoň reH bboaht b jiHM(f)ouHTapHyK) mie- 
TOHHyio jihhhk), npoHcxoAHT CHJibHoe H3MeHeHHe naTTepHa 
MyrauHH, npHneM noHTH Bce Myrai^HH npeACTaB^noT coóoh 
npeflnojiaraeMbie TpaH3Hu,HH C-G Ha A-T. 

TaKHM o6pa30M, niaBHoe coóbrrae b o6pa30BaHHH cjiy- 
naňHbix MyrauHH — sto co3AaHne cama c yqajieHHbiM a30- 
THCTbiM ocHOBaHHeM. 3aTeM MSH-cncTeMa penapauHH npo- 
h3boaht Bbipe3aHHe h 3aMeHy yqacTKa J\ HK, coflepacamero 
noBpoKAeHHe. MyTaunn Moryr B03HHKaTb H3-3a oiiihôok 
flHK-nojiHMepa3bi. flpyraM hctohhhkom MyTau,HH cjiyacaT 
coómthh, b KOTopbix o6pa3yeTca TaK mhoto caňTOB c ot- 
cyTCTByiomH m a30THcraM ocHOBaHHeM, HTO CHCTeMa pena- 
pau,HH He cnpaBJíaeTca c TaKHM kojihhcctbom HapymeHHH. 
npn nocjieflyiomeH pemíHKauHH sto motkct npHBOAHTb k 
CJ iyHaHHOMy BHCApeHHK) OCHOBaHHH HanpOTHB CaHTOB C OT- 
CyTCTByiOIIIHM OCHOBaHHeM. ľlOKa HeH3BeCTHO, MTO HMeHHO 
orpaHHHHBaeT /jeňcTBHe stoh cncTeMbi ijejieBbiM paňoHOM 
rnnepMyTHpoBaHHa. 

Pa3HHua MOK^y CHCTeMaMH Ha6jno/i;aeTCH b KOHi^e 
npoueccoB, Kor/ja b cjiynae c nepemiioHeHHeM miaccoB 
bhochtcb /jByxijenoHeHHbie pa3pbiBbi, a b npoijecce co- 


MaTHnecKoro MyTareHe3a o6pa3yiOTca HHAHBHAyajibHbie 
ToneHHbie MyTau,HH. noKa HeH3BecTHO, me 3 th cncTeMbi 
HaHHHaiOT pa3^HHaTbCa. B03M0)KH0, 3TO npOHCXOAHT 
npn BHeceHHH pa3pbiBOB b caňTbi c yqajieHHbiM a3orac- 
tmm ocHOBaHHeM npn nepemiiOHeHHH miaccoB, b to Bpe- 
mh KaK npn coMaranecKOM MyTareHe3e 3 th caňTbi no/yie- 
acaT penapauHH. TaiOKe, bo3mo>kho, pa3pbiBbi co3AaiOTca 
b o6ohx cjiynaax, ho penapnpyioTca c omnÓKaMH npn 
coMaTHHecKOM MyTareHe3e. 


23.16 


liMMyHorjioéyjiHHbi nm4 
o6pa3yK>TC5i M3 nceBfloreHOB 


K/iiOMeBbie noHjiTMfl: 


• ľeH MMMyHomo6y/iMHa y Kyp cfjopMupyera nyieM KonupoBaHMfl 
noc^eflOBaTeabHOCTM oflHoro m 25 nceBfloreHOB b 
eflMHCTBeHHbiíí aKTMBHbiíí /íoxyc V-reHa. 


HMMyHHaa CHCTeMa Kyp — npHMep cncTeMbi, BCTpeHaio- 
meňca eme y pa/ja opraHH3MOB (KpojíHKa, KopoBbi, cbh- 
HbH) h Hcnoab3yioiij,eH MHoroo6pa3ne, 3aKOAnpoBaHHoe 
b reHOMe. Cxo>khh MexaHH3M Hcnojib3yeTca KaK cahhc- 
TBeHHbiM jioKycoM jierKHx u,eneH (X-THna), TaK h jiOKycoM 
H-qeneH. OpraHH3auna X-aoKyca noKa3aHa Ha pmc. 23 . 23 . 
B flaHHOM aoKyce ecTb oahh cftyHKUHOHajibHbiH V-reHHbíň 
cerMeHT, J-cerMem h C-reHHbíň cerMeHT. Bbirne c|)yHKUH- 
OHaabHoro V M -reHHoro cerMema aoxaT 25 nceBflore- 
hob (b oóenx opneHTai;Hax). Hx KaaccH<f)Hi],HpyK)T KaK 
nceB/iioreHbi, nocKoabKy b hhx jihóo AeaeTHpoBaH koah- 
pyioiij,HH cerMeHT c o^Horo wm c oóohx kohi;ob, ji h6o 


Pa3Hoo6pa3ne Ig y ubinneHKa 4>opMMpyeTCfl nyreM reHHOM KOHBepcHH 
c Mcnojib30BaHMeM nceBAoreHOB 



PI/IC. 23.23 JloKyc aernnx ueneíí X y Kyp HeceT 25 V-nceBfloreHOB Bbiiue eflUHCTBeHHoro cfjyHKAMO- 
HaabHoro V-J-C ynacTKa. OflHaKO nocaeflOBaTeabHocTM nceBfloreHOB oÓHapywMBaioTCfl b aKTMBHbix 
peopraHM30BaHHbix V-J-C reHax 
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23.17 


OTCyTCTByiOT HeOÓXOAHMbie CnmaJIbl Rjm peKOMÓHHaUHH, 
ji h6o BCTpenaiOTca cpa3y o6e 3ra ocoóchhocth. npnHa- 
/yie^cHOCTb k nceBfloreHaM noATBep^KAaeTca TaiOKe tcm 
( j)aKTOM, HTO TOJIbKO V M -reHHblň CerMeHT peKOMÓHHHpyeT 
cJ-Q-reHHbiM cerMeHTOM. 

O^HaKO nocjieflOBaTejibHOCTH aKTHBHbix peopraHH30- 
BaHHbix V^-J-Q-reHHbix cerMeHTOB oneHb pa3HOo6pa3Hbi. 
PeopraHH30BaHHbiň reH HMecr oahh njin óojiee ynacTOK, 
b kotopom BcrpenaiOTCfl icaacTepbi H3MeHeHHbix nocjie- 
AOBaTe^bHOCTeň. noejieAOBaTejibHOCTb, HACHTHHHyio ho- 
boh nocjieAOBaTejibHOCTH, nonTn Bcer^a mo>kho Haň™ b 
oahom H3 nceBAoreHOB (KOTopbie caMH no ce6e ocTaiOTca 
Hen3MeHHbiMH). HeoóbiMHbie nocjieAOBaTejibHOCTH, OTcyTc- 
TByiomne cpe^n nceBAoreHOB, Bcer^a npeACTaBJíaiOT coóon 
H3MeHeHHfl B MCCTaX COeAHHeHHa Me^KAy HCXOAHOH h H3MC- 
HeHHon noc^eAOBaTe^bHOCTbio. 

TaKHM o6pa30M, 3Aecb ncnojib3yeTca hobmh Mexa- 
hh3m nojiyneHna MHoroo6pa3na. noejieAOBaTejibHOCTn 
H3 nceBAoreHOB jyi hhoh ot 10 ao 120 nH 3aMemaiOTca b 
aKTHBHon V^-oO/iac™ nyTeM reHHOň KOHBepcnn. HeMO- 
AH(J)H 4 HpoBaHHbic -noejieAOBaTejibHOCTn He 3Kcnpec- 
cnpyiOTca Aaace Ha paHHnx cTaAnax HMMyHHoro OTBeTa. 
YcnemHoe KOHBepcnoHHoe coóbľrne, no-BHAHMOMy, npo- 
hcxoaht Ka)KAbie AecaTb-ABaAuaTb mieTOHHbix acjichhh 
H a Ka^CAyio peopraHH30BaHHyio V M -nocjieAOBaTejibHOCTb. 
B KOHqe nepnoAa HMMyHOJiornHecKoro co3peBaHna peop- 
raHH30BaHHaa V M -noejieAOBaTejibHOCTb HMeeT ot neTbipex 
AO rnecTH npeo6pa30BaHHbix cerMeHTOB (noKpbreaiomHx 
Becb ynacTOK), npoH3omeAuinx m pa3JinnHbix aohophmx 
nceBAoreHOB. Ecjih ynacTByioT Bce nceBAoreHbi, nojiynaeT- 
Ca OKOJIO 2,5 x 10 8 B03M0)KHbIX KOMÓHHaUHH! 

OepMeHTaTHBHbie ochobh rjm KonnpoBaHna nocjie- 
AOBaTeabHOCTen nceBAoreHOB b SKcnpeccnoHHbiH jioicyc 
3aBHCaT OT (J)epMeHTOB, yHaCTByiOIIJ,HX B peKOMÓHHailHH, 
h cxoacn c MexaHH3MOM coMaranecKoro rnnepMyTareHe- 
3a, co3AaiomHM MHoroo6pa3ne y ne;iOBeKa h Mbimn. He- 
KOTopbie H3 reHOB, ynacTByioiAHx b peKOMÓHHaijHH, He- 
o6xoahmh A^ia npou,ecca reHHOň KOHBepcnn; HanpnMep, 
KOHBepcna npeKpamaeTca npn Aeaeu,HH RAD54- flejiojna 
pfiAa reHOB, ynacTByiomHX b peKOMÓHHaunn ( XRCC2 , 
XRCC3 h RAD51B ), npnBOAHT k ApyroMy HHTepecHOMy 
3<f)(f)eKTy: b 3KcnpeccnoHHOM jioicyce V-reHa B03HHKai0T 
coMaTHHecKne MyTau,HH. HacTOTa coMaraHecKnx MyTa- 
u,nn npnMepHO b 10 pa3 Bbirne, neM npn oómhhoh cKopo- 
cth reHHOň KOHBepcnn. 

OnncaHHbie cf)aKTbi noKa3biBaioT, mto coMaranecKne 
MyTaqnn y Kyp OTCyTCTByiOT He H3-3a HenojmoijeHHOCTH 
(J)epMeHTaTHBHoň cncTeMbi (nMeiomenca y Mbirnn n ne- 
jiOBeKa). Hanóojiee Bepoaraoe oó^acHeHne CBa3n MOKAy 
peKOMÓHHauneň n coMaTHHecKHM MyTareHe30M coctoht b 
tom, hto HepenapnpoBaHHbie pa3pbiBbi HHAyunpyioT Myra- 
unn. npnHHHa Toro, noneMy coMaranecKHe MyTau,nn npo- 
ncxoAaT y neaoBeKa n Mbirnn, ho He y Kyp, MoaceT 3amno- 
naTbca b AeTa^ax AencTBna cncTeMbi penapaunn, KOTopaa 
paôoTaeT HaA pa3pbmaMn b 3thx jiOKycax. Penapa u,na óojiee 
3(|)(|)eKTnBHa y Kyp, nosTOMy reH MoaceT 6biTb penapnpoBaH 
nyreM reHHOň KOHBepcnn panbine, neM 6yAyT nHAyu,npoBa- 
Hbi MyTaqnn. 


BblCTpbIM BTOpMHHbIM OTBCT 
B03M0>KeH ó^aroflapfl 
B-K/ieTKaM naMBTM 


KatoHeBbie noHííTMíi: 


• ľlepBMHHbiíí OTBeT Ha aHTwreH c()opMMpyeTCB óaaroflapB 
B-KaeTKaM, norn 6 aioiAMM nocae OTBeia. 

• Bo3HMKaiOT HeaKTMBHbie B-KaeTKM naMaTM, MMeK)mne 
cnei4M(|)MHHOCTb k TOMy >ne caMOMy aHTMreHy. 

• noBTopHaa BCipena c aHTwreHOM 3anycKaeT BTopMHHbiíí OTBeT, n 
KJieTKM ľiaMflTM 6blCTpO aKTMBMpyKJTCB. 

Tenepb Mbi roTOBbi noABecTn nTor B3anMOAeňcTBna MOKAy 
npon3BOACTBOM BbicoKoac|)(|)nHHbix aHTnTea n AH(|)(|)epeH- 
u,npoBKoň B-KaeTOK. Ha P M c. 23.24 noKa3aHO, hto B-KJieTKn 


B-KHeTKM pa3MHO)KaiOTC51 B OTBeT Ha 3HTMreH 



P M C. 23.24 ľlpMoópeTeHHbm MMMyHmeT oóecneHMBaeTCB 
peHAMpoBKOíí B-KaeTOK. ľlpe-B-KneTKM npeBpamaK)Tca b B-KaeTKM ny¬ 
TeM peopraHM3aLjMn reHOB MMMyHor^oóyaHHOB. ľlepBMHHafl BCTpeHa 
c aHTMreHOM Bbi3biBaeT KaK nepBMHHbmVrBeT, TaK n xpaHeHwe K/ieTOK 
naMATM. riocaeAyioiAaB Bcipena c aHTMreHOM Bbi3biBaeT BTopMHHbm 
OTBeT K/ieTOK naMdn 
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B P33BHTMM B-KJieTKM npHCyTCTByiOT OCOÔbie CTaflHM 


CTBO/IOBafl 

K/ieTKa 


o 


PeKOMÓMHaLlMB 

d h“ j h 


KpynHaB 

npe-B-K/ieTKa 

PeKOMÓMHaLlMB 

V d h j h 


1 X 10 7 K/ieTOK 


J 
J 

f \ 


3KcnpeccnpyeTCB 
cypporaTHaa 
jierKafl penb 


ripe-B-peLienTop 

TfDKe/iaB Lien b: p, 

Jienofl penb: cypporaTHaa 


Ma/iaa npe-B-K/ieTK.^ 
2 x 10 7 K/ieTOK 


He3pejiaa B-K/ieTKa 
2 x 10 7 K/ieTOK 


4 


3KcnpeccnpyeTCfl p 


B-peLienTop 
TfDKe/iafi penb: p 
zierKaa penb: k hjim X 


3pejiaa B-K/ieTKa 
2 x 10 8 K/ieTOK 


A 


B-peLiemop 
TfDKe/iaB penb: p, min ô 
jierKaa penb: k wim X 


PMC. 23.25 B-K/ieTKa b CBoeM pa3BMTMM npoxoflUT nepe3 pafl noc/ie- 
AOBaie^bHbix CTafluŕí 


MyrareHe3 C03AaeT B-kjictkh c noBbimeHHOH acJ)(})HHH0C- 
Tbio k aHrareHy. 3 th kjictkh He 3anycKaiOT HeMeAJieHHbin 
HMMyHHbiH oTBeT, xoTfl h Moiyr noABepraTbca nepemiiOHe- 
hhk) H3oranoB jyw Bbióopa Apyrnx cJ)opM C H -yHacTKa. Ohh 
xpaHHTca Kax kjictkh naivwTH c cooTBeTCTByiomeH cneijH- 
(J)HHHOCTbK) H 3(J)Cj)eKTOpHbIM THIIOM OTBeTa, HO HEJUHOTCH 
HeaKTHBHbIMH. KjieTKH naiVWTH aKTHBHpyiOTCa npH nOBTOp- 
HOM KOHTaKTe C TOM TKt aHTHľCHOM. OHH nOArOTOBJíeHbl K 
BCTpene c AaHHbiM aHrareHOM h b pe3yjibTaTe no3BOJiaiOT 
BTOpHHHOMy OTBCTy pa3BHTbCH OHCHb ÓblCTpO IiyTeM KJIO- 

HajibHoň 3KcnaHCHH. B xo/je btophhhoto OTBeTa He npo- 
hcxoaht hh AaJibHeHinero coMaranecKoro MyrareHe3a, hh 
nepemiiOHeHHa H30THnoB. 

npoueccbi, H3o6pa^ceHHbie Ha pne. 23.24, noKa3biBaioT 
pa3BHTHe npHoópeTeHHoro HMMyHHTeTa, to ecTb oTBeTa Ha 
onpeAejieHHbíň aHrareH. KpoMe onHcaHHbix, HMeeTca ot- 
AejibHoe MHOxcecTBO B-kjictok, Ha3brcaeMbix Ly-l-mieTKaMH. 
3ra KJieTKH noABeprjiHCb npopecey peopraHH3apHH V-reHa 
h, BepoaTHO, oToópaHbi jym 3KcnpeccHH onpeAejieHHoro 
nyjia aHTHTeji. Ohh He noABepraioTca coMaranecKOMy My- 
TareHe3y hjih OTBeTy naivwTH, a yqacTByiOT b ecTecTBeH hom 
HMMyHHTeTe (to ecTb bo Bpo^cAeHHoň cnocoÓHOCTH peara- 
poBaTb Ha HeKOTopbie aHrareHbi). 

Bojiee ACTa^bHO npopecc pa3BHTna B-kjictok noKa3aH 
Ha pmc. 23.25. nepBbiH 3Tan — sto peKOMÓHHapHa Me>KAy 
D-cerMeHTOM h J-cerMeHTOM tjdkcjioh penn p. 3a Hen cjieAy- 
eT peKOMÓHHauna V-D, co3/taiomaa TJDKejiyio penb p. Moxcer 
npOHCXOAHTb HeCKOJIbKO peKOMÓHHapHOHHblX COÓbITHH, 
BKHKmiOmHX noe^eAOBaTeJIbHOCTb npOAyKTHBHblX H He- 
npoflyKTHBHbix peopraHH3apHH (cm. pne. 23.23). 3 th kjictkh 
B bmejunoT óejioK, HanoMHHaiomHH X-penb h Ha3biBaeMbiH 
cypporaTHOH jierKOH penbio, KOTopbiH sKcnpeccHpyeTca Ha 
noBepxHOCTH h accopHHpyeT c tjdkcjioh penbio p, cJjopMH- 


npoHCxoAHT H3 caMOOÓHOBjíaiomeHCH nonyjiapHH ctbojio- 
BblX KJieTOK KOCTHOTO M03Ta. C03peBaHHe B-KJieTOK 3aBH- 
cht ot peopraHH3apHH reHOB Ig, /y m KOTopoň hcoóxoah- 
mo cJ)yHKH,HOHHpoBaHHe reHOB SCID h RAG1,2 (h Apyrax). 
Ecjih peopraHH3apHa reHOB ójioioipyeTca, 3pejibie B-kjictkh 
He o6pa3yK)Tca. AHTHTejia B-kjictok oójiaAaiOT cnepH- 
(Jdhhhocthmh, onpeAejiaeMbiMH ocoóhmh KOMÓHHapnaMH 
V(D)J-yqacTKOB h AonojiHHTejibHbiMH HyKjieoraflaMH, bbo- 
AHMblMH BO BpeMH npopeCCa COeAHHeHHH. 

BcTpena c aHrareHOM 3anycKaeT ABa acneicra HMMyHHO- 
ro OTBeTa. IlepBHHHbiH hmmyhhbih OTBeT npoaBJíaeTca 
nyTeM KjioHajibHOH 3KcnaHCHH B-kjictok, OTBenaiOLUHx Ha 
aHrareH. B pe3yjibTaTe 3Toro o6pa3yeTca óojibmoe hhcjio 
njia3MaTHHecKHX kjictok, cnepH^HHHbix k aHTHreHy; jyw 
BbipaóoTKH coTBeTCTByiomero THna 3cJ)cJ)eKTopHoro OTBeTa 
npoHexoAHT nepeKjiiOHeHHe H30THna. ľlonyjiapHa kjictok, 
yqacTByioiAHx b nepBHHHOM OTBeTe, oópeneHa: sth kjictkh 
He xcHByT AOJibme caMoro nepBHHHoro OTBeTa. 

BTOpHHHblH HMMyHHblH OTBeT B 03 M 0 JKCH ÓJiaľO- 
Aapa cyiAecTBOBaHHio B-kjictok naMHTH. CoMaTHnecKHH 



PMC. 23.26 B-K^eTOHHbiíí aHTureHHbm pepenTop coctomt M3 Teipa- 
MepHoro MMMyHorjiočyjiMHa (H 2 L 2 ), CBB3aHHoro c AByMa KonuBMM 
npoBOflBiuero curHa^ reiepoflUMepa (IgaP) 
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pya npe-B-peuerrrop. Oh noxoac Ha HMMyHorjioóyjiHHHbiH 
KOMnjieKC, ho AeňcTByeT hhhm o 6 pa 30 M. 

BbipaóoTKa p-uenn no/jaBjíaeT chhtc3 ijenn SL, h mieT- 
kh na iaTca, o6pa3ya HeóojibiiiHe npe-B-mieTKH. 3aTeM aer- 
Kaa uenb OKcnpeccHpyeTca, h /jeHCTByiomHH HMMyHorao- 
óyjiHH noaBjíaeTca Ha noBepxHocra He3pe;iOH B-mieTKH. 
IlpoHCxoAHT eme o/jho /jejieHKe, h no Mepe B3pocjieHHa 
B-iaieTKH k oKcnpeccHH p-ijenH AOÓaBjíaeTca oKcnpeccHa 
Taacejion uenn ô. 

HMMyHorjioóyjiHHbi BbinojiHaiOT cboh cpyHKíjHH Kax 
npn ceKpeuHH B-mieTKaMH, TaK h npn oKcnpeccHH Ha no- 
BepxHOCTH. Ha p m c. 2 3 2 6 noKa3aHO, hto aKTHBHbíň KOMn- 
aeKc Ha noBepxHocra kjictkh, Ha3biBaeMbiH peijeiľropOM 
B-KJieTKH (BCR), COCTOHT H3 HMMyHOľJIOÓyjIHHa, acco- 
UHHpoBaHHoro c TpaHCMeMÓpaHHbiMH óejiKaMH Iga h Igp. 
Ohh oóecnenHBaiOT CHma^bHbie KOMnoHeHTbi, Bmnonaio- 
ujne MOKKJieTOHHbie nyra b otbct Ha CBa3brcaHHe aHTHreHa 
c aHTHTejiOM. Ha aKTHBHpoBaHHe BCR TaKace BjmaeT B3an- 
MOAeňcTBHe c ApyrHMH peuemropaMH, HanpHMep ynacTHC 
BO B 3 aHMOAeHCTBHH B-mieTOK, aKTHBHpOBaHHblX aHTHre- 
hom, h T-xejinepoB. 


CyiMecTByiOT nsa turia T-K/ietoMHbix peiientopoB 



23.18 


PeuenTopbi T-wieTOK 
cxojkm c MMMyHOrjlOÓyjlMHaMM 


K/iiOHeBbie noHATua: 


• fl/ia o 6 pa 30 BaHM 5 i oflHoro M 3 flByx TunoB peuenTopoB T-K/ieTOK 
T-K/ieiKM ucno^b 3 yiOTaHa^orMHHbm B-K/ieTOHHOMy MexaHM 3 M 
V-(D)J-coeflMHeHM 5 i. 

• ľ-peueriTopbi ap oČHapywMBaioTCfl Ha noBepxHOCTM 6 o/iee 95% 
T-^MM(J)oumoB; T-peuemopbi yô — Ha noBepxHOCTM MeHee 5% 
T-jimmíJjoumtob. 


JIhhhh jihmcJ)ouhtob npeACTaBJíaeT coóoh npHMep obojiio- 
UHOHHoro onnopTyHH3Ma: B-mieTKH h T-mieTKH Hcnojib3yiOT 
cxoacne npoueccbi /yia BbipaóoTKH 6e;iKOB c BapHaóeabHbiM 
ynacTKOM (oóecnenHBaiomHM cymecTBeHHoe pa3HOo6pa3He) 
n óojiee orpaHnneHHbiMH KOHCTaHTHbiMH ynacTKaMH, OTBe- 
HaiOmHMH 3a HeÓOJIblIIOH HaÓOp 3Cj)Cj)eKTOpHbIX (J)yHKLl,HH. 
T-iaieTKH npoH3BOAaT o/jhh H3 AByx ranoB peuenTopoB. Pa3- 
Hbie peuenTopbi CHHTe3HpyiOTca Ha pa3Hbix oTanax pa3BH- 
TnaT-mieTKH, KaK noKa3aHO Ha pvic . 23 . 27 . 

PeuenTop yb oÓHapyacHBaeTca MeHee neM Ha 5 % 
T-jihmcJ)ouhtob. Oh CHHTe3HpyeTca TOJibKo Ha paHHen cTa- 
flHH pa3BHTHa T-IUieTKH. y Mbimen OTO eAHHCTBeHHblH pe- 
uenTop, oÓHapyacHBaeMbin Ha cponax óepeMeHHocra MeHb- 
rne 15 ^Hen, ho k MOMeHTy poacAeHHa (Ha 20 -h /jeHb) oh 
non™ He BCTpenaeTca. 

PeuenTop ap npHcyTCTByeT óojiee neM Ha 95 % jihmcJ)o- 
ijhtob. Oh CHHTe3HpyeTca b óojiee no3AHeň cjme pa3BHTHa 
T-mieTOK, neM yb. Y Mbimeň oh HanHHaeT oÓHapyacHBaTbca 
Ha 15 - 17 -ň ACHb óepeMeHHOcra, a k MOMeHTy poacAeHHa 
CTaHOBHTCa AOMHHHpyiOmHM. flaHHblH peijenTOp CHHTe3H- 
pyeTca oTAejibHon jihhhch mieTOK, He CBa3aHHon c mieTKa- 
MH, 3aHflTbIMH B BbipaÓOTKe yb , H HCnOJIb3yeT COÓCTBeHHbie 
coóbiTna peopraHH3auHH. 


PH C, 23.27 yô-peuenTop CMHTe3npyeTC5i Ha paHHeŇ ciaflHM pa3 BM- 
t m T-KaeTOK. TCR ap CMHTe3npyeTC5i no3>Ke n oiBenaei 3 a «miac- 
CMHeCKMÍÍ» K/ieTOHHO-OnOCpeflOBaHHblíí MMMyHMTeT, B KOTOPOM Ljejie- 
boíí aHTkireH n xo 35 imckmm amweH rMCTOCOBMecTMMOCTM pacno 3 Ha- 
IOTC 51 COBMeCTHO 


noAOÓHO HMMyHorjioóyjiHHaM, TCR AOJiacHbi pacno3Ha- 
BaTb BHeniHHH aHTHreH 3apaHee HeH3BecTHon cTpyKTypbi. 
npoóJieMa pacno3HaBaHHa aHrareHOB y T-mieTOK pemaeT- 
ca TaK ace, KaK y B-KaeTOK, a CTpoeHHe peuenTopHbix reHOB 
T-mieTKH no Hcnojib30BaHHio BapHaóejibHbix h KOHCTaH- 
thhx ynacTKOB HanoMHHaeT reHbi HMMyHorjioóyjiHHOB. 
KaMduú noKyc opzanu3oean nodoôno zencm uMMynozjío- 
ôyjiuuoe, c omdejibHbiMU cemenmcmu, coedumeMbum c 
noMOiufiK) peaK'nuu peKOMÔunau í uu J ynuKcuibHux dm dan- 
Hozomm^oi^uma. Te ace caMbie KOMnoHeHTbi oÓHapyacnBa- 
K)Tca h y Tpex ceMencTB Ig. 

CTpoeHHe óejiKOB TCR HanoMHHaeT CTpoeHHe hm- 
MyHorjioóyjiHHOB. BHyTpeHHaa opraHH3auHa V-nocjieAO- 
BaTejibHOCTeH y ôcjikob Ig h TCR oómaa. C-ynacTOK TCR 
cooTBeTCTByeT KOHCTaHTHbiM ynacTKaM Ig h BmnonaeT 

eAHHCTBeHHblH KOHCTaHTHblH AOMCH, 3a KOTOpbIM CJie- 
AyioT TpaHCMeMÓpaHHaa h UHTonjia3MaranecKaa nacTH. 
0K3OH-HHTpOHHaa CTpyKTypa COOTBeTCTByeT CpyHKUHH 
óejiKa. 

Cxoactbo reHOB TCR h Ig nopa3HTejibHO. KaK noKa3aHO 
Ha phc. 23.28, CTpoeHHe TCR a HanoMHHaeT CTpoeHHe Ig k, 
r/je V-cerMeHTbi reHa oTAejieHbi ot KaacTepa J-cerMeHTOB, 
npeAinecTByiomero eAHHCTBeHHOMy C-cerMeHTy. CTpoeHHe 
3Toro jiOKyca cxoaho y nejiOBeKa h mhiiih, HeKOTopbie pa3- 
jiHHHa HMeiOTca jiHiiib b HHCJie cerMeHTOB V a h J a . (Eíomhmo 
a-cerMeHTOB, otot jioKyc co^epacnT h ô-cerMeHTbi, KOTopbie 
Mbl BCKOpe OÓeyAHM.) 
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PMC. 23.28 B JiOKyce TCRa y ne/iOBeio HaxofljiTCJi paccejiHHbie 
a- m ô-cerMeHTbi. V ô -cerMeHT pacnojioweH BHyTpu K/iacrepa Va. 
D-J-C ô -cerMeHTbi pacnojioweHbi MOKfly V-reHHbiMM cernem-aMM m 
J-C a -cerMeHTaMM. y Mbiiun 3 tot jioxyc opraHM30BaH cxoflHbiM o6pa- 
3 om, ho coflep>KMT 6ojibwee hmcjio V ô -cerMeHTOB 

KoMnoHeHTbi T-peijenTopoB p cxo/jhh c KOMnoHema- 
mh IgH. pmc. 23.29 noKa3biBaeT, hto hx opraHH3aijHH pa3- 
jiHHHa, h V-cerMeHTbi oxaejieHbi ot AByx miacrepoB, Kaac/jbiH 
H3 KOTopbix BiuiioqaeT D-cerMem, HecKOJibKo J-cerMeHTOB 
h C-cerMem. E/jHHCTBeHoe pa3JiHHHe nejiOBeKa h mhihh h b 
stom oiynae 3amiKmeToi b HHCJie V p J p . 

Pa3Hoo6pa3He co3AaeTca tcmh xce MexaHH3MaMH, hto 
h y HMMyHorjioóyjiHHOB. BpoacAeHHaa AH(J)({)epeHLjHauHH 
B03HHKaeT b pe3yjibTaTe ccmtramm pa3JiHHHbix V, D, J h 
C-cerMeHTOB; AonojiHHTejibHaa B03HHKaeT b pe3yjibTaTe 
BCTaBKH HOBblX nOCJie/IOBaTeJIbHOCTeH (B BH^e P H N-HyK- 

jieoTHflOB, cm. pne. 23.14) b MecTax coeAHHeHHH othx kom- 
noHeHTOB. HeKOTopbie ijenH p BioiKmiOT /jBa D-cemeHTa, 
B03HHKai0LHHx 3 a cneT coeAHHeHHH D-D (ynpaBjíaeMoro 
cooTBeTCTByiOLUHMH cTpyKTypaMH HOHaMepHbix h renTa- 
MepHbix nocjieAOBaTejibHOCTeH). Pa3JiHHHe Me*fly TCR h Ig 
coctoht b oTcyTCTBHH coMaTHnecKoro MyrareHe3a y Jioicy- 
cob. H3MepeHHa creneHH pa3Hoo6pa3Ha noKa3biBaioT, hto 
10 12 T-mieTOK nejiOBeKa co/jepxcaT 2,5 x 10 7 pa3JiHHHbix a- 
uenen, accoijHHpoBaHHbix c 10 6 pa3JiHHHbix p-Ljenen. 

CTpoeHHe y^oKyca cxo/jho c Ig X, r/je V-cerMeHTbi 
reHa OT/jejieHbi ot nocjieAOBaTejibHOCTen cerMeHTOB J-C. 


PMC. 23.30 AOMOHCTpHpyeT CpaBHHTeJIbHO HeÓOJIbUIOe 
pa3Hoo6pa3He 3Toro jioKyca (npHMepHO 8 (JjyHKUHOHajib- 
hhx V-cerMeHTOB). Ero CTpoeHHe y nejiOBeKa h y mhiiih 
pa3JiHHHO. Mhihh MMeiOT 3 (JiyHKíjHOHajibHbix J-C Jioxyca, 
ho HeKOTopbie cerMeHTbi oópamo opHeHTHpoBaHbi. Y ne- 
jiOBena Ha Ka^cAbíň C-cerMeHT npHxoAHTca no HecKOJibKy 
J-cerMeHTOB. 

ô-eAHHHUbi KOAHpyiOTOi cerMeHTaMH, HaxoAamHMHca 
b a-jioicyce, KaK 6buio noKa3aHO Ha pncyHKe 23-28. CemeH- 
th D ô -D ô -J ô -C ô pacnojioxceHbi MOK^y V h J a -C a -cerMeHTaMH. 
06a D-cerMema Moiyr 6biTb BmnoneHbi b ô-uenb, o6pa3ya 
CTpyKTypy VDDJ. UmepeceH Bonpoc npHpoAbi V-cemeH- 
tob, Hcnojib3yeMbix b ô-nepecraHOBKe. B aKTHBHbix TCR 
ô-uenax oÓHapyacnBaeToi oneHb Heóojibmoe hhcjio V-noc- 
jieAOBaTejibHOCTen. Y nejiOBena /yra 3Toro Hcnojib3yeTGi 
Bcero oahh V-cerMem. Y mmihh oÓHapyxceHbi HecKOJibKo 
cerMeHTOB V ô , H3 KOTopbix HeKOTopbie cneijHcJjHHHbi jm 
ô-nepecTaHOBKH, ho HeKOTopbie oÓHappcHBaiOTCH Taoce h 
b a-nepecTaHOBKax. ľlpHHHHa cneuH(j)HHHOCTH Bbióopa V- 
cerMeHTa b a h ô nepecTaHOBKax HeH3Becraa. Bo3mo>kho, 
Aejio b tom, hto MHorne cerMeHTbi V a Moiyr cijemuiTbai c 
cerMeHTOM DDJ Ô , ho jinnib HeMHorae (onpeAejiaeMbie KaK 
V ô ) Moiyr co3/taBaTb aKTHBHbie óejiKH. 

Ha aHHbin MOMem mh o6o3HanHJiH V-cerMeHTbi b ô- 
uenax KaK V ô , o/jHaKO mh noKa He moxccm 0AH03HanH0 yr- 
Bep^cAaTb, hbjihiotch jih ohh yHHKajibHHMH jjflsi ô-nepecTa- 
hobkh. PacceaHHoe nojioxceHHe reHOB npeAnojiaraeT, hto 
peuenTopbi TCR ap h yb hbjihiotch B3aHMOHcmiiOHaioiĽ[HMH 
b npeAejiax o^Horo a^jiejia, nocKOJibKy ô-jioicyc nojiHOCTbio 
yrpaHHBaeTCfl npn nepecTaHOBKe V a -J a . 

nepecTaHOBKH b jioicyce TCR, KaK h b reHe HMMyHorjio- 
óyjiHHa, Moiyr 6biTb npo/iyKTHBHbiMH hjih He npo/iyKTHB- 
HbiMH. p-jioicyc AeMOHCTpHpyeT a^jiejibHoe HCKnioneHne 
nofloÓHO HMMyHorjioóyjiHHOBbiM jioicycaM; nepecTaHOBKa 
npeKpamaeTCH, KaK TOJibKo co3AaH npo,qyKTHBHbiH ajuiejib 
a-jioicyc MOxceT OTjinnaTbca; cjiynan npoÄOJWKaiomeHCfl ne- 
pecTaHOBKH npeAnojiaraiOT B03M0KH0CTb Toro, hto 3aMeHa 
nocjieAOBaTejibHOCTen V a MOxceT npoAOJixcaTbca h noc^e 
C03AaHHa npoAyKTHBHoro a^jiejia. 


ilonyc TcR |3 y MbiuiH h Me/iOBena opraHM30BaH 
CXO)KHM o6pa30M 


0praHM3ai4Mfi ^oKyca 
y Mbiiun m ne/ioBeKa 

pi p2 
r L i r 1- ! 

V 

DJ C DJ C V 

<60 

161 171 1 



500 TnH 280 TnH 30 20 10 0 



y ne/iOBeKa p-reHOB Bcero: 47 V, 

2 D, 13 J 


PMC. 23.29 B JiOKyce TCR p coflepwMTCfl MH0>KecTB0 V-reHHbix cer- 
M6HT0B, jiewamMx Ha ynacTKe oko^o 500 m h, pacno/io>KeHHOM 
-280 m h Bbiiiie flByx D-J-C-K^aciepoB 


/lonyc TCRy coAepxíHT MeHbtuee pa3Hoo6pa3Me 


y M bl LLJ14 


v j lCl 

J 4 C 4 



HanpaB^eHne 3Kcnpeccnn reHOB 

y ne/iOBeKa 

V 

c iJ 2 c. 
L -r J 



TnH 100 80 60 

40 20 


PMC. 23.30 B JiOKyce TCRy coflep>KMTCfl Hečojibmoe hmcjio (})yHKUM- 
OHajibHbix V-reHHbix cerMeHTOB (HeKOTopbie nceBfloreHbi He noKa3a- 
Hbi), KOTopbie jie>KaT Bbirne jiOKycoB J-C 


608 MABA 23 KaK c()opMMpyeTCR MHoroo6pa3Me amMTe/i 

























PeuenTopbi T-wieTOK 
fleňcTByiOT cobmcctho 
cMHC 


K/iiOHeBbie noHflTHfl: 


• T-peueniopbi pacno3HaiOT kopotkmm nemuA, pacno/ioweHHbm b 
6opo3flKe 6e/iKa r/iaBHoro KOMnjieKca rucTOCOBMecTMMOCTU Ha 
noBepxHOCTM npe3eHTMpyK)iueíí K/ieTKM. 


T-mieTKH c ap-peuerrropaMH jxtmr m HecKOJibKO no jx- 
TnnoB, HMdomnx pa3Hbie (JjyHKunn (cBímHHbie co B3a- 
HMOAencTBneM imeTOK, 3a£encTBOBaHHbix b hmmyhhom 
OTBeTe). LJ,HTOTOKCHHecKHe T-mieTKH oóJia/íaioT cnocoó- 
HOCTblO JIH3npOBaTb HH(J)HUHpOBaHHyK) ueneByio KJieTKy. 
T-xejinepbi noMoraiOT b pa3pymeHnn nyxcepoAHbix KJieTOK 
n B3anMOAencTBHH aHTnreH-aHTHTejio (onocpe/jOBaHHOM 
B-ioieTKaMn). 

OcHOBHoe pa3jmnne Me>KAy aHTHTejiaMH B-ioictok 
n peuenTopaMH T-mieTOK samnonaeTca b xapaKTepe nx 
B3anMOAencTBna c aHTnreHOM. Ahthtcjio pacno3HaeT ko- 
poTKHH ynacTOK aHTnreHa (onnTon). PeuenTop T-mieTKH 
CBH3biBaeTca c kopotkhm (4-5 aMHHOKncjioT) nenTn- 
flOM, KOTopbin Bbipe3aeTca H3 aHTnreHa nyTeM ero pac- 
mernieHna. 3tot nenTHAHbin cJ)parMeHT npe3eHTnpyeTca 
T-KneTKe óejiKOM rjiaBHoro KOMnjieKca rncTocoBMecTn- 
mocth (MHC). TaKHM o6pa30M, T-mieTKa oahobpcmchho 
pacno3HaeT BHeniHnň aHTnreH n óejioK MHC, AOCTaBJíeH- 
Hbíň npe3eHTnpyiomeH iuictkoh, KaK 6bmo noKa3aHO Ha 
pne. 23.2. B npoyecce ynacTByioT KaK T-xejinepbi, TaK n T- 
KHjmepH, ho TpeóoBaHna k npe3eHTnpoBaHnio aHTnreHa y 
hhx pa3JiHHHbi; b pa3Hbix cjiynanx ncnojib3yiOTca pa3Jinn- 
Hbie BHAbi óejiKa MHC (cm. pa3fl. 23.20 «JIoKyc rjiaBHoro 
KOMnjieKca rncToeoBMecTnMOCTn Ko^npyeT mhoxccctbo 
reHOB HMMyHHoň cncTeMbi»). T-xejmepaM TpeóyeTcn, hto- 
6bi aHTnreH 6bui npe3eHTnpoBaH ócjikom MHC Knacca II, a 
T-KnjuiepaM — 6e;iKOM MHC imacca I. 

ap-PeuenTopbi TCR oTBenaiOT 3 a cJ)yHKu,nio xe^nepHbix 
T-iaieTOK b ryMopa^bHOM HMMyHHTeTe n cJ)yHKu,nio Krnuiep- 
hmx T-iuieTOK b imeTOHHO-onocpeAOBaHHOM HMMyHnTeTe. 
3 to HaiuiaAbiBaeT Ha hhx o6n3aHHOCTb pacno3HaBaTb KaK 
BHeniHnň aHTnreH, TaK n coócTBeHbíň MHC-6e;ioK. BenoK 
MHC CBa3bmaeT KopoTKnň nenTn^, nojiyneHHbíň n3 BHe- 
uiHero aHTnreHa, iioc;ie nero TCR pacno3HaeT otot ntimijx 
b 6opo3AKe Ha noBepxHOcra MHC. ľoBopaT, hto MHC npe- 
3enmupyem nenra/j peuemropy TCR. (lien™# o6pa3yeTca 
b pe3yjibTaTe pacmernieHna npoTeacoMoň OejiKa-aHTnreHa 
Ha cJ)parMeHTbi /yinHon 8-10 ocTaTKOB.) KoHKpeTHbíň TCR 
cneunc^nneH /ym onpeflejieHHoro MHC n onpeAejieHHoro 
BHeniHero aHTnreHa. OcHOBa stoh «j\ BoňHoň» cnocoÓHoe- 
th — oahh H3 Hanóojiee HHTepecHbix HepemeHHbix Bonpo- 
cob, Kacaiomnxca ap TCR. 

PeKOMÓnHaunn, co3Aaioman paóonne uenonKn TCR, 
CBH3aHa c pa3BnraeM T-jiHM(J)ouHTa (cm. pmc. 23 . 31 ). 
CHanana npoHCxo/urr peopraHH3aunn, b pe3yjibTaTe ko- 
Topoň noaBjíaeTca aKTHBHaa p-uenb TCR. OHa CBH3biBa- 
eTca c HepeopraHH30BaHoň cypporaTHoň a-uenbio, Ha- 
3 biBaeMoň npe-TCRa. Ha stoh cTa^nn jihmc{)ouht enje He 


SKcnpeccnpoBaji Ha CBoeň noBepxHocra óejioK CD4 njín 
CD8. 3aTeM reTepo^HMep npe-TCR CBfl3biBaeTca c cnr- 
HajibHbiM KOMnjieKCOM CD3 (cm. Hnxce). CnrHajibi c SToro 
KOMnjieKca 3anycKai0T npouecc HecKOJibKnx KneTonHbix 
/jejieHHň, bo BpeMa KOTopbix a-uenn peopraHH3yiOTai, a 
reHbi CD4 n CD8 HannHaioT paóoTaTb, npeBpaman jihm- 
cJ)ounTbi n3 CD4"CD8 _ b CD4 + CD8 + . 3tot 3Tan pa3BHTnn 
hocht Ha3BaHne fi-cejieKijuu. B xo/je Hero o6pa3yiOTai 

fllI-THMOIJHTbl. 

PeKOMÓnHauna a-uenn npoAOJDKaeTcn b DP-thmo- 
unTax. npouecc C03peBaHnn npoAOJixcaeTca KaK no3n- 
THBHoň cejieKuneň (fljín 3pejibix TCR-KOMnjieKcoB, cno- 
co6hhx CBa3biBaTbca c jinraHflaMn), TaK n HeraTHBHoň 
ceneKuneň (ajih KOMnjieKCOB, oninóoHHO B3anMOAeňcTBy- 
ioiijhx c coócTBeHHbiMn jinraHAaMn). 06a BH.ua cejieKunn 
BiononaiOT B3anMOAeňcTBne c óejiKaMH MHC. B pe3yjibTa- 
Te cejieKunn DP-tomouh™ jihóo nornóaioT (no npoinec- 
tbhh npnMepHO Tpex AHeň), jihóo cTaHOBHTca 3pejibiMH 
jiHM(J)0UHTaMH. Hpn no3HTHBHoň cejieKunn nponcxoAHT 
cmnBaHne noBepxHOCTHbix ap-reTepo^nMepoB TCR, hto 
npeAOTBpamaeT ioieTonHyio CMepTb thmouhtob. Ecjih 
TnMOUHTbi BbixcnBaiOT npn nocne^yiomeň HeraTHBHoň 
cejieKunn, ohh /jaioT Hanano oTflejibHbiM ioiaccaM T-jihm- 
cJ)Ouhtob — CD4 + CD8" h CD4"CD8 + . 

PeuenTop T-KneTKn CBH3aH c kommckcom óejiKOB 
CD3, 3aAeňcTBOBaHHbiM b nepe^ane cnraajia c noBepxHOC- 



PMC. 23.31 Pa3BMTue T-K^eTKM Bmnonaei HecKO/ibKO noc^eflOBa- 
Te/ibHbix 3TanoB 
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th BHyrpb KJieTKH (b cjiynae aKTHBaijHH peuenTopa aHTH- 
reHOM). Harnn TeKymne npeflCTaBJíeHHH o cocTaBe peuen- 
TopHoro KOMnjieKca T-mieTKH HJunocrpHpyeT phc, 23 . 32 . 
BaxcHO, hto B 3 aHMOAeHCTBHe BapHaóejibHbix ynacTKOB TCR 
c aHTHreHOM noóy^aeT f;-cy6'beAHHHijbi KOMnjieKca CD3 
aKTHBHpOBaTb OTBeT T-KJieTKH. AKTHBaiJHH CD3 oóecneHH- 
BaeT MexaHH3M, c noMombio KOToporo a|3 hjih yb TCR co- 
oóiijaeT o tom, hto hm pacno3HaH aHrareH. 3to cpaBHHMO 
co cTpoeHHeM peuenTopa B-mieTKH, b kotopoh HMMyHor- 
jioóyjiHH B3aHMOAeňcTByeT c CHnmbHbiMH uenaMH Iga|3 
(cm. pne. 23.26). 

K coxcajieHHio, iohohcboh Bonpoc, KacaiomHHca 
T-KneTOK, noKa He perneH. KjieTOHHO-onocpeAOBaHHbiH 
HMMyHHTeT TpeóyeT ppyx npoueccoB pacno3HaBaHHH. 
Pacno3HaBaHHe BHeniHero aHrareHa npeflnojiaraeT cno- 
coÓHOCTb pearHpoBaTb Ha HeH3BecTHbie crpyKTypbi. Pac- 
no3HaBaHHe óejiKa MHC, pa3yMeeTca, orpaHHneHO tcm, 
HTO 3aKOAHpOBaHO B TCHOMe, HO CyiIjeCTByeT MHOXCeCTBO 
pa3JiHHHbix óejiKOB MHC. TaKHM o6pa30M, o6e peaKijHH 
pacno3HaBaHHa cTajiKHBaiOTca c cymecTBeHHbiM pa3HO- 
o6pa3HeM. XejmepHbie h KHjmepHbie T-ioictkh Hy^qa- 
K)Tca b pa3JiHHHbix loiaccax ócjikob MHC, ho /yia cóopKH 
peuenTopoB ohh Hcnojib3yiOT o^hh h tot xce Haôop a- h 
p-cerMeHTOB reHa. axce ecjiH npeAnojioxcHTb BHeceHHe 
AonojiHHTejiHbix BapHauHH b npouecce peKOMÓHHaijHH 
TCR, ocTaeTca HeacHbiM, KaKHM o6pa30M cpopMHpyeTca 
AOCTaTOHHOe KOJIHHeCTBO BepCHH TCR, COOTBeTCTByiO- 

mee BceM othm TpeóoBaHHHM. 


TCR npMCoeflHHfieToi 
k CHrnanbHOMy KOMn/ieKcy 



PHC 23.:2 flBe uenu peuenTopaT-K^eTKM accounupyioTC no^unen- 
TMflaMM KOMn^eKca CD3. BapMa6e/ibHbie ynacTKM TCR 3 KcnoHnpyiOT- 
a\ Ha riOBepxHOCTb kjictkm. LlMTonjia3MeHHbie flOMeHbi ^-fleneíí CD3 
očecneHMBaioT a^eKTopHyio (J)yHKi4Mio 


23.20 


JloKyc riiaBHoro KOMnjieKca 
rMCTOCOBMeCTMMOCTM 
KOflMpyeT MHOWeCTBO 
reHOB MMMyHHOÍÍ CMCTeMbl 


KniOHeBbie noHBTHB: 


• JloKyc MHC KOflMpyeT 6e/iKM K/iacca I m II, a TaK>Ke flpyme 
6e/lKM MMMyHHOÍÍ CMCTeMbl. 

• Be/iKM K/iacca I — aHTMreHbi TpaHcruiaHTaflMM, OTBenaioiflMe 3a 
pacno3HaBaHMe «cbomx» m «ny>KMx» TKaHeíí. 

• Be/iKM MHC KJiacca I aKTMBHbi b BMfle reTepoflMMepa c 
P2-MMKpor/io6y/iMHOM. 

• Be/iKM miacca II pačoTaioT npM B3aMMOfleíícTBMM Me>Kfly 
T-K/ieTKaMM. 

• Be/iOK MHC miacca II ripeflcraB/ifleT cočoíí reTepoflMMep M3 
a- m p-ueneíí. 


JloKyc rjiaBHoro KOMnjieKca rHCTocoBMecTHMOcra (Major 
Histocompatibility Locus, MHC) 3aHHMaeT Heóojibmoň 
cerMeHT o/ihoh H3 xpomocom KaK y mmiiih (r jit oh hocht 
Ha3BaHHe jiOKyc H2), TaK h y nejiOBeKa (jioKyc HLA). BHyr- 
pn 3Toro cerMeHTa pacnojioxceHO mhoxccctbo tchob, ko- 
flHpyiOlIIHX (J)yHKLI,HH, OTHOCHIIIHeCH K HMMyHHOMy OTBCTy. 
B HH/jHBHAya^bHbix jioKycax tchob, npoflyKTbi KOTopbix 
6buiH HAeHTHCpHUHpoBaHbi, b nonyjiaijHH 6buio oÓHapy)Ke- 
ho MHoxcecTBo a^jiejien. 3tot jioxyc onncbiBaiOT KaK Bbico- 

KO nOJMMOp0HblÚ, T. e. HH/JHBHAya^bHbie reHOMbl OÓblHHO 

OTflHnaiOTca flpyr ot Apyra no flaHHOMy /ioKycy. Ha stom 
yqacTKe Taioce hmciotch reHbi, Ko/jHpyiomHe cpyHKíjHH, He 
CB5I3aHHbie C paÔOTOH HMMyHHOH CHCTCMbl. 

no CBOHM HMMyHOJIOTHHeCKHM CBOHCTBaM aHTHľe- 
Hbl THCTOCOBMeCTHMOCTH flCJIHT Ha TpH THna. KpOMe TOTO, 
HeKOTopbie óejiKH, oÓHapyxcHBaeMbie Ha noBepxHOCTH jihm- 
cJ)ouhtob h MaKpocparoB, HMeioT cxoxcyio cTpyKTypy h nrpa- 
IOT BaaCHyiO pOJIb B paÔOTe KflCTOK HMMyHHOH CMCTeMbl: 

BejiKH MHC miacca I hbjihiotch TpaHCiuiaHTau.HOH- 
hbimh aHTnreHaMH. Ohh npHcyrcTByioT bo Bcex mieTKax 
MJieKonHTaiomHx. KaK cjie/jyeT H3 Ha3BaHHa, ohh OTBenaioT 
3 a OTTopxceHHe ny^cepo^HOH TKaHH, KOTopaa hachth(J)h- 
iinpyeTca no yHHKajibHOMy Haóopy TpaHcnjiaHTaunoH- 
HblX aHTHreHOB. B HMMyHHOH CHCTeMe HX npHCyTCTBHe 
Ha uejieBbix KneTKax hcoóxoahmo /yia íoieTOHHO-onocpe- 
AOBaHHoro OTBeTa. THnbi ócjikob miacca I onpeAejiaioTca 
cepojioranecKH (Ha ocHOBaHHH hx aHTHreHHbix cbohctb). 
MbiiiiHHbie reHbi Knacca I KOAHpyiOT ôcjikh H2-K h H2-D/L. 
Raxc^aa ji hhha Mbiinen HMeeT oahh H3 bo3moxchhx a^e^eň 
Rjm Ka^CflOH H3 3THX CpyHKLIHH. Y HCJIOBCKa K (J)yHKUH5IM 
íoiacca I OTHOcaTca miaccnnecKHe TpaHcrniaHTaijHOHHbie 
aHTHreHbi HLA-A, B h C. 

BejiKH MHC miacca II npncyTCTByioT Ha noBepx- 
HOCTH KaK B- H T-JIHMCpOlJHTOB, TaK H MaKpOCpaTOB. 3TH 
óejiKH BiononeHbi b npoueccbi MexooieTonHbix KOMMyHH- 
KauHH, HeoóxoflHMbix fljia npoBefleHHa HMMyHHoro otbc- 
Ta; B naCTHOCTH, OHH HeOÔXOflHMbI AJIH (J)yHKLI,HH T-xefl- 
nepoB. Y Mbimeň loiacc II noApa3flejiaioTai Ha I-A h I-E 
Y nejiOBeKa ynacTOK HLA loiacca II (Ha3biBaeMbiH Taoce 
HLA-D) AeJiaT Ha neTbipe no^ynacTKa — DR, DQ, DZ/DO 
h DP. 
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ľeHbi éeiiKOB MHC pacno/io>KeHbi Ha oneHb ajimhhom ynacrKe, cxo>KeM ftnn Bcex MjieKonMTaiotiiMX 


Y MblLLIM 


KoAMpyíOT 
MHC 1 KJiacca 

480 TnH 

700 TnH 

860 TnH 



KoAMpyiOT 

KOAMpyiOT MHOKeCTBO 

KoflMpyiOT 

PacujM- 


MHC II KJiacca 

HepoACTBeHHbix reHOB 

MHC I KJiacca 

peHHbíň 

I miacc 

PaciuM- 

peHHbiŕi 

ynacroK 

II K/iacca 

845 TnH 

700 TnH 

960 TnH 



100 TnH 


Y wejioBeKa 


TejioMepa 


-_ j3 fl/iMHa ynacTKa MHC - 6o/iee 2 MnH. Be/iKM MHC K/iaccoB I u II 3aKOflupoBaHbi Aey- 
Mfl pa3/iMHHbiMM ynacTKaMM. Pa3Ae^BioiuMM ux cernem onpeAe/ifleTCfi KaK miacc III. PaciiJMpeHHbie 
ynacTKM onucbiBaiOT CMHTeHMHHbie cerMeHTbi Ha KOHuax K/iaciepa. OcHOBHoe pa3/iMHne Mbiwn n ne- 
noBeKa - Ha/iMHkíe reHOB H2 K/iacca I b pacwMpeHHOM ynacTKe c/ieBa. Y muium /íOKyc HaxoAmca Ha 
xpoMocoMe 17, a y ne/iOBeio - Ha xpoMOCOMe 6 


BeJIKH KOMIUieMeHTa 3aKOAHpOBaHbI JIOKyCOM, H3Bec- 
thhm KaK S-yqacTOK (ot «serum» — cbmopoTKa; «S» yKa3bi- 
Baer Ha to, hto sth ócjikh bxoaat b cocraB cbmopoTKH). Hx 
Ha3HaneHHe — B3aHMOAeHCTBHe c komeuickcom aHrareH- 
aHTHTejio, Bbi3biBaa jih3hc kjictok no KJiaccHnecKOMy Bapn- 
aHTy ryMopa^bHoro OTBeTa. 

BejiKH AOKycoB Qa h Tla oÓHapyaceHbi Ha reMonosTH- 
necKHx mieTKax Mbimen. Ohh H3BecTHbi KaK reHbi AH({)({)e- 
peHU.HpoBKH (nocKOJibKy Ka^cAbíň H3 hhx oÔHapyxcHBaeTca 
TOJibKO Ha onpeAejieHHOM noAMHOxcecTBe kjictok kpobh). 
CTpyKTypHO ohh HanoMHHaioT óejiKH H2 KJiacca I, h, no- 
Ao6ho nocjieAHHM, AaHHbie ócjikh nojiHMopcJ)Hbi. 

Tenepb mh moxccm ycTaHOBHTb cooTBeTCTBHe MOKAy th- 
naMH óejiKOB h opraHH3aijHeH reHOB, hx KOAHpyiomHx. PÍ3- 
HanajibHO ynacTOK MHC 6bui Han/jeH reHeraKaMH y Mbimeň, y 
KOTopbix miaccnqecKHH yqacTOK H2 3aHHMaeT 0,3 cahhhuh 
reHeTHHecKOH Kap™. BMecTe c npHMHKaiomHM ynacTKOM, 
r^e TaioKe oÓHapyaceHbi MyraijHH, BjiHHiomHe Ha HMMyHHbie 
(J)yHKLl,HH, 3TO COOTBCTCTByeT ynaCTKy JX HK /yiHHOH OKOJIO 
2000 TnH. YnacTOK MHC 6hji nojiHOCTbio ceKBeHHpoBaH y 
HecKOJibKHx MJieKonHTaiomHX, nTHU, h pbió. CpaBHHBaa sth 
noaieAOBaTejibHOCTH, mo>kho yBH^eTb, hto hx cTpoeHHe b 
uejiOM coxpaHaeTca. 

CTpoeHHe reHOB nejiOBeKa h mhihh noKa3aHO Ha 
pmc. 23.33. yqacTKH reHOMa, r/^e pacnojioxceHbi reHbi 
KnaccoB I h II, OTMenaiOT hcxoahmc rpaHHijbi jioKyca (b 
H anpaBJíeHHH ot TejioMepbi k ijempoMepe — Ha pncyH- 
Ke cnpaBa HajieBo). ľeHbi ynacTKa, pa3Aejunomero KJiacc 
I h KJiacc II (Ha3biBaeMoro KJiaccoM III), KOAupyioT pa3- 
jiHHHbie (JjyHKíjHH. ľpaHHijbi JioKyca pa3JiHnaiOTCfl Rím 
pa3Hbix bhaob. YnacTOK, jie>KamHH 3a reHaMH KJiacca I 
b cTopoHy TejioMepbi, hocht Ha3BaHHe pacniHpeHHoro 
KJiacca I. AHajionwHO, ynacTOK 3a npeAejiaMH KJiacca II 
b CTopoHy iieHTpoMepbi, Ha3biBaioT pacniHpeHHbiM KJiac- 
COM II. OcHOBHoe OTJIHHHe MbHIIH OT HCJIOBCKa COCTOHT B 


TOM, HTO y MbHIIH paCIHHpeHHblH KJiaCC II COAepXCHT reHbl 
KJiacca I (H2-K). 

y MjieKonHTaiomHx ynacroK MHC coAepacHT HecKOJibKO 
coTeH reHOB, ho cJ)yHKu,HH MHC Moiyr oôecneHHBaTbca h 
MeHbiiiHM hhcjiom reHOB. HanpHMep, y Kyp ynacTOK MHC 
/yiHHOH 92 TnH BKjnonaeT Bcero A,eBHTb reHOB. 

CpaBHHBaa pa3JiHHHbie ceMencTBa, mh oÓHapy^cHBaeM 
pa3AHHHH B HHCJie reHOB, OTBeTCTBeHHblX 3a Te HJIH HHbie 
cJ)yHKu,HH. Jloicyc MHC oÓHapy^cHBaeT 3HanHTejibHbie hhah- 
BH/iya^bHbie Bapnaunn, b pe3yjibTaTe KOTopbix hhcjio reHOB 
y pa3Hbix ocoóeH mojkct OTJiHnaTbca. KaK npaBHJio, b reHOMe 
MbiiiiH MeHbine aKTHBHbix H2, neM y nejiOBeKa. leHbi loiacca 
II BCTpenaioTai TOJibKO y MjieKonHTaiomHx (3a HCiuiioHeHHeM 
oahoh noArpynnbi), h, KaK npaBruio, y nTHU, h pbió b ^aHHOM 
jiOKyce HaxoAHTca pa3JiHHHbie reHbi. y nejiOBeKa HMeeTca 
okojio 8 cJ)yHKu,HOHa^bHbix reHOB imacca I, a y mhihh — oko- 
jio 30. ynacTOK imacca I TaK^ce BKjnonaeT MHoro Apyrax re- 
hob. ynacTKH KJiacca III y nejiOBeKa h mhhih oneHb noxo^cn. 

Bce ôejiKH MHC hbjiíhotch AHMepaMH, pacnojioxceHHbi- 
mh Ha iuia3MaTHnecKOH MeMÓpaHe, npnneM óojibuiaa nacTb 
óejiKa BbiCTynaeT c BHeuiHeH cTopoHbi kjictkh. CTpyicrypa 
óejiKOB Knacca I h II noxoxca, xoth ohh h coctoht h3 pa3Hbix 
KOMnOHeHTOB (KaK nOKa3bIBaeT F M C. 23.34). 

AHTHreHbi KJiacca II coctoht H3 AByx ueneň, a h |3, co- 
neTaHne KOTopbix co3AaeT oómyio CTpyKTypy, b kotopoh 
npHcyTCTByioT ^Ba BHeKJieTOHHbix ^OMeHa. 

Bce óejiKH MHC KJiacca I coctoht h3 AHMepa MOKAy ca- 
moh uenbio KJiacca I h |32-MHKporjio6yjiHHOM. U,enb KJiac¬ 
ca I — 3TO 45 Kfla TpaHCMeMÓpaHHblH KOMnOHeHT, cocto- 
fllIJHH H3 Tpex BHeiUHHX ^OMCHOB (/yiHHOH OKOJIO 90 
aMHHOKHCJIOT Ka^CAblH; O/JHH H3 HHX B3aHMOACHCTByeT C 
|32-MHKporjio6yjiHHOM), TpaHCMeMÓpaHHHoro ynacTKa 
/yIHHOH OKOJIO 40 OCTaTKOB H KOpOTKOľO I^HTOIUia3MaTH- 

necKoro AOMeHa ajihhoh okojio 30 OCTaTKOB, HaxoAauie- 
roca BHyTpn kjictkh. 
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B e/i km MHC K/iaccoB I m n HMeiot cxo/Kyio crpyKTypy 



PMC. 23.34 AmweHbi rucTOCOBMecTMMOCTu miaccoB I m II MMeiOT 
cxoKyio CTpyKTypy. AHTureHbi miacca I coctobt M3 eflUHCTBeHHoro 
no/iunenTUfla (a) c TpeMfl BHewHMMM AOMeHaMM (al, a 2 , a 3 ), B3a- 
MMOAeíícTByiomero c MMKpor/iočy/iMHOM P 2 (P 2 m). AmweHbi miac- 
ca II coctobt M3 flByx no/iunemuAOB (a m P), Ka>KAbiM M3 KOTopbiíí 
coctomt M3 a By x AOMeHOB (al, a 2 m pi, P 2 ) c aHa/ioruHHOŇ o 6 meŇ 
CTpyKTypoíí 

p2-MHKpor;io6yAHH — sto 12-kJXz ceKpeTopHbíň 6e- 
jiok, HeoôxoAHMbíň jyw TpaHcnoprapoBKH \\tim miacca 
I k noBepxHoc™ KJieTKH. y MbiuieH, y KOTopbix hct reHa 
p2-MHKpoi7io6yjiHHa, Ha noBepxHoc™ kjictkh oTcyTCTByeT 
aHTHreH MHC miacca L 

CTpoeHHe reHOB miacca I, noKa3aHHoe Ha P n c. 23 . 35 , 
coBnaAaeT c ôcakoboh cTpyicrypoň. nepBbíň SK30H koah- 
pyeT CHraajibHyio nooieflOBaTejibHocTb (oTmeruweMyio ot 


JK30Hbi reHOB MHC « r>e/iKOBbie AOMewbi 



ruiacc 1 ■ 

Knacc II ct — 




p-MMKporiioóy/iMH 


3K30Hbl 


■ iiMAepHaíi 

• HeTpaHOiMpyeMafl 

noc^eAOBaTe^bHOCTb 

noc^eAOBaTe/ibHocTb 

■ BHeKJieTOHHbíň ynacTOK 

UMTOn/ia3MaTMHeCKMÍÍ 

* TpaHCMeMÓpaHHbíň ynacTOK 

AOMeH 


p H 23.35 KawAbiií rniacc reHOB MHC MMeeT xapaKTepHoe crpoe- 
Hkie, B KOTOpOM 3K30Hbl npeACTaBJlfllOT COČOM OTAe/lbHbie 6e/lKOBbie 
AOMeHbi 


óe^Ka npn npoxoxcAeHHH nepe3 MeMÓpaHy). Oie/iyiomHe 
TpH 3K30H3 KOAHpyiOT KatfCAblH H3 BHdUHHX flOMCHOB. Yín- 
TblH 3K30H KOAHpyeT TpaHCMCMÓpaHHblH AOMCH. nOCJieA- 
HHe TpH OTHOCHTeJIbHO HeÓOJIblIIHX 3K30Ha B CyMMe KOAH- 
pyiOT UHTOIUia3MaTHHeCKHH AOMeH. ĽAHHCTBeHOe OTJIHHHe 
TpaHcruiaHTau.HOHHbix aHTHreHOB y ne;ioBeKa (Ha ypoBHe 
reHa) coctoht b tom, hto uHTonjia3MaTHHecKHH aomch 3 a- 

KOAHpOBaH JIHIIIb AByMH 3K30HaMH. 

3K30H, KOAHpyiOIIIHH TpeTHH BHeiIIHHH AOMCH re¬ 
HOB miacca I, BbicoKOKOHcepBaTHBeH (no cpaBHeHHio c 
ocTajibHbiMH 3K30HaMH). KoHcepBaTHBHbiH aomch npeA- 
nojioxcHTejibHO npeAcraBjíaeT coóoh ynacTOK, B3aHM0- 
AencTByioiiiHH c p2-MHKporjio6yjiHHOM, hto oó^acHíieT 
HeOÓXOAHMOCTb CTaÓHJIbHOCTH CTpyKTypbl. 3TOT AOMeH 

Taxxce HMeeT cxo/jctbo c KOHcraHTHbiMH ynacTKaMH AOMe- 

HOB HMMyHOrjIOÓyjIHHOB. 

Hto aBjíaeTca npHHHHOH bmcokoh cTeneHH no;iHMop- 
(})H3Ma 3thx reHOB? Pa3HOo6pa3He nocjieAOBaTejibHOcren 
pa3Hbix ajuie^eH npoaBjmeToi b ochobhom b nepBOM h bto- 
poM BHeniHHx AOMeHax, HHorAa npHHHMaa cJ)opMy rniacre- 
pa c 3aMeHOH ocHOBaHHH Ha HeóojibinoM yqacTKe. Oahh H3 
MexaHH3MOB, yqacTByioniHx b hx reHepauHH, — sto koh- 
BepcHa reHOB MOK^y reHaMH miacca I. npHcyTCTByioT KaK 
nceBAoreHbi, Tax h paóonHe reHbi. 

TeH p2-MHKporjio6yjiHHa HaxoAHTca Ha oTAejibHon 
xpoMOCOMe. B ero cocraB bxoaht nerape 3K30Ha: nepBbin 
KOflHpyeT CHmajibHyK) nocjieAOBaTe;ibHOCTb, BTopon — oc- 
HOBHyio nacTb 6e;iKa (aMHHOKHCAOTbi 3-95), Tperan — noc- 
jieAHHe neTbipe aMHHOKHCJioTbi h nacTb HeTpaHCJiHpyeMoro 
OKOHnaHHH, neTBepTbiH — ocraBiuyiocfl nacTb oKOHnaHHa. 

fljiHHa reHOB p2-MHKporjio6yjiHHa h V-reHa hm- 
MyHorjioóyjiHHa npHMepHO o/jHHaKOBa; onpeAejieHHoe 
CXOACTBO COCTaBa aMHHOKHCJIOT H HeKOTOpoe (HeÓOAb- 

rnoe) cxoactbo HymieoTHAHon nocjieAOBaTejibHOcra 
HaójnoAaeTca Mexc^y p2-MHKporjio6yjiHHOM h KOHcraH- 
THblMH AOMeHaMH Ig HJIH TpeTbHMH BHeiIIHHMH AOMCHa- 
mh reHa rana I. Bce paccMOTpeHHbie HaMH b stoh niaBe 
rpynnbi reHOB, bo3moxcho, hmciot oómero npe/jKa, koah- 
poBaBinero hcxoahmh aomch. 


BpO>KfleHHbm MMMyHMTeT 
b CBoeií paóoTe Mcno/ib3yei 
KOHCepBaTMBHbie 
CMrHa/ibHbie nyTM 


KmoneBbie noHUTHn: 


• BpoiKAeHHbiíí MMMyHMTeT aKTMBkipyeTCB peuenTopaMM 
(PÁMP), pacno3HaioiAMMM onpeAe^eHHbie 

BblCOKOKOHCepBaTMBHbie MOTMBbl y ČaKTepMÍÍ M y APyrMX 
MH(j)eKI4MOHHblX areHTOB. 

• Toll-noAOČHbie peuenTopbi ĽJMpoKO Mcno/ib3yiOTCB ah^ 

dKTMBdLIMM 3TOľO nyTM. 

• CMCTeMa BpO)KAeHHOrO MMMyHMTeTa BblCOKOKOHCepBaTMBHa 
y 6ecno3BOHOHHbix m no3BOHOHHbix, aHa/iorMHHaB CMCTeMa 
o6Hapy>KeHa m y pacreHMíí. 
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Pa3Hoo6pa3Me PÁMP 

0praHM3M 

riaioreH 

Pacno^o>KeHMe 

Bce óaKTepnM 

OopMM/l-MeTMOHMH 

Bo/IblUMHCTBO Óe^KOB 

Eo/lblUMHCTBO 

6aKTepMÍÍ 

nenTMAOMMKaH 

K^eTOHHaíi creHKa 

rpaM-oTpMuaie^b- 
Hbie óaKTepnM 

JlMnono/iMcaxapufl 

K/ieTOHHaB cieHKa 

flpowwM 

3MM03aH 

K^eTOHHaB cieHKa 


PMC. 23.36 ľlaToreH-accouMupoBaHHbie MO/ieKy/iapHbie noc/ieflOBa- 
T6/ibH0CTM (PÁMP) - coeflMHeHMfl, nado BcrpenaiomMecfl y mupoKoro 
cneKTpa bmaob čaKTepuŇ m oČHapywnBaeMbie npu UH^uuMpoBaHMU 


HMMyHHblH OTBeT, OnHCbIBaeMblH B 3TOH TJiaBe, coctoht 
H3 Haóopa peaKUHH, oTBenaiomHx Ha npoHHKHOBeHHe 
naToreHa BbióopoM jihmcJjoijhtob (B- hjih T-kjictok), 
peuenTopbi KOTopbix (aHTHTejia hjih TCR) BbicoKoacJ)- 
cJ)HHHbi k naToreHy. Ba30H stoto npouecca HBjíaeTca Bbi- 
paóoTKa oneHb óojibinoro HHCJia peuemropoB c uejibio 
noBbimeHHa Bepoaraocra pacno3HaBaHHH nyxcepo/jHOH 
MOJieKyjibi. PeuenTopbi, pacno3HaiomHe coócTBeHHbie 
óejiKH opraHH3Ma, BbiópaKOBbiBaioTca Ha paHHen cTa- 
Ahh npouecca. AnraBauna peuenTopoB Ha B-KJieTKax 
BKjnonaeT nyra ryMopajibHoro oTBeTa, a aKTHBauna pe- 
uenTopoB Ha T-KJieTKax BKjnonaeT nyra KJieTOHHO-onoc- 
pe/íOBaHHoro OTBeTa. 06maa peaKuna Ha aHrareH nyTeM 
oTóopa peuenTopoB Ha jiHMcjDoumax hocht Ha3BaHHe 
aAanTHBHoro, hjih npHoôpeTeHHoro HMMyHHTeTa. 
Otbct oóbiHHO pa3BHBaeTca b TeneHHe HecKOJibKHX Rutií 
nocjie HanajibHOH aKTHBauHH B-kjictok hjih T-kjictok, 
pacno 3 HaioiuHx Hyacepo/jHyio noejieAOBaTejibHOCTb. Op- 
raHH3M coxpaHaeT naMara 06 otbctc, hto no3BOJiaeT eMy 
ôbicTpee pearapoBara Ha noBTopHoe noaBjíeHHe Toro xce 
naToreHa. MexaHH3M npHOÓpeTeHHoro HMMyHHTeTa hb- 
jiaeTca oôhjhm rrr Bcex no3BOHOHHbix, xoth h cymecTBy- 
iot otjihhhh b /jeTajiax. 

Hhoh ran HMMyHHoro OTBeTa pa3BHBaeTca 3a MeHb- 
mee BpeMa h npncyTCTByeT y óojibinero HHCJia bh/job xch- 
bothhx (BKJnonaa h He HMeiomHX npHOÓpeTeHHoro HM¬ 
MyHHTeTa). BpOXCAeHHblH HMMyHHTeT OCHOBbIBaeTCa 
Ha pacno3HaBaHHH onpe/jejieHHbix, 3apaHee 3a,o,aHHbix 
nocjieAOBaTejibHOCTen, npHHa/yiexcamHx bhciuhhm na- 
ToreHaM. 3ra nocjieAOBaTejibHoera aBjíaioTca cJjparMeH- 
TaMH, KOTopbie nocToaHHO npHcyTCTByioT b naToreHax, 
nocKOJibKy HrpaiOT cymecTBeHHyio pojib b hx xcH3HeAe- 
aTejibHoera, ho He BCTpenaiOTca y BbícniHx synapnoT. KaK 
npaBHJio, cJjparMeHT pacno3HaeTca peuenTopoM, oTBena- 
ioiijhm 3a BKjnoneHHe Bpoxc/ieHHoro HMMyHHoro OTBeTa 
npn HHcJ)HUHpoBaHHH. PeuenTopbi, BKjnonaiomHe Bpoxc- 
AeHHblH HMMyHHblH OTBeT, OÓHapyXCCHbl Ha HeHTpO(})HJiaX 
h ManpocJjarax, h c hx noMombio narareH norjiomaeTca 
h yHHHToacaeTca. Otbct pa3BHBaeTca óbicTpo, nocKOJib- 
Ky Haóop peuenTopoB yxce npncyTCTByeT Ha KJieraax h 
HeT Heoóxo/íHMOCTH b ero aMnjiH(J)HKauHH nyTeM ot6o- 


pa. Bpoxc/jeHHbiH HMMyHHTeT niHpoKO pacnpocTpaHeH 
h HMeeTca y mhothx opraHH3MOB, ot Myxn ro nejiOBena. 
ECJIH BpOXCAeHHblH HMMyHHTeT CnOCOÓCH 3(J)Cj)eKTHBHO 
cnpaBHTbca c 3apaxceHHeM, MexaHH3M npHOÓpeTeHHoro 
HMMyHHTeTa He 3a,qeHCTByeTca. flBa BHAa OTBeTa Moiyr 
aKTHBHpoBaTb orhu h Te xce nocjieAOBaTejibHocra, nos- 
TOMy KJieTKH, aKTHBHpOBaHHbie BpOXC/jeHHblM HMMyHH- 
TeTOM, MoryT Bnocjie/i.cTBHH ynacTBOBara b aflanraBHOM 
oTBeTe. 

OparMeHTbi, BKjnonaiomHe BpoacAeHHbiH otbct, HHor/ja 
Ha3biBaiOT naToreH-accouHHpoBaHHbiMH MOJieKyjiapHbiMH 
nocjieAOBaTejibHocTaMH (pathogen-associated molecular 
patterns, PÁMP). P M c. 23.36 noKa3bmaeT, hto ohh BCTpe- 
naiOTca y pa3JiHHHbix opraHH3MOB. Oopmhji-mcthohhh 
aBjíaeTca nepBOH aMHHOKHCJlOTOH y óojibniHHCTBa ócjikob 
óaKTepHH, ho He BCTpenaeTca y syicapnoT. nenra/joníHKaH 
HMeeTca TOJibKO y óaicrepHH (b kjictohhoh cTeHKe). JIhiio- 
nojiHcaxapH^w (Apyroe Ha3BaHHe — shaotokchhw) 

BXORRT B COCTaB BHeiIIHeH MCMÓpaHbl ÓOJIbniHCTBa rpaM-OT- 
pnuaTeJIbHblX ÓaKTepHH; OHH HBJíaiOTCa npHHHHOH CHHAPO- 
Ma cenranecKoro rnoKa. 

BaXCHeHIIIHM OTKpbITHeM B OÔJiaCTH npHpOZlbl Bpoac- 
RtHHoro HMMyHHTeTa 6buio oÓHapyaceHHe ynacraa b hcm 
pei^enTOpOB TLR PeuenTop Toll, poACTBeHHbin peuen- 
Topy IL1 y MJieKonHTaiomHx, y Drosophila aKTHBHpyeT 
noejieAOBaTejibHOCTb, ynpaBjmioiuyio Aopco-BeHTpajibHbiM 


BpoMCAeHHbiif HMMyHHTeT pa3pyuiaeT naroreHOB 

EaKTepnn HecyT PÁMP 

11.11 

Aktu b m po Ba h h bi e 
nenTMflbi 

BHeK/ieTOHHbiíí LLR 
(/íeiÍLiMH óoraTbiň ynacTOK) 

f\f) 


m i. 

Toll like receptor (TLR, 

Toll nofloÓHbiíí peueriTop) 

y 

i 

TpaHCKpunĽinoHHbm 
(})aKTop ceMeňcTBa Rel 

T 

1 

EaKTepmiMflHbie 

M npoTMBorpnÓKOBbie 
nenTMflbi 

t 

MA 

1 

flenTMAbi 

nepMea6miM3yioT 

óaKTepmo 

T 


PÍ4C. 23.37 Bpo>KAeHHbm HMMyHHTeT aKTMBM3upyeTC5i PÁMP. Y 
Myx ohm b bi 3 bi Ba to t npoflyKUMio neruMflOB, aKTMBMpyioiuMx peuen- 
Topbi TLR. Peuemopbi TLR BKaionaiOT nyTb, aKTMBMpyiomMM TpaHC- 
KpMnuMOHHbiM (})aKTop ceMeíícTBa Rel. B HMC/ie ueaeBbix reHOB 
AJiB 3Toro (})aKTopa - 6aKTepMUMflHbie m npoTMorpMČKOBbie nen- 
TMflbi. flaHHbie nenTMflbi nepMea6M/iM3yiOT MeMČpaHy naioreHHoro 
opraHM3Ma 
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pa3BHraeM. 3 to Be^eT k aKTHBauHH cJ)aKTopa, BxoAAmero b 
rpynny Rel (poACTBeHHyio cJ)aKTopy NF-kB y MjieKonnTaio- 
iijhx). nyrb Bpo^cAeHHoro HMMyHHTeTa cxoach c nocjieflo- 
BaTejibHocTbio Toll, c aHajioraHHbiMH KOMnoHemaMR no 
cynj,ecTBy, oahhm H3 nepBbix CBeAeHHH o npnpoAe Bpoac- 
AeHHoro HMMyHHTeTa y Myx 6buio oTKpbirae cf)aKTopa Dif 
(AOpCO-CBa3aHHOTO Cj)aKTOpa HMMyHHTeTa), KOTOpblH aKTH- 
BHpyeTca b oahom m nyTeH. 

Y Myx oTcyTCTByeT CHCTeMa npHOÓpeTeHHoro HMMyHH¬ 
TeTa, ho HMeeTca conporaBJíaeMOCTb MHKpoÓHOMy 3apaace- 
HHK), nOCKOJIbKy HX CHCTeMbI BpO)KAeHHOrO HMMyHHTeTa 
BbipaóaTbmaiOT MonjHbie nporaBOMHKpoÓHbie nenTH£bi. y 
Apo3ocJ)H^bi oÔHapy^ceHbi ceMb pa3JiHHHbix nenraAOB, chh- 
Te3HpyeMbix ^cnpoBbiM tcjiom (opraH, SKBHBajieHTHbiH ne- 
HeHH). flBa H3 HHX npOTHBOTpHÓKOBbie, 2 nflTb A^HCTByiOT 
npeHMynj,ecTBeHHO Ha óaKTepHH. Ohh yHHHToxcaioT nyxce- 
poAHbíň opraHH3M, nepMea6HJiH3ya ero toieTOHHyio mcm6- 
paHy. Bce ara nenraAbi KOAHpyiOTca reHaMH, npoMOTopbi 
KOTopbix oTBenaiOT Ha (})aKTopbi TpaHCKpHnijHH eeMeHCTBa 
Rel. CxeMbi nyTeH Bpo>KAeHHoro HMMyHHoro OTBeTa y Apo- 
30(J)HJIbI nOKa3aHbI Ha P H C. 23.3 7. 

CyiAecTByeT ABa nyra BpoxcAeHHoro HMMyHHoro 
OTBeTa y Drosophiia-, oahh pearnpyeT b ochobhom Ha 
rpnóbi, Apyroň — Ha rpaMOTpHijaTejibHbie ôaKTepHH. 
Ha rpaM-nojioxcHTejibHbie óaKTepHH MoryT pearapoBara 
06 a nyra. Hx cxeMa noKa3aHa Ha pmc. 23.38. ľpHÓbi h 
rpaMnojioxcHTejibHbie óaKTepHH aKTHBHpyioT npoTe- 
OJIHTHHeCKHH KaCKaA, C03AäK)IAHH nenTHAbl, KOTOpbie 


y Drosophiia edb ABa nym aKTHBauMH 
BpojKAeHHoro HMMyHHTeTa 


f pn6bl 


rpaMno/iowmejib- rpaMOTpMuaTejib- 
Hbie 6aKTepnM Hbie 6aKTepnn 


PGRP-SA 



ripoTea3bi 
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Toll 
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Toll-noAOÓHbiM 
peuemop (TLR) 


PGRP-SA 


NF-KB-cxoflHbm nyTb 


i 

Imd-nyTb 
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Dorsal 


d 
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TpaCHKpMľlLlMOHHblií 
(})aKTop ceMeňcTBa Rel 


4 

i 


Relish 


A AVv BaKTepMUMflHbie AA jA 
M npOTMBOrpMÓ- ™ ™ 
AP030MMUMH KOBbie nenTHAbl AuauHH 


<3b Oahh M3 nyieíí aKTMBauHM BpowAeHHoro HMMyHHTeTa y 
Drosophiia oneHb cxo>k c nyTeM aKTHBaunn NF-kB y MJieKonmaiomMx; 
Apyrne nyTH Hcno/ib3yiOT KOMnoHembi, aHa/iorHHHbie ynacTByioiAHM 
b anoriT03e 


aKTHBHpyioT TLR. 3to NF-KB-noAOÓHaa nocjieAOBaTe;ib- 
HOCTb. PeuenTop dToll aKTHBHpyeT TpaHCKpHnunoHHbiH 
cJ)aKTop Dif (poACTBeHHbíň NF-kB), hto b HTore npHBO- 
AHT K aKTHBaUHH npOTHBOrpHÓKOBOTO nenTHAa AP030- 
MHu,HHa. ľpaM-OTpHuaTejibHbie óaKTepHH 3aACHCTByioT 
hhoh nyTb, B03AeHCTByioiAHH Ha Apyroň peuenTop, 
aKTHBHpyioiAHH TpaHCKpnnuHOHHbin cJ)aKTop Relish, 
bjihhioiahh Ha BbipaóoTKy óaKTepHUHAHoro nenTHAa 
aTTauHHa. 3tot nyTb hocht Ha3BaHHe Imd (no oahomy 
H3 CBOHX KOMnOHeHTOB — ÓeJIKy, HMeiOmeMy «AOMeH 
CMepra», cxoxceMy c ynacTByiomHM b anonT03e). 

OcHOBHbie areHTbi, pearapyiomHe Ha óaKTepHH, — sto 
óejiKH, Ha 3 bmaeMbie PGPR (H 3 - 3 a hx bhcokoh acJ)cJ)HHHOC- 
ra k óaKTepHa^bHbiM nenraAorjiHKaHaM). CymecTByiOT ABa 
BHAa 3 THX ÓeJIKOB. PGPR-SA — 3TO KOpOTKHe BHeKJieTOHHblC 
ÓeJIKH. Hx MexaHH3M ACHCTBHa, BepoaTHO, OCHOBaH Ha aK- 
THBauHH npoTea 3 , BmnonaiomHx Toll-nyTb. PGPR-LC — sto 
TpaHCMeMÓpaHHbie ÓeJIKH, HMOOIAHe BHeiOieTOHHblH AOMeH 
PGPR. Hx pojib noKa He ycTaHOBjíeHa. 

BpO^CAeHHblH HMMyHHTeT — BblCOKOKOHCepBaTHB- 
Haa CHCTeMa. Mhihh, ycTOHHHBbie k cenranecKOMy uiokv 
npn BBeAeHHH LPS, Hecyr MyrauHH b TLR4. ľoMOJior Toll- 
peuenTopa y nejiOBeKa MoxceT aKTHBHpoBaTb HeKOTopbie 
reHbi HMMyHHoro OTBeTa. 3to roBopHT o tom, hto AäHHbíň 
nyTb BpoacAeHHoro HMMyHHTeTa Taioxe moxcct cJ)yHKiiH- 
OHHpoBaTb y neaoBeKa. CnraaabHbiH nyTb ot TLR bo Bcex 
cjiynaax noxoxc h oóbinHO npHBOAHT k aKTHBauHH TpaHC- 
KpHnuHOHoro cpaKTopa NF-kB. HeH3Becrao, KOHcepBaTH- 
BeH jih CHmajibHbiH nyTb ao TLR, b HacTHoera AencTByiOT 
jih PÁMP nyTeM oópa30BaHHa jinraHAOB, KOTopbie b cboio 
onepeAb aKTHBHpyioT TLR, hjih ohh HenocpeACTBeHHO B3a- 
HMOAeHCTByiOT c TLR. CHľHajibHbiH nyTb ao TLR pa3JiHHeH 
y MjieKonHTaiomHx h Myx, nocKOJibicy naToreHbi HanpaMyio 
aKTHBHpyioT TLR MjieKonHTaiomHx. B cjiynae LPS naToreH 
CBa3biBaeTea c noBepxHocrabiM ôejiKOM CD 14; sto no3BO- 
jiaeT CD 14 aKTHBHpoBaTb TLR4, 3anycKaa nyTb aKTHBauHH 
BpoacAeHHoro HMMyHHTeTa. B reHOMe nejiOBeKa oKoao 20 
peuenTopoB miacca TLR, hto A^eT HeKOTopoe npeACTaBJíe- 
HHe O TOM, CKOJIbKO naTOľeHOB MOiyr aKTHBHpoBaTb BpO)K- 
AeHHblH HMMyHHTeT. 

y pacTeHHH HMeioTca MHoronHCJieHHbie 3amHTHbie Me- 
xaHH3Mbi, cpeAH KOTopbix ecra CHľHajibHbie nyTH, aHajio- 
raHHbie BpoacAeHHOMy HMMyHHTeTy acHBOTHbix. fleHCTByer 
tot xce npHHUHn: PÁMP — sto cJ)parMeHTbi, KOTopbie hach- 
racJ)Hu,HpyiOT HHcJ)eKiiHOHHbiH areHT KaK naToreH. Beara, 
oTBenaioiAHe Ha naToreHbi, 3aKOAHpoBaHbi miaccoM reHOB, 
HocaiAHx Ha3BaHHe «reHbi ycTOHHHBoera k 3a6ojieBaHHio» 
(disease resistance genes). MHorae H3 sthx reHOB KOAHpy- 
K)T peijenTopbi, HMeiomne oóiAHe CBOHCTBa c peuemopa- 
mh TLR-miacca y acHBOTHbix: BHemieTOHHbiH aomch Hecer 
mothb, Ha 3 biBaeMbin LRR (ot anzjí . leucine-rich región — 
ynacroK, ôoraTwň jichuíhhom). MexaHH3M OTBeTa oran- 
naeTca ot HMeiomeroca y mieTOK acHBOTHbix h HanpaBaeH 
Ha aKTHBaijHio KacKaAa MAPK (mitogen-activated protein 
kinase, MHToreH-aKTHBnpyeMaa npoTeHHKHHa3a). Pa3Hbie 
naToreHbi aKTHBHpyioT oahh h tot xce KacKaA, CBHAeTenbc- 
TBya o tom, hto pa3HOOÓpa3Hbie B3anMOAeHCTBHa naToreH- 
peijenTop cxoAATca b oahoh tohkc. 
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23.22 


Pe3iOMe 


HMMyHorjioóyjiHHbi h peuenTopbi T-kjictok — sto 6cjikh, 
BbinojiHHiomHe cxcoKHe (JjyHKíjHH y B- hjih T-kjictok hm- 
MyHHoň CHCTeMbi. Ecjikh Ig hjih TCR o6pa3yioTCfl nyTeM 
peOpraHH3aUHH flHK B KaHCAOM KOHKpeTHOM JIHMCjjOIJHTe; 
Bcrpena c aHTHreHOM h pacno3HaBaHHe ero c noMombio Ig 
HJIH TCR npHBOAHT K KJIOHaJIbHOH SKCnaHCHH H 0Ópa30Ba- 
HHIO MHOXCeCTBa KJieTOK C TOH XCe CneUHCjjHHHOCTbK), HTO H 
HCXOAHaa KJieTKa. B paHHeM pa3BHTHH HMMyHHOH CHCTeMbI 
npoHCxoAHT MHOxcecTBO pa3JiHHHbix peopraHH3aijHH, HTO 
C03AaeT niHpoKHH penepTyap kjictok c pa3Hoo6pa3HbiMH 
CneUH(J)HHHOCTflMH. 

Ka^cAbíň 6ejioK-HMMyHorjio6yjiHH — sto TeTpaMep, 
coAepxcamHH ABe HAeHTHHHbie jierKne uenn h ABe hach- 
THHHbie TíDKejibie uenn. TCR — sto AHMep, coAepxcamHH 
ABe pa3Hbie uenn. KaxcAaa nojiHnenTHAHaa ijenb — pe- 
3yjibTaT 3KcnpeccHH reHa, co3AaBaeMoro nyreM coeAHHe- 
HHH OAHOľO H3 MHOľHX V-CCľMCHTOB C D- H J-CerMCHTaMH 
h c oahhm H3 HecKOJibKHx C-cerMeHTOB. L-ijenH (k hjih 
K) Ig HMeiOT oómyio CTpyKTypy V-J-C, H-penH Ig hmoot 
CT pyKTypy V-D-J-C, TCR a hjih y HMeiOT cocTaBHbie nac- 
th, aHajiorHHHbie L-uenn Ig, a TCR ô h |3 — aHajiorHHHbie 
H-uenn Ig. 

KaacAbiH ran ueneň 3aKOAHpoBaH óojimiihm KJiac- 
TepoM V-reHOB, oTACJieHHbiM ot KJiacrepoB D-, J- h 
C- cerMeHTOB. Hhcjio cerMeHTOB KaxcAoro rana h hx op- 
raHH3auH5i y pa3Hbix penen OTjmnaiOTCfl, ho npHHijHn h 
M exaHH3M peKOMÓHHaUHH, nO-BHAHMOMy, OAHHaKOBbl. 
B KaacAOM aKTe peKOMÓHHauHH ynacTByioT Te xce caMbie 
KOHceHcycHbie nocjieAOBaTejibHocra renTaMepa h HOHa- 
Mepa; h b peaKijHH BcerAa coeAHHHioTCfl KOHceHcycHaa 
nocjieAOBaTejibHOCTb co cnencepoM b 23 nH h co cnen- 
cepoM b 12 nH. PeaKuna pacmenjieHHH KaTajiH3HpyeTca 
óejiKaMH RAG1 h RAG2, a peaKijHfl coeAHHeHHH KaTajiH- 
3HpyeTca ynacraHKaMH OAHoro h Toro ace nyra NHEJ, 
penapnpyioiAHMH b KJieTKe AByxuenonenHbie pa3pbiBbi. 
MexaHH3M ACHCTBHÍI ÓeJIKOB RAG CXOAeH C ACHCTBHeM 
CaHT-CneUHCjjHHHOH peKOMÓHHaUHH, KaTaJIH3HpyeMOH 
pe30JibBa3aMH. 

CyiAecTBeHHoe pa3Hoo6pa3He aHTHTeji AOcraraeT- 
ca npn coeAHHeHHH pa3JiHHHbix V-, D- h J-cerMeHTOB 
c C-cerMeHTOM; npn stom AonojiHHTejibHbie BapnauHH 
BHOCHTCfl B (J)OpMe H3MCHeHHH B MeCTaX coeAHHeHHH 

cerMeHTOB bo BpeMH npopecca peKOMÓHHauHH. flo- 
nojiHHTejibHbie H3MeHeHHH b reHbi HMMyHorjioóyjiHHOB 
bhochtch nyTeM coMaranecKoro MyTareHe3a, j\m nero 
HeoóxoAHMa aKTHBHocTb UHTHAHH-Ae3aMHHa3bi h ypa- 
UHji-rjiHK03Hjia3bi. MyTauHH, HHAyuHpyeMbie ljhthahh- 
Ae3aMHHa30H, Bepoflrao, npHBOAHT k yAajieHHio ypauHJia 
ypauHJi-rjiHK03HJia30H, hto conpoBOHCAaeTca HHAyKUHen 
MyTaUHH B CaHTe C OTCyTCTByiOIAHM a30THCTbIM OCHOBa- 
HHeM. 

AnjiejibHoe HdononeHHe rapaHrapyeT, hto Ka>KAbiH 
KOHKpeTHblH JIHMCjjOLJHT CHHTe3HpyeT TOJlbKO O AH H Ig 
hjih TCR. npoAyKTHBHaa peopraHH3auHH HHľHÓHpyeT 
AajibHeHinyio peopraHH3aijHio. riepBaa npoAyKTHBHaa pe- 


opraHH3auHH onpeAejiaeT Hcnojib30BaHHe KOHKpeTHoro 
V-ynacTKa, ho b B-KJieTKax nponcxoAHT nepeKJnoneHHe 
Hcnojib30BaHHH C H -reHOB c hcxoahoh p-ijenH Ha OAHy H3 
H-penen, KOAHpyeMyio HHxce uenn p. B stom npopecce 
Hcnojib3yeTca Apyron ran peKOMÓHHapHH, npn kotopom 
nocjieAOBaTejibHOCTH Me>KAy VDJ-ynacTKOM h hobhm 
C H -reHOM ACJieTHpyioTCH. MoxceT nponcxoAHTb óojiee 
neM oaho nepeiononeHHe Hcnojib30BaHHH C H -reHOB. ripn 
nepeKjnoneHHH KJiaccoB HyacHa Ta xce pHTHAHH-Ae3aMH- 
Ha3a, KOTopaa HeoóxoAHMa h jxnn coMaranecKoro MyTa- 
reHe3a, OAHaKo ee pojib b a^hhom npopecce HeH3Becraa. 
Ha paHHen CTaAHH npoAyKpHH Ig nepeKJnoneHHH npo- 
HCXOAHT MeXCAy CHHTC30M MeMÓpaHOCBímHHOH (J)OpMbI 
óejiKa k cHHTe3y ceKperapyeMOH cJjopMbi. 3th nepeKjno- 
neHHH conpoBOxcAaioTCH ajibTepHaraBHbiM cnjiancHHroM 
TpaHCKpnnTa. 

BpoHCAeHHbíň HMMyHHTeT npeACTaBJíaeT coóoh ran 
OTBeTa, 3anycKaeMbiH peuenTopaMH, cneuHcJ)HHHOCTb 
KOTOpblX K HeKOTOpbIM naCTO BCTpenaiOIAHMCH MOTHBaM 
y óaKTepHH h Apyrnx HHcJjeKu.HOHHbix areHTOB npeAO- 
npeAejieHa. PeuenTopbi, 3anycKaioiAHe AäHHbíň ran ot- 
BeTa, — sto oóbiHHO njieHbi Toll-noAOÓHoro ceMencTBa, 
h hx nyTb HanoMHHaeT nyTb OTBeTa Ha CHmanbi Toll-pe- 
penTOpOB npH SMÓpHOHaJIbHOM pa3BHTHH. CHľHaJIbHblH 
nyTb aKTHBHpyeT cJjaKTopbi TpaHCKpnnpHH, npHBOAAiAHe 
K SKCnpeCCHH reHOB, npOAyKTbl KOTOpblX HHaKTHBHpyiOT 
HHcJjeKu.HOHHbix areHTOB (oóbiHHO nyreM nepMeaÓHJiH3a- 
UHH HX MeMÓpaHbl). 
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ľlpOMOTOpbl VI BHXaHCepbl 


KPATKOE COflEPWAHME ITlABbl 


24.2 


BBefleHne 

SyKapnoTMHecKaB flHK-no/iMMepa3a coctomt M3 

MHornx cyó-beAMHnu 

• PHK-nojiMMepa3a I CMHTe3npyeT pPHK b flflpbiiiJKe. 

• PHK-no/iMMepa3a II CMHTe3npyeT mPHK b 
H yK/ieon/ia 3 Me. 

• PHK-no/iMMepa3a III CMHTe3npyeT Ma/ibie PHK b 
H yKJieoruia 3 Me. 

• Bce 3yKapnoTMMecKne PHK-no/iMMepa3bi nMetOT -12 
cyóbeflMHMA m npeAdaB/iBK)T coóoíí KOMn/ieKCbi c 
MaccoŇ >500 Kfla. 

• HeKOTopbie cyóbeAMHMUbi bb/ibk)tcb oólammm f\ns\ Bcex 
Tpex PHK-no/iMMepa3. 

• CaMafl KpynHaB cy6beAMHMua PHK-no/iMMepa3bi 
II HeceT CTD (C-kohacbom AOMeH), coctoblamm M3 
MHomecTBeHHbix noBTopoB remaMepa. 

ľlpoMOTopHbie 3 /ieMeHTbi onpeAeABiOT c noMombto 

MyiareHe 3 a m cjDym pumu Hra 

• ľlpOMOTOpbl BblflB/lflK)T no MX CnOCOÓHOCTM 
Bbl 3 blBaTb TpaHCKpMnUMK) npMCOeAMHeHHOM K HMM 
noc/ieAOBaie/ibHocTM b cooTBeTCTBytomeM Tecr-cMcreMe 
in vitro m in vivo. 

ľlpoMOTop PHK-noAMMepa3bi I coctomt m 3 Aeyx 

nacTeŕí 

• ľlpoMOTop PHK-no/iMMepa3bi I coctomt M3 LjeHTpa/ibHOM 
(core) oó/iacTM m Kompo/ibHoro 3 /ieMem-a, 
pacno/ioweHHoro Bbiwe (UPE, upstream control 
element). 

• OaKTop UBFl HaKpyHMBaeT flHK BOKpyr 6e/iKOBoíí 
CTpyKTypbl, HTOÓbl CÓ/lM 3 MTb LjeHTpa/ibHyK) OÓ/iaCTb 
npoMOTopa m UPE. 

• SL 1 BK/itonaeT b ce6a (j/aKTop TBP, KOTopbiíí 
Mcno/ib 3 yeTCfl npM v\w*[\mu,v\v\ BceMM TpeMB 
PHK-no/iMMepa3aMM. 

• PHK-no/iMMepa3a CBB3biBaeTCB c KOMn/ieKCOM UBF 1 -SL 1 
b AeHTpa/ibHoíí 06/iacTM npoMOTopa. 

PHK-noAMMepa3a III Mcno/ib3yeT m BbiwejiewamMe, m 

HM>KeAe>KaiAMe npoMOTopbi 

• PHK-no/iMMepa3a III y3HaeT ABa TMna npoMOTopoB. 

• BHyTpeHHMe npOMOTOpbl MMetOT KOpOTKMe 
KOHceHcycHbie noc/ieAOBaTe/ibHocrn, pacno/ioweHHbie b 
T paHCKpMnAMOHHOM eAMHMLje, M Bbl 3 blB 3 K)T MHM 14 M 3 I 4 MK) 
Ha onpeAe/ieHHOM paccTOBHMM Bbiwe npoMOTopa. 

• Bbiwe/iewamMe npoMOTopbi coAepwaTTpM kopotkmx 
KOHC eHCyCHblX nOC/ieAOBaTe/lbHOCTM, CBfl 3 blBaK)LAMX 
TpaHCKpMnUMOHHbie (j)aKTOpbl. 


24.6 


24.7 


ranní 


TF m B - o6fl3aTejibHbm (J)aKTop a^a npoMOTopoB 
PHK-noAMMepa3bi III 

• TF m A M TF m C CBfl3blB3K)TCfl C KOHCeHCyCHbIMM 
nOC/ieAOBaTe/lbHOCTBMM M CnOCo6cTByK)T CBfl3blB3HMK) 
TF m B co CTapTOBoíí tohkoíí. 

• TF m B HeceT TBP b KanecTBe oahoíí M3 cyóbeAMHMA m 
A e/iaeT B03M0>KHbiM cBB3biB3HMe PHK-no/iMMepa3bi. 

CrapTOBaa tohk3 a/ia PHK-no/iMMepa3bi II 

• fl/ifl MHMAMauMM TpaHCKpMnuMM PHK-no/iMMepa3e II 
HeoóxoAMMo npMcyTCTBMe r/iaBHbix TpaHCKpMmjMOHHbix 
cfaKTopoB (Ha3biBaeMbix TF n X). 

• ľlpoMOTopbi PHK-no/iMMepa3bi II MMetoT KopoTKyto 
KOHcepBaTMBHyK) noc/ieAOBaTe^bHocTb Py 2 CAPy 5 
(MHMAMaTOp InR) B CTapTOBOÍÍ TOHKe. 

• TATA- 60 KC — OÓIAMÍÍ KOMnOHeHT npoMOTopoB A/ 1 B 
PHK-no/iMMepa 3 bi II, coctoblamíí M3 A-T- 6 oraToro 
oKTaMepa, pacno/io>KeHHoro Ha 25 nH Bbiwe CTapTOBOÍÍ 
TOHKM. 

• DPE — OÓLAMÍÍ KOMnOHeHT A/1B npoMOTopoB 
PHK-no/iMMepa 3 bi II, He HecymMX TATA- 6 oKca. 

• ľxiaBHbm 3/ieMeHT npoMOTopa a/ib PHK-no/iMMepa3bi II 
BK/itonaeT b ce6a InR m /im6o TATA-6okc, /im6o DPE. 

TBP — yHMBepca/ibHbiM cjDaKTop 

• TBP — KOMnoHeHT HanpaB/ifltomero cfiaKTopa, 
HeoóxoAMMoro a/ib CBB3biBaHMB Ka>KAoro TMna 
PHK-no/iMMepa3bi c ee npoMOTopoM. 

• 3tmm (j)3KTopoM A-na PHK-no/iMMepa3bi II BB/i/ieTOi 
TF n D, cocTOBiAMM M3 TBP m 11 TAF, oómeíí MaccoŇ 
-800 Kfla. 

TBP CBB3biBaeTflHK HeoóbNHbiM cnocoóoM 

• TBP CBB3biBaeTCB c TATA-6 okcom b Ma/ioíí 6opo3AKe 
flHK. 

• Oh no/iyoKpywaeTflHK m M3rn6aeTee npMMepHo 
Ha 80 °. 

• HeKOTopbie M3 TAF HanoMMHaioT rMCTOHbi m MoryT 
o6pa30BbiBaTb crpyKTypbi, HanoMMHatoiAMe rMCTOHOBbiíí 
oKTaMep (HyK/ieocoMy). 

Ochobhom annapaT coÓMpaeTCB Ha npowoTope 

• ľlepBbiM mar b MHMAMauMM - cBB3biBaHMe TF n D c 
TATA-6 okcom. 

• 0CTa/1bHbie (j)aKTOpbl TpaHCKpMnAMM CBB3blBaK)TCB C 
KOMn/ieKCOM b onpeAe/ieHHOM nopBAKe, yBe/iMHMBaB 
A/iMHy 3aKpbiToro ynacTKa Ha flHK. 

• KorAa PHK-no/iMMepa3a II CBB3biBaeTCB c t3kmm 
KOM n/ieKCOM, OHa MHMAMMpyeT TpaHCKpMnAMK). 





24.12 


feWH 


UHMunaunfl conpoBO>KAaeTCfl ocBo6o>KAeHMeM 
n po m oto pa 

• fljia n/iaB/ieHMfl flHK m abm^chma no/iMMepa3bi 
HeoóxoflMMbi TF n E m TF n H. 

• fl/iB Hana/ia 3/ioHraunn MoweT noipeóoBaibCB 

(j)oc(j)opM/iMpoBaHMe CTD. 

• flajibHeiíiĽee cf)oc(j)opM/iMpoBaHMe CTD HeoóxoAMMo 
HeKOTopbiM npoMOTopaM fl/iB 3aBepueHMB HeyAaHHoíí 
MHMLJMaUMM. 

• CTD MomeT KoopflMHMpoBaTb npoueccMHr PHK c 
TpaHCKpnni4neŕí. 

CBB3b Me>Kfly TpaHCKpurmneM m penapauneŕí 

• TpaHCKpn 6 npyeMbie reHbi b c/iynae noBpewAeHMB flHK 
6 bidpo penapwpyioTCB. 

• TF n H oóecneHMBaeT CBB3b c KOMn/ieKcoM (j)epMemoB 
penapauMM. 

• MyiauMM KOMnoHema XPD b TF n H y He/ioBena Bbi 3 biBaioT 
Tpw Tuná 3a6o/ieBaHMÍí. 

AKTMBaTOpbl CBfl3blB3K)TCfl C KOpOTKMMM 3JieMeHT3MM 

noc^eflOBaie^bHOCTM 

• KopOTKMe KOHCepBaTMBHbie 3/ieMeHTbl 
noc/ieflOBaTe/ibHocTM pacnpefle/ieHbi Ha ynacTKax, 
npefliijecTByiomMx crapTOBoií TOHKe. 

• BbiwejiewamMe 3/ieMeHTbi yBe/iMHMBaioT nacroTy 
MHMUMa nm. 

• ťPaKTOpbb KOTOpbie CBfl3blB3K)TCfl C HMMM 
CTMMyjlflUMM TpaHCKpMnUMM, H33blBaK)T aKTMBaTOpaMM. 

KOHCTpyKUMB npOMOTOpa MO>KeT BMAOM3MeHBTbCB, 

HO KOHTeKCT MMeeT 3HaHeHMe 


• Hm oamh M3 BbiwejiewamMx 3/ieMeHTOB He bb/ibctcb 
H eoÓXOflMMblM fl/IB (fiyHKUMOHMpOBaHMB ľipOMOTOpOB, 
TeM He MeHee xotb 6bi oamh 3/ieMeHT o6B3aie/ibHo 
AOJDKeH npMCyTCTBOBaTb fl/IB 3(j)(J)eKTMBHOM MHMI^Mai^MM. 

• HeKOTopbie 3/ieMeHTbi pacno3HaioTCB mhomcctbom 
((DaKTOpOB, M (jDaKTOp, KOTOpbIM MCnO/lb3yeTCB KamflblM 
KOHKpeTHbiM npoMOTopoM, mowho onpeAe/iMTb B 
KOHTeKCTe APyrMX, CBfl3blBaK)mMXCfl c npOMOTOpOM 
(J)aKTOpOB. 

Klin BHxaHcepbi HecyT AeyHanpaB/ieHHbie ajieMeHTbi, 
cnocoócTByioiAMe \ ah \ aí \\ a 3[\ v\\a 

• 3HxaHcep aKTMBMpyeT ó/iMwaMiuMM k HeMy npoMOTop, 
pacno/iomeHHbiM Ha jiioóom paccTOBHMM Bbiiue m/im 
HM>K e Hero. 


24.17 


VZMhl 


Hltl 


MMdtl 


• UAS (upstream activator sequence, Bbiwe/iewamafl 
aKTMBaiopHaB noc/ieAOBaie/ibHocTb) y ApoKmeíí 
noxowa Ha 3HxaHcep, ho paóoTaeTTo/ibKo Bbiwe 
npoMOTopa. 

• B 3HxaHcepax m npoMOTopax oÓHapywMBaioTCfl cxo>KMe 
3/ieMeHTbi nocjieAOBaTe/ibHOCTM. 

• BHxaHcepbi o6pa3yioT KOMn/ieKCbi c aKTMBaTopaMM, 
KOTOpbie npBMbIM MJ1M KOCBeHHbIM 0Ópa30M 
B3aMMOAGMCTByK)T C npOMOTOpaMM. 

BHxaHcepbi coAep>KaT Te >Ke 3/ieMeHTbi, hto m 

npOMOTOpbl 

• 9HxaHcepbi coAepwaT Te we caMbie KopoTKMe 3/ieMeHTbi 
noc/ieAOBaTe/ibHocTM, KOTOpbie o6Hapy>KeHbi b 
npoMOTopax. 

• ľl/lOTHOCTb 3/ieMeHTOB nOCJieAOBaTe/lbHOCTM B 
3HxaHcepax Bbiwe, neM b npoMOTopax. 

OyHKAMB SHxaHcepoB coctomt b yBe/lMHeHMM 

KOHAeHTpaAMM aKTMBaTopoB B03/ie npoMOTopa 

• OÓblHHO 3HXaHCepbl (j)yHKI4MOHMpyK)T TOJlbKO B 
AL/C-nOJlOWeHMM OTHOCMTe/lbHO npOMOTOpa-MMĽJeHM. 

• Mo>KHO 3aCT3BMTb 3HXaHCepbl paÓOTaTb M B 
mpaHc-nonomenm, coeflMHMB flHK, Hecymyio ue/ieBOíí 
npoMOTop, c flHK, Hecymeíí 3HxaHcep, nepe3 óe/moBbiií 
moctmk, m/im ec/iM 3 tm ABe Ko/ibqeBbie Mo/ieKy/ibi 6 yAyT 
cqen/ieHbi Apyr c ApyroM. 

• CyTb b tom, hto 3HxaHcep 6yAeT (jjyHKUMOHMpoBaTb 
b jiioóom c/iynae, eoiM oh h3xoamtcb HeAajieKo ot 
npoMOTopa. 

BKcnpeccMB reHOB CBB33Ha c AeMeTMjiMpoBaHMeM 

• fleMeTM/iMpoBaHMe 5'-KOHua reHa HeoóxoAMMo a/ib 
TpaHCKpMnqMM. 

CpG-OCTpOBKM BBJlflfOTCfl MMĽJeHBMM AJlfl peryABUMM 

• HeMeTMBMpoBaHHbie CpG-ocTpoBKM oKpymaioT 
npOMOTOpbl KO H CTMTyTM B H O 3KCnpeCCMpyK)lAMXCB reHOB. 

• CpG-ocTpoBKM o 6 Hapy>KMBaK)TCB T 3 K>Ke b npoMOTopax 
HeKOTopbix TKaHecneuMc})MHHbix reHOB. 

• B reHOMe ne/ipBeKa npMMepHo 29 000 CpG-ocTpoBKOB. 

• MeTM/iMpoBaHMe CpG-ocTpoBKa He no 3 BOJiaeT 
npoMOTopy BHyTpM Hero aKTMBMpoBaTbca. 

• PenpeCCMB Bbl3blBaeTCB 6 e/ 1 KaMM, CBB3blBaK)lAMMMCB c 
CpG-AMHyK/ieoTMAaMM. 

Pe3ioMe 


24.1 


BBefleHMe 


fl/W HHHU.HaU.HH TpaHCKpHmiHH HCOÓXOAHMbl (^epMCHT — 

PHK-noAHMepa3a — h TpaHCKpHmiHOHHbie 4)aKTopbi. TIoa 
(J)aKTopaMH TpaHCKpHnu,HH noApa3yMeBaiOTca Aioóbie 
óejiKH, HeoóxoAHMbie /yia 3anycKa TpaHCKpHmiHH, ho He 
aBjíaiomHeca nacTbio PHK-noAHMepa3bi. MHorne 4>aKTO- 
pbl TpaHCKpHnLJHH ACHCTByiOT nyTCM paCn03HaBaHHH UfUC- 
AeHCTByK)nj,Hx ynacTKOB flHK. O^HaKO CBH3biBaHHe c flHK 
HBjíaeTca He eAHHCTBeHHbiM MexaHH3MOM achctbhh TpaHC- 
KpHnu,HOHHoro 4>aKTopa. OaKTop MoxceT pacno3HaBaTb 
ApyroH 4>aKTop hjih PHK-noAHMepa3y, a Taxxce BXOAHTb b 
COCTaB HHHIlHaTOpHOrO KOMnjieKCa TOJIbKO npn HaJIHHHH 
paAa ApyrHx óejiKOB. IOhohcboh npn3HaK ynacTna b TpaHC- 
KpnniiHOHHOM annapaTe — (J)yHKu,HOHajibHbiH: HajiHHHe 


6 e;iKa aojdkho óbiTb o6a3aTeAbHbiM ycjiOBHeM npoxow- 
hhh TpaHCKpnnuHH y AäHHoro npoMOTopa wm rpynnbi 
npOMOTOpOB. 

CymecTBeHHbiM pa3JiHHHeM b TpaHCKpnniiHH syKa- 
pHOTHHeCKOH H npOKapHOTHHeCKOH mPHK Rjmt TCa TO, 
hto b HHHu.Hau.HH ayKapHOTHHecKoro npoMOTopa ynac- 
TByeT óoAbmoe hhcao (JmTopoB, CBH3biBaioii] 1 Hxca c pa3- 
JIHHHblMH ^Z/C-AeHCTByiOIIJHMH SJieMeHTaMH. IlpOMOTOp 
onpeAeAaeTca xax cj)parMeHT, BKjiiOHaiomHH Bce cBa3bi- 
Baiomne canTbi, cnocoÓHbie noAAepxcHBaTb TpaHCKpHn- 
U.HK) C HOpMaJIbHOH 3(J)(f)eKTHBHOCTbK) H 
peryjuniHen. TaKHM oópa30M, ochobhmm (J)aKTopoM. 
onpeAejiaiomHM ayKapnoTHHecKHH npoMOTop, nBjma- 
ca pacnojioxceHHe CBa3biBaioiAHx canTOB j\jik c})aKTopoB 
TpaHCKpnniiHH. CaMa no ceóe PHK-noAHMepa3a CBa3biBa- 
eTca b canTe Hana^a TpaHCKpHnn,HH, ho He KOHTaKTnpy- 
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eT HanpaMyio c BbimejioKamnM ynacTKOM npoMOTopa. B 
npoTHBono^o^cHOCTb syKapnoTaM, óaKTepnajibHbie npo- 
MOTopbi, onHcaHHbie btji. 11 «TpaHCKpnnuHa», oóhhho 
onpeAejunoTca no pacnojioxceHHio CBa3biBaiomero caňTa 
PHK-no^nMepa3bi b HenocpeACTBeHHon 6jih30Cth k toh- 
Ke Hanajia TpaHCKpnnunn. 

TpaHCKpnnunio b syKapnoTHHecKnx mieTKax ntjim m 
Tpn miacca. Kax^bíň miacc TpaHCKpnónpyeTca cbohm bh- 
AOm PHK-no;iHMepa3bi: 

• PHK-no^nMepa3a I TpaHCKpnónpyeT pPHK, 

• PHK-no;iHMepa3a II TpaHCKpnónpyeT mPHK, 

• PHK-no^nMepa3a III TpaHCKpnónpyeT tPHK n flpyrne 

Heóojibiune PHK. 

TpaHCKpnnunoHHbie (jmTopbi HeoóxoAHMbi 
nHnunau,nn TpaHCKpnmjnn, ho BnocjieACTBHH He Tpe- 
óyiOTca. 3a pacno3HaBaHne npoMOTopa OTBenaioT r o- 
no;iHHTe;ibHbie (fiaKtnopu, a He caMn PHK-no;iHMepa3bi. 
B stom OTjiHHne ot óaKTepnajibHon PHK-no^nMepa3bi, 
rae, HanpoTHB, caM cJ)epMeHT pacno3HaeT npoMOTop- 
Hyio noc^eAOBaTe^bHOCTb. /Xia Bcex syKapnoTHHecKnx 
PHK-no^nMepa3 (jmTopbi C03Aai0T TaKyio crpyKTypy Ha 
npoMOTope, HToóbi OHa Morcia óbiTb pacno3HaHa (j)ep- 
MeHTOM. ,2X1151 PHK-no^nMepa3 I n III sth 4>aKTopbi ycT- 
poeHbi oTHOcnTejibHO npocTo, a PHK-no;iHMepa3bi 
II ohh oópa3yiOT óojibiuyio rpynny, n b KOMmieKce H3- 
BeCTHbl KaK OCHOBHbie (JiaKTOpbl. OCHOBHbie 4>aKTopbi 
coe,anH5noTca c PHK-no;iHMepa30H II jwl oópa30BaHna 
KOMn^eKca, OKpyxcaiomero CTapTOByio TOHKy TpaHCKpnn- 
ijhh, n onpeAejiaiOT caňT HHnunaunn. OCHOBHbie (J)aK- 
Topbi BMecTe c PHK-no;iHMepa3oň oópa3yiOT ochobhoh 
TpaHCKpnni^HOHHbiH annapaT. 


ľlpoMOTopbi /yia PHK-no;iHMepa3 1 n II name Bcero pac- 
nojioxceHbi Bbime CTapTOBOň tohkh Hana;ia TpaHCKpnnunn, 
OAHaKO HeKOTopbie npoMOTopbi /yia PHK-no;iHMepa3bi III 
jioxaT Hnxce CTapTOBOň tohkh. Kaxc/jbin npoMOTop coAep- 
XCHT XapaKTepHblň Haóop KOpOTKHX KOHCepBaTHBHblX noc- 
jieAOBaTejibHOCTen, pacno3HaBaeMbix cooTBeTCTByiomHM 
miaccoM 4)aKTopoB. PHK-no;iHMepa3bi I n III cnocoÓHbi 
pacno3HaBaTb AOBOJibHO orpaHHneHHbíň Haóop npoMOTo- 
poB n 3aBHorr ot Heóojibiuoro HHCJia BcnoMoraTe^bHbix 
(J)aKTOpOB. 

ľlpoMOTopbi, pacno3HaBaeMbie PHK-no;iHMepa30H 
II, oóJiaAaioT óojibiiiHM pa3HOOÓpa3neM nocjieAOBaTejib- 
HOCTeň n hmoot MOAynbHyio opraHH3au,HK). KopoTKne 
s^eMeHTbi noc^eAOBaTe^bHOCTeň, pacno3HaBaeMbie 
(J)aKTopaMH TpaHCKpnnLjHH, HaxoAflTca Bbirne CTapTOBOň 
tohkh. 3th ^í/c-AeňcTByioiiJ.ne caňTbi oóhhho HaxoflflTca 
Ha ynacTKe >200 nH. HeKOTopbie H3 sthx siieMeHTOB n 
c})aKTopoB, nx pacno3HaK)mnx, aBjunoTca yHHBepcajib- 
HblMH: OHH 3aAeňCTBOBaHbI b paÓOTe pa3JIHHHbIX npOMO- 
TopoB h ncno^b3yiOTca KOHCTHTyTHBHO. Ho ecTb h cne- 
un^HHHbie, KOTopbie pacno3HaiOT oTAe^bHbie K/iaccbi 
reHOB n paóoTa KOTopbix peryjinpyeTca. 3th 3;ieMeHTbi 
BCTpenaiOTca b pa3JiHHHbix KOMÓHHaunax b HeKOTopbix 
npoMOTopax. 

Bce npoMOTopbi PHK-nojinMepa3bi II hmciot cne- 
LjnajibHbie sjieMeHTbi nocjie^OBaTejibHOCTn (HenoAajieKy 
ot tohkh Hanajia TpaHCKpnnunn), CBa3biBaeMbie ochob- 
hhm annapaTOM h onpeAejunomne caňT nHH 4 Han,Hn. Bo- 
;iee A^JieKne ot hhx nocjieAOBaTejibHOCTH onpeAejunoT, 
SKcnpeccnpyeTca flaHHbíň npoMOTop bo Bcex Tnnax K/ie- 
tok hjih peryjinpyeTca cneunc|)HHecKH KOHCTHTyTHBHO 


TpaHCKpHmiMfl KOHTpO^HpyeTCfl npOMOTOpaMM M 3HXdHCepaMM 


3HxaHcep 


ľlpOMOTOp 

I 


ľeH 


◄— -100 nH ^ -200 nH Bbiiue crapTOBOH tohkh 


'Á/\/\y\y 


J 

\/\/\/\/\/\ 


CoAepwm 

HecKonbKO 

6/1H3KO 

pacno/ioweHHbix 

3/ieMeHTOB 

nocneAOBaiejibHOCTM, 
C Bfl 3 bl B a K) LUH X 
TpaHCKpMnAMOHHbie 
(jDaKTOpbl 


PaccTOBHľie 
Me>KAy 3HxaHcepoM 
M npOMOTOpOM 
MO>KeT AOCTMraTb 
HeCKO/lbKMX TnH 


CoAep>Km pacceflHHbie 3/ieMeHTbi 
nocneAOBaienbHOCTM, CBB3biBaK)iAne 
TpaHCKpnn4MOHHbie í()aKTOpbl 

To/ibKO s^eMeHTbi b HenocpeACTBeHHoň 
6 jim30ctm (< 50 n h) ot crapTOBOŕí tohkh 
T paHCKpnnAHH HMetOT (J)HKCHpOBaHHOe 
pacno^o>KeHHe 


PMC. 24.1 TMnHHHbm reH, TpaHCKpn6npyeMbiŕí PHK-nojiMMepa30M II, MMeeT npoMOTop, pacno- 
AOKeHHbiíí BbiLue caíiTa, c KOToporo HanMHaeTca TpaHCKpMnuMa. ľlpoMOTop HeceT HecKOAbKo 
KOPOTKHX (<10 nH) 3AeMeHTOB, CBB3blBaK)lAMX TpaHCKpMnUMOHHbie (j)aKTOpbi; 3TM 3AeMeHTbl 
pacnoAomeHbi Ha ynacTKe a/iuhom 6oAee 200 nH. BHxaHcep coAepmm Haóop óoAee KOMnaK- 
THO pacnOAO>KeHHblX 3AeMeHTOB, KOTopbie TO>Ke CBB3blBaK)T TpaHCKpMnUMOHHbie (j)aKTOpbl. Oh 
MO>KeT HaXOAMTbCB B HeCKOAbKMX TblCBH3X nap HyKAeOTMAOB OT TOHKH HanaAa TpaHCKpnnunn. 
(flHK MomeT óbiTb cKpyneHa n/w KaK-To nHane opraHn30BaHa TaKnM oópa30M, hto (j)aKTopbi 
TpaHCKpnnunn Ha npoMOTope n Ha 3HxaHcepe B3anMOAeňcTByK)T Mewuy coóoň, oópa3ya Kpyn- 
Hbiíí óe/iKOBbin KOMnAeKc) 
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SKcnpeccHpyeMbie npoMOTopbi (cooTBeTCTByiomHe reHbi 
HHOľAä Hä3bIBäK)T «reHaMH AOMaiUHeľO X03aHCTBa») 
hmoot Bbime^excanj,He ajieMeHTbi b nocneAOBaTejibHOC- 
th, pacno3HaBaeMbie nacro BcrpenaiomHMHca aKTHBa- 
TopaMH. HuKaKoe coneTaHne 3;ieMeHTOB/4)aKTopoB He 
aBjíaeTca eAHHCTBeHHO bosmoxchmm jym AaHHoro npo- 
MOTopa, yKa3biBaa, hto HHHu.Haij.Ha PHK-no;iHMepa30H 
II MoxceT 6biTb opraHH30BaHa mhoxccctbom pa3/iHHHbix 
cnocoóoB. ľlpoMOTopbi, paóoTaiomne TOJibKO b onpe- 
Ae;ieHHoe BpeMa hjih b onpeAeaeHHOM MecTe, HecyT 
a^eMeHTbi nocjieflOBaTejibHOcra, Tpeóyiomne ynacraa 
aKTHBaTopoB, AOCTynHbix TOJibKO b AäHHoe BpeMa h b 
flaHHOM MecTe. 

3;ieMeHTbi nocjie^OBaTejibHOCTH npoMOTopa on- 
peAeaaioT (j}yHKu,HOHa;ibHO: ohh aojdkhh HaxoAHTbca 
b HenocpeACTBeHHoň 6 ;ih30Cth ot CTapTOBOH tohkh 
H AOJIXCHbl OÓeCneHHBaTb HHHU.HaiJ.HK) TpaHCKpHnUHH. 
3HxaHcep — em,e oahh thii nocjieAOBaTejibHOCTH, ynac- 
TByiomeň b HHHUHau,HH. Ero onpeAejiaioT KaK nocneAO- 
BaTe^bHOCTb, CTHMyjinpyiomyio HHHUHau.Hio, ho pacno- 
jioxceHHyio Ha 3HanHTe;ibHOM yAaaeHHH ot CTapTOBOH 
tohkh. 3HxaHcepHbie ajieMeHTbi nacro npeACTaBjíaioT 

COÓOH MHOieHH AJIfl TKaHecneu,H4)HHHOH HJIH BpeMCHHOH 
peryjiaLjHH. Ha pmc. 24.1 noKa3aHbi ocHOBHbie CBOHCTBa 
npOMOTOpOB H SHXaHCepOB. 

KoMnoHembi SHxaHcepa HanoMHHaiOT CTpyKTypy npo- 
MOTopa, nocKOJibKy Toxce cocroaT h 3 paAa MOAyJibHbix ajie- 
MeHTOB, OAHaKo, KaK npaBHjio, óojiee KOMnaKTHbi. SHxaH- 
cepbi He o6a3aTeabHO aojdkhh óbiTb pacnojioxceHbi bójih3h 
CT apTOBOH TOHKH. 

EejiKH, CBa3biBaiomHeca c sjieMeHTaMH SHxaHcepoB, 
B3aHMOACHCTByiOT C ÓeJIKaMH, CBa3bIBaK)IAHMHCa c 3Jie- 
MemaMH npoMOTopa. Pa3JiHHHa MOKAy SHxaHcepaMH h 
npoMOTopaMH aBjíaioTca CKopee (JjyHKLjHOHajibHbiMH, 
hokcjih (J)yHAaMeHTajibHbiMH. TaKaa TOHKa 3peHHa noA- 
TBep>KaaeTca (j)aKTOM, hto HeKOTopbie THnbi oxaejibHbix 
ajieMeHTOB BCTpenaiOTca KaK b npoMOTopax, TaK h b sh- 
xaHcepax. 

TpaHCKpnnuHa y ayKapnoTHHecKHx opraHH 3 MOB 
HMeeT Ham,e Bcero nojioxcHTejibHyio peryjiaijHK): TpaHC- 
KpHnU.HOHHblH (jjaKTOp RIM aKTHBaLJHH npOMOTOpa HJIH 
pa^a npoMOTopoB, coAepacamnx oómyio uejieByio nocjie- 
AOBaTejibHOCTb, npeAOcraBjíaeTca no# TKaHecneLjHíjjHH- 
hhm KOHTpoaeM. Peryjiauna TpaHCKpnnuHH c noMombio 
cneuH(J)HHHOH penpeccHH uejieBoro npoMOTopa Bcrpe- 
naeTca pexce. 

TpaHCKpHnu,HOHHaa eAHHHLja y ayKapnoT oóhhho co- 
AepacHT oahh OTAejibHHH reH, a TepMHHauna nponcxoAHT 
3 a npeAeaaMH KOAnpyiomero pernoHa. TepMHHauna TpaHC- 
KpHnu.HH b AaHHOM arynae He HMeeT Toro peryjiaTopHoro 
3HaneHHa, Koropoe OHa HMeeT y npoKapnoT. PHK-nojín- 
Mepa3bi I h III TepMHHHpyioT Ha onpeAejieHHbix nocjieAO- 
BaTeabHOCTax nyreM H3yneHHbix peaKUHH, OAHaKo cnocoó 
TepMHHau,HH PHK-noaHMepa3bi II noKa HeaceH. Co3AaHHe 
3'-KOHua 3pejion mPHK, oa^ko, He aBjíaeTca cneACTBHeM 
TepMHHauHH, a aBaaeTca pe3y^bTaTOM peaKLjHH pacm,en- 
aeHHa nepBHHHoro TpaHCKpnnTa (cm. vji. 26 «CnaancHHr h 
npoueccHHr PHK»). 


24.2 


ByxapMOTimecKém flHK-no^MMepa 3 a 

COCTOMT M3 MHOľliX qf6l>eAMHMU 


KiitoneBbie noHATMa: 


• PHK-no/iMMepa3a I CMHTe3npyeT pPHK b flflpbiniKe. 

• PHK-noanMepa3a II CMHTe 3 npyeT mPHK b HyK/ieon/ia3Me. 

• PHK-ncmMMepa3a III CMHTe3npyeT Ma/ibie PHK b HyKJieorvia3Me. 

• Bce 3yKapnoTMHecKne PHK-no/iMMepa3bi MweK)T~12 cyóbeAMHnu 
m npeflCTaBjiflK)T coóoíí KOMn/ieKCbi MaccoŇ >500 Kfla. 

• HeKOTopbie cyóbeAMHMUbi bb/ibk)tcb oómMMM a/ib Bcexipex 
PHK-no/iMMepa 3 . 

• CaMaa KpynHaB cyó-beAMHm^a PHK-noanMepa3bi II HeceT CTD 
(C-KOHUeBOÍÍ flOMeH), COCTOamUÍÍ M3 MHO>KeCTBeHHblX nOBTOpOB 
remaMepa. 


Tpn ayKapnoTHHecKHe PHK-no^HMepa3bi hmciot pa3aHH- 
Hoe pacnojioxceHHe b a^pe b cootbctctbhh c reHaMH, koto- 
pbie ohh TpaHCKpnónpyioT. 

Hanóoaee 3aMeTHa aKTHBHOCTb (J)epMeHTa PHK-nojiHMe- 
pa3bi I, KOTopaa pacnoaaraeTca b aApbiuiKe h oóycaoBjíHBaeT 
TpaHCKpnnuHio reHOB, KOAHpyiomHX pPHK. OHa OTBenaeT 3 a 
CHHTe3 óo^bnien Hacra mieTOHHbix PHK (no Macce). 

PHK-no^HMepa3a II pacnojiaraerca b Hyiuieomia3Me 
(co^epacHMOM a^pa 3 a HcmnoneHneM aApbiniKa). OHa npeA- 
CTaB^aeT coóoh óó^binyio nacTb ocTaBinenca TpaHCKpnn- 
L1.HOHHOH aKTHBHOCTH H OTBenaeT 3a CHHTC3 reTeporeHHOH 
aAepHOH PHK (raPHK, hnPHK), npeAiuecTBeHHHKa mPHK. 

PHK-no^HMepa3a III HMeeT cpaBHHTejibHO HeBbicoKyio 
4)epMeHTaTHBHyio aKTHBHOCTb. 3 tot Hyiuieon^a3MaTHHec- 
khh 4>epMeHT CHHTe3npyeT tPHK h Apyrne Maabie PHK. 

Bce ayKapnoTHHecKHe PHK-no^HMepa3bi aBaaiOTca 
KpynHbiMH óejiKaMH, AeHCTByioiAHMH b BHAe arrperaTOB 
BecoM 6o^ee 500 Kfla. Oóhhho ohh coAepxcaT nopaAKa 12 
cyó'beAHHHLj. OHHmeHHbiH 4>epMeHT cnocoóeH BbinoaHaTb 
TpaHCKpnnuHio PHK Ha MaTpnue, OAHaKo He cnocoóeH H3- 
ónpaTe^bHO HHHunnpoBaTb TpaHCKpnnunio Ha npoMOTO- 
pax. Oóiahh cocTaB syKapnoranecKOH PHK-no^HMepa3bi II 
(Ha npnMepe c})epMeHTa H3 Saccaromyces cerevisiae ) noKa- 
3aH Ha pmc. 24 . 2 . flBe caMbix KpynHbix cyóTeAHHHiibi tomo- 
jiornHHbi |3- h p'-cyóTeAHHHuaM óaKTepnaabHOH PHK-no- 
^HMepa3bi. Tpn Apyrnx cyóTeAHHHUbi oómne jym Bcex 
ayKapnoTHHecKHx PHK-noanMepa3, TaKHM oópa30M, ohh 
aB^aioTca KOMnoHemaMn TaKace h PHK-noanMepa3 1 h III. 

CaMaa KpynHaa cyó'beAHHnu.a PHK-no^HMepa 3 bi II HMe¬ 
eT C-KOHiíeBoň AOMeH (carboxy-terminal domain, CTD), 
COCTOaiAHH H 3 MHOXCeCTBa nOBTOpOB KOHCeHCyCHOH noc- 
JieAOBaTeJIbHOCTH H 3 CeMH aMHHOKHCJIOTHblX OCTaTKOB. 3 Ta 
nocjieAOBaTejibHOCTb yHHKaabHa a^i^ PHK-noaHMepa 3 bi II. Y 
ApoxoKen coAepxcHTca OKoao 26 TaKHx noBTopoB, a y Mae- 
KonHTaioiAHx — OKoao 50. Hncao noBTopoB BecbMa BaacHO, 
nocKoabKy AeaeuHH c yAaaeHHeM óoaee noaoBHHbi noBTO- 
poB jieTaabHbi (y ApoaoKen). CTD MoaceT óbiTb (j)OC(})opH- 
anpOBaH no CepHHOBbIM H TpeOHHHOBbIM OCTaTKaM; 3 T 0 
Hcnoab 3 yeTca b peaKunax HHHUHau,HH TpaHCKpnnuHH (cm. 
pa3A- 24.11 «HHH4HauHa conpoBoacAaeTca ocBOóoacAeHneM 
npoMOTopa»). 

PHK-noanMepa3bi mhtoxohaphh h xaoporuiacTOB 
MeHbrne no pa3Mepy h, CKopee, HanoMHHaiOT óaKTepn- 
aabHbie PHK-noanMepa3bi, Hexcean aAepHbie (J)epMeHTbi. 
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PHK-nojiMMepa3a coctomt m >10 cy6i>eAMHMU 


Kfl 

200 


100 


CooTBeTCTByeT 6aKTepnajibHoPi 
cy6-beflMHMue (3' 

CBfl3biBaeT AHK 
CoAepwm CTD = (YSPTSPS)a? 

[y flpo>K>Keíí n =26; y Mbiiun n = 52] 



CooTBeTCTByeT 6aKTepna/ibHoíí 
cyó-beAMHMLje |3 
CBA3biBaeT HyK/ieoTMAbi 


50 


25 


’» i-CooTBeTCTByeT 6aKTepna.fi bHoň 

cyó-beAMHMAe a 

im 

-Oómaa An^ Bcex Tpex nojiMMepa3 

-Oómaa A-n^ Bcex Tpex nojiMMepa3 

-Oómafl A-nfl Bcex Tpex nojiMMepa3 


PMC. 24.2 HeKOTopbie cyóteAMHMUbi flBAfltoTca oóiammm aha Bcex 
KAaccoB 3yKapnoTMHecKnx PHK-noAMMepa3, a HeKOTopbie roMo/io- 
rMHHbi 6aKTepnaAbHbiM PHK-noAMMepa3aM 


ľlocKo^bKy reHOMbi opraHejui MeHbine, pe3HAeHTHaa no;iH- 
Mepa3a TpaHCKpnónpyeT omocHTejibHO HeMHoro reHOB, h 
KOHT pOJIb TpaCHKpHnUHH, nO-BHAHMOMy, 3ACCb 3HaHHTeJIb- 
ho npome (ecjín Booóme cymecTByeT). TaKHM o6pa30M, 
cfiepMeHTbi opraHejui b hcm-to aHajiorHHHbi (JiaroBbiM 4>ep- 
MemaM, y KOTopbix OTcyTCTByeT cnocoÓHOCTb pearnpoBaTb 
Ha 6o;iee cnoacHoe OKpyaceHne. 

Pa3;iHHHe MOKAy oyKapnoTHHecKHMH PHK-no^HMepa- 
3aMH BbneKaeT H3 hx OTBeTa Ha óhljhkjihhcckhh OKTanen- 
THA a-aMaHHTHH. ľlpaKTHHeCKH BO Bcex SyKapHOTHHeCKHX 
KjieTKax aKTHBHOCTb PHK-no^HMepa3bi II óbicrpo HHrnÓH- 
pyeTCfl HH3KHMH KOHLjeHTpaĽI,HÍIMH a-aMaHHTHHa. O^HaKO 
PHK-no;iHMepa3a I Ha Hero He pearnpyeT. Otbct PHK-no- 
^HMepa3bi III Ha a-aMaHHTHH MeHee KOHcepBaTHBeH; b >kh- 
bothhx mieTKax aKTHBHOCTb (jiepMeHTa HHrnóHpyeTca npH 
BbicoKoň KOHueHTpauHH 3Toro nenraAa, a b mieTKax Apo>K- 
acen h HaceKOMbix He HHrHónpyeTca. 


24.3 


npOMOTOpHbie 3/ieMeHTbl 
onpeAeaaiOT c noMoujbio 
MyrareHe3a u (jjyTľipMHTMHra 


KniOMeBbie noHama: 


• ľlpOMOTOpbl BblflBAflKDT no HX CnOCOÓHOCTM Bbl3blBaTb 
TpaHCKpMni4MK) npMCOeAMHeHHOÍÍ K HMM nOCAeAOBaTeAbHOCTM B 
cooTBeTCTBytoiAeM TecT-CMdeMe in vitro n in vivo. 


ľlepBbiM STanoM xapaicrepH3auHH npoMOTopa flBJíaeTca on- 
peAe^eHHe oómen /yiHHbi flHK, coAep^amen Bce Heoóxo- 
AHMbie sjieMeHTbi. Htoóm sto CAejiaTb, Hyaoio HMeTb TecT- 
cHCTeMy, r^e npoMOTop OTBenaeT 3a npoAyKu,Hio 6e;iKa, 
KOTOpblH JierKO npoaHa^H3HpOBaTb. HCTOpHHCCKH HCnOJIb- 
30Ba^H HeCKOJIbKO THnOB TaKHX CHCTeM: 


• B cucmeMe c ucnojib3oeanueM ooi^umoe Xenopus 
laevis MaTpnHHyio flHK HHTeuHpyioT b a^po oou,HTa. 
PHK-TpaHCKpnnT mo>kho BbmejíHTb h npoaHaJiH3H- 
pOBaTb. OCHOBHOH He^OCTaTOK 3TOH CHCTeMbI B TOM, 

hto OHa orpaHHMeHa ycjiOBHaMH, KOTopbie hmootoi b 
oouHTax. CncTeMa no3BoaaeT oxapaKTepH30BaTb noc- 
jieAOBaTejibHOCTH flHK, ho He c})aKTopbi, KOTopbie ee 
CBH3bIBaK)T. 

• CucmeMU mpanccpeKUiuu no3Bo;iaK)T BBecra 3K3oreH- 
Hyio HK b KyjibTypy rnieTOK h SKcnpeccnpoBaTb ee. 3th 
CHCTeMbi aB^aioTca CHCTeMaMH in vivo b tom CMbioie, 
hto TpaHCKpnnLjHH Bbino^HaeTca TeM ace annapaTOM, 
KOTopbíň OTBenaeT 3a SKcnpeccHio coócTBeHHoro re- 
HOMa KjieTKH. O^HaKo b 3KcnepHMeHTe MaTpnua MoaceT 
co^epacaTb Taxne reHbi, KOTopbie b HopMe oóhhho He 
TpaHCKpHÓHpyiOTCa B X03HHCKOH KíieTKe. HcnOab30Ba- 
HHe 3THX CHCTeM MO^CHO paCIIIHpHTb, BblÓHpaa pa3^HH- 
Hbie KneTKH-xo3aeBa. 

• Tpanczennue cucmeMU npeAcraBjíaioT coóoh AOÓaB- 
aeHne reHa b 3apoAbimeByio jihhhio kjictok )khbotho- 
ro. 3a SKcnpeccneH TpaHcreHa mo^cho Haó^iOAaTb b 
KaKOH-JIHÓO (HJIH BO BCeX cpa3y) TKaHaX XCHBOTHOrO. 
TpaHcreHHbie h TpaHC(J)eKL] l HOHHbie chctcmh oó^a^a- 
iot o6ni,HM He^ocTaTKOM: AonojiHHTejibHbiH reH nacTO 
npncyTCTByeT bo MHoacecTBe KonHH h HHTerpnpoBaH 
b pa3JiHHHbix no^oaceHHax b reHOMe. Pa3JiHHHa MOK/iy 
SKcnpeccneH reHa in vitro h ero SKcnpeccneH b KanecT- 
Be TpaHcreHa Moryr AaTb BaacHyio HH(J)opMauHio o poan 
reHOMHoro KomeKCTa /ym AäHHoro reHa. 

• CncTeMa in vitro Hcno;ib3yeT miaccHHecKHH noAxo^: 
OHHmeHHe Bcex KOMnoHemoB h MaHHnyanpoBaHHe 
ycJiOBHíiMH a o Tex nop, noxa He 6yAeT AOCTHmyTa 
npaBMbHaa HHHynauHa. «IlpaBrabHaa» HHHynauHa 
onpeAe^aeTca KaK npoAyKuna PHK, KOTopaa HaHHHa- 
eTca c cooTBeTCTByiomero 5'-KOHyy mPHK cama (hjih 
npeAinecTBeHHHKOB pPHK hjih tPHK). B more sto no3- 
BOJiaeT oxapaKTepH30BaTb KOHKpeTHbie s^eMembi noc- 
jieAOBaTejibHOcra b npoMOTope h TpaHCKpHnu.HOHHbie 
4>aKTopbi, hx CBaabiBaioiAHe. 

npn aHajiH3e npoMOTopa BaacHO, htoóh H3MeHa^acb 
mojibKO nocneAOBaTejibHOCTb npoMOTopa. Ha pmc. 24.3 no- 
Ka3aHO, hto Bbirne npoMOTopa BcerAa noMemaiOT eAHHyio 
npoTaxceHHyio noc^eAOBaTe^bHOCTb, htoóm HMeTb rapaH- 
thk), hto oh BcerAa paóoTaeT b oahom h tom ace KomeKCTe. 
B CHCTeMax in vitro TepMHHauna He nponcxoAHT npaB™b- 
hmm o6pa30M, nosTOMy MaTpnyy o6pe3aiOT Ha HeKOTopoM 
paccTOHHHH ot npoMOTopa (oóbiHHO npHMepHO Ha 500 nH 
HHxce). 3to A^eT rapamnio, hto Bce no^HMepa3bi «cocKaKH- 
BaiOT» b oahoh h toh >Ke TOHKe, A^Baa ^erKo pacno3HaBae- 
MblH TpaHCKpnnT. 

Mo^cho HanaTb c onpeAe^eHHoro c^parMema A HK, 

KOTOpblH CnOCOÓeH HHHUHHpOBaTb TpaHCKpHnyHio B 
OAHOH H3 3THX CHCTeM. TpaHHUbl nOCJieAOBaTeJIbHOCTH, 
npeACTaB^aioiAeH coóoh npoMOTop, mo^cho onpeAe^HTb 
nyTeM yMeHbineHHa pjm Hbi 3Toro (J)parMeHTa c ^ioóoh 
CT opoHbi a o Tex nop, noxa b HeKOTopoň tohkc OHa He ne- 
pecTaHeT óbiTb aKTHBHOH, KaK noKa3aHO Ha pmc. 24.4. Ha- 
na^o mo>kho onpeAe^HTb, nocTeneHHO yAa^aa MaTepna^ 
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ľlpOMOTOp MCCiieflytOT B OflHOM H TOM )Ke OKpyMCeHMM 


Bbiwejiewamafl Pa3JiMMaeicfl Run-off TpaHCKpunT 

noc^eflOBaie^bHOCTb /ímiJb ncc/ieflyeMbiií onpeAe/ieHHOíí 

Bcerfta OAHa ma >ne npoMOTop A-nnHbi 
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PMC 24.3 ľlpoMOTop nccAeAyK)T nyieM MOAM(j)MKauMM nocaeAOBa- 
TeAbHOCTM, 33KAK)HeHHOŕí Me>KAy KOHCTaHTHOÍÍ nOCAeAOBaieAbHOC- 
TbK) BblUJe M KOHCTaHTHbIM ynaCTKOM A/lfl TpaHCKpMni4MM HM>Ke 


TpaHHUbi npoMOTOpa n3yMaiOT c noMoujbio Ae/ieiiMM 


BbiLue/iewamafl TpaHCKpnón- 

noc/ieAOBa- pyeMaa nocne- 

Te/lbHOCTb ľlpoMOTop AOBaTe/lbHOCTb 

n 




/\/\/\/\/\A /\/\/\/\/\ 

——, 

flejieuMfl m cuiMBKa T 


TpaHCKpunAMfl 


PHK Bce eu\e npoM3BOAmcfl: 
Ae/ieAMa He 3axBaTbiBaeT npoMOTop 


X 


Ae/ie^a m ciuMBKa 


ŕ\SX <\ AAAA >\>\ >\>\ 


PHK He npoM3BOAmcfl: 

Ae/ieuMfl 3axBaTbiBaeT npoMOTop 

JleBaa rpaHMua npoMOTopa 
iie>Km Me>KAy kohabmh Ae/ie^ií 


Hnxce npoMOTopa a o Tex nop, noxa oh He noTepaeT cboio 
(J tyHKLjHK). Htoóh onpeAe^HTb Hanajio npoMOTopa, He- 
OÓXOAHMO BOCCOeAHHHTb yKOpOMeHHyiO npOMOTOpHyiO 
noc;ieAOBaTe;ibHOCTb c TpaHCKpnónpyeMOH nooieAOBa- 
TejibHOCTbio (nocKOJibKy b npoTHBHOM cjiynae He 6yaeT 
npoAyKTa, kotopmh moxcho aHajiH3HpoBaTb). 

Kor,n;a rpaHHUbi npoMOTopa onpeAe;ieHbi, 3HaneHne 
Kax<£oro ocHOBaHHa b hcm moxcct óbiTb H3yneHO nyreM 
BHeceHHa ToneHHbix Myraunn hjih hhoh peopraHH3aunn 
nocjie^OBaTejibHOCTH. Kax h b cnynae c óaKrepna^bHon 
PHK-no^HMepa30H, ara Myraunn moxcho Ha3BaTb noeutua- 
loiUiimu h nonuMaioWiUMU. HeKOTopbie H3 peopraHH3auHH 
BjinaioT TOJibKO Ha CKOpocmb HHHu.Hau.HH; Apyrne BJIHaiOT 
Ha caúm HHHu.Hau.HH, hto bhaho no H3MeHeHHio crapTOBon 

TOHKH. HTOÓbl ÓbITb yBepeHHbIMH, MTO Mbl HMeeM fleJIO CO 
cpaBHHMbiMH npoAyKTaMH, b Ka)K£OM cjrynae hcoóxoahmo 
xapaKTepn30BaTb 5'-KOHeu PHK. 

Moxcho npnMeHHTb HecKOJibKO KpnTepneB /yia uj\e hth- 
(jraKaynn KOMnoHemoB nocjieAOBaTejibHOcra npoMOTopa 
(hjih Jiioóoro Apyroro ynacTKa RHK): 

• BBe^eHne Myraunn h TecrapoBaHne (pyHKynn in vitro 
h in vivo. (Cemac cyiyecTByeT mhokcctbo TexHOJioraň 
BHeceHna ToneHHbix MyTau,nn b onpeAe/ieHHbie napbi oc- 
HOBaHHH h b npnHynne Kax<AyK) no3Hunio npoMOTopa 
moxcho MyrapoBäTb h npoTecrapoBaTb Taxyio MyraHT- 
HyK) noc^eAOBäTe^bHOCTb in vitro h in vivo) 

• OympHHTHHr óe^KOB, ^encTByiomHx nyreM CBa3brca- 
hhh c canTOM. Rojmm cymecTBOBaTb Koppeaauna mok- 
Ay cnocoÓHOCTbio MyraLjHH npeAOTBpamaTb (JtyHKíjHio 
npoMOTopa n npeAOTBpamaTb cBa3biBaHHe (|)aKTopa. 

• Ecjih HeKHn canT, pacno3HaBaeMbin onpeAeaeHHbiM 
4>aKTopoM, npncyrcTByeT b HecKOJibKnx npoMOTopax, 
moxcho BbiBecTn KOHceHcycHyio noc^eAOBaTe^bHOCTb, 
c KOTopon ôy^eT CBa3biBaTbca stot (})aKTop. H hobhh 
npoMOTop AOJixceH oTBenaTb Ha (|)aKTop, ec^n b Hero 
BHeApnTb cooTBeTCTByioiijyio Koňmo KOHceHcycHoro 
a^eMema. 


24.4 


ľlpoMOTop PHK-noiiMMepa3bi I 
COCTOMT 113 AByX MacTeíí 


KntoMeBbie noHflTMfl: 


• ľlpoMOTop PHK-noAMMepa3bi I coctomt M3 uempajibHOM (core) 
oÓAacTM m KOHTpoAbHoro 3 AeMeHTa, pacnoAomeHHoro Bbinie 
(UPE, upstream control element). 

• ÔaKTop UBF1 HaKpyHMBaeľflHK BOKpyr óeAKOBoíí cipyKTypbi, 
HTOÓbi c6AM3MTb ueHTpaAbHyK) oóaacTb npoMOTopa M ÚPE. 

• SL1 BK/nonaeT b ce6a (j)aKTop TBP, KOTopbiíí ncnojib3yeTCfl npw 
MHMUMaUMM BCeMMTpeMB PHK-noAMMepa3aMM. 

• PHK-nojiMMepa3a cBB3biBaeica c KOMnaeKcoM UBF1-SL1 b 
uempaAbHOM oÓAacTM npoMOTopa. 


PHC. 24.4 TpaHHUbi npoMOTopa mo>kho onpeAeAMTb nyieM AeaeuMM, 
KOTopbie nocieneHHo yAaABtoT MaiepnaA c oahoíí dopoHbi. Ecam 
npeAbiAymafl Ae/ieuMB He npeAOTBpamaei cnHTe3 PHK, a b pe3yAb- 
Taie CAeAytomeíí TpaHCKpMnuMB npeKpamaeTCB, rpaHiiua npoMOTopa 
ae>Km MewAy bthmm agaclihbmh 


PHK-no^HMepa3a I ocymecTBJíaeT TpaHCKpnnynio c cahhc- 
TBeHHoro rana npoMOTopoB (npncyiyero reHaM pnóoco- 
MajibHon PHK). TpaHCKpnnT reHa PHK BmnoHaeT b ce6a 
nocaeAOBaTe^bHOcra n óojibiuon, n Maaon pPHK, koto- 
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pbie BnocjieACTBHH BbiCBOÓoxcAaiOTca nyTeM pacmenjieHHa 
h npoueccHHra. IeHbi pPHK cymecTByiOT bo MHoacecTBe 
koiihh, KOTopbie nepeAyiOTca c HeTpaHCKpHónpyeMbiMH 
cneňcepaMH h opraHH 30 BaHbi b Kjiacrepbi, KaK oôcyxcAa- 
jiocb b pa 3 A- 6.8 «reHbi pPHK (JjopMHpyioT TaH^eMHbie noB- 
Topbi». CTpyKTypHaa opraHH 3 auHa npoMOTopa h coóbiTna, 
npOHCXO/^mHe npH HHHLlHaLIHH, noKa 3 aHbi Ha p m C. 24 . 5 . 

ľlpOMOTOp COCTOHT H 3 ^ByX OTACJIbHblX paHOHOB. H^pO 
npoMOTopa OKpyxcaeT crapTOByio TOHKy, HaxoAflCb ot -45 
A O +20, H ero AOCTaTOHHO RJVl HHHLlHaLIHH TpaHCKpHn- 
UHH. OÓblHHO 3 TO G-C- 6 oraTbIH ynaCTOK (HTO HeTHnHHHO 
AJia npoMOTopoB), 3 a HCKjnoneHHeM eAHHCTBeHHoro koh- 
cepBaTHBHoro ojieMema — kopotkoh A-T- 6 oraTOH noc- 
jieAOBaTejibHOcra BOKpyr crapTOBOH tohkh, Ha 3 biBaeMOH 
Inr. 3 cJ)(J)eKTHBHOCTb impa npoMOTopa, OAHaKO, cymecr- 
BeHHO noBbiniaeTca BbimejiOKamHM npoMOTopHbiM 3 jie- 
MemoM (UPE, upstream promotor element). UPE — sto 
eme OAHa G-C- 6 oraTaa noaieAOBaTejibHOCTb, noxoxcaa Ha 
HApo npoMOTopa, pacnojioxceHHaa Ha ynacTKe ot -180 ao 
-107. TaKoň ran opraHH 3 auHH oóbineH tyin npoMOTopoB 
pol I y MHorax bhaob, xoTa KOHKperaaa noaieAOBaTejib- 
HOCTb MOXCeT 3 HaHHTeJIbHO pa 3 JIHHaTbOL 

PHK-nojiHMepa 3 e I í\jw paóoTbi HeoóxoAHMbi ABa ao- 
noaHHTejibHbix (J)aKTopa. Oaicrop, CBa 3 biBaiomHH aApo npo- 
MOTopa, coctoht H 3 neTbipex óeaKOB (ero Ha 3 biBaioT SL 1 , 
TIF-BP hjih Ribl y pa 3 JiHHHbix bhaob.) Oahh H 3 sthx ócjikob, 
TATA-CBa 3 biBaioii] 1 HH óejiOK (TBP, TATA-binding protein), 
Taicxce HeoóxoAHM jim HHHU.Haij.HH PHK-noanMepa 3 aMH II 


h III (cm. pa3A- 24.8 «TBP — yHHBepca;ibHbiH c})aKTop»). TBP 
He CBa3biBaeTca HenocpeACTBeHHO c G-C-6oraraM ynacTKOM 
HK, h ero nocaAKa Ha Jl HK ocymecTBaaeTca c noMombio 
Apyrnx KOMnoHemoB c})aKTopa, CBasbiBaiomeroca c haPom 
npoMOTopa. Bnojme BepoaTHO, hto TBP B3aHMOACHCTByeT c 
PHK-noanMepa30H (no-BHAHMOMy, c oómen cy6T>eAHHHLteH 
HJIH C KaKHM-TO ÓeJIKOM, KOTOpblH KOHCepBaTHBCH y nOJIH- 
Mepa3). Kop-CBa3biBaK)H],HH 4>aKTop AaeT PHK-nojiHMepa3e 
I B03M0XCH0CTb HHHLtHHpOBaTb Ha npOMOTOpe C HH3KOH, HO 
nOCTOflHHOH HaCTOTOH. 

Kop-CBH 3 bIBaiOmHH (JjaKTOp B OCHOBHOM oTBenaeT 3 a 
to, MToôbi PHK-noanMepa 3 a pacnojiarajiacb Ha crapTo- 
BOH TOHKe npaBHJIbHbIM 0 Ópa 30 M. BCKOpe Mbl yBHAHM, HTO 
npHMepHO Taicyio xce (JjyHKíjHK) jyw PHK-nojiHMepa 3 II h 
III BbinojiHaeT (jjaKTop, cocToam,HH H 3 TBP b KOMmieKce 
c ApyrnMH óejiKaMH. TaKHM oópa 30 M, o 6 m,eH nepTOH npn 
HHHLtHaLtHH BCCMH TpeMfl nOJIHMepa 3 aMH flBJíaeTCa 3 aBHCH- 
MOCTb OT «n 03 HLtH 0 HHpyi 0 II] 1 HX» (j)aKTOpOB, COCTOaiAHX H 3 
TBP H aCCOLJHHpOBaHHblX C HHM ÓeJIKOB, CneLtH 4 )HHHbIX K 
Ka)KAOMy onpeAejieHHOMy Tnny npoMOTopoB. 

J^JW HHHLtnaLtHH C BblCOKOH HaCTOTOH HeOÓXOAHMO 

ynacrae AonojiHHTeJibHoro (jjaKTopa UBF. 3to OTAejibHWH 
nojiHnenTHA, CBa3biBaiomHH c G-C-6oraTbiM 3JieMeHTOM 
Ha UPE. OAHHM H3 CBHAeTeJIbCTB B3aHMOACHCTBHÍI UBF c 
Kop-CBa3biBaK)H],HM (JjaKTopoM aBjíaeTca BaxcHoe 3HaneHne 
paccToaHHa MexcAy UPE h hapom npoMOTopa. 3to paccToa- 

HHe MOXCHO H3MeHHTb, BKJIIOHHB LjeJIOe HHOIO BHTKOB HK. 
UBF CBa3biBaeTca c Majioň 6opo3AKOH HK h 3aKpynHBaeT 



Fľíi , TpacHKpMnuMOHHaa eflMHMua /yifl PHK-noanMepa3bi I BKaionaei b ce6a Bflpo npoMOTO- 
pa, yflaaeHHoe ot Bbiwe/iewamero npoMoiopHoro aaeMeHTa npHMepHO Ha 70 nH. CBa3biBaHne UBF 
c UPE yBejuiHMBaeT cnocoÓHocTb Kop-CBB3biBaiomero c()aKTopa coeflMHBTbCfl c bapom npoMOTopa. 
Kop-CBB3biBaiomMM cfiaKTop (SLl) no3nunoHnpyeT PHK-no/iMMepa3y I Ha crapTOBoŕí TOHKe 
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npoMOTopw &j\b pol III 
MoryT HaxoflMTbCfl HH>Ke crapTOBOH tom km 


JIHK b ncrjiK) non™ m 360°, hto npHÔJiHacaeT aApo h UPE 
Apyr k Apyry. 

Ha pne. 24.5 noKa3aHa HHHijHaiiHa TpaHCKpHnijHH KaK 
cepna nooieAOBaTe^bHbix B3anMOAeHCTBHH. PHK-noiiHMe- 
pa3a I, OAHaKo, cymecTByeT KaK xoaocfiepMeHT, KOTopbíň 
coAepacHT ôojibiiiHHCTBO wm RZKt Bce cfiaKTopbi, Heoôxo- 
flHMbie jijuí HHHijHaijHH, h KOTOpbíň, no-BHAHMOMy, pexpy- 
THpyeTCH HenocpeACTBeHHO Ha npoMOTop. 


24.5 


PHK-no/iMMepa 3 a III 
Mcno/ib 3 yeT m BbiuiejiemauiHe, 
m HMmejiemaiMMe npoMOTopbi 


lOiiOHeBbie noHBTMB: 


• PHK-no/iMMepa3a III y3Haei ABa Tuná npoMOľopoB. 

• BHyipeHHMe npoMOTopbi MMeiOT KopoTKMe KOHceHcycHbie 
noc/ieflOBaTe/ibHOCTM, pacno/ioweHHbie b TpaHCKpnnunoHHoií 
eflMHMue, n b bi 3 bi Ba kd t MHMLiMdLiMio Ha onpeAe/ieHHOM 
paCCTOBHMM Bblllie npOMOTOpa. 

• Bbiine/ie>KaiMMe npoMOTopbi coAepwaTTpM kopotkmx 
KOHceHcycHbix noc/ieflOBaie/ibHOCTM, CBB3biBaioiAMe 
TpaHCKpMnUMOHHbie ())aKTOpbl. 


R kimono- CtaptOBaí, TOHKa ^pOMOTOp, 

>KaiAMM 

ynacTOK 

TpaHCKpnóupyeMbm ynacTOK 

PHK 

ľlpu Ae^eunM i 
TpaHCKpunAMf 

\ 

AAAA/V 'j" 

noc^eAOBaTe^bHOCTeií Bbiiue npoMOTopa 

1 MHMAMMpyeTCB C OÔblHHOM CTapTOBOÍÍ TOMKM 

. AAAA#\y\AA/\ 

PHK 

1 

AAA^'VA V 


P M C. 2 4.6 fle/ieuMOHHbiíí aHajni3 noKa3biBaeT, hto npoMOTop a^ 
5S PHK - BHyTpeHHMŇ; npoMCxoflMT Ha (J)mkcmpob3hhom 

paccTOBHMM (oko/io 55 nH) Bbiine npOMOTOpa 


Pacno3HaBaHHe npoMOTopoB PHK-no;iHMepa30H III kjuiioc- 
TpHpyeT OTHOCHTeJIbHOCTb pOJieH (J)aKTOpOB TpaHCKpHllLIHH 
H COÔCTBeHHO (J)epMeHTa. ripOMOTOpbl MOXCHO pa3Ae^[HTb 
Ha flBa ocHOBHbix miacca, pacno3HaBaeMbix no-pa3HOMy h 
pa3;iHHHbiMH rpynnaMH cfiaKTopoB. ľlpoMOTopbi fyin reHOB 
5S h tPHK — 6HympeuHue\ ohh HaxoAaTca HHXce crapTOBOH 
tohkh TpaHCKpHnyHH. ľlpoMOTopbi jyw reHOB MaPHK (Ma- 
jibix aAepHbix PHK; ot anzjí. small nuclear, snPHK — PHK) 
HaxoAflTca Bbirne tohkh Hana^a TpaHCKpnnijHH (KaK h /jpy- 
rae oôbiHHbie npoMOTopbi). B oôohx cjiynaax KOHKpeTHbie 
s^eMeHTbi, HeoôxoflHMbie jym pa6o™ npoMOTopoB, co- 
CTOaT HCKJIIOHHTeJIbHO H3 nOCJieAOBaTeJIbHOCTeH, pacn03- 
HaBaeMbix cfiaKTopaMH TpaHCKpnnijHH, KOTopbie, no cyTH, 
ynpaBaaiOT CBa3biBaHHeM PHK-no;iHMepa3bi. 

JX o MOMeHTa onpeAejieHHa npOMOTOpa reHOB 5S y 
Xenopus laevis Bce nonbiTKH ycraHOBHTb npoMOTopHyio noc- 
^eAOBaTejibHOCTb npeAnojiarajiH, hto OHa AOJDKHa HaxoAHTb- 
ca Bbirne cTapTOBOH tohkh. O^HaKo Aejieu.HOHHbíň aHajiH3 
noKa3aji, hto npoflyKT 5S PHK npoAOJDKaeT CHHTe3npoBaTbca, 
Aaace Kor^a y^ajieHa Bca nocaeAOBaTejibHOCTb Bbirne reHa! 

Kor/ia AeJieu,HH npoAOJDKaiOTca b reHe, npoflyicr 6/ih3ko- 
ro k oôbiHHOH 5S PHK pa3Mepa npoAOJixcaeT cHHTe3npoBaTb- 
ca ao Tex nop, noKa Rent yna He 3aTpoHeT ocHOBaHne +55. 
Ha pmc. 2^.6 noKa3aHO, hto nepBaanacrbPHK-npoAyKranpn 
stom cooTBeTCTByeT njia3MHAHOH /(HK, a BTopaa nacTb npeA- 
craBaaeT coôoh cernem, ocTaBuiHHca ot oôhhhoh nocaeAO- 
BaTejibHOCTH 5S PHK npn stom Kor/ja AeJieijHa npoAOJDKa- 
eTca 3a +55, TpaHCKpnniiHa npeKpamaeTca. GieAOBaTejibHO, 
npoMOTop HaxoflHTca nuMe nosui^uu +55, ho 3acraBaaeT 
PHK-noanMepa3y III HHHU,HHpOBaTb TpaHCKpnnijHK) Ha 6o- 
aee hjih MeHee (J)HKCHpOBaHHOM paccToaHHH Bbirne Hero. 

Kor^a AeaeiiHH npOH3BOAaTca b reHe c ero AHCTajibHoro 
KOHya, TpaHCKpnmiHa He H3MeHaeTca, noxa nepBbie 80 nH 


ocTaiOTca HHTaKTHbiMH. KaK ToabKo AeaeyHH 3aTparHBaK)T 
3tot paňoH, TpaHCKpHnyHa npeKpamaeTca. 3to yKa3bmaeT 
Ha hhxchkdk) rpaHHyy npOMOTOpa b noaoaceHHH npHMepHO 
+80. 

Tokum očpcuoMj npOMomop änn mpancKpuni^uu 5S 
PHK HaxodumcH Mejtcdy íiosui^uhmu +55 u +80 enympu 
zrna. OparMeHT nocaeAOBaTeabHocTH, coAepacaniHH stot 
paňoH, MoaceT Bbi3biBaTb HHHiinaiiHK) TpaHCKpHni^HH Ha 
aK)6oH RHK, b KOTopyio oh noMenjeH, co CTapTOBOH tohkh 
npHMepHO Ha 55 nH Bbirne. (CTapTOBaa TOHKa AHKoro rana 
yHHKajibHa; b Tex ace Aeaeiinax, r^e OHa oTcyTCTByeT, TpaHC- 
KpnniiHa HanHHaeTca c nypnHOBoro ocHOBaHna, ôjinacan- 
rnero k tohkc b 55 nH Bbirne npOMOTOpa.) 

CTpyKTypa Tpex TnnoB npoMOTopoB /yia PHK-nojinMe- 
pa3bi III cxeMaTHHHO npeACTaBaeHa Ha ''i- . v, . Cyniec- 
TByeT ABa rana BHyTpeHHHx npoMOTopoB. KaacAbíň HMeeT 


CymecrByeT tpn TMna npoMOTopoB pol m 

Tiin 1 

CrapTOBafl TOHKa 


V>\y\y\y\ 

TMn 2 

boxA boxC 

>\>\y\y\>\/ 

ÍMn 3 

\/\/\/\/\ 

boxA boxB 

y\y\/Yy\y\/Y/\y\y\/\ 

J Oct PSE TATA 



P H C. 2 1 ’. 7 ľlpoMOTopbi fljifl PHK-no/iMMepa3bi III MoryT cocTOATb M3 
AByx nacTeíi noc/ieAOBaie/ibHOCTM Hv\me ciapTOBoíí tohkm, rAe boxA 
OTAe/ieH ot boxC hjih boxB, hjih MoryT cocTOBTb M3 OTAe/ibHbix noc^e- 
AOBaie/ibHOCTeíí Bbime CTapTOBoií tohkm (Oct PSE,TATA) 
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CTpyKTypy H3 físyx nacren, b kotopoh KopoTKHe 3;ieMeHTbi 
nocjie/iOBaTejibHOCTH pa3/ie;ieHbi BapnaôejibHOH nooie- 
AOBaTe^bHOCTbio. THn 1 coctoht h 3 nocjie/íOBaTejibHOCTH 
boxA, OTAejieHHOH ot nocneflOBaTe;ibHOCTH boxC, a THn 
2 COCTOHT H3 nOCJie/JOBaTCJIbHOCTH boxA, OT/jeJieHHOH ot 
boxB. PaccTOBHne mokay boxA h boxB b npoMOTope mna 2 
MO)KeT CHjibHO BapbnpoBaTb, oflHaKo 3 th ynacTKH He Moiyr 
pacnojiaraTbca cjihiiikom 6;ih3ko flpyr k apyry 6e3 noTepn 
(J)yHKUHH npoMOTopa. UlHpoKO pacnpocTpaHeHHaa rpynna 
npoMOTopoB rana 3 HMeeT Tpn ajieMema noaieAOBaTejib- 
hocth, pacno^o>KeHHbix Bbirne CTapTOBOH tohkh. 


TF m B — o6fl3aie^bHbiM 

(|)aKTOp Ailfl npOMOTOpOB 
PHK-noiiMMepa3bi III 


KjnoneBbie noHATMa: 


• TF m A m TF m C CBa3biBaiOTca c KOHceHcycHbiMM 
noc/ieAOBaiejibHOCTaMM m cnocoócTByiOT cBa3biBaHMio TF m B co 
CTapTOBOÍÍ TOM KOM. 

• TF m B HeceT TBP b KanecTBe oahoíí M3 cy6i>eAMHMU m fle/iaei 
B03M0>KHblM CB513blBaHM6 PHK-nOJlMMepa3bl. 


24.6 


BHyTpeHHMe npoMOTopu TMna 2 Mcno/ibsyiOTTFmC 


CrapTOBaíi TOMKa 

—- » 


>\>\>\>\/\>\>\>\ 

I boxA boxB 


TFmC TF m C 

>\>\>\ \/\ 

TFmB 

1 

/á \ \>\ 

Polili 

4 



PHC. 24.8 hla BHyipeHHMx npoMOTopax TMna 2 ajia pol III Mcno/ib- 
3 yeic a CBA3biBaHMe TF m C c noaieAOBaTe/ibHOCTaMM boxA m boxB A<na 
peKpyTMpoBaHMa no3MAMOHHoro (JjaKTopa TF m B, KOTopbiŕí, b cboio 
onepeAb, peKpyTMpyeT PHK-no/iMMepa3y III 


Eoih paccMaTpHBaTb npoiiecc HHHiiHaiiHH b aciujwx, to 
B 3aHMOACHCTBHe <J)aKTOpOB Ha AByX THnaX BHyTpeHHHX 
npoMOTopoB OTjiHHaeTca, OAHaKO b ijejiOM oho oneHb exo- 
ace. TF m C CBfl3biBaeTca HHXce CTapTOBOH tohkh, ;ih6o He- 
3 aBHCHMO (npoMOTopbi THn 2), ;ih6o cobmcctho c TF m A 
(npoMOTopbi raň 1). ľlpHcyTCTBHe TF m C no3Bo;weT no3H- 
LiHOHHpyiom,eMy (J)aicropy TF m B CBjmTbai co CTapTOBOH 
tohkoh. 3aTeM peKpyTHpyeTca PHK-no;iHMepa3a. 

Ha p n c, 24,8 npeACTaB^eHbi craAHH HHHUHaiiHH Ha 
BHyrpeHHHx npoMOTopax rana 2. TF m C CBa3biBaeTca c boxA 
h boxB. 3to AaeT B03M0xcH0CTb TF m B CBa3aTbca co crap- 

TOBOH TOHKOH. Ha STOH CTa^HH y>KC MOTKCT CBfl3bIBaTbCfl 

PHK-no^HMepa3a III. 

Otjihhhc BHyTpeHHero npoMOTopa rana 1 b tom, hto 
TF m A AOJixceH CBímTbca c boxA, HToébi ratl B03M0xcH0CTb 
TF m C CBH3aTbca c boxC. Ha p n c. 24.9 noKa3aHO, hto, Kax 
TOJibKO TF m C CBH3biBaeTca, AaJibHeHiiiHe coôbrma pa3Bopa- 
HHBaiOTca Tax ace, KaK h Ha npoMOTopax Tnna 2, co CBa3bi- 
BaHHeM CO CTapTOBOH TOHKOH TF m B H BOBJíeneHHeM B KOM- 
ruieKC PHK-no^HMepa3bi III. npoMOTopbi rana 1 HafíAeHbi 
TOJibKO b reHax jyw 5S PHK. 

TF m A h TF m C — (JiaKTopbi arperau,™, Hba cahhc- 
TBeHHaa po;ib coctoht b tom, htoôh noMOHb TF m B CBa3aTb- 
ch c HyxcHbiM ynacTKOM. KaK mnbKO TF m B CB5DKerca c RHK, 
TF m A h TF m C moxcho yqa^HTb c npoMOTopa (bmcokoh koh- 
ueHTpaiiHeH co/ih in vitró) 6e3 KaKoro-jinôo Bmmum m 
HHHiiHaiiHio TpaHCKpHnijHH. TF in B ocmaemcn censanmiM e 
paúone cmapmoeou monm, u ezo npucymcmem docma- 
moHHO, nmoôu PHK-nommepcua III censajiacb c npOMomo- 
pOM. OieAOBaTejibHO, TF m B — e/jHHCTBeHHbiH hcthhhhh 
(J)aicrop HHHiiHaiiHH, HeoôxoAHMbiH PHK-no^HMepa3e III. 
TaKaa nooieAOBaTejibHocTb coôbiTHH o6T.acHaeT, KaKHM 



PUC. 24,9 Ha BHyipeHHMx npoMOTopax TMna 1 A-na pol III Mcno/ib- 
3yiOTCíi (JjaKTopbi arperauMM TF m A m TFnjC, KOTopbie CB5i3biBaioTC5i 
c noc/ieAOBaTejibHOCTflMM boxA m boxC A<na peKpyTMpoBaHMa no3M- 
AMOHHoro (f)aKTopa TF m B, KOTopbiŕí peKpyTMpyeT PHK-nonMMepa3y 
III 


24.6 TF m B — o6a3aTeAbHbiň (JiaKTop pj\n npoMOTopoB PHK-noAMMepa3bi III 627 





















o6pa30M npoMOTopHbie ynacTKH (boxes) mme crapTOBOH 
tohkh 3acraBjunoT PHK-no^HMepa3y CBH3aTbca co crap- 
toboh tohkoh 3HaHHTejibHO Bbiuie. HecMOTpa Ha TO HTO 
cnocoÔHOCTb TpaHCKpHÔHpOBaTb sto reHbi pea™3yeTCfl c 
noMombio BHyTpeHHHX npoMOTopoB, H3MeHeHHa ynacTKa 
cpa3y Bbirne crapTOBOH tohkh Moryr BJiHHTb Ha 3(jxj)eKTHB- 
HOCTb TpaHCKpHniJHH. 

TF m C — sto KpynHbíň ôejiKOBbin KOMrniexc (ôojiee 500 
Kfla), cpaBHHMbíň no pa3Mepy c caMOH PHK-no;iHMepa30H, 
coflepacaiyHH rnecTb cyó'beRmmu,. TF m A npHHa,zyie)KHT k 
ÔeJIKaM, HMeiOIUHMÍlHK-CBa3bIBaK)IHHH MOTHB, Ha3bIBaeMbIH 

« 4 HHKOBbiM na^bueM» (cm. pa3A. 25.9 «U,HHKOBbie na^bijbi» 
CBH3bIBaK)T flHK»). ri 03 HIJH 0 HHbIH (J)aKTOp TF m B COCTOHT 
H3 Tpex cyô'beAHHHu. Oh BmiKmeT b ceôa tot xce ôejiox 
TBP, KOTopbíň npHcyrcTByeT b Kop-CBH3biBaioineM (J)aKTope 
jyw npoMOTopoB pol I, a Taioxe b cooTBeTCTByiomeM TpaHc- 
KpHni^HOHHOM <J)aKrope (TF„D) jyw PHK-no;iHMepa3bi II. 
TaioKe oh coflepxcHT Brf, noxoxcHH Ha (fiaKTop PHK-no^n- 
Mepa3bi II TF n B. Tpcrbio cyô'beflHHnyy Ha3biBaiOT B" ecnn 
flHK-Ayn^eKC nacTHHHO pacmiaBjíeH, ee ynacrae Heoôa- 
3aTejibHO, hto yKa3bmaeT Ha ee cfiyHKíjHK) — oôpa30BaHne 
«nia3Ka» b npoyecce HHHynaijHH TpaHCKpnnijHH. Po;ib B" 
moxcho cpaBHHTb c pojibio cnrMa-cfiaKTopa OaKrepna^bHOH 
PHK-no^HMepa3bi (cm. pa3£. 11.16 m flaHHOM 

npoMOTope 3aBHCHT ot rana CHrMa-(J)aKTopa»). 

BbimejiOKamHH npoMOTop nrpaeT oôbiHHyio po;ib 
jyw PHK-no^HMepa3bi III. Ha npnMepe, noKa3aHHOM Ha 
pne. 24.8, moxcho Bnaera Tpn BbimejiOKamHX ajieMema. 3th 
3;ieMeHTbi Taioxe hmootch b npoMOTopax reHOB maPHK, 
TpaHCKpnÔHpyeMbix PHK-no;iHMepa30H II. (ľeHbi hckoto- 
pbix maPHK TpaHCKpHÔHpyioTca PHK-no;iHMepa30H II, a 
HeKOTopbix — PHK-no;iHMepa30H III.) Bbiuie;ie)KamHe s;ie- 
MeHTbl B COCTaBe npoMOTopoB ACHCTByiOT CXOflHbIM oôpa- 
3om /yw no^HMepa3 II h III. 

PiHHijHaijHfl Ha Bbimepacno^o)KeHHOM npoMOTope 
PHK-no^HMepa3bi III moxcct nponcxoflHTb Ha kopotkom 
ynacTKe, HenocpeflCTBeHHO npefliiiecTByiomeM crapTOBOH 
TOHKe h HecymeM jiniiib TATA-s^eMem. O/tHaico 3(J)(J)eK- 
THBHOCTb TpaHCKpnni^HH 3HaHHTe;ibHO B03pacTaeT b npn- 
CyTCTBHH 3JieMeHTOB PSE H Oct. OaKTOpbl, CBfl3bIBaiOmHeCfl 
C 3THMH SJieMeHTaMH, fleHCTByiOT COBMCCTHO. (3;ieMeHT PSE 
MOxceT 6biTb He 3 aMeHHMbiM jyw npoMOTopoB PHK-nojín- 
Mepa3bi II, ho flB^aeTCfl /jonojiHHTejibHbiM jyw npoMOTopoB 
PHK-nojiHMepa3bi III; ero Ha3BaHne nponcxoflHT ot coxpa- 
meHHa QiOBOcoHeTaHHa proximal sequence element). 

TATA-3JieMeHTo6ycjiOBJiHBaeTmn no;iHMepa3bi (II wm 
III), KOTopaa pacno3HaeT npoMOTop maPHK. 3tot 3;ieMeHT 
CBa3biBaeTca cfiaKTopoM, BiuiiOHaioiitHM b ceôa TBP, koto- 
pbíň h pacno3HaeT noaieflOBaTejibHocrb RHK. TBP accoyn- 
HpOBaH c ApyrHMH ôejixaMH, cneuH(J)HHHbiMH k rany npo- 
MOTOpa. OyHKI^HH TBP H CBfl3aHHbIX C HHM ÔeJIKOB COCTOHT 
b npaBHJibHOM no 3 H 4 HOHnpoBaHHH PHK-no;iHMepa3b] Ha 
CTapTOBOH TOHKe. Mbi oôcyAHM sto 6o;iee ^eTa^bHO .zyra 
PHK-no^HMepa3bi II (cm. pa3£. 24.8 «TBP — yHHBepca^bHbin 
(J)aKTop»). 

Jpw oôohx TnnoB npoMOTopoB PHK-no^HMepa3bi III 
(J)aKTopbi AencTByioT oflHHaKOBO. Oamiopu cemueaTomcH c 
npQMomopQM do mozo, kok PHK-nojamepo3a y3naem npo- 


Momop. Ohh o6pa3yiOT npeHHHi^naTopHbiH komiuickc, 

ynpaB^aioiitHH CBB3biBaHHeM PHK-nojiHMepa3bi. PHK-no- 
jiHMepa3a III caMa no ceôe He pacno3HaeT npoMOTopHyio 
noaieAOBaTe^bHOCTb, o^HaKo ca^HTca pa^OM c (J)aKTopaMH, 
KOTOpbie CBH3bIBaiOTCH HyTb BblUie CTapTOBOH TOHKH. JplK 
BHyrpeHHHX npoMOTopoB rana 1 h rana 2 (J)aKTopbi arpera- 
Uhh oôecneHHBaiOT cBH3biBaHne TF m B (KOTopbíň BKJnonaeT 
h TBP) c nooieAOBaTejibHOCTbio nyrb Bbirne CTapTOBOH toh- 
KH, TaKHM 0Ôpa30M RUBM HH(J)OpMaUHK) O ee MeCTOHaXO^C- 
fleHHH. Jpm BbimejiOKamHx npoMOTopoB TF m B CBH3biBaeTca 
HanpaMyio c ynacTKOM, BKJnonaiOLUHM TATA-6 okc. Bbirnec- 
Ka3aHHoe 03HanaeT, hto 6e3oraocHTe^bHO pacnojio)KeHHK) 
npoMOTopHbix noaieAOBaTe^bHocTen, (J)aKTop(bi) cbb3h- 
BaiOTCH BÔJIH3H CTapTOBOH TOHKH B TaKOM nOpBflKe, HTOÓbl 
ynpaB^aTb noca^Kon PHK-no^HMepa3bi III. 


24.7 


CrapTOBafl tomk 3 

AJia PHK-nojiMMepa3bi II 


lOuoHeBbie noHBTMfl: 


• MHMI4M3I4MM TpaHCKpnni4MM PHK-no^MMepa3e II 
HeoÓXOflMMO npMCyTCTBMe r/iaBHblXTpaHCKpnnUMOHHblX 
(JjaKTopoB (Ha3biBaeMbixTF n X). 

• ílpoMOTopbi PHK-no^MMepa3bi II MMeiOT KopoTKyio 
KOHcepBaTMBHyio noc/ieflOBaie^bHOdb Py 2 CAPy 5 (uHMUMaiop 
In R) B CTapTOBOM TOHKe. 

• TATA-6okc — o6u\m KOMnoHem npoMOTopoB /yia 
PHK-no/uiMepa3bi II, coctoíummm M3 A-T-6oraľoro oKTaMepa, 
pacno/io>KeHHoro Ha 25 nH Bbime ciapTOBoíí tohkm. 

• DPE — o6ihmíí KOMnoHeHTftníi npoMOTopoB PHK-no/iMMepa3bi 
II, He Hecyi^Mx TATA-6oKca. 

• ľ/iaBHbiíí 3/ieMeHT npoMOTopa PHK-no/iMMepa3bi II 
BK/uonaei b ceóíi InR m /im6o TATA-6okc, nu6o DPE. 


OcHOBHbie npHHUHnbi opraHH3aitHH annapaTa TpaHCKpnn- 
qHH reHOB, KOAHpyiontHX ôejiKH, 6buiH ycraHOB^eHbi npH 
oôHapyxceHHH Toro (J)aKTa, hto OHHineHHaH PHK-nojiHMe- 
pa3a II MO)KeT KaTa^H3npoBaTb chhtc3 mPHK, ho He mo- 
yKCľ HHHLtHHpoBaTb TpaHCKpHnijHK) 6e3 /toôaBjíeHHa etu,e 
OAHoro 3KCTpaicra. OpaKu,HOHHpOBaHHe 3Toro SKCTpam 
npHBe^o k BbmejieHHio ochobhhx (})aKTopoB TpaHCKpnn- 
u,hh — rpynnbi ôejiKOB, HeoôxoAHMbix /y m HHHynayHH 
TpaHCKpHnyHH PHK-no^HMepa3on II Ha Bcex ranax npo- 
MOTopoB. PHK-no;iHMepa3a II b KOMn^exce c sthmh (J)aKTo- 
paMH npeACTaB^aeT coôoh 6a30Bbin TpaHCKpHnyHOHHbíň 
annapaT, HeoôxoAHMbin /yia TpacKpnnyHH Bcex npoMOTo- 
poB. 3th raaBHbie (J)aKropbi Ha3biBaK)TTF„X, r/je «X» — 6yK- 
Ba-H/teHTH(J)HKaTop coôcTBeHHO (J)aicropa. Cyô'bcjwimm 
PHK-no^HMepa3bi II h r;iaBHbie (J)aKTopbi TpaHCKpnnyHH y 
synapnoT KOHcepBaraBHbi. 

Tohkoh OTcneTa /yw H3yneHHa opraHH3ayHH npoMOTo- 
pa .zyia Hac aiumeTca onpe^e^eHHe a^pa npoMOTopa xa k ca- 
MOH KOpOTKOH nOCJie/tOBaTeJIbHOCTH, Ha KOTOpOH PHK-no- 
jiHMepa3a II MoaceT HHHyHnpoBaTb TpaHCKpHnynio. B 
npHHLtnne a/tpo npoMOTopa motkct paôoTara b jiioôoh kjicy - 
xe. Oho 3aKJiKmeT b ceôe MHHHMajibHyio noaieAOBaTe^b- 
Hocra, no3BO^aiomyK) (J)aKTopaM TpaHCKpnnyHH coôpaTbca 
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Ha crapTOBOH TOHKe. Ha pa npoMOTopoB ynacTByioT b Mexa- 
HH3Me CBH3biBaHHfl c HK h no3BOJiínoT PHK-nojiHMepa3e II 

HHHI^HHpOBaTb TpaHCKpHniJHK). OflHaKO HAPO npOMOTOpa 
BblíIOJIHHeT CBOK) (J)yHKIJHK) C HH3KOH 3(j)(j)eKTHBHOCTbK). 
fljlfl aAeKBaTHOrO ypOBHH 3(j)(j)eKTHBHOCTH HeOÔXOAHMbI 
ôe/iKH, Ha3biBaeMbie aKTHBaTopaMH (cm. pa3A. 24.13 «Akth- 
BaTOpbl CBH3bIBaiOTCH C KOpOTKHMH SJieMCHTaMH nOOieAO- 
BaTCJIbHOCTH»). AKTHBaTOpbl HMdOT CJiyHaHHbie Ha3BaHHH, 
oTpaacaiomHe Hcropnio hx oTKpbima. 

Moxcho o>KHAaTb, hto KOMnoHeHTbi noaieAOBaTejib- 
hocth, ynacTByioiHHe b CBa3biBaHHH PHK-no^HMepa3bi h 
rjiaBHbix cpaKTopoB TpaHCKpnnijHH, 6yoyT KOHcepBaTHBHbi 
y ôojibniHHCTBa wi h Aaxce y Bcex npoMOTopoB. Hto KacaeT- 
ca npoMOTopoB ôaicrepHH, to npn cpaBHeHHH npoMOTopoB 
/yia PHK-nojiHMepa3bi II cxoactbo ynacTKa B03;ie crapTOBOH 
tohkh orpaHHneHa AOBOJibHO KopoTKHMH noaieAOBaTejib- 
hocthmh. 3th sjieMeHTbi cooTBeTCTByioT noc/ieAOBaTe/ib- 
hocthm, 3aionoHaK)iij,HM b ce6e coôctbchho npoMOTopHyio 
(J)yHKu 1 HK). Ha p h c. 24.10 cxeMaTHHHO npeACTaB^eHa kohc- 
TpyKilHa THnHHHoro HApa npoMOTopa jyw pol II. 

B TOHKe Hana^a TpaHCKpHnijHH hct npoTaaceHHoro 
cxoACTBa nocjieAOBaTejibHOCTeH, OAHaKo Han6o;iee nacro b 
KanecTBe nepBoro ocHOBaHHa mPHK BCTpenaeTca A, c oôenx 
CTopoH (JiJiaHKHpOBaHHbiH nHpHMHAHHaMH. (3to onnca- 
HHe TaioKe npHMeHHMo k crapTOBOH nocjieAOBaTejibHOCTH 
CAT ôaKTepHa^bHbix npoMOTopoB.) 3tot ynacroK Ha3bma- 
K)T uHui^uamopOM (Inr), h ero moxcho b oômeM onncaTb 
(JiopMyjiOH Py 2 CAPy 5 . Inr HaxoAHTca MOKAy no3HijHaMH -3 
h +3. 

MHorae npoMOTopbi hmoot nocjieAOBaTejibHocTb, Ha- 
3biBaeMyio TATA-6okc, y BbícniHx syKapnoT pacnojioaceH- 
Hyio oôbiHHO npHMepHO b 25 nH Bbirne crapTOBOH tohkh, 
H HBJIHIOTCH eAHHCTBCHHblM BblUieJIOKaiAHM npOMOTOpHbIM 

sjieMeHTOM, hmouhm AOCTaTOHHo (J)HKCHpoBaHHoe pac- 
nOJIOaceHHe OTHOCHTeJIbHO CTapTOBOH TOHKH. noaieAOBa- 
TejibHOCTb HApa TATA-6oKca TATAA rmizz conpoBoacAaeTca 
o6hhho eme TpeMa A-T napaMH. TATA-6okc nacTO Haxo¬ 
AHTca b oKpy^ceHHH G-C-6oraTbix noaieAOBaTejibHOcreH, 


MMHMMajlbHblM flpOMOTOp pol II HeceTTO/ibKO ABa a/ieMeHTa 


CrapTOBaflTOHKa 


TATAA .N 20 . YYCAYYYYY .N 24 . AGAC 

1 - T - 1 1 - T - 1 * I * 

TATA-óokc Inr DPE 

< Bflpo npoMOTopa , - . P 

coflepwamee TATA-6 okc 

4. . Bflpo npoMOTopa , ". . .> 

He coflepwamero TATA-6 okc 


PUC. 24.10 MMHMMaJlbHblíí npOMOTOp fl/151 pol II HeceT TATA-6 okc B 
TOHKe npHMepHO 25 nH Bbiuue Inr. TATA-6 okc MMeeT koh ce h cycHy 10 
noc/ieflOBaTeAbHocTb TATAA. Inr coAepwm nnpnMMAMHOBbie ocho- 
BaHMfl (Y), OKpywaiomMe CA b crapTOBoŕí TOHKe. DPE HaxoAmca nurne 
CTapTOBOíí tohkh. riocneAOBaTejibHOCTb noKa3aHa Ha KOflnpyiomeíí 
uenn 


KOTopbie MOiyr ôbiTb oahhm h3 (J)aKTopoB ero (J)yHKijHO- 
HHpOBaHHH. Oh nOHTH HAeHTHHeH C nOCJieAOBaTeJIbHOCTbK) 
-10 ôaKrepna^bHbix npoMOTopoB; (J)aKTHHecKH, ohh oneHb 
noxoxcn, 3 a HcmiiOHeHHeM pacnojio>KeHHa b panoHe -25 
BMeCTO - 10 . 

3aMeHbi OTAejibHbix ocHOBaHHH b TATA-6oKce AeňcTBy- 
k)t KaK MyTai^HH, oneHb cn;ibHO ooiaôJiaiomHe (j)yHKijHK). 
HeKOTopbie Taxne Myraunn MeHaioT jininb opnemaiiHio 
A-T nap; TaKHM oôpa30M, cocTaB nocneAOBaTejibHOCTH caM 
no ceôe eme He onpeAe;iaeT ee (jiyHKíjHK). OieAOBaTejibHO, 
TATA-ôokc npeACTaBJíaeT coôoh sjicmcht, noBeAeHne ko- 
Toporo aHajiornHHO Harnen KOHiienijHH ôaicrepHa^bHoro 
npoMOTopa: sto onpeAe^eHHaa KopoTKaa nocjieAOBaTejib- 
HocTb HenocpeACTBeHHO Bbirne CTapTOBOH tohkh, Heoôxo- 
AHMaa A^ia TpaHCKpnniiHH. 

CyniecTByioT npoMOTopbi, He HMeiou^He TATA-6 ok- 
ca. Mcc^eAOBaHHa npoMOTopHbix noc^eAOBaTejibHOCTen 
noKa3biBaiOT, hto 50 % wm Aaace ôo^ee npoMOTopoB mo- 
iyr He HMeTb TATA-6oKca. KorAa npoMOTop He coAepacnT 
TATA-6oKca, oh oôhhho HMeeT Apyron ojieMem, DPE 
(downstream promotor element), pacnojioxceHHbin Me>KAy 
+28 h + 32 . 

BOJIblIIHHCTBO aAep npoMOTopoB COCTOaT ^h6o H3 
TATA-6oKca n^ioc Inr, ^h6o Inr raioc DPE. 


TBP — yHMBepca/ibHbiŕí 
4>aKTop 


KniOHeBbie noHBTkia: 


• TBP — KOMnoHeHT HanpaB/iíuoiAero (JjaKTopa, HeoóxoflMMoro 
fl/lfl CB513blBdHM51 Ka>KAoro TMna PHK-noAMMepa3bi c ee 
npOMOTOpOM. 

• 3thm (JjaKTopoM PHK-no/inMepa3bi II 5iBA5ieTC5i TF n D, 
COCT05UUMÍÍ M3 TBP m 11 TAF, o6meíí Maccoíí -800 Kfla. 

ľlepBbiM maroM (J)opMHpoBaHHa KOMn^eKca Ha npoMOTo- 
pe, coAepxcameM TATA-6okc, aBjíaeTca CBa3biBaHne (JiaKTo- 
pa TFnD c ynacTKOM, npoAO^xcaioiAHMca Bbirne TATA-noc- 
;ieAOBaTe;ibHocTH. TF n D coAepxcnT ABa Tnna KOMnoHemoB. 
Pacno3HaBaHne TATA-6oKca oôecnenHBaeTca TATA-cbh- 
3biBaioii^HM óejiKOM (TBP, TATA-binding protein), 
Heôo^buiHM ôe^KOM c Maccoň okojio 30 Kfla. flpyrne 
cy6 r beji l mmu,hi Ha3biBaiOT TAF (ot anz/i. TBP-associated 
factors — TBP-accoijHHpoBaHHbie (J)aKTopbi). Hckoto- 
pbie TAF HaxoAHTca b CTexnoMeTpHHecKOM oraoineHHH k 
TBP; Apyrne BCTpenaiOTca b MeHbinnx KOJiHnecTBax. TF n D, 
coAepacantHe pa3^HHHbie TAF, MOiyr pacno3HaBaTb pa3- 
jiHHHbie npoMOTopbi. HeKOTopbie (cyôcTexnoMeTpHHec- 
Kne) TAF aB^aiOTca TKaHecneu,H(j)HHHbiMH. Oôntaa Macca 
TF n D cocTaB^aeT oôhhho okojio 800 Kfla. B TaKOM TF n D 
coAepxcaTca TBP h 11 TAF, Hba Macca BapbnpyeT ot 30 
AO 250 Kfla. Ha3BaHna TAF b cocTaBe TF„D oôpa30BaHbi b 
(J)opMe TAF„00, rAe «00» npeACTaBJíaeT coôoh MOJieicy^ap- 
Hyio Maccy cyó'btRmmuM. 

Il03HIIH0HHpyK)IAHe (J)aKTOpbI, COCTOaiAHe H3 TBP, 
accoiiHnpoBaHHoro c onpeAe;ieHHbiM HaôopoM TAF, oTBe- 


24.8 


24.8 TBP — yHMBepcajibHbiŕí cj)aKTop 629 




















HaioT 3 a y 3 HaBaHHe Bcex KJiaccoB npoMOTopoB. TFmB (/yia 
npOMOTOpOB pol III) H SL1 {fiM npOMOTOpOB pol I) MOryT 
paccMaTpHBaTbCH KaK cocToaiUHe H 3 TBP, accoijHHpoBaH- 
Horo c ocoóoň rpynnoň ócíikob — 3 aMecTHTejieň TAF, iipn- 
qoCTByioiHHX b TF n D. TBP — sto ochobhoh komiiohcht, 
BCTpoeHHblH B fCDKAblň THn npOMOTOpa C nOMOmbK) pa 3 - 
jihhhhx MexaHH 3 MOB. B oiynae npoMOTopoB fljw PHK-no- 
JIHMCpa 3 I)I II OCHOBHaa OCOÔCHHOCTI) II 03 HIU 10 IIHpOBaiIHH 
3 aicmoMaeTCH b (J)hkchpob3hhom paccroaHHH ot crapTOBoň 
tohkh flo TATA- 6 oKca. 

Ha P M c. 24.11 noKa3aHO, 4 to b KaxcflOM cnynae no- 
3HiiHOHHpyiomHe (JiaKTopbi pacno3HaiOT npoMOTop 
no-pa3HOMy. Ha npoMOTopax rjisi PHK-no/iHMepa3bi III 
TF ni B CB«3biBaeTca paflOM c TF in C. Ha npoMOTopax pjisi 


ľlo/iMMepaabi y3HaioT npoMTop c noMoutbto 
cneunajibHbtx cfjaKTopoB 


ľlpOMOTOpbl 

ftnfl pol III 


TBP 

TF m B 


1 

,/ 



PHK-nojiMMepa3a III 


ľlpOMOTOpbl 

ftnfl pol I 


TBP 

t 

UBFl 
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PHK -nojiMMepa3a I 



ripoMOTopbi 
flJIH pol II 


TBP 


\ 


TFt T D 


CrapTOBafl TOMKa 

TATA- 6 okc 


-40 -30 


p].,» 


+10 +20 
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\ f PHK-nojiMMepa3a II 



'-vnl /4 11 PHK-no/iMMepa3bi no3minoHnpyiOTCfl Ha Bcex mriax 
npoMOTopoB c noMOi^bio (JjaKTopa, coflepwamero TBP 


PHK-no^HMepa3bi I SL1 CBH3biBaeToi b KOMnjieKce c UBF. 
H ;umib TF n D b OAHHOHKy oTBenaeT 3a pacno3HaBaHne 
npoMOTopoB p,m PHK-nojiHMepa3bi II. Ha npoMOTope, 
HMeiomeM TATA-ajieMem, TBP caMOCTOHTejibHO cbh3h- 
BaeTca c flHK, oflHaKo Ha flpyrax npoMOTopax oh mo^cct 
6biTb BOBJíeneH b peaKijnio b accoijHaĽiHH c ApyrnMH 6e;i- 
KaMH, y3Haiom,HMH onpefleiieHHbie nocjie/jOBaTejibHocTH. 
KaKHMH 6bi cnocoôaMH oh hh BOBjíeKajica b HHHijHaTop- 
Hbíň KOMiuieKc, rjiaBHaa ije;ib npoyecca coctoht bo B3aH- 
MO/ieHCTBHH c PHK-no;iHMepa30H. 

TF n D uiHpoKo pacnpocTpaHeH, o/jHaKO He yHHKa- 
;ieH. Bce MHoroKJieTOHHbie syKapnoTbi SKcnpeccHpyioT 
Taoce aiibTepHaTHBHbiH komiuickc, b kotopom ecTb TLF 
(TBP-like factor, TBP-noflOÔHbiH cjiaKTop) bmccto TBP. 
TLF oôbiHHO npHMepHO Ha 60% cxoac c TBP. ľlo-BHAH- 
MOMy, oh HHHiiHHpyeT o6pa30BaHHe KOMnjieKca c noMO- 
u\bK) oôbiHHoro Haôopa TF n -(J)aKTopoB. O^HaKO TLF He 
CBH 3 biBaeTca c TATA- 6 okcom, h mh noKa He 3 HaeM, KaK 
oh paôoTaeT. Y Drosophila ecTb Taioxe h TpeTHH cjiaKTop, 
TRF1, ACHCTByiOIHHM nOAOÔHO TBP H CBH 3 bIBaK)LU,HH CBOH 
Haôop TAF /ym o 6 pa 30 BaHHH KOMmieKca, KOTopbiií (J)yH- 
KLiHOHHpyeT KaK a^bTepHaTHBa TFnD Ha onpeAejieHHbix 
npoMOTopax. 


24.9 


TBP CB 5 ) 3 biBaeiAHK 

HeOÓblHHbIM CflOCOÓOM 


KniOHeBbie noHATMa: 


• TBP CBfl3biBaeTca c TATA-6okcom b Ma/ioií 6opo3AKe flHK. 

• Oh no/iyoKpywaeľflHK m M3rn6aeT ee npHMepHO Ha 80° 

• HeKOTopbie M3 TAF HanoMMHaiOT rMCTOHbi m MoryT 
o6pa30BbiBaTb crpyKTypbi, HanoMHHaioiuMe rMCTOHOBbiŕí 
OKTaMep (HyKJieocoMy). 


TBP HMeeT HeoôbiHHoe cbohctbo — oh CBH3 biBaeTCH c flHK 
B M3JIOH 6op03AKe (nOHTH BCe H3BeCTHbie flHK-CBH3bIBa- 
lOLUHe ÔeJIKH CBH3bIBaiOTCH C ÔOJIblIIOH 6opo3AKon). Ha 
KpHCTajuiHHecKOH cTpyKType TBP moxcho xopomo yBHfleTb 
cnocoô ero CBH3biBaHHH c flHK. Ha pmc. 24.12 bhaho, hto 
oh OKpy^caeT oflHy cTopoHy flHK, o6pa3ya nojiyKpyr BOKpyr 
flBOHHOH CnHpa^H. BHyTpeHHHH nOBepXHOCTb TBP CBH3bIBa- 
eTCH c flHK, a ero ôó^binaa BHeuiHaa noBepxHOCTb ocTaaca 
AOCTynHOH ajiu KOHTaicroB c ApyrHMH ôejiKaMH. flHK-CBH3bi- 
BaiOIHHH eaHT COCTOHT H3 C-KOHIjeBOrO KOHCepBaTHBHOrO 
AOMeHa, a BapnaôejibHbiH N-kohoj AOcryneH /ym B3aHMO- 
fleHCTBHH C flpyTHMH ÔeJIKaMH. CTeneHb KOHCepBaTHBHOCTH 
MexaHH3Ma HHHLlHaiIHH TpaHCKpHIILlHH MOXCHO OyeHHTb 
no TaKOMy (JiaKTy: nocjieAOBaTejibHOCTb flHK-cBH3biBaiome- 
ro TBP y Apo^íOKen h neiiOBeKa HMeeT 80% coBna/iaioiiiHX 

aMHHOKHCJIOT. 

B npHcyTCTBHH HyiuieocoM TBP CBH 3 biBaeToi HecTa- 
6 ™bHO. HyiuieocoMbi Bbi 3 biBaiOT nepeMemeHne A-T- 6 ora- 
Tbix noaieAOBaTe^bHOCTen b Majiyio 6 opo 3 AKy; b pe 3 yjibTaie 
ohh MoryT npenaTCTBOBaTb CBH 3 biBaHHio TBP. 3tot 3 (JxJ)eKT 
MO^ceT oĎMCHnTb, noneMy npncyTCTBHe HyioieocoM npeflo- 
TBpamaeT HHHyHaLiHK) TpaHCKpHnyHH. 


630 U1ABA 24 ľlpOMOTOpbl M 3HXaHCepbl 




















PMC. 24.12 Ha nonepeHHOM pa3pe3e bmaho, hto TBP OKpywaeTflHK 
CO CTOpOHbl Ma/IOM 6op03flKM. TBP COCTOMT M3 flByX pOflCTBeHHblX (Ha 
40% MfleHTMHHblx) KOHCepBaTMBHblX flOMeHOB, KOTOpbie noKa3aHbi 
CBeT/io- m TeMHO-ro/iy6biM ubctom. Ero N-KOHeu MMeeT 3HaHMTe/ib- 
Hoe pa3Hoo6pa3Me, noKa3aH 3eneHbiM ubctom. flBe i\enu aboííhoíí 
crnipajiM flHK noKa3aHbi cBemo- n reMHo-cepbiM ubctom. OoTorpa- 
(Jma jiio6e3HO npeflocTaB/ieHa Stephen K. Burtley 


TBP cBH3biBaeTCfl c Maiion 6opo3AKon h HsrHÔaeTflHK 
npHMepHOHa 80°, KaKnoKa3aHOHa phc. 24 . 13 .TATA-6okc 
crHÔaeTCH b HanpaBjíeHHH ôojibinoH 6opo3AKH, pacinnpaB 
Majiyio 6opo3AKy. flecjiopMaijHfl R HK orpaHHneHa 8 nH 
TATA-6oKca; c KaxcAOH cTopoHbi stoh noaieAOBaTejib- 
hocth Majiaa 6opo3AKa HMeeT cboio oôbiHHyio innpHHy 
okojio 5 Ä, a b ijempe noc;ieAOBaTe;ibHOCTH innpHHa 60- 
P03 akh ôojiee 9 Ä. 3to HapymaeT cTpyKTypy R HK, OAHaKO 
qenH eme He pa3AejraK)Tca, nocKOJibKy cnapHBaHne oc- 
HOBaHHH coxpaHeHO. CTeneHb H3rn6a MoaceT Bapbnpo- 
BaTb B 3aBHCHMOCTH OT KOHKpeTHOH nOCJieflOBaTe^bHOC- 
th TATA-6oKca, h sto KoppejinpyeT c scJxjieKTHBHOCTbK) 
npoMOTopa. 

PÍ3 TaKOH CTpyKTypbl BblTeKaiOT HeCKOJIbKO (JjyHKU.HO- 
Ha^bHO Ba)KHbIX OieACTBHH. PÍ3MeHeHHe npOCTpaHCTBCHHOH 
opraHH3aiiHH RHK c oôenx ctopoh TATA-6oKca no3Bo;weT 
TpaHCKpnniiHOHHbiM (JiaicropaM h PHK-no;iHMepa3e miOT- 
Hee coeAHHHTbca Apyr c ApyroM, hcm sto 6buio 6bi bo3mo>k- 
ho Ha jiHHeňHOH R HK. H3rn6 TATA-6oKca cooTBeTCTBycr 
pacKpyHHBaHHK) RHK npHMepHO Ha OAHy TpeTb BHTKa, hto 
KOMneHCHpyeTca CBepxcnHpa^H3aiiHeH. 

ľlpHcyTCTBHe TBP b Ma^oň 6opo3AKe, a Taioxe ero cbh- 
3bIBaHHe C APyTHMH ÔeJIKaMH B M3JIOH Ô0p03AKe C03Aai0T 
BbicoKyio nnoTHOCTb KOHTaKTOB ôejiOK-flHK b stom panoHe. 
CBH3biBaHne TBP c RHK in vitro 3amHinaeT npHMepHO oahh 
bhtok abohhoh cnHpa™ Ha TATA-6oKce, oôbiHHO Ha ynacT- 
xe Me>KAy -37 h -25. CBH3biBaHHe KOMmieKca TF n D oóbiHHO 
3auj,HinaeT paňoH yace ot -45 ao - 10, h npoAOJixcaeTca a axce 
Bbirne CTapTOBOH tohkh. Tlpn stom TBP — eflHHCTBeHHbiH 
TpaHCKpnnuHOHHbiH (JiaKTop, CBH3biBaK)inHHca c RHK cne- 

IJH(J)HHHO. 

B cboôoahom ôe^KOBOM KOMraexce TF n D (Jiaicrop 
TAF n 230 CBfl3biBaeTCH c TBP, 3aHHMaa Ha HeM BomyTyio 


,/],HK-CBH3biBaK)iiiyK) noBepxHOCTb. OaKrnnecKH crpyKTypa 
CBH3biBaK)inero carŕra, HaxoAflmeroca b N-KOHijeBOM ro- 
MeHe TAF n 230, HMHmpyeT noBepxHOCTb Majion 6opo3AKH 
RHK. 3Ta MOJieKyjwpHaa mhmhkphh no3BOJiaeT TAF„230 
KOHTpOJIHpOBaTb CnOCOÔHOCTb TBP CBH 3 bIBaTbCH C flHK; 
N-KOHu,eBOH AOMeH TAF n 230 aojdkch 6biTb BbiTecHeH c 
flHK-CBfl3biBaiomeH noBepxHOCTH TBP jjjui Toro, htoôh 
TF„D CBR32UICR c RHK. 

HeKOTopbie TAF HanoMHHäiOT racTOHbi; b nacmoc- 
th, TAF n 42 h TAF n 62 OTAajieHHO cxohch c racTOHaMH H3 
h H4, h o6pa3yiOT reTepoAHMep, Hcnojib3ya Taxyio ace noc- 
^eAOBaTe^bHOCTb aMHHOKHCJIOTHblX OCTaTKOB (rHCTOHO- 
BblH BaJIHK), HTO H THCTOHbl. (ľHCTOHbl H3 H H4 06pa3yK)T 
HApo rncTOHOBoro oicraMepa — r^aBHoro KOMnjieKca, ko- 
TOpblH CBH3bIBaeT RHK B SyKapHOTHHeCKOM xpOMaTHHe; CM. 
pa3A. 29.7 «OpraHH3auHa rncTOHOBoro oicraMepa».) BMecTe 
c ApyrHMH TAF, TAF n 42 h TAFn62 MoryT C03AaTb ocHOBy 
jyw CTpyKTypbl, HanoMHHaioiAeH racTOHOBbiH oicraMep; no- 
AOÔHaa CTpyKTypa mokct cjiy^CHTb úm HecneuHcjiHHHbix k 
nocjieAOBaTe/ibHOCTH B3aHMOAencTBHH TF n D c RHK. Thcto- 
HOBbíň BajiHK Taioxe Hcnojib3yeTca b napHbix B3aHMOAeňc- 
TBHHX MOKAy APyTHMH TAF. 

HeKOTopbie H3 TAF„ BCTpenaK)Tca He To^bKO b TF n D, ho 
h b Apyrnx KOMn^eKcax. B HacraocTH, rncTOHonoAOÔHbie 
TAF n BCTpenaiOTca Taioxe b ôejiKOBbix KOMraexcax, h3mchh- 
kdluhx CTpyKTypy xpoMaTHHa nepeA TpaHCKpHni^HeH (cm. 
pa3A. 30.7 «rHCTOHaue™;ia3bi accoiiHnpoBaHbi c aKTHBaTo- 

paMH TpaHCKpHniJHH»). 



P H C. 24.13 KpMCTa/i^MHecKafl CTpyKTypa TBP c flH K ot-40 ao ciap- 
toboíí tohkm noKa3biBaei M3rn6 TATA-6oKca, KOTopbiíí paciiiMpaeT 
Ma/iyio 6opo3AKy, rAe cBB3biBaeica TBP. OoTorpa())Ma /iio6e3Ho npe- 
AOdaB/ieHa Stephen K. Burtley 


24.9 TBP CBB3biBaeTflHK HeoóbNHbiM cnocoóoM 631 





Ochobhom annapaT 
co6npaeTC5i Ha npoMoiope 


KniOHeBbie noHama: 


• ľlepBbfM mar B MHMI 4 Mdl 4 MM — CB513blBdHM6 TF n D c TATA- 60 KCOM. 

• OCTa/lbHbie ())aKTOpbl TpaHCKpnni4MM CBfl3blBaiOTCa c 
KOMn/ieKcoM b onpefle/ieHHOM nopaflKe, yBe/iMHMBaa A/iMHy 
3aKpbuoro ynacTKa Ha flHK. 

• Korfla PHK-nojiMMepa 3 a II CBa 3 biBaeTca c t3kmm KOMrmeKCOM, 

OHa MHMUMMpyeTTpaHCKpMnUMK). 

Rjm HHHIJHaiJHH HeOÔXOAHMO, HTOÔbl TpaHCKpHniJHOHHbie 
(J)aKTopbi /jeňcTBOBajiH b onpeACiieHHOM nopa^Ke h ccj)op- 
MHpOBajiH KOMnjieKc, KOTopbíň y3HaeT PHK-noAHMepa3a. 
riopaAOK coôbiTHH nepBOHaHa^bHO 6bui onpeAeiieH nyTeM 
HaôjnoAeHra 3 a yBejiHneHneM pa3MepoB 6e;iKOBoro KOMn- 
jieKca, accoiiHHpoBaHHoro c RÚK Cennac bo3moxcho onpe- 
AejiaTb coôbiTHa 6o;iee AcrajibHO b TepMHHax B3aHMOAenc- 
tbhh, KOTopbie BH/iHbi Ha KpHCTajuiHHecKHx cTpyKTypax 
pa3JiHHHbix (J)aKTopoB, h b TepMHHax cBa3biBaHHa PHK-no- 
jiHMepa3bi c RHK 

ľlyTeM (J)yTnpHHTHHra panoHOB R HK, 3amnmaeMbix 
Kaxc^biM H3 KOMnjieKcoB, 6buia nojiyneHa MOflejib, oôoômeH- 
ho npeACTaBAeHHaa Ha p m c. 24 . 14 . Kax TOJibKo KaKOH-jinôo 
TF ir 4)aKTop bxoaht b KOMniieKc, Bce 60 Jitt /yiHHHbíň ynac- 
tok/ÍHK OKa3biBaeTca 3aKpbiTbiM. PHK-no;iHMepa3a npnco- 
eAHHaeTca Ha no3AHen cTaAHH. 

CôopKa KOMn^eKca Ha npoMOTope HanHHaeTca, Kor/ja 
TF n D CBH3biBaeTca c TATA-6 okcom. (TF h D Tarace pacno3- 
HaeT nocjieAOBaTejibHOCTb InR b CTapTOBOH tohkc.) Kor^a 
TF n A BHeApneTca b KOMnjieKC, TF n D craHOBHTca cnocoôeH 
3aniHTHTb BbimejiOKaniHH ynacTOK RHK TF n A moxcct aKTH- 
BHpOBaTb TBP nyTeM ocjia6;ieHHfl penpeccnH, Bbi3BaHHOH 
TAF„230. 

floôaBjíeHne TF n B nacTHHHO 3amnmaeT KOAHpyiomyio 
iienb b6jih3h CTapTOBOH tohkh, ot -10 ao +10 HyioieoTH- 
Aa. 3 to no3Bo;iaeT npeAnoiioxcHTb, hto TF n B CBa3biBaeTca 
HH)Ke TATA-6oKca, BepoaTHO, acnMMeTpHHHO opneHTH- 
poBaHHoro OTHOCHTejibHO AByx ijeneH RHK. KpncTa;uiH- 
necKaa CTpyKTypa, noKa3aHHaa Ha pmc. 24 . 15 , no3BOJiaeT 
pacninpHTb 3 Ty MOAenb. TF n B CBa3biBaeTca paAOM c TBP, 
yBeJIHHHBaa KOHTaKTbl BAOJIb OAHOH CTOpOHbl RHK 3to 
co3AaeT KOHTaKTbl b Maaoň 6opo3AKe Bbirne TATA-6oKca 
h KOHTaKTbl b 6o;ibmoH 6opo3AKe Bbiine TATA-6oKca, b 
ynacTKe, Ha3biBaeMOM BRE. Y apxen roMo;ior TF n B Aenc- 
TBHTeiibHO co3AaeT cneijH(})HHHbie k nocjieAOBaTenbHOc- 
th KOHTaKTbl c npoMOTopoM Ha ynacTKe BRE. Bo3mo>kho, 
TF n B (J)opMnpyeT noBepxHOCTb, KOTopaa pacno3HaeTca 
PHK-noaHMepa30H, tzkum oôpa30M, oh OTBenaeT 3 a Ha- 
npaBaeHne CBa3biBaHna (fiepMeHTa. 

Ha KpHCTajuiHHecKOH CTpyKType TF n B c PHK-no- 
JIHMepa30H BHAHO, HTO TpH AOMCHa (J)aKTOpa B3aHMO- 
AeňcTByiOT c (J)epMeHTOM. Ha p m c. 24 . 1 6 cxeMaTHHHO 
npeACTaBJíeHO, KaK N-KomjeBaa ijHHKOBaa nemá TF„B 
conpnKacaeTca c (jiepMeHTOM B03ae MecTa, rAe bwxoaht 
PH K; B03M0)KH0, 3TO HHTep(J)epHpyeT C BbIXOAOM PHK H 
BjiHaeT Ha nepeioiiOHeHHe MOKAy aôopTHBHon HHHiina- 
iIHeň h yxoAOM c npoMOTopa. YAJiHHeHHbiH «najieij» TF n B 



P24,14 UHMUMaTopHbiíí KOMn/ieKC coÓMpaeTca Ha npoMOTopax 
Ajib PHK-no/iMMepa3bi II nyieM noc/ieflOBaie/ibHoro opraHM30B3H- 
HOľO npMCOeflMHeHMB TpaHCKpMnAMOHHblX (JjaKTOpOB 

BHeApaeTca b aKTHBHbin iiemp nojiHMepa3bi. Rjir Toro 
4To6bi npaBHjibHO opneHTHpOBaTb flHK, C-kohiicboh ao- 
MeH B3aHMOAencTByeT c PHK-nojmMepa30H h c TF h D. Oh 
Tarace onpeAejiaeT (J)parMeHT RHK, KOHTaKTHpyiomHH c 
(J)aKTopaMH TF„E, TFnF, h TF h H, h, no-BHAHMOMy, pacno- 
aaraeT hx Ha 6a30B0M KOMnjieKce (JiaKTopoB. 

Oaicrop TF„F — reTepoTeTpaMep, coctohiahh h3 AByx 
TnnoB cyÔTeAHHHu,. Boabinaa cyô'beAHHHU.a (RAP74) HMeeT 

ATO-3aBHCHMyio /J,HK-xeaHKa3Hyio aKTHBHOCTb, KOTopaa, 
bo3moxcho, Hcnoab3yeTca b npoijecce naaBjíeHHa RHK npn 
HHHiinaiiHH. MeHbinaa GyO^eAnnmia (RAP38) nacTHHHo 
roMoaorHHHa ynacncaM ôaKTepnaabHoro CHľMa-(J)aKTo- 
pa, KOHTaicrapyioiAHM c aApOM noanMepa3bi; OHa njioTHO 
CBa3biBaeTca c PHK-nojiHMepa3on II. Bo3moxcho, TF n F npn- 
hocht PHK-nojiHMepa3y II k coônpaioineMycH TpaHCKpHn- 
ilHOHHOMy KOMnaeKcy h oôecneHHBaeT B03M0xcH0CTb ero 
oô^eAnHeHna. KOMnjieKC TBP h TAF MoaceT B3aHMOAencTBO- 
BaTb c CTD-xboctom PHK-nojiHMepa3bi. B3aHMOAeHCTBHe c 
TFnB TaioKe MoaceT OKa3aTbca Ba)KHbiM, KorAa TF n F/nojiHMe- 
pa3a npncoeAHHaiOTca k KOMnaeKcy. 

CBa3biBaHne noaHMepa3bi yíyiHHaeT 3aiAHineHHbiH 
ynacTOK ao +15 HyioieoTHAa Ha KOAnpyioineH upim h ao 
+20 Ha HeKOAnpyiomeH ue im. 


24.10 
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0 Ha 3tmx flByx npoeKUMBx TpoíícTBeHHoro KOM/ieKca 

TF n B-TBP-flHK noKa3aHo, hto TF n B CBB3biBaeTCfl Bflo/ib M30rHyT0íí 
noBepxHocTM flHK. flBe i\env\ flHK noKa3aHbi 3e/ieHbiM n we/iTbiM, 
TBP noKa3aH cmhmm, a TF n B KpacHbiM n nypnypHbiM. OoTorpa())MM 
jiio6e3HO npeflOCTaB-neHbi Stephen K. Burtley 


Hto >Ke npoHcxoAHT Ha npoMOTopax 6e3 TATA-6oKca? 
HeoôxoAHMbi Te ace niaBHbie TpaHCKpnnijHOHHbie (})aKTo- 
pbi, BKJiiOHäH TFnD. YnacTOK Inr oôecnenHBaeT npaBH^bHoe 
pacnojioaceHne; c hhm CBfl3biBaeTca TF n D ôjiaroflapa cno- 
coôhocth oflHoro vum 6o;iee TAF HanpaMyio pacno3HaBaTb 
Inr. flpyrne TAF b TFnD Taioxe pacno3HaiOT DPE-a^eMem, 
pacnojiO)KeHHbiH Hnace CTapTOBOH tohkh. OyHKíjHfl TBP Ha 
3thx npoMOTopax cxoflHa c ero (j)yHKijHeH Ha npoMOTopax 
AJih PHK-no;iHMepa3bi I h Ha BHyTpeHHHX npoMOTopax jyw 
PHK-nojiHMepa3bi III. 

CôopKa HHHijHaTOpHoro KOMn^eKca PHK-noJiHMepa- 
3bi II aBjíaeT coôoh KOHTpacT c TpaHCKpnnuHeH y npo- 
KapHOTHnecKHx opraHH3MOB. BaKTepna^bHaa PHK-no- 
jiHMepa3a — no cy™, eAHHbin KOMmieKc c H3Hana;ibHO 
npncymeH eMy cnocoÔHOCTbio CBfl3biBaTbca c flHK; cnr- 
Ma-(J)aKTOp, HeOÔXOAHMblH HHHIJHaiJHH, HO He flJIfl 
SJIOHraiíHH, CTaHOBHTCH HaCTbK) (J)epMeHTa A O CBH3bIBa- 
hhh c flHK, xoth no3AHee h BbicBOÔoxc^aeTca. PHK-nojín- 
Mepa3a II MoaceT cBfl3biBaTbca c npoMOTopoM, ho TOJibKo 
nocjie Toro, KaK c hhm CBíDKyTca OTAejibHbie TpaHCKpnn- 
UHOHHbie (J)aKTopbi. 3 th (J)aKTopbi nrpaioT pojib, aHa- 
jiorHHHyio ĎaKTepna^bHOMy cnrMa-cfiaKTopy, — HTOôbi 


no3BOJiHTb ochobhoh nojiHMepa3e cneuH(J)HHHO pacno3- 
HaTb flHK Ha npoMOTopHon nocjie/jOBaTejibHOCTH, ho 

npn STOM OHH pa3BHJIH ÔÓJIbUiyK) HC3aBHCHMOCTb. Ko- 
HenHO, (J)aKTopbi, b nepByio onepeAb, OTBenaiOT 3a cneijH- 
(J)HHHOCTb npn pacno3HaBaHHH npoMOTopa. Jlnuib hcko- 
Topbie H3 (J)aKTopoB yqacTByioT b KomaKTax 6e;iOK-flHK 
(h TOJibKo TBP ocymecTBJíaeT cHKBeHc-cneijH(j)HHHbie 
KOHTaKTbl); TaKHM 0Ôpa30M, 6eJIOK-6e;iKOBbie B3aHMO- 
fleHCTBHfl oneHb BaacHbi npn côopKe KOMmieKca. 

Kor^a TATA-ôokc npncyTCTByeT, oh onpeAejmeT pacno- 
^o^ceHne cTapTOBOH tohkh. fle;ieijHH TATA-6oKca npHBO- 
í\m K TOMy, HTO CTapTOBaa TOHKa CTaHOBHTCfl OUIHÔOHHOH, 
xoth oômee CHHXceHne ypoBHa TpaHCKpnnijHH othoch- 
Te^bHO HeBejíHKo. EcTecTBeHHO, HeKOTopbie npoMOTopbi 
6e3 TATA-6oKca He hmoot yHHKajibHbix cTapTOBbix tohck; 
BMeCTO 3TOľO HHHIJHaiJHfl npOHCXOAHT Ha JIIOÔOH TOHKe H3 
u,e/ioro miacTepa cTapTOBbix tohck. TATA-6okc n03Hu,H0- 
HHpyeT PHK-nojiHMepa3y (nepe3 B3aHMOAeHCTBHe c TFnD 
H flpyTHMH (J)aKTOpaMH) TaKHM 0Ôpa30M, HTO OHa HHHUH- 
npyeT Ha npaBHjibHOM caňTe. 3 to oô'bHCHaeT, noneMy ero 
pacnojioaceHHe (J)HKCHpoBaHO oraocHTe;ibHO CTapTOBOH 
tohkh. CBH3biBaHHe TBP c TATA-ôokcom — rjiaBHoe coôbi- 
Tne npn pacno3HaBaHHH npoMOTopa, ho ab a KpynHbix TAF 
(TFn250 h TF n 150) Taioxe KOHTaKTHpyioT c flHK b6jih3h ot 
CT apTOBOH TOHKH H BJIHÍIIOT Ha 3(J)(J)eKTHBHOCTb peaKIJHH. 

HecMOTpa Ha to hto in vitro côopKa mojkct nponcxo- 
AHTb Ha ímpe npoMOTopa, stoh peaKijHH HeAOCTaTOHHO jyw 
TpaHCKpHnUHH in vivo , Tjxt HeOÔXOAHMbI B3aHMOACHCTBHH 
c aKTHBaTopaMH, pacno3HaioiAHMH BbimejiOKaiAHe sjieMeH- 
Tbi. AKTHBaTopbi B3aHMOACHCTByioT c 6a30BbiM annapaTOM 
bo BpeMH ero côopKH Ha pa3Hbix cTaAHax (cm. pa3A. 25.5 
«AKTHBaTopbi B3aHMOACHCTByioT c ocHOBHbiM annapaTOM 
TpaHCKpHn4HH»). 



/ 4 TF n B CBB3biBaeTC5i c flHK n ko ma ktm pyeT c PHK-no- 
/iMMepa3oíí B03/ie Mečia Bbixofla PHK m B03/ie aKTMBHoro ueHTpa, m 
opneHTnpyeT ee Ha flHK. CpaBHme c pne. 24.17, Ha kotopom noKa- 
3aHa CTpyKTypa PHK, yHacTByioiAeíí b TpaHCKpMnuMM 
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MHMiiMaLiMfl conpoBOJKflaeTCfl 
ocBo6o>KAeHMeM npoMOTopa 


KniOH’eBbie noHATMa: 


• fl/iB ruiaB/ieHMa flHK n ABMweHMfl no/iMMepa3bi HeoóxoflMMbi 
TF n E n TF n H. 

• Hana/ia 3/ioHraunn Mo>KeT noTpeóoBaľbca 
c|)oc())opM^MpoBaHMe CTD. 

• fla/ibHeííLLiee (JjoaJjopMJiMpoBaHMe CTD HeoóxoflMMo HeKOTopbiM 
npoMOTopaM /yia 3aBepmeHM5i HeyflaHHoŕí \AHv\i\mi\m. 

• CTD Mo>KeT KoopflMHMpoBaTb npouecoiHr PHK c TpaHCKpnni4neM. 


BOJIbUIHHCTBO maBHblX TpäHCKpHniUHOHHblX (JiaKTOpOB 
HeoôxoAHMbi /y m cBfl3biBaHHa PHK-no;iHMepa3bi c npoMO- 
TopoM, ho HeKOTopbie flCHCTByioT H Ha ôojiee no3AHen cra- 
Ahh. CBH3biBaHHe TFnE npHBOAHT k TOMy, hto 3aiyHineHHaa 
jieBaa rpaHnya npoMOTopHon oôjiacm cABHraeTca eme Ha 

OflHH BHTOK ABOHHOH CnHpa^H AO +30. fl,Ba APYTHX (J)aKTO- 

pa, TF n H h TFjJ, bxoaat b komiuickc nocne TF n E. Ohh He 
H3MeHHK)T naTTepH CBfl3bIBaHHfl c flHK. 

TF n H — eAHHCTBeHHblH ľJiaBHblH TpaHCKpHniJHOHHblH 

(J)aicrop, oôJiaAaioinHH mhojkcctbom He3aBHCHMbix (J)ep- 

MeHTaTHBHblX aKTHBHOCTCH. EľO aKTHBHOCTH BIUIKmiOT 
ATOa3y, xe;iHKa3bi oôenx nojmpHOCTeH h KHHa3Hyio aKTHB- 
HOCTb, KOTopaa MoaceT (J)oaj)opKnHpoBaTb CTD PHK-no;m- 
Mepa3bi II. TF„H — HcmiiOHHTejibHbiH (})aKTop eme h b tom 
CM bioie, hto oh nrpaeT pojib TaioKe h b npouecce snoHra- 
ijhh. Ero B3aHMOAencTBHe c flHK mmt crapTOBOH tohkh 
H eoôxoAHMO /yia toto, htoBh PHK-no;iHMepa3a noKHHyna 
npoMOTop. TaioKe TF n H ynacTByeT b penapaijHH noBpoK- 
AeHHOH flHK (cm. pa3A. 24.12 «CBH3b MOK/iy TpaHCKpnnijH- 
en h penapaijHeH»). 

Kan 6buio ycraHOBjíeHO no (J)opMHpoBaHHio nepBOH 
(J)OC(J)OAH3(J)HpHOH CBH3H, peaKIJHfl HHHIJHaiJHH npOHCXO- 
Aht nocjie CBa3biBaHHa PHK-no;iHMepa3bi. Ha p m c. 24,17 
npe/yiO)KeHa MOflejib, comacHO kotopoh (J)oc(J)op™Hpo- 
BaHne C-KOHija PHK-nojiHMepa3bi II hcoôxoahmo jym ee 
OCBOÔO^eHHa OT TpaHCKpHniJHOHHblX (j)aKTOpOB; TaKHM 
oôpa30M, sto MO)KeT nepeBec™ npoyecc b craAHio snoHra- 
11 HH. BOJIblHHHCTBO TpaHCKpHniJHOHHblX (j)aKTOpOB Ha STOH 
CTa^HH BblCBOÔO^aKDTCH C npOMOTOpa. 

Ha jiHHenHOH MaTpniie pjw ppimmim nojiHMepa3bi He- 
oôxoAHMbi: rH^po^H3 ATO, TF n E h xe;iHKa3Haa aKTHBHOCTb 
TF n H (ôjiaro^apa cyô'beAHHHye XPB). 3 th aKTHBHOCTH He- 
o6H3aTejibHbi, eoiH MaTpnya CBepxcnnpa^H30BaHa, a sto 
npennojiaraeT, hto TF n E h TF h H HeoôxoAHMbi miaBJíe- 
um flHK, HToôbi no^HMepa3a Moma HanaTb ABioKeHne. 3a 
HenocpeACTBeHHoe miaBjíeHHe flHK oTBenaeT xejiHKa3Haa 
aKTHBHOCTb XPB-CyÔ'beAHHHIJbl TF n H. 

PHK-nojiHMepa3a II npnocTaHaBJíHBaeTca noaie Hana- 
jia TpaHCKpHnyHH HeKOTopbix reHOB. (3 tot sTan cxoac c 
aôopTHBHon HHHunauHeH ĎaKrepna^bHOH PHK-nojiHMepa- 
30H, onHcaHHon b pa3 a. 11.11 «CnrMa-(J)aKTop KOHTpojinpy- 
cr cBH3biBaHHe PHK-nojiHMepa3bi c flHK», xoth MexaHH3M 
pa3JiHHaeTCH.) nooie TpaHCKpnniiHH Heôojibinoro ynacTKa 
Ha mhothx reHax PHK-no;iHMepa3a II TepMHHHpyeT. KopoT- 
khh PHK-npoAyKT ôbicTpo AcrpaAnpyeT. flna npoAOJi^ceHna 
sjiOHraiiHH Bcero reHa hcoôxoahmo achctbhc KHHa3bi, Ha- 


3 bmaeMOH P-TEFb. flaHHaa KHHa3a hb^hctch machom cdk-ce- 
MeňcTBa, KOHTpojinpyioiAero KJieTOHHbin iihiui. P-TEFb 
AeňcTByeT Ha CTD pjín Aa^bHeHinero ero (j)oc(J)opHjiHpQ- 
BaHHa. noKa HeacHO, noneMy Ha oahhx npoMOTopax sto 
H eoôxoAHMO, a Ha Apyrnx HeT, h KaK stot npoyecc pery- 
jiHpyeTca. 

CTD Tarace mojkct ynacTBOBaTb, npaMO hjih kocbchho, 
b npoyeccHHre PHK nocne ee CHHTe3a PHK-no^HMepa30ň 
II. Ha phc. 24.18 cyMMnpoBaHbi peaKiiHH npoyeccHHra, b 
KOTOpbix CTD Mor 6bi ynacTBOBaTb. KsnHpyKsniHH (J)ep- 
Mem (ryaHH;m;i-TpaHC(j)epa3a), AOôaBJíaKsniHH ocTaTOK 
ryaHHAHHa K 5'-KOHIjy HOBOCHHTe3HpOBaHHOH mPHK, 
CBH3bIBaeTCa C (})OC(j)OpHJIHpOBaHHbIM CTD; 3TO MO)KeT 
ôbiTb BaacHO noTOMy, hto no3BO^aeT eMy moahcJdhijhpo- 
BaTb 5'-KOHeil, KaK TO^bKO TOT CHHTe3HpyeTCfl. KOMnJieKC 
ôe^KOB noA Ha3BaHneM SCAF cBH3biBaeTca c CTD, a sth 
ôeiiKH, b cbok) onepeAb, MoryT CBa3biBaTbca c (J)aKTopa- 
mh cmiaHCHHra. 3to mojkct ôbiTb cpeACTBOM KOopAHHa- 
iihh TpaHCKpnniiHH h cnjiaňcHHra. HeKOTopbie KOMno- 
HeHTbi annapaTa pacmenjieHHH/noiiHaAeHHJiHpOBaHM 



PUČ. 24.17 0OC())OpM/UipOBaHMe CTD KMHa3HOÍÍ aKTMBHOCTblO TF n H, 
nO-BHflHMOMy, HeoÓXOflMMO AJIfl BblCB06o>KAeHMB PHK-nO^MMepa3bl 
m Hana/ia TpaHCKpMnuMM 
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P H C. 24.18 CTD oneHb Ba>KeH ajia ripHBJíeMemifl (JjepMemoB moam- 
(J)MKauMM PHK 


TaiOKe CBH3bIBäK)TCa C CTD. flOCTaTOHHO CTpaHHO, HTO 
OHH 3TO flCJiaiOT B0 BpeMH HHHIJHaUHH, H, TaKHM OÔpa- 

30 m, PHK-nojiHMepa3a roTOBa k peaiojraM npoijeccHHra 
3'-KOHija, KaK mribKo OHa ca^HTca Ha MaTpHijy! Bce sto 
roBopHT b no;ib3y Toro, hto CTD moxcct 6 biTb ijempanb- 
hhm (J)aKTopoM, oô'beAHHaiomHM npoijeccHHr C TpaHC- 
KpHni^HeH. B aiynae c KsnnpoBaHHeM h cmiaHCHHroM 
CTD AeňcTByeT HenpaMbiM o6pa30M, Bbi3biBaa o6pa30- 
BaHHe ÔeJIKOBblX KOMnJieKCOB, KOTOpbie H npOH3BOflflT 
peaKUHH. B cjiynae c o6pa30BaHHeM 3'-KOHua oh MoaceT 
ynacTBOBaTb b peaxijHH HanpaMyio. 

B ijejiOM npoijecc HHHijHaijHH y syicapnoT cxoach c 
npoqeccoM, KaTa^H 3 npyeMbiM ôaKTepna^bHOH PHK-no;iH- 
Mepa30H. CBH 3 biBaHne PHK-no^HMepa 3 bi o 6 pa 3 yeT 3 axpbi- 
Tbiň KOMraexc, KOTOpbiH Ha 6 o;iee no3AHen craAHH npeBpa- 
m,aeTCH b oTKpbiTbiň KOMnjieKc, r^e u,enH flHK pa 3 Ae;ieHbi. Y 


ôaKTepHH o6pa30BaHne OTKpbiToro KOMmieKca 3aBepmaeT 
HeoôxoAHMbie crpyKTypHbie H3MeHeHHH b flHK; cneqH(J)HKa 
y synapnoT 3amiKmeTCfl b tom, hto nocne (JiopMHpoBaHHa 
OTKpbiToro KOMraeKca hcoôxoahmo AaJibHeHinee pacxpy- 
4HBaHHe MaTpHI^bl. 


CB5)3b Me>KAy TpaHCKpMMlMeií 

m penapauMeň 


K/uoHeBbie noHBTMíi: 


• TpaHCKpn6npyeMbie reHbi b cnyMae noBpewfleHMfl flHK 6bicipo 
penapnpyiOTC5i. 

• TF n H oóecneHMBaeT CBA3b c KOMn/ieKCOM (JjepMemoB 
penapauMM. 

• MyiauHH KOMnoHema XPD b TF n H y HejioBeKa Bbi 3 biBaiOTTpM 
mna 3a6o/ieBaHníí. 

H y ôaicrepHH, h y synapnoT cymecTByeT npaMaa cBH3b mok- 
Ay paôoTOH PHK-no^HMepa3bi h aKTHBauneH penapaijHH. 
3Ta CBH3b 6buia oÔHapyxceHa, nocKOJibKy name Apyrnx pena- 
pnpyioTca aKTHBHO TpaHCKpHÔnpyeMbie reHbi. ľlo3)Ke oÔHa- 
py>KH/iH, hto TOJibKO KOAHpyio 111,3-3 u,erib flHK noABepraeTca 
penapauHH, a HeKOAHpyioinaa Ljenb penapnpyeTCH c toh ace 
cKopocTbio, hto h ocHOBHaa Macca flHK. 

y ôaicrepHH penapnpyioiAaa aKTHBHOCTb oôecnenHBa- 
eTca CHCTeMoň Bbipe3aHHH-BCTpaHBaHra uvr (cm. pa3A- 20.3 
«CncTeMbi 3 kcu,h 3 hohhoh perí ap au, h h E. coli»). npeflnoHTH- 
Te^bHaa penapaijHa ôjiOKHpyeTca MyTai^HaMH b reHe mfd , 
npoAyKT KOToporo oôecneHHBaeT cBH3b PHK-no;iHMepa3bi 
c (J)epMeHTaMH Uvr. 

Ha p m c. 24.19 npeAcraBjíeHa MO^e^b, noKa3biBaio- 
maa CBa3b MOK/iy TpaHCKpHni^HeH h penapauHen. Kor^a 
PHK-no^HMepa3a BCTpenaeT noBpexcACHHa b flHK, ee abh- 
yKtum ocraHaBjíHBaeTca (nocxo^bKy OHa He mojkct ncnojib- 
30BaTb noBpOKACHHyio nocjieAOBaTe^bHocTb b KanecTBe 
MaTpHi^bi). 3 to oďmch acr, noneMy 3(J)(J)eKT cnei 4 H(J)HHeH k 
KOA npyioineH ijenn (noBpoKAeHne b HexoAHpyioiAeH i\eim 
He npemrrcTByeT pp hctbhk) PHK-no^HMepa3bi). 

Be;iOK Mfd Bbino^HaeT ABe (J)yHK 4 HH. Bo-nepBbix, oh 
CM emaeT TponcTBeHHbiH KOMn^exc PHK-no;iHMepa3bi 
c flHK. Bo-BTopbix, oh oôecneHHBaeT cBa3biBaHne (Jiep- 
Mema UvrABC c noBpe^aeHHOH flHK. 3 to bcact k pena- 
pai^HH flHK c noMOiAbK) MexaHH3Ma Bbipe3aHHH-BCTpaH- 
BaHra (cm. pne. 20.11). noaie Toro KaxflHK noABepniacb 
penapauHH, c^eAyioiAaa PHK-no^HMepa3a, TpaHCKpHÔH- 
pyiomaa AaHHbíň reH, oôpa3yeT y^ce HopMajibHbin TpaHc- 
KpnnT. 

nOAOÔHblH MexaHH3M, XOTH H C HCn0JIb30BaHHCM APy- 
thx (J)epMeHTOB, peajiH3yeTca y synapnoT. npeAnoHTHTejib- 
Hee penapHpyeTca KOAHpyiomaa uenb TpaHCKpHÔnpyeMoro 
reHa, nojiyHHBinero noBpoKAeHra H3-3a YO-oĎJiyHeHHa. B 
stom npouecce ynacTByeT TF n H. OÔHapyxceHbi a^bTepHa- 
THBHbie (J)opMbi TF„H, cocToaiAne H3 aApa, CBH3aHHoro c 
ApyrnMH cyô'beAHHHi^aMH. 

TF n H Bbino^HaeT OAHy h Ty )Ke (J)yHK 4 HK) h npn hhh- 
i^nai^HH TpaHCKpHni^HH, h npH penapaijHH noBpoKAeHHH 
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Mfd 3aMeiuaeT ocraHOBHBiuyiocfi PHK-nojiMMepa3y 


PHK-no/iMMepa3a ocraHaB/iMBaeTCfl 
Ha noBpe>K^eHHbix Mecrax Maipmbi 



Mfd CBfl3biBaeTca c ocraHOBMBweííca PHK-no/iMMepa30íí 



PHK-no/iHMepa3a n TpaHCKpwrr BbiCBo6o>KAaK)TCB 
Mfd 

,. /T - 1 Ýy 

UvrAB HHH 4 Hnpyei 3KCUH3MOHHyio penapaumo 



ľ M I lIM.I'Illlľ 


PUC. 24.19 Mfd pacno3HaeT ocraHOBMBiuyiocfl PHK-nojiMMepa3y u 
HanpaB^BeT penapaumo flHK k noBpewfleHHOíí KOflupyiomeíí i\en u 

OflHa h Ta ace cy6'be ( a,HHHu l a c xejiHKa3HOH aKTHBHocTbio 
(XPD) C03AaeT nepBbin TpaHCKpHnijHOHHbiH ny3bipeK h 
pacmiaBjíaeT flHK b noBpoK^eHHOM came. flpyrne ero 
4)yHKu,HH pa3;iHHaioTca b npou,eccax TpaHCKpHnijHH h pe- 
napau,HH h oôecneHHBaioTca cooTBeTCTByiomeH cjiopMOH 
KOMraeKca. 

Ha p m c. 24.20 noKa3aHo, hto DiaBHbiH cjiaKTop, ynacr- 
ByK)m,HH b TpaHCKpHmj,HH, coctoht H3 a/jpa (cocroamero, 
B CBOIO OHepe^b, H3 naTH CyÔ'beflHHHU,), CBA3aHHOrO c Apy- 
ľHMH CyÔ'beAHHHU.aMH, HMeiOmHMH KHHa3HyK) aKTHBHOCTb; 
3 tot KOMnaexc Taioxe BmiioHaeT b ce6a h cyô'beflHHHuy /yia 
penapau,HH. KnHa3Haa KaTajíHTHnecKaa cyô'beflHHHu.a, c]x)c- 
4)opmiHpyioiij,aa CTD PHK-no;iHMepa3bi, npHHa/yieacHT k 
rpynne KHHa3, ynacTByiomHx b Kompojie mieTOHHoro u,hk- 
J12. B03M0)KH0, 3Ta CBa3b BJIHaeT Ha TpaHCKpHnU,HIO H H3- 
MeHaeT ee b cootbctctbhh c Kaac/joH KOHKpeTHOH cra^nen 
mieTOHHoro ijHiuia. 


A/IbTepHaTHBHblH KOMnaeKC COCTOHT H3 A/jpa, CBH3aH- 
Horo c ôojibuiOH rpynnoH 6e;iKOB, KOAHpyeMbix reHaMH 
penapau,HH. (B o6iij,hx nepTax MOflejib penapaijHH noKa- 
3aHa Ha pne. 20.25.) Ee;iKH penapaijHH BiuiiOHaioT ocoôyio 
cyô'beAHHHU.y (XPC), pacno3Haioiij,yio noBpoKfleHHyio flHK 
h o6ecneHHBaioiij,yio (jjyHKu.Hio npHCoeflHHeHHa, hto no3- 
BOJiaeT npeAnoHTHTeabHo penapnpoBaTb KOflnpyioiijyK) 
u,enb, Kor^a PHK-no;iHMepa3a ocraHaBjíHBaeTca Ha noB- 
poKfleHHbix ynacTKax flHK. Cpe/jn /jpyrnx ôejiKOB, accoijH- 
HpOBaHHbix c KOMmieKCOM, ecTb SHAOHymieasbi (XPG, XPF 
h ERCC1). ToMOJiorHHHbie 6tn kh Han/jeHbi b KOMmieKcax 
y /jpoxoKen (rfle hx nacro mo>kho ouptRtnmb c noMombio 
rarf-MyTau,HH, b KOTopbix HapymeHa penapauna) h y ne- 
aoBeKa (r/je hx mo>kho ouptRCjímb c noMombio MyTaijHH, 
Bbi3biBaioiij,Hx 3a6oaeBaHHa, aBiunomneca aieACTBHeM j\t- 
4)eKTOB penapau,HH noBpe)KfleHHOH flHK). Cyô'be/i.HHHijbi 
no/], Ha3BaHneM XP KOflHpyioTca reHaMH, MyTau,HH b ko- 
Topbix Bbi3biBaioT 3a6o;ieBaHHe nnrMeHTHyK) KcepoflepMy 
(cm. pa3,a. 20.11 «CHCTeMbi penapaunn syKapnoTHHecKHx 
lUieTOK KOHCepBaTHBHbI»). 

KnHa3HbiH KOMnaexc h KOMnaexc penapaijHH Moryr 06 - 
paTHMO accou,HHpoBaTb h /jHCCOijHHpoBaTb ot a/jpa TF„H. 
3to noApasyMeBaeT Mo^eab, b KOTopoň o^Ha cjiopMa TF„H 
HeoôxoAHMa jijín ho MoaceT ôbitb 3aMemeHa 

Apyroň (J)opMOH (bo3moxcho, npH BCTpene c noBpeacAeHHeM 
b flHK). TF„H AHCCOu.HHpyeT ot PHK-noaHMepa 3 bi Ha paH- 
Hen craflHH saoHrauHH (nocae TpaHCKpnnuHH npHMepHO 
50 nH); jym ero noBTopHoro npHeoeflHHeHHa b MecTe noB- 
pea^eHHa flHK Moiyr noTpeôoBaTbca ^onoaHHTeabHbie 
KOMnOHeHTbl. 



PUC. 24.20 flflpo TF n H MO>KeT coeAMHflTbca c KMHa 30 Íí np m mhmum- 
a i\m u coeflMHBTbCB c penapauMOHHbiM KOMn/ieKcoM npu Bcipenec 
noBpewfleHHOíí flHK 
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24.13 


fljia oôecneHeHHfl 4)yHKu,HH penapaunn mokct noT- 
peôoBaTbca MOflncjjHKau m hjih jrajKe flerpaflauHfl PHK-no- 
jiHMepa3bi. Eojibuiaa cyô'beflHHHii.a PHK-nojiHMepa3bi 
AerpaAHpyeT, Kor/ja cjiepMeHT ocTaHaBJíHBaeTca b MecTax 
yO-noBpex^eHHH. Mbi noKa He Bnojme noHHMaeM CBfl3b 
MOK^y annapaTaMH TpaHCKpHnu.HH/penapau.HH KaK TaKo- 
BbiMH h AerpaAauHeH PHK-nojiHMepa3bi. Bo3mo>kho, yo,a- 
jieHne nojiHMepa3bi HeoôxoflHMO, nocKOJibicy 0Ha ocTaHo- 
BHJiaCb. 

flerpaflauna PFIK-nojiHMepa3bi He nponcxoflHT b mieT- 
xax nau.HeHTOB c chh/jpomom KoKanHa (paccTpoňcTBo 
penapau,HH). Chh/jpom KoKaňHa Bbi3biBaeTca MyTau,HflMH 
B OflHOM H3 flByX ľtHOB (CSA H CSB ), npOflyKTbl KOTOpblX, 
nO-BH/],HMOMy, flBJIfllOTOI HaCTblO HJIH npOCTO CBH3aHbI c 
TF n H. Chh/jpom KoKaňHa TaioKe HHor/ja Bbi3biBaeTca My- 
Tau,HaMH b XPD. 

flpyroe 3a6ojieBaHne, KOTopoe mojkct ôbitb Bbi3BaHo 
MyTai].HflMH B XPD, — 3TO TpHXOTHOflHCTpOCfjHfl, KOTOpafl 
HMeeT Majio oômero c nnrMeHTHOH KcepoAepMoň hjih 
chhapomom KoKaňHa (sto 3a6o^eBaHHe BjieneT 3a coôoh 
yMCTBeHHyio oTCTajiocTb h xapaKTepH3yeTca H3MeHeHHa- 
mh b CTpyKType bojioc). Bce sto yKa 3 biBaeT Ha XPD KaK Ha 
rnieHOTporiHbiH ôejioK, pa3Hbie MyTaunn b kotopom Moiyr 
BJIHflTb Ha pa3Hbie (jjyHKU.HH. OaKTHHeCKH XPD Heoôxo- 
pM j\m CTa 6 ™bH 0 CTH KOMmieKca TF„H bo BpeMa TpaHC- 
KpHnu,HH, oflHaKo xe^HKa3Haa aKTHBHocTb KaK TaKOBaa He 

flBjíaeTCfl HeoôxoAHMOH. MyTauHH, He no3BOJifliomHe XPD 
CTa6™H3HpOBaTb KOMnjieKC, BbI3bIBaiOT TpHXOTHOflHCT- 
po(J)Hio. m (^yHKUHH penapau,HH TpeôyeTca xejiHKa3Haa 
aKTHBHOCTb. MyTaiI.HH, BJIHflIOmHe Ha Xe^HKa3HyiO aKTHB- 
hoctb, Bbi3biBaioT /jecjieKTbi penapau,HH, hto npnBOflHT k 
nnrMeHTHOH KcepoflepMe hjih CHH/jpoMy KoKanHa. 


AKTHBaTOpbl CBfl3blBaiOTCfl 
C KOpOTKMMM 3/ieMeHTaMM 
nociieAOBaieiibHoaii 


K/HoneBbie noHBTMfl: 


• KopoTKMe KOHcepBaTMBHbie 3/ieMeHTbi noc^eflOBaie^bHOCTM 
pacnpefle/ieHbi Ha ywacTKax, npefliuecTByiomMx crapTOBOíí TOMKe 

• BbiiuejiewamMe 3/ieMeHTbi yBe/iMMMBaioT MacTOTy i\m 

• OaKTOpbl, KOTOpbie CBfl3blBaiOTCfl C HMMM flJlfl CTMMyJlflLlMM 
TpaHCKpMnLIHM, H33blBaiOT aKTMBaiopaMM. 


npoMOTopbi ajia PHK-nojiHMepa3bi II coctoat h3 ^Byx th- 
noB ynacTKOB. CTapTOByio TOHKy caMy no ceôe onpeflejia- 
iot no pacnojio)KeHHio Inr h/hjih no 6jih30CTh TATA-6ok- 
ca. EyayHH CBímHHoň c rjiaBHbiMH TpaHCKpnnu.HOHHbiMH 
4)aKTopaMH, PHK-nojiHMepa3a II oôpa3yeT HHHU.naTopHbiH 
KOMraeKC, oKpy)Kaioiij,HH CTapTOByio TOHKy, KaK y)Ke 6hjio 
onncaHo. OflHaKo scjxjieKTHBHocTb n cneuncjjHHHocTb, c ko- 
tophmh pacno3HaeTca KajK/jbin KOHKpeTHbin npoMOTop, 3a- 
bhcht ot kopotkhx BbimejieacamHx noejieAOBaTejibHOCTen, 
KOTopbie, b cbok) OHepe^b, paeno3HaioTCH cneunajibHOH 
rpynnon cfiaKTopoB, oôbiHHo Ha3biBaeMbix aKTHsaTopaMH. 
KaK npaBHjio, u,ejieBbie nocjieAOBaTejibHocTH jioKaT npn- 
MepHO b 100 nH Bbirne CTapTOBOH tohkh, ho nHor/^a Moiyr 
HaxoAHTbca n flajibme. CBa3biBaHne aKTHBaTopoB b sthx 
canTax MO)KeT bjihhtb Ha o6pa30BaHne HHnunaTopHoro 
KOMnjieKca Ha jiioôoh cTa ahh. 

AHajiH3 TnnHHHoro npoMOTopa noKa3aH Ha 
PMC. 24.21. 3aMeHbI KOHKpeTHblX OCHOBaHHH npOBO- 
AHJIHCb npaKTHHeCKH B Ka3K^OH n03HU,HH Ha ynaCTKe B 
100 nH Bbirne CTapTOBOH tohkh reHa (3-rjio6nHa. Yrm- 


npoMOTop p-rjio6HHa MMeenpH kopotkhx KOHcepBaTHBHbix 3/ieMeHTa noc/ieAOBarejibHOCTH 
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BHTe;ibHbiH pe3y;ibTaT 3Toro 3KcnepHMeHTa coctoht b 
tom, hto ôojibtuuncmeo Mymaipuu ne ejimiom na cno- 
coônocmb npOMomopa unm^uupoeamb mpancKpmmuTO. 
MyTarj,HH, CHnacaiomne cjDyHKíjHio npoMOTopa, pacno- 
JlOTKCHbl B Tpex nOJIO)KeHHaX, COOTBeTCTByiOIlJ,HX TpCM 
OT/jeJIbHblM KOpOTKHM OJICMCHTaM. Ba BblIIieJIOKamHX 
ojieMema 0Ka3biBai0T ôojibumú ac^c^eKT Ha ypoBeHb 
TpaHCKpHnU,HH, HeM CaMblH ÔJIH3KHH K CTapTOBOH TOH- 
Ke dJitMtm. MyTau,HH, ycnjiHBaiomHe (jDyHKíjHio, ôbijih 
H aHAeHbl TOJIbKO B ORHOM H3 OJICMCHTOB. MO)KHO C J\t~ 
Jl2Tb BblBO/J, HTO TpH KOpOTKHX nOCJie/JOBaTeJIbHOCTH, 

b paňoHe nojiOKCHHH -30, -75 h -90, h cocraBjunoT 
npoMOTop. Kaxc^aa H3 hhx cooTBeTCTByeT KOHceHcyc- 
hoh nocjie/],OBaTejibHOCTH /yia nacTO BCTpenaiomHxca 
ranoB npoMOTopHbix ojicmchtob. 

TATA-ôokc (pacnojioaceH Ha ynacTKe -30) — caMbin 

HH3K03(jxj3eKTHBHbIH KOMnOHCHT npOMOTOpa, HTO ÔbIJIO 
onpeflejieHo nyTeM yMeHbmeHHa TpaHCKpHnijHH, Bbi3biBae- 
MOH MyTaUHaMH B HeM. OÔpaTHTe BHHMaHHe, HTO XOTa HHH- 
u,Hau,Ha h He npeKpamaeTca npn MyTHpoBaHHH TATA-6ok- 
ca, CTapTOBaa Tonxa HanHHaeT BapbHpoBaTb h OTmioHaTbca 
ot CBoero TOHHoro pacnojioaceHna. 3 to noATBepacAaeT po;ib 
TATA-6oKca xax ocHOBHoro no3HU,HOHHpyiomero KOMno- 
Hema a/jpa npoMOTopa. 

Ba30Bbie aaeMeHTbi h Bbime;ie>KamHe 3;ieMeHTbi 
BbinoaHaioT pa3Hbie 4)yHKu,HH. Ba30Bbie 3;ieMeHTbi 
(TATA-ôokc h Inr) raaBHbiM oôpa30M onpe/íe;iaioT pac- 
nojioaceHne CTapTOBOH tohkh. Ohh yKa3biBaioT Mecmo , 
r/je ocHOBHbie TpaHCKpHnijHOHHbie cf)aKTopbi coônpa- 
ioTca h oôpa3yioT ochobhoh KOMmieKC. Bbime;ie>KamHe 
aaeMeHTbi nocjieflOBaTejibHocTH BjinaioT Ha nacmomy 
HHHH,Hau,HH, AencTBya, BepoaTHO, HenocpeACTBeHHo Ha 
ocHOBHbie TpaHCKpHnu,HOHHbie c|)aKTopbi, yBeaHHHBaa 
3(J)(J)eKTHBHOCTb HX OÓ'beAHHCHHa B HHHU,HaTOpHbIH 
KOMnaexc (cm. pa3/v 25.5 «AKTHBaTopbi B3aHMO/],eHCTBy- 
iot c ochobhbim annapaTOM TpaHCKpnnuHH*). 

riocaeAOBaTeabHocTb Ha ynacTKe -75 — sto 

CAAT-6okc (Ha3BaHHbiH no CBoen KOHceHcycHOH noc- 
aeAOBaTeabHocTn). 3 to 6bi;i oahh h 3 nepBbix H3yneHHbix 
nacTo BCTpenaioiij,Hxca sjicmchtob. Oh oôbihho pacno- 
JIO)KeH BÔJIH3H -80, HO MO)KeT /JCHCTBOBaTb H Ha /jpyTHX 
paccToaHnax ot CTapTOBOH tohkh. CAAT-6okc Bbino;iHaeT 
CBOK) 4)yHKU,HIO B JIIOÔOH OpHeHTaiJHH. HyBCTBHTCJIbHOCTb 

k MyTaijHAM yKa3biBaeT Ha to, hto CAAT-6okc nrpaeT Baac- 
Hyio po;ib b onpeAeaeHHH síJuJícktobhocth npoMOTopa, 
ho He BjinaeT Ha ero cneijHcjDHHHOCTb. 

GC-6okc Ha ynacTKe -90 coflepacHT nocjieAOBaTe;ib- 
hoctb GGGCGG. HacTO b npoMOTope npHcyTCTByioT mho- 
)KecTBeHHbie Konnn AaHHoro 3;ieMeHTa, BCTpenaiomHeca b 
pa3Hbix opHeHTau,Hax. GC-6 okc Taoce AOCTaTOHHO mnpo- 
KO paenpOCTpaHeHHblH KOMnOHeHT npoMOTopoB. 


24.14 


KoHCTpyxiiMfl npoMOTopa 
MOJKeT BHA0M3MeHflTbCfl, 

HO K0HT6KCT MMeeT 3HaMeHne 


KmoweBbie noHATMfl: 


• Hm oamh M3 Bbnue/iewamMx 3/ieMemoB He BB/ineTCB 
HeoÓXOflMMblM AJlfl (J)yHKI4MOHMpOBaHMB ľipOMOTOpOB, TeM 
He MeHee xota 6 bi oamh 3/ieMeHT o6fl3aTe/ibHO AO/i>KeH 
ľipMCyTCTBOBaTb A/1H 3())())eKTMBHOM MHMI4M3I4MM. 

• HeKOTopbie aaeMeHTbi pacno3HaiOTca mhomcctbom ())aKTopoB, 
M ((jaKTOp, KOTOpbIM MCnOab3yeTCB Ka>KAblM KOHKpeTHbIM 
npOMOTOpOM, MO)KHO OnpeAe/lMTb B KOHTeKCTe APyľMX, 
CBB3blBaK)lAMXCB C npOMOTOpOM (JjaKTOpOB. 


ľlpOMOTOpbi opraHH30BaHbi no npnHunny «CMeinnBaHPia n 
eooTBeTCTBna». Pa3Hoo6pa3Hbie saeMeHTbi Moryr BanaTb Ha 
CjDyHKD.HIO npoMOTopa, HO HH O^HH HeaBJIHeTCa HeOÔXOAHMbIM 
/Via Bcex npoMOTopoB. HeKOTopbie npnMepbi npeACTaBaeHbi 
Ha phc. 24 . 22 .Heraperana ojicmchtob mujituu b npoMOTo- 
pax: TATA-, GC-6oKCbi, CAAT-6okc h OKTaMep (8-HyKjieoTHA- 
Hbin saeMeHT). SaeMeHTbi, npneyTCTByioivHe b Kaa(AOM kohk- 
peTHOM npoMOTope, pa3JiHHHbi no HHCJiy, pacnojioaceHHio h 
opneHTauHH. Hh oahh 3;ieMeHT He aBJíaeTca o6hj,hm /yia Bcex 
npoMOTopoB. HecMOTpa Ha to hto npoMOTopbi nepe^aiOT Ha- 
npaBaeHHyio HH^opMauHio (b tj\b TpaHCKpHnuna ocyn/ecT- 
BJiaeTca to^bko b oahom HanpaBaeHnn — bhh3 ot CTapTOBOH 
tohkh), GC- h CAAT-6oKCbi, no-BHAHMOMy, cnocoÔHbi Bbinoji- 
HaTb cboh c|)yHKUHH b oôeHx opHeHTauHax. 3to yKa3bmaeT, 
hto 3 ;ieMeHTbi (JjyHKí/HOHHpyiOT caMH no ceôe KaK /^HK-cbh- 
3biBaioiVHe canTbi, htoôbi npn6aH3HTb TpaHCKpHnu,HOHHbie 
4)aKTopbi k CTapTOBOH tohkc; CTpyicrypa (J)aKTopa AOJDKHa 
ébiTb AOCTaTOHHO thôkoh, htoôbi no3BOJiaTb ocyn/ecTBJíaTb 
6eaoK-6eaKOBbie KOHTaKTbi c ochobhbim annapaTOM He3aBH- 
chmo ot opHeHTau,HH ero flHK-CBa3biBaioii],ero AOMeHa h pac- 
CTOaHHa OT CTapTOBOH TOHKH. 

Eo;iee hjih MeHee uinpoKo pacnpocTpaHeHHbie aKTHBa- 
TOpbi /jocTynHbi /y ia aioôoro npoMOTopa, kotophh HMeer 
Konnio pacno3HaBaeMoro hmh sjieMeHTa. Oôivh e 3JieMeHTbi, 



PHC. 24.22 ľlpOMOTOpbl MMeiOT pa3aMMHbie KOMÓMHaUMM TATA- 
6 okcob, CAAT-6okcob, GC-6okcob m ApyrMx 3/ieMeHTOB 
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pacno3HaBaeMbie nacro BCTpenaioiii.HMHca aKTHBaTopaMH, 
BKJlIOHaiOT: CAAT-ÔOKC, GC- ÔOKC H OKTaMep. BepOflTHO, BCeM 
npoMOTopaM TpeôyeTCH oahh kjih ôonee sthx 3JieMeHTOB, 
HTOÔbl 3(j>4)eKTHBHO (J)yHKUHOHHpOBaTb. AKTHBaTop OÔMHHO 
CB«3biBaeT KOHceHcycHyio nocjie/tOBaTCJibHOCTb pa3MepoM 
<10 nH, ho b AeňcTBHTcnbHocTH noKpbiBaeT ynacroK flHK 
/yiHHOH okojio 20 nH. 3Haa pa3Mepbi aKTHBaTopoB h /yiHHy 
ynacTKa flHK, kotopmh Kaxc/jbiH H3 hhx noKpbiBaeT, moxcho 
0 >KH/jaTb, 4T0 pa3JIH4Hbie ÔeJIKH BCe BMeCTe nOKpOIOT Becb 
ynacTOK Bbirne craproBOH tohkh (Ha kotopom pacnojio)KeHbi 
KOHcepBaTHBHbie a^eMeHTbi). 

B uchom onpe/tcjieHHaa KOHceHcycHaa nocjie/tOBaTc/ib- 
hoctb pacno3HaeTca cootbctctbyk)iij,hm aKTHBaTopoM (hjih 
mjichom ceMencTBa cjmTopoB). OflHaKo HHor/ja cjiynaeTai, 
hto onpeAcneHHaa npoMOTopHaa nocjie/tOBaTcnbHOCTb pac- 
no3HaeTca oahhm h 3 HecKOJibKHx aKTHBaTopoB. UlnpoKo 
pacnpocTpaHeHHbiH aKTHBaTop, Oct-1, CBfl3biBaeTCfl c oKTa- 
MepoM /ym aKTHBauHH reHa rncTOHa H2B (h npe/tnojioxcH- 
TejibHO, pa/ta /tpyrnx reHOB). Oct-1 — sto eanHCTBeHHbiH 
(J)aKTop, CB«3biBaioiij,HH OKTaMep b HCJiHM(f)oun,Hbix mieTKax. 
B jiHMíJíOH/tHbix mieTKax cymecTByeT Apyron aKTHBaTop, 
Oct-2, KOTOpblH CBH3bIBaeTCH C OKTaMepOM pjm aKTHBauHH 
reHa jierKOH uenn HMMyHonioôyjiHHa k. TaKHM oôpa30M, 
Oct-2 npe/tCTaBJíaeT coôoh TKaHecneuncjDHHHbiH aKTHBaTop, 
B TO BpeMH KaK Oct-1 — yHHBepcaJIbHblH. Cjie/tOBaTCHbHO, 
pa3JiHHHbie aKTHBaTopbi pacno3HaioT CAAT-6okc. 

Hcno^b30BaHne o/tHoro h Toro )Ke OKTaMepa /yw SKcnpec- 
cnpyiomeroai bo Bcex mieTKax reHa H2B h jiHM(J)OHA-cneuH- 
(J)H4Horo reHa HMMyHorjioôyjiHHa npe/tcraBJífleT coôoh napa- 
AOKC. IloHeMy Be3/tecyiij,HH Oct-1 HecnocoôeH aKTHBHpoBaTb 
reHbi HMMyHorjioôyjiHHOB b HejiHM^OH/jHbix TKaHHx? 3/tecb 
Ba^KeH KonmeKcm : Oct-2, a He Oct-1, mokct ôhtb Heoôxo/tHM 
/Via B3aHMO/teHCTBHa c ppyruuu 6e;iKaMH, CBa3biBaioiij,HMHca 
c npoMOTopoM. 3 tot npHMep noKa3biBaeT, mto mbi He mohccm 
npeACKa3aTb, ôy/teT jih reH aKTHBHpOBaTbca onpe/tcneHHbiM 
aKTHBaTopoM TOJIbKO Ha OCHOBe npHCyTCTBHa KOHKpeTHblX 
aneMeHTOB nocjieAOBaTeabHocTH b ero npoMOTope. 


24.15 


SHxaHcepbi HecyT 
AByHanpaBiieHHbie a/ieMembi, 
KOTOpbie CnOCOÓCTBytOT 
IIHliUMaUliM 


KaioHeBbie noHmm: 


• BHxaHcep aKTMBMpyeT ômMaiÁuim k HeMy npOMOTOp, 
pacnoaoKeHHbiíí Ha jiioóom paccTOBHHM Bbiiue wim HMwe Hero. 

• UAS (upstream activator sequence, Bbitue/iewamafl 
aKTMBaľopHafl noaieAOBaTe/ibHOCTb) y Apo>K>Keíí noxo>Ka Ha 
aHxaHcep, ho paóoTaeT mnbKO Bbitue npoMOTopa. 

• B 3HxaHcepax n npoMOTopax oÓHapywHBaioTCfl cxo>KMe 
3aeMeHTbi nocneAOBaTe/ibHOCTM. 

• BHxaHcepbi o6pa3yioT KOMn/ieKCbi c aKTHBaTopaMH. KOTOpbie 
npflMbIM \AJUA KOCBeHHbIM 0Ópa30M B3aMMOAeííCTByK)T c 
npoMOTopaMM. 


JX O CHX nop Mbi paCCMaTpHBaJIH npOMOTOp KaK H30- 
jinpoBaHHbiH ynacTOK, OTBenaiomHH 3a CBa3MBaHHe c 
PHK-noAHMepa3on. O/tHaKo syKapnoranecKne npoMO- 
TOpbl He OÔH3aTe;ibHO (jľyHKUHOHHpyiOT B OAHHOHKy. KaK 
MHHHMyM B HeKOTOpblX CJiyHaflX aKTHBHOCTb npOMOTOpa 
Hpe3BbiHaHHO ycHJiHBaeTca b npncyTCTBHH SHxaHcepa, 
cocToantero H3 OT/jejibHOH rpynnbi ajieMeHTOB, ho pac- 
noaoaceHHoro Ha pa3JiHHHOM paccToaHHH ot caMoro 
npoMOTopa. 

ľlpeACTaBJíeHHe o tom, mto SHxaHcep oTjiHnaeTca ot 
npoMOTopa, OTpa)KaeT ppc xapaKTepncTHKH. no3Huna 3H- 
xaHcepa OTHOCHTejibHO npoMOTopa mokct cymecTBeHHo 
pa3AHHaTbca. Ha pne. 24.23 noKa3aHo, mto SHxaHcep mo- 
)KeT ôbiTb KaK Bbirne, TaK h mm e npoMOTopa. KpoMe Toro, 
OH MO)KeT BbinOAHaTb CBOH (jjyHKUHH B AIOÔOH OpHCHTaUHH 
(TO eCTb OH MO)KeT ÔbITb HHBepTHpOBaH) OTHOCHTeJIbHO 
npoMOTopa. OnbiTbi c R HK noKa3ajin, mto 3HxaHcep MO>KeT 
CTHMyjiHpOBaTb paôoTy aioôoro npoMOTopa, noMenteHHoro 
Heno/tajieicy. B ecTecTBeHHbix ycaoBHax b reHOMe 3HxaHce- 
pbi Moiyr ôbiTb pacnoAO)KeHbi BHyTpH reHOB (to ecTb Hnxce 


AeMCTBHe 3HxaHcepa He i^bmcht ot Meara ero pacnojiomeHMA 





TpaHCKPMnuMfl 



TpaHCKpnnLiMfl 


pni. BHxaHcep MO>KeTaKTHBHpoBaTb npOMOTOp M3 Bbiiueae>Kamero \ajua HM>Keae>KaiAero no- 

/io>KeHMB, m ero nocaeAOBaieabHOdb MOweT 6bUb MHBepTMpoBaHa OTHOcmeabHO npoMOTopa 


24.15 3HxaHcepbi HecyT AByHanpaBAeHHbie SAeMeHTbi, KOTOpbie cnocoôcTBytOT MHnunaunn 639 














24.16 


npoMOTopa) hjih m paccToaHHH b /jecaTKH Tbican nH b jiio- 
6om HanpaBjíeHHH. 

Rjih paôoHHx ijejien HHor/ja nojie3HO onpeflejíHTb 
npoMOTop KaK nocjiedoeamejibuocmb mu nocjiedoea - 
mejibnocmu RHK\ Komopue ôojimhu naxodumbCH e 
( omnocumejibHo ) (pUKCUpoeannoM nojiojtcenuu omno - 
cumejibno cmapmoeou yhohku. ľlo 3TOMy onpeflejieHHio 
TATA-ôokc h /jpyrne BbimejieacamHe 3JieMeHTbi bkjiio- 
naioTca b npoMOTop, a SHxaHcep HCKjnoHaeTca. OflHaKO 
sto tojibko paóonee onpeflejieHne, a He TOHHaa Kjiaccn- 
(J)HKau,Ha. 

y /jpoaoKen oÔHapyaceHbi sjieMeHTbi, aHajiornHHbie 
SHxaHcepaM, KOTopbie Ha3Bajin Bbimejiexcau^HMH aKTH- 
BaTopHbiMH nocjieaoBaTejibHOCTÄMH (UAS, upstream 
activator sequences). Ohh MoryT cjjyHKu.HOHHpoBaTb b 
jiioôoh opHeHTau,HH Ha pa3JiHHHbix paccToaHHax Bbirne 
npoMOTopa, ho He MoryT BbinojmaTb cboh 4)yHKu,HH, 
Kor/ja pacnojioaceHbi Hnace. Ohh nrpaiOT peryjiaTopHyio 
pojib: b HeKOTopbix cjiynaax UAS CBa3biBaioTca c peryjia- 
TOpHblM ÔeJIKOM (HJIH ÔeJIKaMH), KOTopbie aKTHBHpyiOT 
Hnacejieacamne reHbi. 

Onbira no nepecTaHOBKe ojicmchtob b RHK noKa3ajin, 
hto ecjín Bbipe3aTb 3HxaHcepHyio nocjieflOBaTejibHOCTb H3 
R HK h noTOM noMecTHTb ee b /jpyroe mccto, to HopMajib- 
Haa TpaHCKpnnu.HA ôya,eT no/mepacHBaTbca Tax /jojiro, 
noKa 3Ta nocjieAOBaTejibHocTb npncyTCTByeT zdeyzodno b 
Mo;ieKy;ie RHK . Ecjih reH p-moÔHHa noMecraTb b MOJie- 
Kyjiy RHK , Hecymyio 3HxaHcep, in vivo ero TpaHCKpHnu.Ha 
ycnjiHBaeTca ôojiee neM b 200 pa3, flaace Kor/ja 3HxaHcep 
pacnojioaceH b HecKOJibKHx Tím Bbirne hjih Hnace CTapTo- 
BOH TOHKH B JIIOÔOH OpHeHTai],HH. Ha KaKOH /JHCTaHIJHH 
3HxaHcep nepecTaeT paôoTaTb — noKa HeacHo. 


3HxaHcepw coAepxoT Te xte 
3/ieMeHTbl, MTO II npOMOTOpbl 


KmoneBbie noHATMa: 


• BHxaHcepbi coAepwane me caMbie KopoľKiie 3/ieMeHTbi 
nocaeAOBaieabHOCTM, KOTopbie o6Hapy>KeHbi b npoMOTopax 

• ľl/ioTHocTb aaeMeHTOB nocaeflOBaTeabHocTM b SHxaHcepax 
Bbiwe, neM b npoMOTopax. 

Pa3HHU,a MtTKfíy 3HXaHCepOM H THnHHHbIM npOMOTOpOM 
npoaBjíaeTca b pa3HHue b njioTHocTH peryjiaTopHbix 3Jie- 
MeHTOB. Ha noKa3aHa HyBCTBHTejibHOCTb 3HxaH- 

cepa SV40 k noBpeJK/jeHHio MyTareHe30M. MoacHo BH/jeTb, 
hto ôojiee BbicoKaa nponopu,Ha canTOB HanpaMyio BJinaeT 
Ha ero cjjyHKu.Hio, neM b cjiynae c npoMOTopoM, npoaHajm- 
3Hp0BaHHbiM TeM ace cnocoôoM Ha pne. 24.21. npHcyTCTByeT 
yBeanneHne njioTHocTH 6ejioK-CBa3biBaiomHx canTOB. Mho- 
rne H3 sthx canTOB — oôbiHHbie 3JieMeHTbi npoMOTopoB; k 
npHMepy, AP1 hjih OKTaMep. 

CneU,H4)HHHOCTb TpaHCKpHnU,HH MO)KeT KOHTpOJIHpO- 
BaTbca Kax npoMOTopoM, TaK h 3HxaHcepoM. npoMorop mo- 
aceT cneu,H4)HHH0 peryjinpoBaTbca, a ôjiHacaniiiHH 3HxaHcep 
yBeJIHHHBaTb 3(J)(J)eKTHBHOCTb HHHU.HaiJ.HH, JIHÔO y npOMOTO- 
pa MoaceT He ôbiTb cneu,H(J)HHHOH peryjiau,HH, ho oh Moacer 
CTaHOBHTbCa aKTHBHbIM, TOJIbKO KOIR2 ÔJIHJKaHUIHH 3HXaHCep 
cneu,H(J)HHHo aKTHBHpyeTca. Rjm npHMepa B03bMeM reHbi hm- 
MyHorjioôyjiHHOB, y KOTopbix 3HxaHcep pacnojioaceH enympu 
TpaHCKpHnUHOHHOH ejJHHHIJbl. 3HXaHCepbI HMMyHOľJIOÓyJIH- 
HOB, nO-BH^HMOMy, aKTHBHbl TOJIBKO B B-JIHMCjDOUHTaX, B KO- 
Topbix paôoTaioT reHbi HMMyHorjioôyjiHHOB. 3th SHxaHcepbi 
oôecneHHBaioT nacTb peryjiaTopHon cero, c noMonj,bio koto- 
poň KOHTpojiHpyeTca 3KcnpeccHa reHOB. 


PeryjiiiTopHbie 3/ieMeHTbi CKOHi^eHTpiipoBaHbi b aHxaHcepax 



BHxaHcep coflepwm HecKoabKO cipyKTypHbix motmbob. Ha rMCTorpaMMe OTpa>KeH 3(j)- 
(JjeKT MyiauMÍí, cHMwaiomMx (JjyHKumo SHxaHcepa ao <75% ot amkoto Tuná. CaíÍTbi nocaflKM 6e/iKOB 
noKa3aHbi BHM3y rMCTorpaMMbi 


640 ľilABA 24 ľlpoMOTopbi m 3HxaHcepbi 














Pa3JIHHHe MOK,Hy npOMOTOpOM H SHXaHCepOM COCTOHT 
enje h b tom, hto SHxaHcep oÔHapyacnBaeT ôónbmyio Koone- 
paTHBHocrb Mea<Ay CBa3biBaioiij,HMH (J>aKTopaMH. KoMruieKC Ha 
SHxaHcepe, OTBenaiomeM Ha HHTepcjjepoH y (HOHy), coónpa- 
erca KoonepaTHBHo h o6pa3yeT cjjyHKíjHOHajibHyio cipyicrypy 
no a Ha3BaHHCM 3HxaHcepocoMa. CBH3biBaHne HerncTOHOBo- 
ro ôejiKa HMGI(Y) H3rn6aeT /JHK, nocjie nero 3Ta cipyicrypa 
CBa 3 bmaeT HecmnbKO aKTHBaTopoB (NF-kB, IRF h ATF-Jun). B 
OTAHHHe OT KOHCTpyKD.HH npOMOTOpa nO THny «CMeniHBaHHa H 
COOTBeTCTBHH» BCe 3TH KOMnOHCHTbl HeOÔXOAHMbI JlflR C03R2- 
nm aKTHBHOH crpyKrypbi Ha 3HxaHcepe. CaMH no ce6e kom- 
noHeHTbi 3HxaHcepa He CBa3biBaioTca HanpaMyio c PHK-nonn- 
Mepa30H, HO OHH C03Aai0T nOBepXHOCTb, KOTOpaa CBa3bIBaeT 
KoaKmueupyToiUfUU KOMmeKC . 3tot KOMruieKc noMoraeT npe- 
HHHunaTopHOMy KOMruieKcy rnaBHbix TpaHCKpHnijHOHHbix 
(J)aKTopoB, 4)opMnpyionj,eMyca Ha npoMOTope, peKpyrapoBaTb 
PHK-nonnMepa3y. Bonee AeTajibHo 4)yHKu,Hio KoaKTHBaTopoB 
mh o6cya,HM b pa3A. 25.5 «AKTHBaTopbi B3aHMOAeHCTByioT c 
ocHOBHbiM annapaTOM TpaHCKpnnuHH». 


24.17 


OyHKUHfl 3HX3HCepOB COCTOHT 
B yBe/IHMeHHH KOHUeHTpaUHM 
aKTHBaTopoB B03/ie npoMOTopa 


KjnoweBbie noHflTMa: 


• OóbmHO 3HxaHcepbi (JjyHKunoHMpyioT mnbKO b mJC-nonomeHVUA 
OTHOcme^bHO npoMOTopa-MmueHM. 

• Mo>kho 3acraBmb SHxaHcepbi paóoiaTb m b mpaHC-nonomenm, 
coeflMHMB flHK, Hecymyio ue/ieBOÍí npoMOTop, c flHK, Hecymyio 
SHxaHcep, wepe3 óe/iKOBbiŕí moctmk, iajma ec/iM 3 Tm flBe 
KO^bLieBbie MO/ieKy/ibi 6yflyi cueruieHbi flpyr c ApyroM. 

• CyTb b tom, mo 3HxaHcep óyfleT 4)yHKUMOHMpoBaTb b jiioóom 
cnyHae, ec/iM oh HaxoflmcB Hefla/ieKO ot npoMOTopa. 


KaKHM ace o6pa30M 3HxaHcep cnocoôeH CTHMynnpoBaTb 
npoMOTop, KOTopbin mokct HaxoAHTbca Ha jik)6om paccTo- 
HHHH OT Hero H C AIOÔOH CTOpOHbl? KOTR 2. 3HXaHCepbI ÔbIJIH 
BnepBbie OTKpbiTbi, paccMaTpnBajincb HecKonbKo B03Moac- 
HOCTen /yia hx achctbhíi Kax ojicmchtob, hctko OTannaio- 
IIJHXCa OT npoMOTopa: 

• Bo3moxcho, 3HxaHcep H3MCHaeT oômyio CTpyKTypy MaT- 
pnubi — k npnMepy, nyTeM BnnaHHa Ha CTeneHb CBepx- 
cnHpajiH3au,HH. 

• Bo3mo)kho, 3HxaHcep OTBenaeT 3a pacnonoaceHne MaT- 
pHU,bi b cneunajibHOM Mecre b mieTKe — k npnMepy, 
npHCoeAHHtfa ee k aAepHOMy MaTpnKcy. 

• MoaceT ôbiTb, 3HxaHcep oôecnennBaeT «TOHKy BX0Aa», 
to ecTb Taxoe mccto, b kotopom PHK-nojinMepa3a (hjih 
KaKHe-To Apyrne HeoôxoAHMbie 6cakh) npncoeAHHaeT- 
ca k xpoMaTHHy AJia HHHunauHH. 

Cennac Mbi CHHTaeM, hto cjjyHKUiHa 3HxaHcepa ncnojib- 
3yeT tot ace Tnn B3anMOAencTBna c ochobhbim annapaTOM, 
hto n B3anMOAencTBne Bbimejieacamero npoMOTopHoro 3Jie- 
MeHTa (UPE). 3HxaHcepbi npeAcraBJíaioT coôoh MOAyJibHyio 
CTpyKTypy, Kax n npoMOTopbi. HeKOTopbie sneMeHTbi BCTpe- 
naioTca Kax b 3HxaHcepax, TaK n b npoMOTopax. HeKOTopbie 


OTAejibHbie sjieMeHTbi, oÔHapyacnBaeMbie b npoMOTopax, pa3- 
AeJIHIOT C 3HXaHCepaMH CnOCOÔHOCTb (jjyHKIJHOHHpOBaTb Ha 
pa3JIHHHOM paCCTOaHHH H B AIOÔOH OpHeHTai],HH. ŤaKHM 06 - 
pa30M, pa3HHH,a MeacAy SHxaHcepoM n npoMOTopoM pa3Mbi- 
BaeTca: 3HxaHcepbi moxcho paccMaTpnBaTb Kax cTpyicrypbi, 
C 0 Aep)Kanj,He npoMOTopHbie sjieMeHTbi, 6 jih3ko crpynnnpo- 
BaHHbie Apyr c ApyroM, n cnocoÔHbie 4)yHKn l HOHHpoBaTb Ha 
3HaHHTe;ibHbix paccToaHnax ot CTapTOBon tohkh. 

BaacHaa pojib 3HxaHcepoB mokct cocToaTb ein,e n b tom, 
HTO OHH yBeJIHHHBaiOT KOHUCHTpaUHIO aKTHBaTOpOB b 6 jih- 
3H npoMOTopa («6jIH30CTb K npOMOTOpy» B AäHHOM CJiy- 
nae — TepMHH OTHOCHTejibHbin). flBa 3KcnepnMeHTa, cxeMbi 
KOTopbix npeACTaBjíeHbi Ha p m c. 24.25, yKa3biBaioT, hto sto 
AencTBHTejibHo TaK. 

OparMeHT flHK, coAep^amnn SHxaHcep Ha oahom cbo- 
eM KOHu,e h npoMOTop Ha ApyroM KOHu,e, TpaHCKpnônpy- 
eTca He3(J)(J)eKTHBHO; ho 3HxaHcep mokct CTHMyjinpoBaTb 
TpaHCKpnnu,Hio c 3Toro npoMOTopa, ecjín nx coeAHHHTb 
ÓeJIKOBbIM MOCTHKOM. CTpyKTypHbie 3(J)4)eKTbI, TaKHe KaK 
H3MeHeHne CBepxcnnpajiH3au l HH, nepe3 TaKon mocthk ne- 
peAaTb HCB03M0XCH0; H 3TO AOKa3bIBaeT, HTO B AaHHOM cjiy- 
Hae KpHTHHHbIM MOMCHTOM OKa3bIBaeTCfl HMCHHO (|)H3HHeC- 
Koe c6jin)KeHHe 3HxaHcepa n npoMOTopa. 

3HxaHcep y ôaKTepnH hb^ctch canTOM CBa3biBaHna 
AJia peryjiaTopHoro ôejiKa NtrC, KOTopbin AencTByeT Ha 
PHK-nojinMepa3y, ncnojib3yionj,yK) npoMOTopbi, pacno3- 
HaBaeMbie c|)aKTopoM o 54 . Ecjih 3HxaHcep noMecraTb Ha 
KOJibu,eByK) flHK, cu,enaeHHyio (o6pa3yK)in,yK) KaTeHaH) c 
KOJibu,eBon flHK, Hecymen npoMOTop, to mmĽp au,na non- 
th TaK ace scjjcjjeKTHBHa, KaK n b cjiynae, KorAa 3HxaHcep n 
npoMOTop pacnoJiOKeHbi Ha oahoh h toh ace KOJibu,eBon 
MOJieKyjie. ÓAHaKo b TaKOM 3KcnepnMeHTe He HaôjnoAaeT- 
ca HHKaKOH HHHU.HaUHH TpaHCKpHnU,HH, eCJIH 3HXaHCep H 
npoMOTop pacnojioaceHbi Ha OTAejibHbix, He cu,enaeHHbix 
MeacAy coôoh KOJibu,eBbix MOJieKyjiax. 3 to CHOBa noATBepac- 
AaeT, hto KpnTHHHbiM MOMeHTOM aBjíaeTca Taxoe pacnojio- 
aceHne 6eaxa, CBa3aHHoro c 3HxaHcepoM, KOTopoe yBejiHHH- 
BaeT rnaHCbi 3HxaHcepa Ha KomaKT c ôcjikom, CBa3aHHbiM c 
npoMOTopoM. 

Ecjih ôcjikh, CBa3aHHbie c 3HxaHcepoM, pacnojioKeH- 
HblM B HeCKOJIbKHX TUH OT npOMOTOpa, HanpaMyiO B3aHMO- 
AeHCTByiOT C ÔeJIKaMH, CBa3aHHbIMH b6jIH3H CTapTOBOH TOH¬ 
KH, JIHK AOJDKHa 6biTb AOCTaTOHHO thôko opraHH30BaHa, 
hto 6 h no3BOJiHTb 3HxaHcepy h npoMOTopy pacnojiOKHTbca 
6jih3ko Apyr ot Apyra. ^a 3Toro J\ HK AOJiacHa o6pa30BaTb 
ôojibmyio neTJiio. H TaKHe neTjín, AencTBHTejibHO, moxcho 
HenocpeACTBeHHo HaôjnoAaTb b cjiynae ôaKTepnajibHoro 
3HxaHcepa. 

Cyni,ecTByeT HHTepecHoe HcmnoneHne H3 npaBHjia o 
AencTBHH SHxaHcepoB tojibko b ^í/c-nojioKeHHH b ecTec- 
TBeHHbix ycjiOBnax. CnapnBaHHe coMaTHHecKnx xpomocom 
no3BOJiaeT 3HxaHcepy Ha oahoh xpoMocoMe aKTHBnpoBaTb 
npoMOTop Ha napTHepCKon xpoMocoMe. H sto noATBepac- 
AaeT TeopHio o paôoTe 3HxaHcepoB toabko b HenocpeAC- 
TBeHHOH ÔAH30CTH K npOMOTOpy. 

Hto ace orpaHHHHBaeT aKTHBHocTb 3HxaHcepa? 06bih- 
ho oh oôeeneHHBaeT aKTHBau,Hio ĎAnacaninero npoMOTopa. 
Ho ecTb CHTyau,HH, KorAa SHxaHcep pacnoAaraeTca MeacAy 


24.17 OyHKuna 3HxaHcepoB coctomt b yBe/inneHnn KOHueHTpauMM aKTMBaiopoB B03ae npoMOTopa 641 





Hľoóbi 6biTb aKTHBHbiM/ 3HxaHcep AOiixceH 6biTb pacno/iomeH HeAaneKO ot npoMOTopa 


HeaKTMBHbie cipyKTypbi 


AKTMBHbie CTpyKTypbl 


Be/lKOBblíí MOCTMK 



PMC. 24.25 BHxaHcep MO>KeT npn6jin>KaTb TpaHCKpnnunoHHbie (jjaKTopbi k npoMOTopy n, TaKMM 
oópa30M, Bbino/iHATb cbom (JjyHKUMM. 3HxaHcep He AeíícTByeT Ha npoMOTop c npoTMBonojio>KHoro 
KOHUa AJlMHHOií JlMHeiÍHOM flHK, HO CTaHOBMTCB aKTMBeH, KOľfla flHK OÓpa3yeT KO/lbl^O C ľlOMOmbK) 
óe/iKOBoro MocTMKa. BHxaHcep n npoMOTop Ha OTAe/ibHbix KOJibLjeBbix flHK He B3anMOfleiícTByK)T, ho 
M oryT HawaTb B3anMOAeíícTBOBaTb b cnywae, Korfla stu flBe MO/ieKy/ibi cuenjieHbi 


AByMH npOMOTOpaMH H aKTHBHpyeT TOJIbKO OflHH H3 HHX Ha 
OCHOBe CneU,H4)HHHbIX 6eJIOK-6eJIKOBbIX B3aHMO/],eHCTBHH 
MOK/ty KOMnJICKCaMH, c4)OpMHpOBaHHbIMH Ha 3THX /JByX 
3;ieMeHTax. AKTHBHocTb SHxaHcepa MoaceT 6biTb orpaHme- 
Ha HHcyjiaTopOM — ajieMeHTOM flHK, ÔJioKHpyiomHM /jenc- 
TBHe SHxaHcepa Ha pacnojioaceHHbin 3 a hhm npoMOTop (cm. 
pa3A- 29.14 «HHcynaTopbi 6aoKHpyioT/],eHCTBHe SHxaHcepoB 
h reTepoxpoMaraHa»). 

Kax HMeHHo ycnjiHBaeTca npouecc HHHU.Hau.HH c no- 
Monj,bio SHxaHcepoB — noKa He BnojiHe acHO. HeH3BecTHO, 
xaxaa nacTb KJieTOHHbix npoMOTopoB HyacflaeTca b SHxaHce- 
pax, HTOÔbl HMeTb OÔblHHblH flAa HHX ypoBeHb 3KCnpeCCHH 
reHOB, a Taioxe Kax nacro 3HxaHcep aBjíaeTca peryjiaTopHbiM 
ajieMeHTOM. HeKOTopbie 3HxaHcepbi aKTHBHpytoTca tojibko 
b TKarax, b KOTOpbix 4)yHKflHOHHpyiOT hx u,e;ieBbie reHbi, a 
Apyrae Moryr ôbitb aKTHBHbi bo Bcex K/ieTKax. 


24.18 


3KcnpeccMfl reHOB cB*3aHa 
C AeMeTHBMpOBaHMeM 


K/HoneBbie noHATMa: 


• fleMeTM/iMpoBaHMe 5'-KOHLja reHa HeoóxoflMMO A-na 
TpaHCKpMnLJlMH 


MeTHAHpoBaHHe flHK — oaho h 3 HecKOJibKHx peryjiaTop- 
hbix aBJíeHHH, BjiHaiomHx Ha aKTHBHocTb npoMOTopa. Me¬ 
THjiHpoBaHHe npoMOTopa ÔJIOKHpyeT TpaHCKpHmj,HIO, H 
/yia aKTHBau,HH npoMOTopa MenuibHbie rpynnbi aojdkhbi 
6biTb y/jajieHbi. 3 tot scJ^eKT onncaH Kax fljia npoMOTopoB 


PHK-noAHMepa3bi I, TaK h jjjw npoMOTopoB PHK-no/iHMe- 
pa3bi II. MeTHAHpoBaHHe — oôparaMoe peryjiaTopHoe hb- 
jieHHe. Oho HanHHaeTca c MOAHcjjHKau.HH thctohob, hto 
BiuiioHaeT b ce6a A^au.eTHjiHpoBaHHe h MeTHjiHpoBaHHe 
ôejiKOB (cm. pa3A. 30.9 «MeTHAHpoBaHHe thctohob h MeTH¬ 
jiHpoBaHHe flHK B3aHMOCBa3aHbi»). 

MeTHjiHpoBaHHe ôbiBaeT Taioxe h snHreHeTmecKHM. B 
3TOM CJtyHae MOAHCjjHKaUHa MOXCeT CneUH(f)HHHO npOH3BO- 
AHTbca b cnepMaT030HAax hjih b oouHTax, h b pe3yjibTaTe 
b cjie^yiOLneM noKOJieHHH Moryr coxpaHaTbca pa3JiHHM 
Mexcfly AByMa ajuiejiaMH. 3 to MoaceT npHBOAHTb k paajiHHH- 
aM b 3KcnpeccHH OTu,OBCKoro h MaTepnHCKoro ajuiejieň (cm. 
pa3A. 31.8 «MeTH;iHpoBaHHe flHK oôycjiOBJíHBaeT HMnpnH- 
THHr»). 

B stoh raaBe Mbi paccMOTpnM cnocoôbi, ôjiaroflapa ko- 
TopbiM MeraaHpoBaHHe BjinaeT Ha TpaHCKpHnijHio h koto- 
pbie aBaaioTca yHHBepcaabHbiMH, 6y fíb MerajibHaa rpynna 
AOÔaBaeHa hjih yaajieHa b KaaecTBe aoKaabHoro peryaaTop- 
Horo coôbiraa vum snHreHeTHaecKoro. 

MeTHaHpoBaHHe ocHOBaHHH Ha npoMOTopax a/w 
PHK- noanMepa3bi II nponcxoAHT Ha CG-AHHyKJieoTHAax. 
PacnpeAeaeHne MeTHabHbix rpynn moxcho HecaeAOBaTb ny- 
TeM pacmenaeHHa flHK c noMonj,bio (J)epMeHTOB pecrpuK- 
u,hh, y3Haioiij,Hx canTbi, Hecynj,He CG-AHHyKJieoTHAbi. Ha 
pmc. 24.26 cpaBHHBaioTca flBa rana aKTHBHOCTen pecTpnK- 
Ta3. TaKHe c|)epMeHTbi Ha3biBaioT H30uiH30MepaMH — ohh 
pacnj,enaaioT o^Hy h Ty ace u,eaeByio nocaeflOBaTeabHOCTb b 
flHK, ho no-pa3HOMy oTBeaaioT Ha ee MeTHjiHpoBaHHe. 

OepMeHT Hpall pacnj,enaaeT nocaeAOBaTeabHOCTb 
CCGG (yxa3aHa noaieAOBaTejibHocTb ToabKO oahoh qenH 
flHK). 0/JHaKO eCAH BTOpOH C MeTHAHpOBaH, TO (|)epMeHT 
He MoaceT pacno3HaTb stot canT. A cj)epMeHT MspI pacnjen- 
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fleňcTBMe pecTpwKTas 
pa3JiMMaeTC5i Ha MeTmiMpoBaHHbix caHtax 


CaíÍTbi pacmen/ifjioTCfl BHe 3aBMcnMOCTM 
OT MeTMJlMpOBaHMfl 
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MeTH/lMpOBaHHblíí HeMeTM/IMpOBaHHblíí 

caňT He pacmen/iflera caňT pacmen/iaeTCB 


PMC. 24.26 OepMeHT pecrpHKUMM MspI pacmen/iaeT Bce nocneflOBa- 
Te/ibHOCTM CCGG BHe 3aBMCMMOCTM ot mx MeTM/iMpoBaHMB no BTopoMy 
C, a Hpall pacmen/ifleTTO/ibKO HeMeimiMpoBaHHbiíí TeipaMep CCGG 


jiae t tot )Ke caMbíň caňT BHe 3aBHCHMOCTH ot MeTHJiHpoBa- 
h m no C. TaKHM o6pa30M, MspI mojkho Hcnojib30BaTb AJia 
HaxoacfleHHa Bcex nocjieflOBaTejibHocreH CCGG, a Hpall 
mojkho HcnoJib30BaTb /yia onpeflejieHHfl, MeTHjiHpOBaHbi 
ohh hji H HeT. 

Hcnojib3ya HeMeTHjiHpoBaHHyio J \HK b KanecTBe cy6- 
CTpaTa, 3 th flBa (jjepMema o6pa3yiOT o/iHHaKOBbie cjjpar- 
MeHTbl nOOie peCTpHKIJHH. OflHaKO Ha MeTHJIHpOBaHHOH 
flHK MOAH4)HU,HpoBaHHbie caňTbi He 6ynyT pacmemiaTbca 
Hpall. /tna Ka^oro TaKoro carŕra oahh ôojibinoH cjjpar- 
Mem nooie oôpaóoTKH Hpall 3aMeHHT /jBa c^parMema ot 
oôpaôoTKH MspI. Ha P n c. 24.27 npHBe/jeH npHMep TaKoro 
SKcnepHMeHTa. 

Jpm MHorax reHOB cocroaHHe hx MerajiHpoBaHHa 
nocToaHHO Ha ôojibiiiHHCTBe caHTOB, ho b pa/je cjiynaeB 
BapbnpyeT. HeKOTopbie caňTbi MeTHjiHpoBaHbi bo Bcex hc- 
cjie/],OBaHHbix TKaHax; HeKOTopbie caň™ HeMeTHjiHpoBaHbi 
bo Bcex TKaHHx. Heôojľbuioe KOJimecmeo caumoe Memuiiu- 
poeano e mmmx, e Komopux zen ne oKcnpeccupyemcR, 
no ne Memwiupoeano e mKcmnx, e Komopux zen amiu- 
een. TaKHM o6pa30M, amiBHbiH reH mojkho onncaTb KaK 
Hacmumo Memwiupoeamuú. 

KocBeHHoe /j0Ka3aTejibCTB0 Toro, hto fleMerajiHpo- 
BaHne MO)KeT npnBecTH k sKcnpeccnn reHOB, AajiH 3Kcne- 
pHMeHTbl C JieKapCTBOM 5 - a3aU,HTH/],HHOM. 3TO BemeCTBO 
BHe/ipaeTca b flHK bmccto u.HTH/jHHa h He mojkct ôbitb 
MerajiHpoBaHo, nocKOJibicy ero 5'-nojio)KeHHe ôjiokhpo- 
BaHO. 3TO npHBOAHT K nOHBJíeHHIO ZjeMeTHJIHpOBaHHblX 
caňTOB b ,H,HK nocjie penjíHKaijHH (oie/iya npaBOH cxeMe 
Ha pne. 15.7). 

OeHOTHnHHecKHe scjjcjjeKTbi 5-a3au,HTH/],HHa bkjiio- 
naiOT HHAyU.HpOBaHHe H3MCHeHHH b KJieTOHHOH /],H(j)- 
4)epeHu,HpoBKe. K npnMepy, HH/jyu.HpyeTca pa3BHrae 
MbimenHbix kjictok H3 HeMbimenHbix KjieTOK-npe/imecT- 
BeHHHKOB. Benj,ecTBO Taoce aKTHBHpyeT reHbi Ha MOJina- 


meň X-xpoMocoMe; sto no3BOJiaeT npeflnojioacHTb, hto 
COCTO flHHe MeTHJIHpOBaHHH MO)KeT ÓbITb CBH3aHO C HeaK- 
THBHOCTblO XpOMOCOMbl. 

KpoMe HCCJie/jOBaHHfl cTaTyca MeTHjiHpoBaHHa pe3H- 
AeHTHbix reHOB mojkho cpaBHHTb pe3y^bTaTbi npn bhcr- 
peHHH MeTHJIHpOBaHHOH H HCMeTHJIHpOBaHHOH flHK B 
xo3aňcKHe mieTKH. TaKHe SKcnepHMeHTbi noKa3biBaiOT neT- 
Kyio Koppejiau,Hio: Memwiupoeannue ženu neaKtnuenu, a 
HeMemwmpoeannue ženu mrnuenu . 

KaKOBa CTeneHb MerajiHpoBaHHa Ha ynacTKe npn 
nacTHHHOM MeTHjiHpOBaHHH? V Kyp b reHHOM KJiacrepe 
a-rjioÔHHa b 3pejibix spHTpon/jHbix KjieTKax nacTHHHoe 
MerajiHpoBaHHe orpaHHneHO ynacTKOM ot ~500 nH Bbirne 
nepBoro H3 ^Byx 3pejibix a-reHOB ro ~500 nH hhjkc bto- 
poro. CaňTbi nacTHHHoro MeTHjinpoBaHHa npncyTCTByioT 
Ha BceM ynacTKe, Biononaa cnencep MtiKfly reHaMH. Ynac- 
tok nacTHHHoro MeTHjiHpOBaHHH coBna/jaeT c ynacTKOM 
MaKCHMajibHoň HyBCTBHTejibHocra MaTpHH,bi k flHKase I. 
3 tot c})aKT CTaBHT noA coMHeHne rnnoTe3y o tom, hto 
nacTHHHoe MeTHjinpoBaHHe xapaKTepHO ajih ynacTKa, ko- 
Topbíň coflepjKHT TpaHCKpHÔHpyeMbiH reH hjih reHbi. TaK 
)Ke KaK h flpyrne H3MeHeHra xpoMaraHa, Ka)KeTca Bepo- 
ATHblM, HTO OTCyTCTBHe MCTHJIbHblX rpynn CBA3aHO CKO- 

pee co cnocoónocmbTO k mpaucKpuni^uu , neM c caMHM 
aKTOM TpaHCKpHnU,HH. 

npoôjieMa b noHHMaHHH o6m,eH accou.Hau.HH Me)K/]y 
nacTHHHbiM MeTHjiHpOBaHneM h aKTOBaunen reHOB b tom, 
hto Hcnojib3yeTca jimub Heôojibmaa nacTb (nHor^a cobccm 
H eôojibinaa nacTb) MeTHjinpoBaHHbix caňTOB. Bo3moxcho, 
MeTHJiHpoBaHne BaacHo tojibko Ha onpeAejieHHbix caňTax 
hjih Ha onpeAejieHHOM orpaHHneHHOM ynacTKe. Bo3moxcho 
T aioxe, hto CHHJKeHne ypoBHa MeTHjinpOBaHHa (hjih /jaace 
nojiHoe y,o,ajieHHe MeTHjibHbix rpynn c KaKoro-TO ynacTKa 
JIHK) — sto nacTb hckhx CTpyKTypHbix H3MeHeHHH, Heo6- 
xoahmhx aj ia ocym,ecTBjieHHa TpaHCKpHnu,HH. 

B nacTHocTH, TíeMeTHjiHpoBaHHe npoMOTopa MoaceT 
6biTb HeoôxoAHMO AJia Toro, htoôbi c/^ejiaTb ero ^ocTyn- 
hbim Tyia HHHUHau,HH TpaHCKpHnu,HH. B reHe y-rJioÔHHa, 
k npnMepy, npncyTCTBHe MerajibHbix rpynn Ha ynacTKe 
BOKpyr CTapTOBOH TOHKH, UtTKffy HyKJieOTHAaMH -200 
h +90, cynpeccnpyeT TpaHCKpHnu,Hio. Y/^ajieHne Tpex 


flo npo4>H/IK> peCTpMKl^MH MO)KHO Ae/iaTb BbIBOAbt 
O Ha/IHMMM MeTH/IMpOBaHHB 


PacmeirneHMe PaciMenjieHne 

c noMOiubio MspI c noMOiubio Hpall 



yHMKa/ibHafl no/ioca 



b o6pa34e c Hpall bmccto 
no/ioc b o6pa34e c MspI 


r 

p— ľlo/iocbi, yHMKa/ibHbie 
o6pa3biOB c MspI 
= MeTM/iwpoBaHHbie caíÍTbi 


M— ľlo/ioca B TOM >Ke n0/10>KeHMM-Í 
1_1 = HeMeTMJlMpOBaHHblií CaíÍT 

□ 


PľiC. 24.27 CpaBHeHMepe3yabTaTOBpacmenaeHMflflHK())epMeHTaMM 
MspI u Hpall Ha 3/ieKTpo())ope3e b arapo3HOM reae 
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MerajibHbix rpynn, pacnojio)KeHHbix Bbirne crapTOBOH 
tohkh, hjih Tpex MCTHJibHbix rpynn, pacnojio)KeHHbix 
hh)k e, He CHHMaeT cynpeccnio. OAHaKO yaajieHne Bcex 
MCTHjibHbix rpynn no3BOJiaeT npoMOTopy (jjyHKíjHOHH- 
pOBaTb HOpMaJIbHO. TaKHM 0Ôpa30M, JJflR TpaHCKpnnij.HH 
Mo^ceT 6biTb HeoôxoAHM cboôoahbih ot MCTHjibHbix rpynn 
npOMOTopHbin ynacTOK (cm. pa3A. 24.19 «CpG-ocTpoBKn 
flBjíaiOTCfl MHUiemiMH ajia peryjumnH*). Ho cymecTByiOT n 
nounoHeHHfl H3 3Toro npaBHjia. 

HeKOTopbie reHbi Moryr SKcnpeccHpoBaTbca, Aaace 
KOľJ\2 OHH CHJlbHO MeTHJIHpOBaHbl. TaKHM 0Ôpa30M, CBfl3b 
MtyKfff MeTRJinpoBaHneM n SKcnpeccnen b opraHH3Me He 
yHHBepcajibHa, ho rjiaBHoe npaBHjio coctoht b tom, hto 
M eTHjiHpOBaHne He no3BOJiaeT reHaM SKcnpeccnpoBaTboí, a 
/ym SKcnpeccnn hcoôxoahmo /jeMeTHjiHpoBaHHe. 


24.19 


CpG-OCTpOBKM flBJlfllOTCfl 

MMiueHBMH am pery nni\m 


K/noHeBbie noHBTMB: 


• HeMeTMJlMpOBaHHbie CpG-OCTpOBKM OKpy>KaK)T npOMOTOpbl 
KOHCTmyTMBHO SKcnpeccMpyiomMxcfl reHOB. 

• CpG-ocipoBKM oÓHapywMBaioTCfl TaK>Ke b npoMOTopax 
HeKOTopbix TKaHecnei4M(J)MMHbix reHOB. 

• B reHOMe we/iOBeKa npwMepHO 29 000 CpG-ocipoBKOB. 

• MeTnnnpoBaHne CpG-ocipoBKa He no3BO/iBeT npoMOTopy 
BHyTpM Hero aKTMBMpOBaTbCfl. 

• PenpeccMB Bbi3biBaeTCfl óe/maMM, CBfl3biBaiomMMMCfl c 
CpG-AMHyKJieoTMflaMM. 


rne, ~15 500. Okojio 10 000 npeACKa3aHHbix octpobkob b 
oôohx BH/],ax pacnojio)KeHbi, no-BHAHMOMy, b KOHTeKcre 
KOHCepBaTHBHblX nOCJieAOBaTeJIbHOCTCH; 3T0T (J)aKT ro- 
BOpHT O TOM, HTO TaKHe OCTpOBKH MOiyT HrpaTb Ba)KHyK) 
peryjiflTopHyio pojib. CTpyKTypa xpoMaTHHa Ha sthx ynac- 
TKax HeceT npn3HaKH, xapaKTepHbie /yia SKcnpeccnpyio- 
nj,nxca panoHOB (cm. pa3A. 30.11 «AKTHBau,HH npoMOTopa 
npe/],CTaB;ifleT coôoh ynopflAoneHHyio cepnio co6biTnn»); 
TaM noHH)KeH ypoBeHb rncTOHa Hl (sto, BepoaTHO, 03- 
HanaeT, hto crpyKTypa MeHee KOMnaKTH30BaHa), Apyrne 
rnCTOHbl CHJlbHO aU,eTHJIHpOBaHbI (OCOÔeHHOCTb, koto- 
paa accouHHpoBaHa c SKcnpeccneH reHOB), a Taioxe TaM 
npncyTCTBytoT rHnepnyBCTBHTejibHbie canra (kuk mojkho 
ÔbIJIO 6bl OJKH/jaTb AJIB aKTHBHblX npoMOTopoB). 

B HeKOTopbix cjiynaax CpG-6oraTbie octpobkh Hann- 
HaiOTca nyTb Bbirne npoMOTopa h npoAOJDKaioTCfl hhjkc 
b TpaHCKpHÔnpyeMbiH panoH, noxa He Hcne3HyT. Ha 
PMC. 24.28 CpaBHHBaeTCB njIOTHOCTb CpG-AHHyKneOTHAOB 
b «o6bihhom» ynacTKe reHOMa c CpG-ocTpoBKaMH, onpe- 
/jejieHHbiMH no nocjieAOBaTejibHocTH J\ HK. CpG-ocrpoBKH 
OKpyxcaiOT 5'-panoH reHa APRT, kotophh KOHCTHTyTHBHO 
SKcnpeccnpyeTca. 

Bce KOHCTHTyTHBHO SKcnpeccnpyeMbie reHbi «ao- 
MauiHero xo3ancTBa» co/],cp)KaT CpG-ocTpoBKH; 3A,ecb Ha- 
xoAHTca o kojí o nojiOBHHbi octpobkob. pyraa nojiOBHHa 
octpobkob BCTpenaeTca b npoMOTopax TKaHecneuncJjHH- 
hhx reHOB; MeHbinaa nacTb (<40%) sthx reHOB HMeeT 
octpobkh. B sthx cjiynaax octpobkh He MeTHjinpoBaHbi 
BHe 3aBHCHMOCTH OT COCTOflHHfl SKCnpeCCHH reHa. TaKHM 
oôpa30M, npHcyTCTBHe HeMerajiHpoBaHHbix CpG-oc- 
TpOBKOB MOJKHO CHHTaTb HH/JHKaTOpOM TOľO, HTO ľeH 


npHCyTCTBHe CpG-OCTpOBKOB Ha 5'-KOHU,aX HeKOTOpblX 
reHOB CBA3aHO c BJinaHHeM MeTHJinpoBaHHa Ha SKcnpeccnio 
reHOB. 3th octpobkh onpeAejunoT no HajiHHHio yBejinneH- 
HOH nJIOTHOCTH /JHHyKJieOTHAHOH nOCJieAOBaTCJIbHOCTH, 

CpG (CpG = 5'-CG-30- 

CpG-AHHyKjieoTHAbi npncyTCTByioT b flHK no3BOHOH- 
hbix tojibko b -20% ot toh HacTOTbi, KOTopyio oie/iyeT OXCH- 
AaTb Ha ocHOBaHHH pacneTa nacTOTbi BCTpenaeMOCTH G-C 
nocjieAOBaTejibHocTH. (3tot scjjcjjeKT mojkct ôbiTb cjie^c- 
TBHeM Toro, HTO CpG-AHHyKJieOTHAbl MeTHJIHpOBaHbl no 
C, a cnoHTaHHoe A,e3aMHHHpoBaHHe mcthji-C npeBpamaeT 
ero b T, hto bhocht Myraunio h npHBOAHT k HCHe3HOBeHHio 
AHHyKJieoTrma.) O^HaKO b HeKOTopbix ynacTKax mothoctb 
CpG-AHHyKJieoTHAOB AOcmraeT pacneTHoro 3HaneHra; 
4)aKTHHecKH OHa TaM yBejinneHa Ha nopa^oK OTHOCHTejibHO 
ocTajibHoro reHOMa. CpG-flHHyKjieoTHAbi H a sthx ynacTKax 
B OCHOBHOM He MeTHJIHpOBaHbl. 

Taxne CpG-6oraTbie octpobkh hmciot coAepjKaHne 
G-C coneTaHHH -60%, no cpaBHeHHio c 40% b cpe^HeM no 
BceMy reHOMy. Ohh hmciot (J)opMy ynacTKOB HK ajihhoh 
oôbiHHO ot 1 jxo 2 toh. B neJiOBenecKOM reHOMe ~45 000 
TaKHX OCTpOBKOB. HeKOTOpbie H3 OCTpOBKOB npHcyTC- 
TByioT b noBTopaiomHxoi Alu-sjieMemax h Moiyr ôbitb 
cjieACTBHeM BbicoKoro coAepjKaHHa G-C-coneTaHHH. 3a 
HCKjHoneHHeM sthx cjiynaeB, b neJiOBenecKOM reHOMe oc- 
TaeTca ~29 000 octpobkob. B MbiuiHHOM reHOMe hx mchb- 



PMC. 24.28 OóbNHan ruiOTHOCTb Ayó/ieTOB CpG b flHK M/ieKonma- 
ioi mmx npMMepHO 1/100 riH, xaK mo>kho BMfleTb Ha npMMepe reHa 
Y-r/ioÓMHa. Ha CpG-6oraTOM ocrpoBKe ruiOTHOCTb yBeAMHMBaeTCfl 
AO >10 Ay6/ieTOB/100 nH. Octpobok b reHe APRT HaMMHaeTCfl npw- 
MepHO Ha 100 nH Bbime npoMOTopa n npoAO/i>KaeTCfl b reHe npM- 
MepHO Ha 400 nH. KawAaa BepTMKa/ibHaB mwm noKa3biBaeT no^o- 
>KeHne CpG-AyÔAeia 
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24.20 


Pe3K)Me 


flBjíaeTCfl noTeHu,Ha^bHO aKTHBHbiM, ho He oôímTejibHO 
TpaHCKpHÔHpyCMblM. MHOľHe OCTpOBKH, He MeTHJIHpO- 
BaHHbie b opraHH3Me JKHBoraoro, CTaHOBaTca Merajinpo- 
BaHHblMH B KyJIbType lOieTOK, H STO MO)KeT ÓbITb CBH3aHO 
C HeCnOCOÔHOCTblO STHX íOieTOHHblX JIHHHH BbinOJIHHTb 
BCe (jjyHKU.HH, THnHHHbie TK3HH, H3 KOTOpOH OHH Be- 
AyT CBoe npoHCxojK/jeHHe. 

MeTHJIHpOBaHHe CpG-OCTpOBKOB MO)KeT BJIHHTb Ha 
TpaHCKpHnU,HIO. ripn STOM MO)KeT HCn0JIb30BaTbCH OflHH H3 
AByX MexaHH3MOB: 

• MerannpoBaHHe carŕra CBH3biBaHHa KaKoro-Jinôo (jm- 
Topa MO)KeT 3anpeTHTb ero CBH3biBaHHe c flHK. 3to 
npoHCxoAHT b cjiynae CBH3biBaHHa c peryjurropHbiM 
canTOM, otjihhhmm ot npoMOTopa (cm. pa3A- 31.9 «Hm- 
npHHTHHľ reHOB C B3aHMHO-npOTHBOnOJIO)KHOH nojio- 
BOH CneUHC^HHHOCTblO MO)KeT KOHTpOJIHpOBaTbCfl H3 
o^Horo ueHTpa Ha xpoMoeoMe»). 

• MeTHJIHpOBaHHe MO)KeT BbI3BaTb CBH3bIBaHHe cneu,H- 
4)HHecKHx penpeccopoB c flHK. 

PenpeccHa Bbi3biBaeTca jnoôbiM h3 físyx ranoB 6eji- 
kob, CBA3biBaiomHxcfl c MeTHjiHpOBaHHbiMH CpG-nocjie- 
AOBaTe^bHOCTaMH. JIjib. CBa3biBaHHa 6ejiKa MeCPl c AHK 
HeoôxoAHMO npHcyTCTBHe HecKOJibKHx MeTHjibHbix rpynn, 
a ôejiOK MeCP2 h ceMencTBO po/],CTBeHHbix ôejiKOB Moiyr 
CBfl3bIBaTbCfl C eflHHCTBeHHOH MeTHJIHpOBaHHOH napoň 
CpG. 3thm oô'bacHaeTca, noneMy fljia HHHU.Hau.HH TpaHC- 
KpHnU,HH HeOÔXOflHM CBOÔOflHblH OT MeTHJIHpOBaHHH 
ynacTOK. CBH3biBaHHe ôejiKOB jnoôoro rana ocTaHaBjíHBaeT 
TpaHCKpHnuHio b jmepHOM SKCTpaKTe in vitro. 

MeCP2, penpeccHpyioiij,HH TpaHCKpHnu,Hio nyTeM 
B3aHMO/],eHCTBHa c KOMnjieKcaMH Ha npoMOTope, CBH3aH 
c penpeccopHbiM KOMmieKCOM Sin3, hmcioiij,hm thctoh 
A eaueTRnasHyio aKTHBHOCTb (cm. pne. 30.16). 3 to Haôjno- 
pguut AeMOHCTpHpyeT npaMyio CBH3b MOK/iy /jByMa THnaMH 
penpeccnpyiomHx MOflHcjjHKau.HH: MerajiHpoBaHHeM /(HK 
h AeaueTH^HpoBaHHeM thctohob. 

OTcyTCTBHe MeTHjibHbix rpynn CBjmHo c SKcnpeccn- 
en reHOB. O/jpaKo ecTb HeKOTopbie TpyaHocra b ,aoKa3a- 
Te^bCTBe Toro, hto cocToaHHe MeTHjiHpOBaHHa aBjmeTCH 
KjnoneBbiM cnocoôoM Kompojia SKcnpeccHH. Y Drosophila 
melanogaster (h flpyrax bh^ob OTp*ma flByKpbuibie) /(HK 
oneHb cjiaôo MeTHjiHpoBaHa (xoth ecTb reH, BepoaTHO, ko- 
AHpyionj.HH MeTnnTpac4)epa3y) , a y HeMaTo^bi Caenorabditis 
elegans flHK Booóme He MerajiHpoBaHa. OcTajibHbie pa3Jin- 

HHfl MOKJjy HeaKTHBHbIM H aKTHBHbIM XpOMaTHHOM y HHX, 
no-BH^HMOMy, TaKHe )Ke, Kax h y bh^ob, MeTHjiHpyiomnx 
flHK. TaKHM o6pa30M, y sthx opraHH3MOB jnoôaa pojib, Ka- 
Kyio 6bi MeTHJIHpOBaHHe hh nrpajio y no3BOHOHHbix, 3aMe- 
HeHa KaKHMH-TO ApyTHMH MexaHH3MaMH. 

TaKHM o6pa30M, b aKTHBHbix reHax nponcxoAflT Tpn 
H3MeHeHHH: 

• Bo3Jie npoMOTopa HMeeTca rHnepHyBCTBHTejibHbiH canT 
(canTbi). 

• HyioieocoMbi b flOMeHe, BKjnonaiomeM TpaHCKpHÔnpy- 
eMbíň ynacTOK, CTaHOBATca ôojiee nyBCTBHTejibHbiMH k 
flHKase I. 

• JIHK SToro xce ynacnca nacTHHHO MeTHJinpoBaHa. 

JPm TpaHCKpHnU,HH HeOÔXO^HMbl BCe STH H3MeHeHHH. 


TÍ3 Tpex PHK-nojiHMepa3 syKapnoTHHecKHx opraHH3MOB, 
PHK-nojiHMepa3a I TpaHCKpnÔHpyeT pPHK h oôecneHHBaeT 
OCHOBHyiO HaCTb CHHTeTHHeCKOH aKTHBHOCTH, PHK-nOJIH- 
Mepa3a II TpaHCKpnÔHpyeT CTpyioypHbie reHbi c o6pa30Ba- 
HneM mPHK, h PHK-nojiHMepa3a III TpaHCKpnÔHpyeT Majibie 
PHK. 3 th c|)epMeHTbi hmciot cxo)KHe CTpyiaypbi H3 ^Byx 
ôojibuiHx GyčiDeAnKnij, h MHO)KecTBa ôojiee mcjikhx cy ôTd- 
eAHHHu,; ecTb h HeKOTopbie o6m,He cyô'beAHHHu.bi. 

Hh o^Ha H3 Tpex PHK-nojiHMepa3 HanpaMyio He pac- 
no3HaeT cboh npoMOTopbi. Oôiuhh npHHu,Hn coctoht b 
tom, hto c|)aKTopbi TpaHCKpHnu,HH HecyT rjiaBHyiO OTBeTC- 
TBeHHocTb 3a pacno3HaBaHHe xapaKTepHbix ojicmchtob 
nocjie/],OBaTejibHOCTH Kaa^oro KOHKpeTHoro npoMOTopa. 
no cyTH ohh cjiyacaT /y m npHBjíeneHHa PHK-nojiHMepa3bi 
h min npaBRJibHoro ee no3Hu,HOHHpoBaHHa Ha cTapTO- 
BOH TOHKe. Ha KaJK/JOM THne npOMOTOpOB HHHU,HaTOpHbIH 
KOMnjieKC coônpaeTca b cepnn peaKynn, b KOTopbix oT,o,e- 
jibHbie 4)aKTopbi npHCoeflHHflioTCfl (hjih noKH^aiOT) KOMn- 
jieKC. OaKTop TBP hcoôxoahm jyin HHHu,HauHH Bcex Tpex 
PHK-nojiHMepa3. B KaJK^OM cjiynae oh oôecnenHBaeT o^Hy 
cyô'beAHHHU.y TpaHCKpnnijHOHHoro 4)aKTopa, kotophh 
CBa3biBaeTca b6jih3h ot CTapTOBOH tohkh. 

npOMOTOp COCTOHT H3 pflfla KOpOTKHX SJieMCHTOB 
nocjieAOBaTejibHocTH Ha ynacTKe Bbirne CTapTOBOH tohkh. 
KajK/jbiH sjieMem CBa3biBaeTca TpaHCKpHnu,HOHHbiM (J)aK- 
TopoM. Ochobhoh annapaT, cocToaiynn H3 c|)aKTopoB TF n , 
coônpaeTca Ha CTapTOBOH tohkc h no3BOjmeT CBH3aTb- 
ca PHK-nojiHMepa3e. TATA-6okc B03Jie CTapTOBOH tohkh 
(ecjiH oh ecTb) h HHHu,HaTOpHbiH ynacTOK HenocpeACTBeH- 
HO Ha CTapTOBOH TOHKe OTBenaiOT 3a Bblôop KOHKpeTHOH 
CTapTOBOH tohkh Ha npoMOTopax PHK-nojiHMepa3bi II. TBP 
CBA3biBaeTca HanpaMyio c TATA-6okcom (ecjín oh ecTb); 
Ha npoMOTopax 6e3 TATA-6oKca oh pacnojiaraeTca B03Jie 
CTapTOBOH tohkh, CBa3biBaacb c DPE nyTb HHXce. noejie cbh- 
3biBaHHa TFnD Apyrne rjiaBHbie c|)aKTopbi TpaHCKpHnuHH 
(AJia PHK-nojiHMepa3bi II) c|)opMHpyioT ochobhoh TpaHC- 
KpHnu,HOHHbiH annapaT Ha npoMOTope. flpyrne sjieMeHTbi 
npoMOTopa, pacnoJioaceHHbie Bbirne TATA-6oKca, CBa3biBa- 
iot aKTHBaTopbi, B3aHM0^eHCTByK)m,He c ochobhbim annapa- 
TOM. AKTHBaTOpbl H OCHOBHbie (|)aKTOpbI BblCBOÔOXCAaiOTCa, 
Kor/# PHK-nojiHMepa3a HannHaeT sjioHrau,Hio. 

CTD PHK-nojiHMepa3bi II 4)oc4)opHjiHpyeTca npn peaK- 
UHH HHHH.HaU.HH. H TF n D, H ÔtJlOK SRB MOiyr B3aHMO,aeHC- 
TBOBaTb c CTD. Oh Taioxe mojkct 0Ka3aTbca mcctom koh- 
TaKTa rjik ôeaKOB, MOAH4)Hu,Hpyioiij,Hx PHK-TpaHCKpnnT, 
TaKHx KaK 3'-KsnHpyioiij,HH c|)epMeHT, c|)aKTopbi enjiaHCHHra 
h 3 / -npou,eccHpyK)iij,HH KOMnaeKC. 

npOMOTOpbi Moryr CTHMyjinpoBaTbca c noMOiybio 3H- 
xaHcepoB — nocjie/joBaTejibHOCTeH, cnocoôHbix achctbo- 
BaTb Ha 3HanHTejibHbix paccToaHnax h b jiioôoh opnema- 
UHH C JIIOÔOH CTOpOHbl TeHa. SHXaHCepbl TaiOKe COCTOHT H3 
pjya KOHcepBaTHBHbix sjieMeHTOB, OAHaKo opraHH30BaH- 
hbix 6oJiee njioTHO, neM b npoMOTopax. HeKOTopbie sjieMeH- 
t bi BcrpenajoTOi h b npoMOTopax, h b sHxaHcepax. BepoaT- 
ho, SHxaHcepbi (J)yHKu,HOHHpyioT nyreM côopKH ôejiKOBoro 
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KOMIIJieKCa, KOTOpblH B3aHMOAeHCTByeT C ÔeJIKaMH, CBfl3aH- 
hbimh Ha npoMOTope, mto noflpa3yMeBaeT «BbineTJiHBaHHe» 
Jl HK MOK/ty hhmh. 

CpG-ocTpoBKH co/tepxcaT qacTo BCTpenaiomHecfl 
CpG-AHHyKJieoTH^bi h oóhmho oKpyxcaiOT npoMOTopbi koh- 
CTHTyTHBHO SKcnpeccHpyiomHxcfl reHOB, xota BcrpenaiOTCfl 
Taioxe h b npoMOTopax peryjinpyeMbix reHOB. Htoóbi npo- 
motop 6bui cnocoóeH k immxmixmi TpaHCKpnrmHH, Tanon 
OCTpOBOK, BIOIIOMaa H npOMOTOp, flOJDKCH ÓbITb HCMeTHJIH- 
poBaH. CneijHa^bHbiH 6e;ioK CBfl3biBaeTca c CpG-flHHymieo- 
THflaMH h penpeccnpyeT HHHUHauHio TpaHCKpnnuHH. 
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AKTMBaijMfl TpaHCKpiinumí 


KPATKOE COflEPWAHHE ITlABbl 


läsU BBefleHMe 

ÉťEfl EeTb HeCKOJlbKO pa3HOBMAHOCTeM C))aKTOpOB 

TpaHCKpMnpMM 

• Ochobhom annapaTTpaHCKpMnuMM OTBenaeT 3a Bbi6op 
CTapTOBOM TOHKM. 

• AKTMBaTOpbl 3aflaK)T HaCTOTy COÔbITMM (\ AH \ Al \ mi \ m ) 
TpaHCKpMnpMM. 

• AKTMBaTOpbl ycraHOBJlMBaiOT 6e/10K-6e/lK0Bbie KOHTaKTbl 
C OCHOBHbIMM (J)aKTOpaMM. 

• AKTMBaTOpbl MOryT AeMCTBOBaTb Hepe3 KOaKTMBaTOpbl. 

• HeKOTopbie KOMnoHeHTbi annapaTa TpaHCKpMnpMM 
AeMCTByioT nyreM M3MeHeHMB CTpyKTypbi xpoMaTMHa. 

ÉlšÉI CB513blBaHMe flHK M aKTMBaLJMfl TpaHCKpMľipMM 

OCyLAeCTB/151K)TC51 He3aBMCMMblMM flOMeHaMM 
c))aKTopa 

• flHK-CBB3blBaiOLMaB aKTMBHOCTb M aKTMBapMfl 
TpaHCKpMnpMM — 3TO He33BMCMMbie (J)yHKAMM 
He33BMCMMblX flOMeHOB 3KTMB3TOpa. 

• 3aAana flHK-cBB3biBaioLAero AOMeina — npMB/ienb 
aKTMBMpyiOLAMM AOMeH K ľipOMOTOpy. 

fäSEM AByrM6pMAHa5i CMCTeMa 6bma pa3paóoTaHa AJifl 

nOMCKa HOBblX 6eAOK-6eAKOBblX B3aMMOAeMCTBMM 

• flByrMÔpMAHaB CMCTeMa no3BO/iBeT o6Hapy>KMTb 6e/iKM, 
B3aMMOAeMCTByiOLAMe C APyrMMM 6e/lKaMM. B Ka>KAOM 
noTeHpMa/ibHOM nape oamh 6e/iOK MCKyccTBemno 
CHa6>KeH flHK-CBB3blBaiOLAMM AOMeHOM, APyrOM — 
aKTMBapMOHHblM AOMeHOM. 

BB AKTMBaTOpbl B3aMMOAeMCTByiOT C OCHOBHbIM 

annapaTOM TpaHCKpMnpMM 

• CnepM(J)MHHOCTb /no6oro aKTMBaTopa k npoMOTopy- mjim 
3HxaHcepy-MMiiieHM onpeAe/ifleTca flHK-CBB3biBaioLAMM 
AOMeHOM. 

• flHK-CBB3blBaiOLAMM AOMeH OTBenaeT 3a /10Ka/lM33l4MKD 
AOMeHa, aKTMBMpyioLAero TpaHCKpMnpMio, b 
H enocpeACTBeHHOM 6 jim30ctm ot ochobhoto annapaTa 
TpaHCKpMnpMM. 

• AKTMBaTOp npBMOTO AOMCTBMB MMeeT AHK- 
CBB3blBaiOLAMM M aKTMBMpyiOLAMM AOMeHbl. 

• AKTMBaTop, He MMeioiAMM aKTMBMpyioLAero 
AOMeHa, MO>KeT AeMCTBOBaTb npM nocpeAHMnecTBe 
KOaKTMB3TOpa, y KOTOpOTO aKTMBMpyiOLAMM AOMeH 
npMcyTCTByeT. 


25.6 


25.7 


• B ochobhom annapaTe TpaHCKpMnpMM ecTb HecKO/ibKO 
())aKTOpOB, KOTOpbie CJiywaT MMUieHflMM A/lfl 
3KTMB3TOpOBM K03KTMB3T0P0B. 

• PHK-no/iMMepa3a, b cBoeM xojio())epMeHTHOM 
KOMn/ieKce, MO>KeT 6biTb accopMMpoBaHa 

C p33/lMHHblMM a/lbTepH3TMBHblMM HaÔOpaMM (J)aKTOpOB 
TpaHCKpMnpMM. 

HeKOTopbie CB513blBaK)LAMe npOMOTOp Óe/IKM 
5 iba5uotc5i penpeccopaMM 

• B 6ojibWMHCTBe c/iynaeB penpeccMfl TpaHCKpMnpMM 
AOCTMraeTCfl 3a cneT M3MeHeHMB cTpyKTypbi xpoMaTMHa 
Ha oôiiiMpHOM o6/iacTM reHOMa; /íMLUb y HeKOTopbix 
npOMOTOpOB ecTb CBOM, CneAMCjDMHHbie K H M M, 6e/lKM 
penpeccopbi. 

3/ieMeHTbi OTBeTa y3HaiOTC5i aKTMBaTopaMM 

• 3/ieMeHTbi OTBeTa MoryT bxoamtb b cocraB npOMOTOpOB 
M 3HXaHCepOB. 

• Ka>KAblM TaKOM 3/ieMeHT y3H3eTCB CnepMCjDMHHblM K HeMy 
3KTMB3TOpOM. 

• B npoMOTope mjim 3HxaHcepe MO>KeT 6biTb mhoto 
3/ieMeHTOB OTBeTa; ohm MoryT ynacTBOBaTb b 3Ktmb3AMM 
TpaHCKpMnpMM KaK nooAMHOHKe, TaK m b onpeAe/ieHHbix 
KOMÔMHapMBX. 

Pa3AMHHbie TMnbl AHK-CB513blBaK)LAMX AONieHOB 

• AKTMBaTOpbl npMHBTO KJiaccMcjDMpMpoBaTb no TMny 
AHK-cBB3biBaioLAero AOMeHa. 

• BHyrpM OAHOľO K/iaCCa aKTMBaTOpOB B03M0>KHbl 
BapMapMM 3MMH0KMCJ10TH0M nOC/ieAOB3Te/lbHOCTM 
(J)yHKAM0Ha^bH03HaHMM0r0 MOTMB3, OnpeAe/lfl lOLAMe 
CneAMCjDMHHOCTb pa3HblX 6e/lKOB K KOHKpeTHbIM caMTaM- 
MMLiieHBM. 

«l4MHKOBbie na/ibpbi» — sto AHK-CBfl3biBaiOLAMe 

AOMeHbl 

• LjMHKOBblM na^ep — 3TO MOTMB M3 ~23 3MMH0KMCJ10THblX 
OCT3TKOB,* OH MMeeT BMA neT/lM, OCHOBaHMe KOTOpOM 
CKpen^eHO aTOMOM AMHK3, KOHTaKTMpyKDLAMM c 
OCT3TK3MM ľMCTMAMHOB M AMCTeMHOB. 

• y 6e/iKa c pMHKOBbiMM na/ibpaMM, KaK npaBM/io, 
MHO>KecTBO pMHKOBbix na/ibpeB. 

• y Ka>KAoro na/ibpa C-KOHpeBafl nacTb MMeeT bma 
a-cnMpa/iM, KOTopafl jiojkmtcb b 6o/ibĽuyio 6opo3AKy 
AHK. 

• HeKOTopbie 6e/lKM C LJMHKOBblMM na/lbpaMM CB513blBaiOT 

PHK (BMecTO AHK jim6o HapaAy c AHK). 






KlfllHl 
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Peuemopbi cieponflOB AB/iatOTCfl aKTUBaiopaMM 

• PeuenTopbi crepoMAHbix ropMOHOB othocat k rpynne 
aKTMBaTOpOB, aKTMBMpyeMblX HM3KOMO/ieKy/líipHblMM 
^MraHflaMM. 

• CBB3biBaHne ^uraHfla m CBfl3biB3HMe flHK 

OCymeCTB/lflK3TCB OTfleJlbHblMM flOMeHaMM. 

Peuemopbi cieponflOB MNíetOT unHKOBbie na/ibLjbi 

• flHK-CBfl3biBaiomMM flOMeH peuemopa coctomt M3 
UHHKOBblX na^bUeB C aMMHOKMCJlOTHbIMM OCT3TK3MM Cys 
BMeCTO CTaHflapTHblX His. 

• PeuenTopbi r/noKOKopTMKOMAOB m acrporeHOB 
MMeiOT no ABa na/ibua; nepBbiíí na/ieu cneuM())MHeH k 
nocjieAOBaTe/ibHOCTM-MMiueHM b flHK. 

• PeuenTopbi, c ba 3 bi Ba lomné flHK, npeACTaB/iaioT co6oíí 
AMMepbi. 

B3anMOAeííCTBMe peueniopa co cbomm AMraHAOM 

BAeneT nocaAKy Ha 3/ieMeHT oTBeia 

• KorAa /íMraHA 3aHMMaeT cboíí caíÍT CBfl3biBaHMfl b 
C-KOHueBOM AOMeHe peuenTopa, y peuemopa pe3KO 
noBbiiuaeTCfl cneuM())MHHoe cpoactbo ueHTpa/ibHoro 
AOMeHaKflHK. 

Peuemopbi crepoMAOB y3HatOT cbom 3/ieMeHTbi 

OTBeTa B COOTBeTCTBMM C KOMÓMHaTOpHbIM 

KOAOM 

• 3/ieMeHT OTBeia Ha CTepoMAHbiíí ropMOH coctomt M3 
KOpOTKMX nOJiyCaíÍTOB, OTHOCÍUAMXCB APyr K Apyry KaK 
MHBepTMpoBaHHbie jim 6 o npflMbie noBTopbi. 

• llojiycaíÍTbi óbiBaiOT Bcero AByx TMnoB. 

• PeuenTop y3HaeT cboíí 3/ieMeHT OTBeTa no B3aMMHOíí 
opMeHTauMM ero no/iycaíÍTa m paccTOAHMK), KOTopoe mx 
pa3Ae^BeT. 

• nocjieAOBaTe/ibHOCTb no/iycaííTa 3/ieMeHTa y3HaeTca 
nepBbiM AMHKOBbiM na/ibLjeM peuenTopa. 

• BTopoíí AMHKOBbiíí na/ieu OTBenaeT 3 a AMMepM3auMK) m, 
KaK c/ieACTBMe, 3 a paccTOAHMe Me>KAy cyó-beAMHMLjaMM. 

• PaccTOBHMe Me>KAy cyóteAM h m 14 a m m cooTBeTCTByeT 
paCCTOBHMK) Me>KAy nOJlOBMHKaMM 3/ieMeHTOB 
OTBeTa; ot 3Toro 33 bmcmt cnocoÓHOCTb 3/ieMeHTa 
B3aMMOAeííCTBOBaTb C KOHKpeTHbIM AMMepOM. 

• HeKOTopbie peuenTopbi CTepoMAHbix ropMOHOB o6pa3ytOT 
roMOAMMepbi, TorAa KaK ApyrMe npeACT3BMTe.fi m 3toíí 
rpynnbi o6pa3yiOT reTepoAMMepbi. 

• ľoMOAMMepbi y3HaiOT na/iMHApoMbi, to ecTb 3/ieMeHTbi, 
COCTOBlAMe M3 MHBepTMpOBaHHblX nOJlOBMHOK; 
reTepoAMMepbi y3HaiOT 3/ieMeHTbi, cocToamMe M3 
npflMblX nOBTOpOB. 
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ľoMeoAONieHbi y3HatOT b flHK CTaHAapTHyto 

nocAeAOBaTeAbHOCTb-MMiueHb 

• ľOMeOAOMeH - 3TO flHK-CBB3blBaiOlAMM AOMeH M3 ~60 
aMMHOKMC/iOT, coAepwamMií TpM a-cnnpa/iM. 

• TpeTbB, 6 ^m>khbb k C-KOHLjy, a-cnMpa/ib roMeoAOMeHa 
COCTOMT M3 17 aMMHOKMCJlOT,* OHa yKJiaAbIBaeTCfl B 
6ojibiuyio 6opo3AKy flHK. 

• N-KOHueBoe n/ieno roMeoAOMeHa 3axoAMT b Ma/iyio 
6opo3AKy flHK. 

• Ee/iKM, y KOTopbix ecTb roMeoAOMeH, MoryT 6biTb 
He TO/ibKo aKTMBaTopaMM, ho m penpeccopaMM 
TpaHCKpMnUMM. 

EeAKM c AOMeHaMM ima «cnMpajib-neTjifl-cnMpa/ib» 

AMMepM3ytOTCB B pa3JlMHHblX COHeTaHMBX 

• floMeH HLH («cnMpa/ib-neTjifl-cnMpajib») 

MMeeT pa3Mep ot 40 ao 50 aMMHoKMC/iOTHbix 
OCT3TKOB; OH COCTOMT M3 AByx aM())MnaTMHeCKMX 
a-cnMpa/ieíí, pa3MepoM no 15-16 ocraTKOB, 
pa3Ae^eHHbix neterí - HecTpyKTypMpoBaHHbiM 
cerMeHTOM no/iMnenTMAa. 

• AM())MnaTMHecKMe cnMpa/iM OTBeTCTBeHHbi 3a 
AMMepM3aUMIO. 

• Ee/iKM bHLH MMeiOT no/io>KMTe/ibHO 3apa>KeHHbiíí motmb, 
npMMbiKaiOLAMM k AOMeHy HLH; 3tot motmb OTBeHaeT 3a 
CBB3blBdHMe flHK. 

• B opraHM3Me >KMBOTHoro 6e/iKM bHLH K/iacca A 
3KcnpeccMpyioTCB noBceMecTHo; 6e/iKM bHLH 
K/iacca B 3KcnpeccMpyiOTCfl TO/ibKo b onpeAe/ieHHbix 
TKaHflX. 

• Ee/iKM K/iacca B o6pa3yiOT reTepoAMMepbi c 6e/iK3MM 
K/iacca A. 

• Ee/iKM HLH 6e3 no/io>KMTe/ibHo 3apfl>KeHHoro motmb3 
(He bHLH), HaxoAflCb b reTepoAMMepax c bHLH, MewaiOT 
cbomm napTHepaM CBA3biBaTb flHK. 

• Ee/iKM HLH AHMepM3yiOTCfl b pa3Hbix coneTaHMflx; 
COOTHOlUeHMe 3TMX COHeT3HMÍÍ, 3a CHeT BJIMflHMfl Ha 

narrepH TpaHCKpMmjMM, bo mhotom onpeAe/iaeT xoa 
MHAMBMA ya/lbHOrO p33BMTMfl opraHM3Ma. 

«JleííUMHOBbie MOAHMM» CAy>KaT A/lfl 

AMMepM3ai4MM 

• «/leíÍAMHOBaíi mo^hma» oó-beAMHfleT Aee 

aM())MnaTMHecKMX cnMpa^M. 

• PflAOM C «MO^HMeíí» HaXOAflTCfl n0/10>KMTe/lbH0 
3apfl>KeHHbie ynacTKM cyóteAMHMA A^Mepa; 3tm ynacTKM 
KOHTaKTMpytOT c flHK. 

• flMMepM3aLJMfl C MCn0/lb30B3HMeM «JieííUMHOBOM 
M 0 / 1 HMM» pO>KAaeT AOMeH bZIP; CMMMeTpMHHbie 
nojio>KMTe.nbHO 3apB>KeHHbie ynacTKM 3Toro 
AOMeHa CBfl3blB3IOT MHBepTMpOB3HHbie nOBTOpbl 
b flHK. 

Pe3tOMe 
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BBeAeHMe 


OeHOTHnHMecKHe p23J\mm MCMfly pa3;iHMHbiMH mieTOM- 
HbiMH THnaMH b opraHH3Me BbícniHx syKapHOT 0T06pa)Kai0T 
pa3JiHMHa b SKcnpeccHH reHOB, KOAHpyiomHx óejiKH. 3 th 
reHbi TpaHCKpn6npyeT PHK-noAHMepa3a II. TeopeTHnecKH 
3Kcnpeccna TaKHx reHOB MO)KeT peryjiHpoBaTbca Ha aioóom 
H 3 HeCKOJIbKHX B03M0)KHbIX STanOB. MOXCHO BblfleAHTb KaK 
MHHHMyM naTb nOTeHllHa^bHblX «KOHTpOAbHbIX nyHKTOB», 
no HHCJiy ôjiokob b cxeMe SKcnpeccnn: 


AKTHBaiina CTpyKTypbi xpoMaTHHa, 
coflep^amero reH 
1 

HHHiinaiiHa TpaHCKpHnu,Hn 
1 

ľlpoueccHHr TpaHCKpnnTa 
1 

TpaHcnopT TpaHCKpnnTa 
b u,HTonjia3My 
1 

TpaHCAau,na mPHK b noAnnenTHfl 


650 rjiABA 25 AKTMBaUMfl TpaHCKpMnUMM 









BKcnpecciffl reHa BKJitcmaeT HecKOJibKO atanoB 


Kompo/ib TpaHCRpuni^nm 

ncno^b3yera a m óo/ibUJMHCTBa reHOB 

CipyKTypa xpoMaTMHa noAJiewm/íOKa/ibHbiM M3MeHeHMBM 


Ochobhom annapaTTpaHCKpunuuM CBB3biBaeT npoMOTop 



flpoi 4 eccMHr m MOAn4)MKai4MB PHK: Mo>KeT ncnojib30BaTbca 
A/1A KOHTpO/IB 3KCnpeCCMM a/lbTepHaTMBHblX npOAyKTOB reHa 


A AAA 


BncnopT mPHK M3 BApa b i4mon/ia3My: He peryjinpyeTca 


A A A A - 


^APO 


% 

Umoruia3Ma 


TpaHC/iBAMB mPHK: 

peryjiwpyeTca b K/ieTKax 3apoAbiiBeM aM( \m6m 

aSá 


MO)KeT KocHyTbCH ji k)6oh CTa^nn npou,eccnHra (H P&KC Bcex 
BMecTe). OjxmKo 6o;ibmHHCTBO CBbmeTe^bCTB pery/iaunn Ha 
ypoBHe npoqeccHHra othochtca k cruiaHCHHiy: y HeKOTopbix 
reHOB ecTb cpa3y HecKOJibKo ajibTepHaTHBHbix BapnaHTOB 
cruiancHHra, h Kaxc/jOMy Bapnamy cooTBeTCTByeT oTAejibHbin 
6 e/iOK (KOHenHbiH npoAyKT sKcnpeccHn). O pery/iaunn naT- 
TepHOB crniancHHra HHTanTe b pa3£. 26.12 «AjibTepHaTHBHbiň 
cruiancHHr — sto peajiH3auna pa3;iHHHbix BapnaHTOB cmn- 
BaHHa 3K30H0B MOK/iy C060H». 

HaKOHeu, TpaHCJumna mPHK b unTon;ia3Me TO>Ke mo- 
>KeT no,íyie}KaTb cneun(j)HHecKOMy Kompo/no. B coMaTHnec- 
khx icneTKax B3poc;ioro opraHH3Ma stot npneM ncno;ib3y- 
eTCfl pe^KO, HO B SMÓpHOHaJIbHOM pa3BHTHH eCTb MOMCHTbl, 
Kor/ja peryjumna sKcnpeccnn reHOB Ha ypoBHe TpaHCJiaijHH 
oneHb aiayajibHa. Tanaa peryjiauna MoxceT hath nyreM jio- 
KajiH3aqHH KOHKperabix mPHK b onpefle;ieHHbix MecTax h/ 
hjih no^aB^eHna HHHunauHH TpaHCJiaunn onpeAe;ieHHbiMH 
ÓeJIKOBbIMH (J)aKTOpaMH. 

B MHOrOKJieTOHHOM SyKapHOTHHeCKOM OpraHH3Me 
KJieTKaM CBOHCTBeHHO AH^XjjepeHIJHpOBaTbCfl. B OCHOBe 
ji io6oh AH(J)(J)epeHqHpoBKH (nponcxoxcAeHHfl ;no6oro THna 
TKaHH) jiokht peryjiaijHfl TpaHCKpnnijHH reHOB Ha 3Tane 
aKTHBau,HH. OóbiHHo KaacAbin 6e;ioK-pery;iflTop (cjmTop 
TpaHCKpnnuHH) oócjiyxcHBaeT óojibinoe hhcjio reHOB-Mn- 
rneHen. B OTHOineHHH 3Toro rana peryjiaijHH HaM Ha#o 6y- 
AeT pa3o6paTbca b flByx Bonpocax: KaKHM o6pa30M cjDaicrop 
TpaHCKpnnuHH HaxoAHT (y3HaeT) cboio rpynny reHOB-MH- 
nieHeň h KaK 3aBHCHT aKTHBHOCTb (J)aKTopa TpaHCKpnnunn 
OT pa3JIHHHbIX BHyTpeHHHX H BHCIIIHHX CHma^OB? 


?V\C. 2 C i 3Kcnpeccnfl reHOB KOHTpcmnpyeTCfl TAaBHbiM o6pa30M 
npn TpaHCKpnnunn. ľlocAeAyiomne aianbi peAKO bamak)t 

Ha caM ())aKT3Kcnpeccnn, xota npoueccnHr mPHK MO>KeTonpeAeAATb, 
b KaKoíí MMeHHo cfjopMe 3KcnpeccnpyeTCfl reH 

B AeHCTBHTe/IbHOCTH, KaK BH/JHO H3 P^C. 25.1, SKCnpeC- 
CHtf reHOB syxapnoT KOHTpo/inpyeTca, no óojibinen nac™, 
npn HHHunaiiHH TpaHCKpnnijHH. /tyia óojibinnHCTBa reHOB 
HHHqnauHa (b mnpoKOM CMbiejie — aKTHBauna) TpaHCKpnn- 
U.HH — 3TO maBHblH KOHTpOJIbHblH nyHKT SKCnpeCCHH. HtO- 
6bi aKTHBnpoBaTb TpaHCKpnnijHio, HyxcHbi H3MeHeHHa CTpyK- 
Typbi xpoMaTHHa b oó^acTH npoMOTopa (cm. pa3fl. 30.11 
«AKTHBauna npoMOTopa npejiCTaB^aeT coóoh ynopa^oneH- 
HyK) cepnio C 06 bITHH»). H3MeHeHHtf CTpyKTypbl xpoMaTHHa 
conpoBOxc^aioTca noca^Kon ocHOBHoro annapaTa TpaHc- 
KpnniiHH (BionoHaa caMy PHK-nojiHMepa3y II) Ha npoMOTop. 

noc.neflyK)iijHe STanbi coócTBeHHo TpaHCKpnnuHH pe- 
rynnpyioTCfl pe^KO. ia HeKOTopbix reHOB onncaHa npe- 
xc^eBpeMeHHaa TepMHHauna, KOTopon npoTHBO^eHCTByeT 
KHHa3a P-TEFb; b noflaBjíaiomeM óojibniHHCTBe c^ynaeB aH- 
THTepMHHauna He ncnojib3yeTca. 

ÔepBHHHbiH TpaHCKpnnT reHa nojyiexcHT MOAH({)HKauHH: 
KsnnpoBaHHio 5'-KOHqa h (KaK npaBHJio) nojiHaAeHHJinpoBa- 
hhk) 3'-KOHua. Y TpaHCKpnnTOB npepbiBHCTbix reHOB Bbipe- 
3aiOTCfl HHTpoHbi; nocjie 3Toro 3pe^aa mPHK /jojDKHa 6biTb 
SKcnopTnpoBaHa H3 H£pa b unTomia3My. Pery^aiiHa SKcnpec- 
CHH reHOB KaK OTÔOp TpaHCKpnnTOB, HHCTO TeopeTHMeCKH, 


Eab HecKO/ibKO pa3HOBMAHoaeíí 
(fjaKTopoB TpaHCKpiinuiiM 


K/itoneBbie noHaTMa: 


• Ochobhoíí annapaT TpaHCKpnni 4 MM oiBenaei 3a Bbióop 
CTapTOBOÍÍ TOHKM. 

• AKTMBaiopbi 3aAaiOT nacTOTy coóbUMÍí MHnunai4mi TpaHCKpnnumi. 

• AKTMBaiopbi ycTaHaBAMBaiOT 6eaoK-6eAKOBbie KOHTaKTbi c 
OCHOBHbIMM 4>aKTOpaMM. 

• AKTMBaiopbi MoryT AeíícTBOBaTb nepe3 KoaKTMBaiopbi. 

• HeKOTopbie KOMnoHeHTbi annapaia TpaHCKpnni4MM AeŕiCTByiOT 
nyieM M3MeHeHMa CTpyKTypbl xpoMaTHHa. 

TpaHCKpnnijHH — sto pe3y^bTaT MHO>KecTBa 
6eji0K-6e;iK0Bbix B3anMOAencTBHH cpe^H c{)aKTopoB TpaHC- 
KpnnijHH, CBa3aBmnx npoMOTop hjih SHxaHcep; (f>aKTopbi 
B3anMOAencTByK)T Apyr c ApyroM, a Taioxe c PHK-no^HMe- 
pa3on. OaKTopbi TpaHCKpnni^nn j\o\xr m HecKOJibKo Knac- 
cob, nepeMHC^eHHbix Hnxce. CaMoe o6mee npeACTaB^eHne 

06 HX CBOHCTBax MOJKHO COCTaBHTb no PH C. 25.2. 

• OcHOBHbie cfiaKTopbi TpaHCKpnnunn, BMecTe c PHK-no- 
JIHMepa30H, CBa3bIBaiOT npoMOTop pflAOM CO CTapTOBOH 
TOMKOH H TATA-ÓOKCOM (CM. pa3 J\. 24.10 «OCHOBHOH 
annapaT coónpaeTca Ha npoMOTope»). 

• AKTHBaľopbi — sto c{)aKTopbi TpaHCKpnnqnn, y3Ha- 
iomne cneqHc{)HMecKne caňTbi (KopoTKne sjieMeHTbi 


25.2 
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Ha TpaHCKpmmmo bjihuíot (fraicropbi HecKO/ibKHx mnoB 


BHxaHcep 


PHK-no;uiMepa3a 

M OCHOBHbie 
())aKTOpbl 
CBfl3blBatOTCfl 
C npOMOTOpOM 


AKTMBaTOpbl T3K)Ke 
CBB3blB3K)TCB 
C npOMOTOpOM 


AKTMBaTOpbl 

CBB3blBaiOT 

OTfla^eHHbie 

ynacTKM 

npoMOTopa jim6o 
3HxaHcepbi 


KoaKTMBaTOpbl 
COeflMHflIOT 
aKTMBaTOpbl 
C OCHOBHbIMM 
(JjaKTopaMM 


KoaKTMBaTOpbl/ 

pery/iBTopbi 

BHOCflT 

^OKaiibHbie 

M3MeHeHMB 

b CTpyKTypy reHa 



PMC. 25.2 K cfjaKTopaM, ynacTByiomuM b 3KcnpeccMM reHOB, othocbt 
PHK- no/iMMepa3y m ochobhoíí annapaT TpaHCKpMnuMM, a TaKwe aK¬ 
TMBaTOpbl (KOTOpbie HanpflMyiO CBfl3blBaiOT npoMOTopbi jim6o 3HXaH- 
cepbl), KoaKTMBaTOpbl (CBfl3blBaiOmMeCfl C aKTMBaTOpaMM M B TO >Ke 
BpeMfl — c ocHOBHbiM annapaTOM) m pery/iflTopbi (B03AeiícTByiomMe 
Ha CTpyKTypy xpoMaTMHa) 


npoMOTopa hjih SHxaHcepa, 06 'beAHHeHHbie kohcch- 
cycoM). AKTHBaTopbi cBa3biBaiOTca co cbohmh caňTaMH 
(CM. pa3A. 24.13 ^AKTMBaTOpbl CBB3bIBaiOTCa C KOpOTKH- 
mh sjieMeHTaMH nocjie ( o,OBaTe^bHocTM») h noBbimaiOT 
3(f)c{)eKTHBH0CTb nocaAKH ocHOBHoro annapaTa TpaHC- 
KpnnU,HH Ha npOMOTOp. TaKHM 0Ópa30M OHM nOBblinaiOT 
MaCTOTy COÓbITHH TpaHCKpnnUHH H HeOÓXOflHMbI jyifl 
4)yHKxj,HOHHpoBaHHa npoMOTopa Ha aAeKBamoM ypoBHe. 
HeKOTopbie aKTHBaTopbi ACHCTByioT kohcthtythbho, to 
ecTb oAHHaKOBo bo Bcex KneTKax. ApyrnM aKTHBaTopaM 
OTBOAHTca po;ib pery/iaTopoB; ohh CHHTe3npyioTca (hjih 
aKTHBHpyioToť) b onpeAejieHHon TKaHH hjih b onpeAe- 
jichhoc BpeMa, KOHTpojinpya naTTepHbi TpaHCKpnnunH 
bo BpeMeHH h npocTpaHCTBe. HyKJieoTHAHbie nocjieAO- 
BaTejibHOCTH, c KOTopbiMH CBa 3 bmaiOTca TaKHe pery/iaTO- 
pbl, Ha3bIBaiOT 3JICMCHT<tMH OTBeTa. 

• Bchkh oieflyiomeH rpynnbi cjjaKTopoB noBbimaiOT 3(j> 
(f>eKTHBHOCTb TpaHCKpnnunH, He Bcrynaa b npaMon 


KOHTaKT C JX HK. 3TO TaK Ha3bIBaeMbie KoaKTMBaTOpbl; 
OHH CJiyXCaT MOCTOM MOKAy aKTHBaTOpaMH H OCHOBHbIM 
annapaTOM TpaHCKpnnunH (cm. pa3 jx. 25.5 «AKTHBaTopbi 
B3aHMOAencTByK)T c ochobhmm annapaTOM TpaHCKpnn- 
U,HH»). /(eHCTBHe KOaKTHBaTOpOB OCHOBaHO Ha ÓCHOK- 
óe^KOBbix B3aHMOAencTBnax. 

• HeKOTopbie KoaKTHBaTopbi h ue/ibin pa# 6 e/iKOB-pery- 
jiaTopoB bhocíit H3MeHeHna b CTpyKTypy xpoMaTHHa 
(cm. pa3A. 30.7 «rncTOHaueT™a3bi accounnpoBaHbi c 
aKTHBaTOpaMH TpaHCKpnnuHH). 

MHoroo6pa3ne aneMeHTOB, h 3 KOTopbix moxcho cocra- 
BHTb cf)yHKUHOHa^bHbiH npoMOTop, a TaKace ÓOJIblIIOe HHCJIO 
BapnaHTOB pacnojioaceHna othx aneMeHTOB no othoihchhio 
K CTapTOBOH TOMKe nOflCKa 3 bIBaiOT, MTO aKTHBaTOpbl KaK 
óejiKH B 3 aHMOfleHCTByiOT Apyr c ApyroM mhoxccctbom pa3- 
jihhhhx cnocoóoB. PacnojioaceHne aneMeHTOB b npoMOTope 
MoxceT 6biTb jnoóbiM. ľlpoMOTop moxcho paccMaTpHBaTb KaK 
c{)yHKij,HOHajibHoe coneTaHne AHCKperabix MOAyjien: 06 stom 
roBopaT pe3y^bTaTbi SKcnepnMeHTOB c nepeTacoBKon ynac- 
TKOB pa3JIHMHbIX npOMOTOpOB. MHOľHe THÓpHAHbie npoMO- 
Topbi (HanpnMep, THMHAHH-KHHa3bi h |3-rjio6HHa) paóoraioT 
oneHb xoporno. 3HannT, aneMeHTbi OTBeTa b pa3Hbix npoMO- 
Topax HyxcHbi jyw npnBeAeHna aKTHBaTopoB b 6jiH30CTb c 
KOMmieKcoM HHHunauHH. 3Ta 6;iH30CTb co3AaeT cpe/iy ajm 
6ejiOK-6e;iKOBbix B3aHMOAencTBHH, KOTopbie pe3KO noBbima- 
IOT 3(f)(f)eKTHBHOCTb HHHU,HaU,HH TpaHCKpHniJHH. 

OpraHH 3 auHa syKapnoTHHecKnx npoMOTopoB ajih PHK- 
nojiHMepa 3 bi II CHJibHO oTJiHnaeTca ot opraHH 3 auHH óaicre- 
pna^bHbix npoMOTopoB, rAe Bce c{)aKTopbi TpaHCKpnnuHH 
AOJDKHbi HanpaMyio B 3 aHMOACHCTBOBaTb c PHK-ncuiHMe- 
pa30H. B 3yKapHOTHMeCKOH CHCTeMe HHHU,Han,HH TOJIbKO 
OCHOBHbie (})aKTOpbI TpaHCKpnnuHH B3aHMOAeHCTByiOT c 
cfiepMeHTOM HanpaMyio. AKTHBaTopbi He B3aHMOAeHCTByioT 
c PHK-noAHMepa30H; ohh B 3 aHM 0 AeHCTByi 0 T c ochobhhmh 
cfiaKTopaMH TpaHCKpnnuHH HanpaMyio hjih onocpeAOBaHHO, 
nepe3 KoaKTHBaTopbi. TaKoe nocrpoeHne annapaTa hhhuh- 
aunn oóbacmieT éojibuiyio CTpyKrypHyio rnÓKOCTb npoMO- 
Topa (Bapna 6 e;ibHOCTb pacno^o^eHna sjieMeHTOB Apyr ot- 
HocHTejibHo Apyra h CBOÓOAy, c kotopoh ohh pa3ópocaHbi b 
H ymieoTHAHOH nocjieAOBaTejibHocTH reHOMa). 


25.3 


CBH3biBaHiie flHK 

M aKTMBaUMfl TpaHCKpMnUMM 
OCyiAeCTBJIBIOTCB He3aBMCMMblMM 
AOMeHaMM tjjaKTopa 


KatoneBbie noH5iTM5i: 


• flHK-CBB3blBaiOmaB aKTMBHOCTb M 3KTMBai4MB TpaHCKpMľlAMM — 
3TO He3aBMCMMbie (J)yHKI4MM H633BMCMMblX flOMeHOB 
aKTMBaTopa. 

• 3aAana flHK-CB5i3biBaK)mero AOMeHa — npMB^enb 
aKTMBMpytOlAMM flOMeH K ľipoMOTopy. 


AKTHBaTopbi h APyrne perynaTopHbie 6tn kh oóaaAaiOT abv- 

Mfl OCOÓeHHOCTaMH: 
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• y3HaBaTb cneijH(j)HHecKyio nocjie/^OBaTejibHOCTb-MH- 
rneHb b SHxaHcepe, npoMOTope hjih Apyron peryjwTop- 
hoh o6;iacTH KOHKpeTHoro reHa-MHineHH; 

• BbinOJIHflTb COÓCTBeHHO aKTHBaiJHIO nocpeACTBOM CBfl- 
3biBaHHíi c ApyrHMH KOMiioHeHTaMH annapaTa TpaHC- 
KpHni^HH. 

Mo>KeM im Mbi oxapaicrepH30BaTb ycTponcTBO axTHBa- 
TOpa C TOHKH 3peHHB npoaBJíeHHa 3THX THnOB aKTHBHOCTH? 
Hacro y aKTHBaTopoB npncyTCTByioT 0TAe;ibHbie AOMeHbi pjm 
CBa3bmaHHa flHK h jym aKTHBaunn TpaHCKpnnunH. Kax^bíň 

TaKOH AOMeH — 3TO OT^eJIbHblH (J)yHKU,HOHaJIbHbIH MO/iy^b, 
KOTOpblH 4)yHKU,HOHHpyeT He3aBHCHMO OT COHeTaHHfl c flpy- 
THMH AOMeHaMH. HMeHHO nOSTOMy, npHHHMaa BO BHHMaHHe 
4)H3HMecKyio raoKOCTb npoMOTopa h noABHXCHyio reoMeT- 
pmo Bcero KOMnneKca TpaHCKpnnijHH, aKTHBHpyiomHH ro- 
MeH MOXCeT KOHTaKTHpOBaTb C OCHOBHbIM annapaTOM TpaHC- 
KpHni^HH BHe 3aBHCHMOCTH OT TOHHOľO MecTono;io>KeHHfl H 
opHeHTauHH flHK-CBfl3biBaiomero AOMeHa. 

OiflejibHbie s^eMeHTbi npoMOTopa Moiyr 6biTb y^ajie- 
Hbl OT CTapTOBOH TOHKH Ha AOBOJIbHO ÓOJIbUIOe paCCTOflHHC; 
ohh Taioxe MOiyr 6biTb opneHTnpoBaHbi b jiioóom h3 AByx 
HanpaBJíeHHH. 3HxaHcepbi Moiyr HaxoAHTbca eme Ranb- 
rne, h hx opneHTauHa HHKor^a He HMeeT 3HaneHHa. TaKne 
CBoňcTBa perymiTopHbix oÓJiacTen yKa3biBaiOT Ha onpefle- 
jieHHbie CBOHCTBa flHK h 6 enKOB-pery;niTopoB. flHK moxcct 
o6pa30BbiBaTb neTJín hjih KOHAeHcnpoBaTboí, ho 3Toro 
hbho He^ocTaTOMHO. floMeHbi aKTHBaTopa aojdkhbi óbitb 

COeAHHeHbl KaKHM-TO THÓKHM CnOCOÓOM. 3TO CXeMaTHMHO 
H3o6paxceHO Ha pmc. 25 . 3 . DiaBHoe, htoóm flHK-CBfl3biBa- 
ioľahh h aKTHBHpyiomHH flOMeHbi aKTHBaTopa He Menia™ 
Apyr Apyry. Cnocoó hx coeflHHeHHa AOJixceH no3BonaTb ax- 
THBnpyiomeMy flOMeHy B3anMOAencTBOBaTb c ochobhbim 
annapaTOM 6e30TH0CHTe/ibH0 opnemaunn h TOHHoro Mec- 
TonojioxceHHa flHK-CBfl3biBaiomero AOMeHa. 


Se/IOK-aKTMBaTOp COCTOHT M3 He3aBMCMMblX AOMeHOB 


CoeAMHBIOmMÍÍ AOMeH 

X. S" ^ - AKTMBupyiommJí 

^ AOMeH 

W XJ At\t , %s*\J\t 

flHK-CBB3blBaiOlAMÍÍ AOMeH 


PMC. 25.3 CtyHKUMM CBfl3blBaHMfl flHK M COÓCTBeHHO aKTMBaUMM 
TpaHCKpunuMM MoryT BbinoAHflTbCfl He3aBMCMMbiMH AOMeHaMM 6eA- 
Ka-aKTMBaiopa 

HTaK, CBa3bmaHHe aKTHBaTopa c flHK HeoóxoflHMO 
Rjm aKTHBaqHH TpaHCKpnnUHH. Ho 3aBHCHT JIH 3(f)(f)eKTHB- 
HOCTb aKTHBaqHH OT HaJIHHHfl b aKTHBaTope Kompemnozo 
flHK-CBfl3biBaiomero AOMeHa? 

HTOÓbl OTBeTHTb Ha 3TOT BOnpOC, HyXCHO nOCTaBHTb 
3KcnepHMeHT, H3o6pa>KeHHbiH Ha pmc. 25 . 4 . Y aKTHBaTopa 
Gal4 ecTb flHK-CBfl3biBaiomHH aomch, y3HaiomHH sneMem 
UAS, B TO BpeMU KaK BTOpOH, aKTHBHpyiomHH, AOMeH Gal4 
CTHMyjinpyeT HHHunaqHio TpaHCKpnnuHH c npoMOTopa- 
MHineHH. B ApyroM 6enxe, óaKTepnanbHOM penpeccope 
LexA, ecTb N-KOHqeBOH flHK-CBa3biBaiomHH aomch, y3- 
HaiomnH KOHKpeTHbin onepaTop. Kor/ja LexA ca^HTca Ha 
3tot onepaTop, oh penpeccnpyeT npoMOTop, cmokhbih c 
onepaTopoM. B sKcnepnMeHTe no oÓMeHy AOMeHaMH 6e- 
noK Gal4 nonynaeT flHK-CBa3biBaiomHH aomch LexA BMec- 
to CBoero coócTBeHHoro flHK-CBH3biBaiomoro AOMeHa. 
(TexHHMecKH sto AenaiOT Tax: CHHTeTnnecKHH reH-MaTpn- 
qy Rjm 3KcnpeccHH rnópnAHoro 6enKa bboaut b Apoxc^ce- 
Bbie KJieTKH. BMecTe c hhm Ty^a noMemaiOT reH-penopTep, 
coAepxcamnH UAS wm LexA, h xmyT npn3HaKOB sKcnpec- 
chh reHa-penopTepa.) 


CneiAii(|)fmHOCTb aKTHBauiMH o6ycAOB/ieHa AHK-CBH3biBaioi4HM aomchom 


UASq flpOMOTOp 

OnepaTop LexA flpoMOTop 


/X/\f\/X/\/X/\ 

>\#\/\/\/\/\/\ 

Aktu b m pyio mu ň 



AOMeH Gal4 i 

CBB3blBaHMe M TpaHCKpMľlLlHfl 


''P 


CBB3blBaHMB He npOMCXOAHT 

flHK-CBfl3blBaK)LAMM 


j\*\/X/X/XjX/\ 

AOMeH Gal4 


AKTMBMpyiOLAMÍÍ 
AOMeH Gal4 

* 


CBfl3blBaHMe M TpaHCKpMnAHfl 

CBfl3blBaHMfl He npOMCXOAMT 

L* 

1 

flHK-CBB3blBaiOLAMŕí 
AOMeH LexA 

>W\/\>\AA 



PMC. 25.4 CnocoÓHOdb Gal4 aKTMBMpoBaTb TpaHCKpumimo He 3aBMcm ot ero cneumfjMHHocTM k 
KOHKpeTHOÍí flHK. Ecjim flHK-CBfl3biBaioiAMÍí AOMeH Gal4 3aMeHMTb aHaAorMHHbiM aomchom LexA 
6eAOK-xnMepa CMOweT aKTMBMpoBaTb TpaHCKpnni4MK) npM noMomn onepaiopa LexA, noMemeHHoro 
PBAOM C npOMOTOpOM 


25.3 CBB3biBaHMe flHK m aKTMBauMa TpaHCKpMrmMM ocymecTBAB kdtcb He3aBMCMMbiMM AONieHaMM (J)aKTopa 653 





















AKTMBMpyiOmMň flOMeH 



KoMn/ieKC HHnunauMM 





flHK-CBfl 3 blBaK>L 4 MM flOMeH 


P M C. 25.5 AKTMBupyiomMÍí flOMeH 6 e/iKa tat Bwpyca MMMyHOflectJMuma ne/iOBeKa (BMH) MO>KeT CTMMy- 
jiwpoBaTb TpaHCKpununK) b tom c/iynae, ec/ni oh yflepwMBaeTCfl 3 a cneT CBA 3 biBaHMfl c PHK-npoflyKTOM 
npeflbifly’mero payHfla TpaHCKpnni4MM. Ha caMOM fle/ie, cnocoó yflepwaHMfl tat «Ha paóoneM Mecre» He 
MrpaeT po/in: PHK-CBfl 3 biBaiomníí flOMeH mo>kho c ycnexoM 3 aMeHMTb flHK-CBA 3 biBaiomMM aomohom 


HaCTOfllItHH, npHpOAHblH ÓeJIOK Gal4 MO)KeT aKTHBHpO- 
BaTb TpaHCKpHnqHio reHa-MHineHH TOJibKO npn HajiHHHH 
UAS. Penpeccop LexA caM no ce6e He cnocoóeH aKTHBnpo- 
BaTb TpaHCKpnnqHio. H HaKOHeij, rnôpHflHbiH óejiOK LexA- 
Gal4 He mo>kct aKTHBnpoBaTb TpaHCKpnnitHio H3-no/t UAS , 
3aTo Mo>KeT aKTHBnpoBaTb TpaHCKpHnqnio H3-noA onepa- 
Topa LexA. 

3tot pe3y^bTaT no/tTBepxc/taeT KOHitenijHio aKTHBa- 
TOpa KaK KOOpAHHaTOpa He3aBHCHMbIX C{)yHKUHOHa^b- 
hhx Mo/tynen. Mo>kho /toóaBHTb, hto /(HK-CBflSbiBaiomHH 
AOMeH CJiy^CHT aKTHBaTOpy CpeflCTBOM AOCTaBKH K «MeCTy 
pa6oTbi». HeBa>KHo, b xaKOM MecTe flHK-CBaabiBaiomHH r o- 
MeH CBíDKeTca c R HK, ho TaM, trc oh Bce-Taxn CBJDKeTca, 
aKTHBnpyiomHH romch cbirpaeT cboio pojib. B cooTBeTc- 
TBHH C 3TOH MORCJlbK) CpeflCTBO npHBJíeneHHfl aKTHBHpy- 
iomero AOMeHa k npoMOTopy (ro/tHTca a6co;iiOTHO jiioóoh 
SJ ieMeHT h noflxoflfliijHH k HeMy flHK-CBasbiBaiomHH ro- 
mch) He HMeeT HHKaKoro 3HaneHHfl. JlernocTb co3/taHHfl 
4)yHKqHOHa^bHbix rnópHAHbix óejiKOB nyreM npocToro 
coneTaHna AOMeHOB (cj)yHKUHOHa;ibHbix MO/tyjien) roBO- 
pnT o tom, hto npn ymia/tKe KaxcAbin romch oópeTaeT ax- 
THBHyio CTpyKTypy He3aBHCHMO n 6e3 noMex co CTopoHbi 
ocTajibHon Mac™ nojinnenra/ta. 

ľlpeACTaBJíeHHe o tom, hto CBfl3biBaHneM HK h co6c- 
TBeHHo aKTHBaqneH TpaHCKpnnijHH 3aHHMaiOTca pa3Hbie 
AOMeHbi aKTHBaTopa, 6bmo pa3BHT0 b HCCJieflOBaHHax Bnpy- 
ca HMMyHOflecjDHijHTa He/iOBexa. fleno b tom, hto 6 e/iox tat 
Bnpyca HMMyHOAecf)HitHTa ne/iOBexa MoxceT CTHMyjinpoBaTb 
HHHitnaitHio TpaHCKpnnitHH Booónte 6e3 CBfl3biBaHna c HK. 
BMecTo Jl HK 6e/iox tat CBfl3brcaeT npoAyxr TpaHCKpnnijHH, 
PHK, Ha ynacTKe c Bbipa>xeHHOH btophhhoh CTpyxrypon; 
nocjieAOBaTe^bHocTb sToro ynacTKa o6o3HanaioT xax tar 
(tat región). Ha p m c. 25.5 H3o6pa>xeHa MOfle/ib cTHMyjiaitHH 
TpaHCKpnnitHH npn no/mep>KKe B3aHM0/tencTBHa tat c tar. 


ľloc^eAOBaTe^bHocTb tar Haxo/tHTca cpa3y 3 a CTapTo- 
boh tohkoh. ľlosTOMy, CBfl3biBaa tar, óejioK tat oxa3biBaeTC5i 
b HenocpeACTBeHHOH 6 ;ih30cth ot KOMmieKca HHHunaunH 
TpaHCKpnnitHH. 3TOrO flOCTaTOHHO, HTOÓbl aKTHBaitHOHHblH 
AOMeH tat CMor BCTynnTb bo B3aHMOflencTBHe c oahhm vum 
HeCKOJIbKHMH cjDaxTopaMH TpaHCKpHni],HH B COCTaBe KOM- 
rniexca HHHitnaitHH. (ľlepBHMHbiH TpaHCKpnnT CHHTe3H- 
pyeTca 6e3 ynacTna tat /yia Toro, mtoóh oéecneMHTb canT 
CBfl3bIBaHHfl.) 

JlyMinaa AeMOHCTpaitna He3aBHCHMOCTH ^oKajiH3yio- 
mero h aKTHBnpyioiitero AOMeHOB — sto HCKyecTBeHHbie 
rnópHAHbie óejiKH Ha ocHOBe tat, c 3aMeHoň ^r-CBa3biBaio- 
mero MOTHBa /(HK-CBaabiBaioiitHM romchom. Echu BCTaBHTb 
b npoMOTop noAxoA^mtHH canT-MHineHb, aKmuea / u í uomuú 
doMen tat 6ydem aKmueupoeamb mpancKpunufm c 3tnozo 
npOMomopa. 3HanHT, flHK-CBA3biBaioiitHH romch AencTBH- 
TejibHO HBmcTcn TeM «noBOAKOM», KOTopbíň y/tepKHBaeT 
aKTHBHpyiontHH /jOMeH (})aKTopa TpaHCKpnnitHH b 6 ah 3 h 
KOMn^eKca HHHitnaijHH. 

Anajiorna c noBO^KOM — sto MacTHbíň c^ynaň oómero 
npeACTaBJíeHna o tom, hto pjm HHHitnaitHH Hy)KHa Bbicom 
JlOK2JlbH2R KOHlteHTpaitHa c{)aKTopoB TpaHCKpnni^HH Ha npo- 
MOTope. 3 to flocTHraeTca, xor/ta aKTHBaTopbi CBa3biBaiOT sh- 
xaHcepbi b oKpecTHocTax npoMOTopa, AHCTajibHbie sneMembi 
caMoro npoMOTopa, jihóo, no xpanHen Mepe, 5'-KOHiteByK) 
oó^acTb («BepxyniKy») TpaHCKpnnTa. Bce Tpn cnTyaunn pac- 
CHHTaHbl Ha mÓKOCTb TpeXMepHOH K0Mn03HU,HH flHK n 6e;i- 
kob. Hto xacaeTca He3aBHCHMOCTH AOMeHOB, stot npnHunn 
BbinojiHaeTca pjm Bcex aKTHBaTopoB TpaHCKpnnitHH. 

Kan Mbi yBHflHM, cJíyHKí^Ha /(HK-CBasbiBaioiitero flOMe- 

Ha coctoht b nepeHOce aKTHBau,HOHHoro AOMeHa b oxpec- 
thocth CTapTOBoň tomkh. 3to oó^acmieT, noneMy tohhoc 
M ecTOHaxoxc/teHne /(HK-CBaxbiBaioiitHx caňTOB BapbnpyeT 
B 3aBHCHMOCTH OT npOMOTOpa. 
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25.4 


ABymôpiiAHafl cucreMa 
6 bma pa 3 pa 6 oiaHa ajia nowcKa 

HOBblX 6e/10K-6e/lK0BblX 
B3aMMOAeííCTBMM 


KntoneBbie noHama: 


• flByruópuAHa^ cucreMa no3Bo/ifleT oÓHapywmb 6eAKM. 
BsauMOfleíícTByiomMe c ApyruMM óe^KaMM. B KawAoií 
noTeHAna^bHoíí nape oamh 6e/ioK MCKyccTBeHHo cHa6>KeH 
flHK-CBfl3blBaiOlAMM AOMeHOM, APyroŕí — aKTMBaUMOHHbIM 
AOMeHOM. 


ripHHqHn He 3 äBHCHMOCTH AOMeHOB äKTHBäTOpä Jier B 
ocHOBy Mpe3BbiHaňHO no^e3Hoň pa3pa6oTKn. Ee ncnojib- 
30 BaHHe npHBe.no k oTKpbiraio orpoMHoro HHCJia ho- 
BblX 6eJ10K-6eJlK0BbIX B 3 aHMOAeHCTBHH (06 3 TOM CBH/je- 
Te^bCTByeT Ba;i HaynHbix nyÓJíHKauHH). MeTOfl ocHOBaH 
Ha npeAnojio)KeHHH, hto b npoH 3 BOJibHOM anraBaTope 
TpaHCKpnnuHH ecTb coeAHHHTe;ibHbiH AOMeH (BepHee, 
coeAHHHTejibHbíň ynacTOK nojiHnenTHAa MOKAy AByMa 

4)yHKqHOHa^bHbiMH AOMeHaMH, cm. pne. 25 . 3 ) h hto ero 

MO)KHO 3 aMeHHTb COeAHHHTeJIbHbIM 6eJIOK-6eJIKOBbIM 
B3aHMOACHCTBHeM. 

ľIpeAno^o}KHM, Hac HHTepecyioT ABa KOHKpembix 6 ai- 
Ka, X h Y (bo3mo>kho, He HMeioiAHx HHKaKoro oTHOineHra k 
T paHCKpHnUHH reHOB). MoryT JIH OHH B 3 aHMOAeHCTBOBaTb 
Me^CAy coóoh? JJjm OTBeTa Ha stot Bonpoc Boeno;ib 3 yeMCfl 
«MOJieKyjiapHbiM KOHCTpyKTopoM»: AOÓaBHM 6e;ncy X flHK- 
CBa 3 biBaioiAHH AOMeH (sto 6 yAeT nepBbin rnópHA), a 6e;ncy 
Y AOÔaBHM AOMeH, aKTHBHpyiOIAHH TpaHCKpHnUHIO (sto 
6 yAeT BTopon rnópHA). TexHHnecKH AOÔaBJíeHHe aomchob 
B bino^HaeTca nepe 3 cjiHAHHe cerMeHTOB KOAHpyioiAHx noc- 
jieAOBaTejibHOCTen h 3 KcnpeccHio nojiyHHBinHxca rnópHA- 
hhx reHOB. 

Ecjih X h Y MoryT B3aHMOAeňcTBOBaTb Apyr c ApyroM, 
ABa raópHAHbix óe^xa To>Ke CMoiyr B3aHMOAencTBOBaTb. 
3 tot pacneT cpaóaTbiBaeT He BcerAa, ho b AOCTaTOHHo 
ôojibiuoM npoueHTe cjiynaeB; nosTOMy Ha HeM ocHOBaH 
MeTOA HAeHTH({)HKaUHH 6eJ10K-6eJIK0BbIX B3aHMOAeHCTBHH, 

Ha3biBaeMbiň ABymópHAiHoii chctcmoh. ľlpeACTaBJíeHHe 

o tom, Kan paóoTaeT mctoa, AaeT pmc. 25.6. 

Be;iOK X, CHaóxceHHbiH ,HHK-CBfl3biBaioiAHM AOMeHOM, 
CBa 3 biBaeT caňT (eooTBeTCTByioiAHH 3 TOMy AOMeHy) b npo- 
MOTope reHa-penopTepa. CaMoro no ce6e CBfl 3 biBaHHa He- 
AOCTaTOHHO jym aKTHBauHH TpaHCKpHnijHH, h npoMOTop 
6yAeT MOJinaTb. HcnpaBHTb CHTyauHio MO>KeT rnépHAHbiH 
óe^OK Y (ec;iH TOJibKO oh AencTBHTejibHO B3aHMOAencTByeT 
c X). PiMeHHO B3aHMOAeňcTBHe X c Y noATflHeT k npoMOTo- 
py aKTHBHpyiOIAHH AOMeH. 

B KanecTBe penopTepa noxoAHT jiioóoh reH c jierKO j\t- 
TeKTnpyeMbiM npoAyKTOM. B ue;ioM AByrnópHAHaa CHCTeMa 
(Kan Haóop pyTHHHbix aBTOMaTH 3 npoBaHHbix npoueAyp) 
mnpoKo Hcno;ib 3 yeTCfl AJia ôbicTporo TecrapoBaHna óejioK- 
ÓeJIKOBblX B 3 aHMOAeHCTBHH. 

riopa 3 HTejibHO: Ka^CAbiH H 3 AByx AOMeHOB pacHJieHeH- 
Horo aKTHBaTopa TpaHCKpHnijHH, nonaB b Hy^KepoAHbiH 
nojiHnenTHAHbiH KomeKCT, npoAOJDKaeT oneHb Bocnpo- 


H3BOAHMO H He3aBHCHMO BeCTH Ce6fl KaK nOJIHOU,eHHbIH 
(J)yHKUHOHaJIbHbIH MOAy^Ib. CoÓCTBeHHO, Ha MOAynbHOCTH 
6e;iKOB h ocHOBaH stot MeTOA. He MeHee nopa3HTe;ibHO 
TO, HTO CnOCOÓHOCTb X H Y K B3aHMOACHCTBHIO APyr C 
ApyroM He HHrHÓnpyeTca npneoeAHHeHHeM k hhm Aono;i- 
HHTejibHbix c{)yHKAHOHajibHbix AOMeHOB. Ha npaKTHKe, ko- 
HenHo, óbiBaeT Bcanoe: sc{)c{)eKTbi He>Ke^aTe^bHbix B3anM0- 
AencTBHH Me^CAy AOMeHaMH h apTecfiaKTbi cjDOJiAHHra AaiOT 
ceóíi 3HaTb. Jlioéoe Hcno^b30BaHHe AByrnópHAHOH encTe- 
Mbl TpeÓyeT nOCTaHOBKH Ôo^biuoro HHCJia KOHTpO^bHblX 
3KcnepHMeHTOB. H Bce-TaKH, b o6ui,eM h ue;iOM, CHCTeMa 
npeBocxoAHa. 

Eme pa3 oópaTHM BHHMaHHe Ha to, hto TecTnpyeMbie 
óejiKH, X h Y, He o6a3aHbi HMeTb HHKaKoro oraomeHHa k 
TpaHCKpnnAHH. HanpoTHB, Harnn npeACTaBjíeHHa o TpaHC- 
KpnnAHH (o tom, Kan npoHexoAHT aKTHBaura TpaHCKpnn- 
Ahh) no3BO^™n co3AaTb hobhh MeTOA HCCJieAOBaHHa 

B3anMOAeHCTBHa Me^CAy óejiKaMH. Ec^h (KaK Mbi CHHTaeM) 
/(HK-CBaSblBaiOmHH H aKTHBHpyiOIAHH AOMeHbl aKTHBaTo¬ 
pa paÓOTaiOT He3aBHCHMO, TO BCe, HTO Hy)KHO jljm aKTH- 
BaqHH, — sto CBecTH hx BMecTe. Jl Ba HcnbiTyeMbix 6e^Ka 
CBeAyT hx BMecTe, To^bKO B3aHMOAencTBya Apyr c ApyroM 
B HOpMaJIbHOH OÓCTaHOBKe KJieTOHHOrO flApa. 


AByrM6pMAHdD CHCTeMa 

noMoraet yaaHOBMTb c|)aKT B 3 aHMOAeMCTBMji 6 e/iKOB 


yHaCTHMKM 


ACbA Be/iOK 1 
oimc AHK- 

CBÍ13blBaiOL4HM AOMeHOM 


v 


Be^OK 2 
c^m c aKTM- 

BMpyiOLUHM AOMeHOM 


UHAHKaTOpHaB CHCTeMa 

CaňT CBB 3 biB 3 HHB óe^Ka TeH-penopiep 




Ero npoAyKT HMeeT bpkmh (J)eHOTnnnHecKnŕí 

3(|)(í)eKT H C^y>KHT HHAHKaTOpOM B3aHMOAeHCTBHfl 
Be^KM 1 m 2 He B3aMMOAeMCTBytoi: 3Kcnpeccnn Het 






B3anMOAeŕícTByfl, óe^KH 1 n 2 aKTHBkipyioT 
3Kcnpeccmo reHa-penopiepa 




P^IC. 25.6 ľlpHMeHeHMe AByrn6pnAHOÍí CMCTeMbi 3aKAK)HaeTCfl b 
C 03AaHMM ÓeAKOBblX XMMep (TaK Ha3blBaeMblX THÓpHAOB) Ha OCHOBe 
M3yHaeMbix 6eAKOB n pa3po3HeHHbix AOMeHOB (fjaKTopa TpaHCKpMn- 
i\m. B3anMOAeíícTBMe rn6pnAOB (roBopflmee o B3anMOAeíícTBHM 
M3ynaeMbix ócakob) oueHMBaeTCfl no hx cnocoÓHOCTM cobmcctho 
aKTHBMpoBaibTpaHCKpnnumo 


25.4 flByruópuAHaB cucieMa 6bma pa3pa6oiaHa abb noncKa HOBbix 6eAOK-6eAKOBbix B3anMOAeMCTBMM 655 










25.5 


AKTMBaTOp M0JK6T fleMCTBOBaľb <tepe3 KOaKTHBaTOp 


AKTMBaTOpbl B 3 aMMOfleMCTByK)T 
c ochobhhm annapaTOM 
TpaHCKpMnUMM 


KmoHeBbie noHHTMfl: 


• CneuMcfjMHHocTb jno6oro aKTMBaiopa k npoMOTopy- min 
3HxaHcepy-MmueHM onpeAejiaeTCfl flHK-CBfl3biBaiomMM 
flOMeHOM. 

• flHK-CBfl3biBaiomMM AOMeH OTBeHaeT 3a jiOKajiM3aunK) AOMeHa, 
aKTMBupyiomero TpaHCKpunumo, b HenocpeflCTBeHHoíí 
6 jim30Ctm ot ocHOBHoro annapaTa TpaHCKpununn. 

• AKTMBaiop np^Moro fleíícTBMfl MMeeiflHK-CBfl3biBaiomMÍí n 
aKTMBMpyiOmMM AOMeHbl. 

• AKTMBaiop, He MMetoiAMÍí aKTMBupyioiAero AOMeHa, MOweT 
AeíícTBOBaTb npn nocpeAHMnecTBe KoaKTMBaTopa, y Kdoporo 
aKTMBupyioiAMŕí aomch npncyTCTByeT. 

• B ochobhom annapaie TpaHCKpnni4HM ecTb HecKO/ibKo 
(JjaKTOpOB, KOTOpbie CJiywaT MMIJeHflMM A/lfl aKTMBaTOpOB M 
KOaKTMBaTOpOB. 


PHK-no;iHMepa3a, b cbocm xojiocjDepMeHTHOM KOMmieKce, 
MCOKeT 6bITb aCCOUHHpOBaHa C pa3JIHHHbIMH aJIbTepHaTHB- 
HblMH HaÓOpaMH C{)aKTOpOB TpaHCKpHnqHH. AKTHBaTOp 
OKa3biBaeT npaMoe achctbhc tojibko b tom cjiynae, eoín oh 
coctoht H3 flHK-CBaabiBaioiijero AOMeHa, coeflHHeHHoro c 
flOMeHOM, aKTHBHpyiOmHM TpaHCKpHniJHIO (KaK nOKa3aHO 

Ha pne. 25.3). Y HeKOTopbix aKTHBaTopoB hct CBoero ax- 
THBHpyiomero AOMeHa; bmccto 3Toro oh CBA3biBaeT eme 
OflHH ÓeJlOK, KOaKTHBaTOp, y KOTOporO TaKOH AOMeH eCTb. 
flencTBHe KoaKTHBaTopa H3o6paxceHO Ha p m c. 25.7. Ko- 
aKTHBaTopbi Moiyr pacqeHHBaTbca b xanecTBe cfiaKTopoB 
TpaHCKpnnqHH, Mba cneijH(f)HHHOCTb npoaBjmeTCfl bo B3an- 
MOAencTBHH c ApyrHMH cjDaKTopaMH TpaHCKpHniJHH, HO He 
C JX HK (c KOTOpOH OH BOOÓlIje He B3aHMOAeHCTByeT). Koh- 
xpeTHOMy aKTHBaTopy MoxceT 6 htb HyxceH cneqH^HMecKHH 
KOaKTHBaTOp. 

fl/w HenpaMOH aKTHBauHH (nepe3 KoaKTHBaTop) 
AencTBHTeAeH Bce tot >Ke MexaHHCTHHecxHH npHHqnn. 
B to BpeMfl xax aKTHBaTop npaMoro achctb™ HMeeT o6a 

HeOÓXOAHMblX AOMeHa, COeAHHCHHblX KOBaJieHTHOH XH- 
MHMeCKOH CBfl3bIO, aKTHBaTOp, A^HCTByiOmHH Mepe3 Ko¬ 
aKTHBaTop, no cyTH, nrpaeT po;ib /],HK-CBfl3biBaioiijero 
AOMeHa h HMeeT HeKOBa;ieHTHbie coe/viHeHHfl c Apyrn- 
mh cyóTeAHHHuaMH (no rany 6e;i0K-6ejiK0Bbix B3aHMO- 
AencTBHH; cpaBHHTe pne. 25.3 h 25.7). TaKHM o6pa30M, 
aKTHBauna TpaHCKpnnuHH o6yc;iOB;ieHa oahhmh h TeMH 
>Ke B3aHMOAencTBHaMH, He3aBHCHMO ot npHHaA^iexcHoc- 

TH Cf)yHKU,HOHaJIbHbIX MOflyjieH OflHOH cyó'beAHHHije HJIH 
MHO)KeCTBy CyÓTeAHHHU. 

floMeH, aKTHBHpyioiAHH TpaHCKpnnqHio, Ae;iaeT sto 
3a cneT ycTaHOBJíeHHa 6e;i0K-6e;iK0Bbix KOHTaKTOB c oc- 
hobhhmh c{)aKTopaMH TpaHCKpHnijHH, KOTopbie Henoc- 
peACTBeHHO ynpaBJíaiOT cóopKOH ochobhoto annapaTa 
TpaHCKpnnuHH. rjiaBHaa 3aAana aKTHBaTopoB — ycxopaTb 
cóopxy ocHOBHoro annapaTa. AKTHBaTOp BJinaeT Ha ochob- 
hoh annapaT ÓJiaroflapa KOHTaKTy c oahhm h 3 HecKOJibKnx 
ochobhhx cfiaKTopoB, name Bcero — c TF n D, TF n B hjih 
TF n A. (3Ta TpoHKa ochobhhx cjDaxTopoB ynacTByeT b paH- 
hhx oTanax côopxn ocHOBHoro annapaTa, cm. pne. 24.14.) 


KoaKTHBaTop 


WV^vO . 


AKTHBaTOp 


PHC. 25.7 AKTHBaTOp MO>KeT CBfl3blB3Tb KOaKTMBaTOp, KOHTaKTMpyiO- 
u\m c ocHOBHbiM annapaTOM TpaHCKpHnunn 


Ha pmc. 25.8 H3o6pa>KeHa CHTyaqna, Kor^a xomaKT y^ce 
ycTaHOBAeH. 

OóbiHHO MHineHbio aKTHBaTopoB aBAaeTca TF n D, b koto- 
POM ecTb HeCKOAbKO TAF; KOHTaKT MO)KeT ÓbITb yCTaHOBAeH 
C AIOÓblM H3 HHX. Ha CaMOM RCJIC, ({)aKTOpbI TAF TAaBHblM 
o6pa30M /yia Toro h npeAHa3HaneHbi, mtoóh coeflHmrrb oc- 
hobhoh annapaT c aKTHBaTopaMH. Bot noneMy caM no ce6e 
cfiaKTop TBP MO>KeT no/mepxcHBaTb MHHHMajibHbiH ypoBeHb 
TpaHCKpnnvHH, a /yia 6oaee hhtchchbhoh TpaHCKpnni/HH 
(CTHMyAHpyeMOH aKTHBaTopaMH) yxce HyxcHbi (JiaKTopbi TAF 
H3 TF n D. Pa3Hbie TAF H3 cocTaBa TF n D Moryr npeAOCTaB- 
AHTb nOBepXHOCTH /yiH B3aHMOAeHCTBHa C pa3AHMHbIMH 
aKTHBaTopaMH. HeKOTopbie aKTHBaTopbi B3aHMOAeňcTByK)T 
TOAbKO C KOHKpeTHbIMH TAF, APyTHe — CO MHOľHMH. HOAa- 

raiOT, mto B3aHMOAencTBHe aKTHBaTopoB c TAF cnocoôc- 
TByeT CBa3biBaHHio TF n D c TATA-6okcom ah6o noMoraeT 
ApyrHM aKTHBaTopaM rpynnnpoBaTbca Boxpyr KOMmieKca 
TF n D c TATA-6okcom. B j\ ioóom cjiynae oto B3aHMOAenc- 

TBHe CTaÓHJIH3HpyeT OCHOBHOH KOMnaeKC TpaHCKpnni/HH, 
hto ycKopaeT npouecc HHHi/Hai/HH h noBbimaeT MOii/HocTb 
npOMOTOpa (naCTOTy Co6bITHH HHHU,HaU,HH H HHTeHCHB- 
HOCTb TpaHCKpHni/HH). 

y Apoxcacen aKTHBnpyioiAHe AOMeHbi aKTHBaTopoB Gal 4 
h Gcn 4 HecyT MHO>KecTBO 0 TpnijaTe;ibHbix 3apaAOB; 3a sto 

HX Ha3bIBaiOT «KHCAbIMH aKTHBaTOpaMH». ElI^e OAHH HCKJIIO- 
MHTeAbHO 3(f)C{)eKTHBHbIH KHCAblH aKTHBaTOp — ÓeAOK VPl6 


AKTHBaTopbi KOHTaKTiipyiOT c ocHOBHbiM annapaTOM 


AKTHBaTOp KOHTaKTHpyeT c TAF b TF n D 




AKTHBaTOp KOHTaKTHpyeT c TF n B 





pne. 25.8 AKTMBaTOpbl MOryT AeííCTBOBaTb Ha pa3HblX CTaAHBX mhm- 
KOHTaKTMpya c cy6-beAHHHuaMM TAF b TF n D m6o c TF n B 


656 TJ1ABA 25 AKTMBavna TpaHCKpnnunn 














BHpyca repneca. Y VPI6 hct CBoero flHK-CBfl3biBaiomero 
AOMeHa, TaK hto (J)opMajibHO ero cjieAyeT othccth k KoaKTH- 
BaTopaM. MHorne SKcnepHMeHTbi no onncaHHio (jjyHKUHH 
KHCJioro aKTHBaTopa npoBOAHJincb Ha VPI6 c «npHiiiHTbiM» 
flHK-CBHSblBaiOmHM AOMeHOM. 

Knoibie aKTHBaTopbi ycnjiHBaiOT cnocoÔHOCTb Apyroro 
ocHOBHoro (jjaKTopa, TF„B, k BcrynjieHHio b ochobhoh kom- 
mieKC HHH4HauHH. SKcnepHMeHTbi, npoBeAeHHbie in vitro, 
noKa3ajin, hto CBH3biBaHne TF n B c KOMnjieKCOM HHHijnaijHH 
Ha npoMOTope aAeHOBHpyca CTHMyjinpyeTCH b npncyTCTBHH 
KHCJioro aKTHBaTopa (Gal4 hjih VPI 6), npnneM VPI 6 moxcct 
CBH 3aTbCB npHMO C TF„B. MOXCHO 3aiOIIOHHTb, HTO JIHMHTH- 
pyiomnM STanoM HHHijHaijHH c SToro npoMOTopa nBJwercn 
BcrynjieHHe TF„B b ochobhoh KOMmieKC h hto khcjimh aK- 
THBaTop ero CTHMy/iHpyeT. 

ripoMOTopbi jijví PHK-no^HMepa3bi II He oneHb nyBC- 
TBHTejibHbi k nepecTaHOBKaM h 3aMeHaM oTAejibHbix 

SJieMCHTOB. 3TO rOBOpHT O HH3KOH Cnei^HíjDHHHOCTH aKTH- 
Bai^HH TpaHCKpHnuHH c sthx npoMOTopoB. TaKoe BnenaT- 
jieHHe, hto jiioôoh aKTHBaTop, nen aKTHBHpyiomHH aomch 
OKaxceTCH b npeAejiax AOCflraeMOCTH ocHOBHoro KOMnjieKca 
HHHi^Hai^HH, cyMeeT coAencTBOBaTb ero côopKe. flpKoe noA- 
TBep^CAeHHe TaKoň yHHBepcajibHoera 6bmo nojryneHO npn 
HCnbITaHHH HCKyCCTBeHHblX npOMOTOpOB, COAepacaiIJHX 
HOBbie npoH3Bo^bHbie KOMÔHHai^HH sjieMeHTOB. HanpHMep, 
ecjín noMecTHTb sjicmcht UAS G , b3hthh y ApoxoKen, pjiAOM c 
npoMOTopoM reHa mhiuh, stot reH HanHeT aKTHBHpoBaTb- 
Cfl KHCJIbIM aKTHBaTOpOM Gal4 B KyjIbTHBHpyeMblX KneTKaX 

MJieKonHTaiomHx. nojiynaeToi, hto cpe^cTBa aKTHBai^HH 
npoMOTopa, KOTopbiMH pacnojiaraeT aKTHBaTop Gal4, noA- 
xoaat h Apo)KxcaM, h BbícniHM syxapHOTaM (to ecTb sth 
C peACTBa BblCOKOKOHCepBaTHBHbl). no BCeň BHAHMOCTH, 6e- 
jiok Gal4 pacno3HaeT b ochobhom annapaTe TpaHCKpnmjHH 
HenTo oômee jijik ApoxoKen h MJieKonHTaiomHx. 

KaKHM 7KC 0Ôpa30M aKTHBaTop CTHMyjIHpyeT TpaHC- 
KpnnijHK)? HanpaniHBaeTCH ABa rana MOAejien: 

• CorjiacHO peKpyraHroBOH moacjih, eAHHCTBeHHbíň s<3p- 
(Jdckt aKTHBaTopa 3aioiioHaeTai b noBbimeHHH cpoACTBa 
PHK-no^HMepa3bi k npoMOTopy (recruitment model). 

• B ajibTepHaTHBHOH moacjih aKTHBaTop HHAyu,HpyeT 
KaKoe-To H3MeHeHHe b KOMmieKce TpaHCKpnmjHH (Ha¬ 
npHMep, b KOH(})opMaijHH (jDepMemra), noBbimaiomee 
ero S(j)(f)eKTHBHOCTb. 

npn TeCTHpOBaHHH 3THX MOACJICH OKa3aJIOCb, HTO y 
ApoaoKen npn aKTHBauHH noBbimaeToi cpoactbo PHK-no- 
jiHMepa3bi. OAHaKo nocjie Toro, KaK KOHijeHTpaijHíi PHK- 
no^HMepa3bi 6bma cnjibHO yBejinneHa, aKTHBaTop ôojibiue 
He Mor noBbimaTb 3(fxf)eKTHBHOCTb TpaHCKpHni^HH. no Bcen 
BHAHMOCTH, HHCTblH BKJiaA aKTHBaTopa BCe-TaKH COCTOHT B 
nOBbimeHHH S(f)(f)eKTHBHOH KOHUeHTpaiíHH PHK-nO^HMe- 
pa3bi Ha npoMOTope. 

Ecjih coôpaTb BMecTe Bce KOMnoHembi, TpeôyeMbie pjm 
S(f)(f)eKTHBHOH TpaHCKpHniJHH (OCHOBHbie (jjaKTOpbl, PHK- 
noJiHMepa3y, aKTHBaTopbi h KoaKTHBaTopbi), nojiynHTca 
oneHb ôoJibmoH annapaT H3 > 40 ôcjikob. Bo3moxcho jih, 
HToôbi TaKOH annapaT npoxoAHJi nosTanHyio côopKy Ha 
npoMOTope? OKa3biBaeTCH, HeKOTopbie aKTHBaTopbi, KoaK- 
THBaTopbi h OCHOBHbie ({)aKTopbi MoryT npoxoAHTb Hanajib- 


Hbie 3 Tanbi côopKH np^MO Ha npoMOTope; noc^e 3 Toro k 
hhm npneoeAHHHeTCH orpoMHbin KOMnjieKC: PHK-no^HMe- 
pa 3 a, y^ce yKOMrnieKTOBaHHan ApyrnMH aKTHBaTopaMH h ko- 
aKTHBaTopaMH. Bce sto noKa 3 aHO Ha puc. 25 . 9 . 

Ha ceroAHfl h3bcctho HecKOJibKo ôejiKOBbix KOMraeK- 
cob, b KOTopbix PHK-noJiHMepa 3 a accouHnpoBaHa c pa 3 ^nn- 
HblMH ({)aKTOpaMH TpaHCKpHni^HH. CaMblH BHyiĽHTeJIbHblH 
H 3 hhx, «xoJio({)epMeHTHbiH KOMnjieKC» y ApoxoKen, COCTOHT 
H 3 PHK-no;iHMepa 3 bi, accouHHpoBaHHon c ABaAiiaracyô'b- 
eAHHHHHblM KOMnjieKCOM, TaK Ha 3 bIBaeMbIM MeAHaTOpOM. 
CnHTaeTCH, hto «xojio({)epMeHTHbiH KOMnjieKC>> cnocoôeH 
HHHI^HHpOBaTb TpaHCKpHni^HIO 6 e 3 nOMOIAH AOnOJIHHTeJIb- 

Hbix KOMnoHeHTOB. B cocTaB MeAnaTopa bxoaat npoAyKTbi 

SKCnpeCCHH HeCKOJIbKHX reHOB, HHaKTHBaumí KOTOpblX 
ÔJioKnpyeT TpaHCKpHni^Hio, HanpHMep npoAyKTbi jioicycoB 
SRB (Ha3BaHHe CBímHO c tcm, hto MHorne reHbi b sthx jio- 
Kycax ôbuiH HAeHTH({)H4HpoBaHbi no cynpeccHH Myraunn b 
reHe PHK-nojiHMepa3bi B; suppressor of PHK polymerase B). 
Ha3BaHHe «MeAnaTop» 6bmo BbiôpaHO H3-3a cnoeoÔHOCTH 
KOMnjieKca ôbiTb nocpeAHHKOM b achctbhh aKTHBaTOpOB. 
MeAHaTop HeoôxoAHM ApoxoKaM jjjir TpaHCKpnnuHH 6ojib- 
niHHCTBa reHOB. Y bmciiihx syKapHOT ecTb roMOJiornHHbie 
KOMnjieKCbi, TaioKe HeoôxoAHMbie jyw TpaHCKpnnuHH 6ojib- 
niHHCTBa reHOB. KorAa MeAHaTop B3aHMOAencTByeT c C- 
KOHi^eBbiM AOMeHOM PHK-noJiHMepa3bi II, oh npeTepneBaeT 
H3MeHeHHe KOH({)opMauHH. MeAHaTop MoxceT nepeAaBaTb 
PHK-nojiHMepa3e s^eKTbi aKTHBaTopoB h penpeccopoB. 
KorAa PHK-noJiHMepa3a HanHHaeT sjiOHrai^HHio TpaHc- 
KpnnTa, MeAHaTop, CKopee Bcero, yxoAHT. HeKOTopbie ({)aK- 
TOpbl TpaHCKpHm^HH npHMO BJIHHIOT Ha TpaHCKpnniJHIO, 
B3aHMOAeHCTByn c PHK-nojiHMepa3on hjih c ochobhmm an- 
napaTOM. flpyrne (jjaKTopbi bjihhiot kocbchho, nepe3 koht- 
pojib CTpyKTypbi xpoMaTHHa (cm. pa3A- 30.3 «PeMOAejinpo- 
BaHne xpoMaTHHa — sto aKTHBHbíň npouecc»). 




PHK-no/iMMepa3d npeAcraB/ineT co6om xo^o(|)epMe 


AKTMBaTOpbl 
M OCHOBHbie 4)aKTOpbl 
CBB3blBaiOT npOMOTOp 
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C noflroTOBJíeHHbiM 

npOMOTOpOM 

CB513blBaeTC51 

xojioc()epMeHT 

PHK-nojiMMepa3bi 


PHC. 25.9 PHK-nojiMMepa3a npeflCTaBAíieTCo6oM xoAO(|)epMeHT, co- 
Aep>KamMM MHO)KeCTBO aKTHBaTopoB 


25.5 AKTMBaTopbi B3anMOfleňcTByiOT c ochobhwm annapaTOM TpaHCKpnnunn 657 








25.6 


HeKOTopbie CBH3t>iBaioiiuie 
npoMOTop 6 e/i km 
bb/ibíotc/i penpeccopaMM 


KnKjneBbie noHMw: 


• B óojibiuMHCTBe c/iynaeB penpeccMfl TpaHCKpnni4MM AOCTMraeTca 
3a cnei M3MeHeHM5i crpyKTypbi xpoMaTMHa Ha o6wmphom 
o6jiacrn reHOMa; AMWb y HeKOTopbix npoMOTopoB ecib cbom, 
cnei4M(J)MHHbie k hmm, 6e/iKM penpeccopbi. 


06hhho penpeccna TpaHCKpnnitHH reHOB syKapnoT Bbi- 
nojiHaeTca Ha ypoBHe CTpyiaypbi xpoMaTHHa. Xota 6eji- 
Kn-peryjraTopbi, ÔJiOKnpyiomHe TpaHCKpnniiHK) no Tnny 
penpeccopoB b 6aKTepna;ibHbix onepoHax, b syKapnoTax 
BcrpenaiOTCfl AOBOJibHo peAKo, HecKOJibKo npnMepoB Bce 
xce H3BecTHO. Penpeccopbi TaKoro rana nrpaiOT aKTHB- 
Hyio pojib b noAaBjíeHHH (jiyHKítHH ocHOBHoro annapaTa 
TpaHCKpnnijHH. Oahhm H3 npHMepoB cjiy^KHT penpeccop 
NC2/Drl/DRAPl. Oh npeACTaBjmeT coôon reTepoAHMep, 
CBH3biBaiomHH TBP h He tfaiomHH eMy B3anM0AencTB0- 
BaTb c ApyrnMH KOMnoHeHTaMH ocHOBHoro annapaTa 
TpaHCKpnnqHH. O BaxcHocTH 3Toro penpeccopa moxcho 
cyŕjHTb no HexcH3Hecnoco6HOCTH ApoaoKen, y KOTopbix 
nOJIHOCTbK) HHaKTHBHpOBaH JIIOÔOH H3 reHOB, KOAnpyio- 

mnx KOMnoHeHTbi penpeccopa. 

B ApyroM, 6oJiee nacrnoM, npnMepe MHineHbio pery- 
muym cjiy^cHT CAAT-6 okc. Y MopcKoro exca b npoMOTope 
reHa rncTOHa H2B, HapaôaTbmaeMoro TOJibKo b xoAe cnep- 
MaToreHe3a, ecTb ABe Konnn CAAT-6oKca (cm. pne. 24.22). B 
ceMeHHHKax, r^e hact cnepMaToreHe3, CAAT-CBfl3biBaiomHe 


CAAT-6 okc MO)KeT 6biTb 3a6/iOKMpoeaH penpeccopoM 


ÄKTMBHOe COCTOflHMe 

B ceMeHHHKax MfleT cčopKa KOMn/ienca TpaHCKpnni 4 MM 
(nacTb KOMnoHeHTOB ocHOBHoro annapaTa He M3o6pa>KeHa) 


CAAT CAAT 


TATA 


OKTaMep OKTaMep 

wywv 



Oct-l CTF 


Oct-1 


HeaKTMBHoe cocronme 

CDP MeuiaeT ApyrMM c|)aKTopaM CBB3aTb CAAT-6okc, 
M3-3a 3Toro ocHOBHbie c()aKTopbi He Moryr cBíoaTbca 
C npOMOTOpOM 


\ \/V V 

CDP CDP 


p ú. 25.10 C6opKa KOMruieKca TpaHCKpMrmMM b ceMeHHHKax Mop- 
CKoro e>Ka Tpe6yeT ono3HaHM5i pjifla 3/ieMeHTOB npoMOTopa H2B. 
CBfl3biBaHne (J)aKTopa, ČJioKMpyiomero oamh M3 3tmx 3/ieMeHTOB, 
CAAT-6 okc, MemaeT CBfObiBaHMO (J)aKTopa, y3Hatomero mmchho 3tot 
3/ieMeHT, m, t3kmm o6pa30M, npenflTCTByeT o6pa30BaHMK) aKTMBHoro 
KOMn^eKca 


(JiaKTopbi (CAAT-binding factor, CTF) CBfl3biBaiOT CAAT-6 okc 
h aKTHBnpyiOT TpaHCKpnnitHio. B ocTanbHbix TKaHax npn- 
eyTCTByeT Apyroíí óejioK — penpeccop CDP (CAAT-displace- 
ment protein); CBH3biBaa CAAT-6oKCbi, tcm caMbiM 3aKpu- 
eaem ux om aKmueamopa, npeAOTBpamaa hx y3HaBaHne. 

Ha p mc. 25.10 H3o6paxceHbi nocjieACTBna TaKon pery- 
jiaiinn. B ceMeHHHKax pa3JinHHbie 3JieMeHTbi npoMOTopa 
reHa H2B (CAAT-6oKCbi, TATA-6okc, oKTaMepbi) Bce BMeae 
oôecnenHBaiOT CBfl3biBaHne cJ)aKTopoB TpaHCKpnnitHn. B oc- 
TanbHbix TKarwx SMÔpnoHa y^aneHne CAAT-CBfl3biBaiomero 
(jiaKTopa c npoMOTpa npemrrcTByeT o6pa30BaHHio TpaHc- 
KpnniiHOHHoro KOMmieKca. B a^hhom ciiyMae AencTBHe 
CDP aHanorHHHO aohctbhio ôaKTepnajibHoro penpeccopa, 
KOTopbíň He no3BOAaeT PHK-noJinMepa3e HHHijHHpoBaTb 
TpaHCKpnnijHK) c npoMOTopa, Ha kotopom oh chaht. Giy- 
nan c CDP AeMOHCTpHpyeT, hto, ecjín KaKon-HnôyAb óejioK 
CBH3biBaeT KOHKpeTHbin, nycTb j\xa ce xoporno H3yneHHbiH, 
ajieMeHT npoMOTopa, o (J)yHKn,HH 3Toro ôejiKa mojkho TOJib- 
ko raAaTb: oh moxcct ôbiTb aKTHBaTopoM, penpeccopoM hjih 
BJinaTb Ha TpaHCKpnnijHK) e 3Toro npoMOTopa. 


25.7 


3/ieMeHTbi OTBeTa 
y3H3K)TCB aKTMBaTOpaMM 


KmoHeBbie noHííTMa: 


• BAeMeHTbl OTBeTa MOryT BXOflMTb B COCTaB npoMOTopoB n 
3HxaHcepoB. 

• Ka/Kflbm TaKOíí 3/ieMeHT y3HaeTCB cneuM^MHHbiM k HeMy 
aKTMB3TOpOM. 

• B npoMOTope mam 3HxaHcepe MO>KeT 6biTb mhoto 
3AeMeHTOB OTBeTa; ohm MoryT ynacTBOBaTb b aKTMBai^MM 
TpaHCKpMnuMM Kax nooAMHOHKe, Tax m b onpeAejieHHbix 
KOMÓMHaAMBX. 


Oômaa 3aKOHOMepHOCTb, KOTopyio moxcho ecJ)opMyAHpo- 
BaTb, hcxoaa H3 onneaHHH paannHHbix rpynn reHOB c 06- 
LAHMH CHCTCMaMH KOHTpOJIU, BbiniHAHT TaK: 6 TlpOMOmOpOX 

wiu 3Hxancepax zenoe KaMdoú zpynnu ecnib udenmurnue 
cemrnmu flHK, ono3naeaeMue aKmueamopOM. Cernem 
npoMOTopa wnw SHxaHcepa, 3acTaB^nomnH reH OTBenaTb 
Ha npneyTCTBHe ({)aKTopa, Ha3biBaioT ajieMeHTOM oTBera 
[(response element; HanpnMep, OTBeTa Ha TenjiOBOň 

ľiok (heat shoek response element, HSE); anmem OTBeTa Ha 
rjiioKOKopTHKOHAbi (glucocorticoid response element, GRE); 
siieMeHT OTBeTa Ha cbmopoTKy (sérum response element, 
SRE)]. Konnn «3JieMeHTOB 0 TBeTa», OTHOcamneca k pa3HbiM 
reHaM, oneHb noxoxcn MOKAy coôoň (to ecTb He o6a3aTe;ibH0 
nOJIHOCTbK) HAeHTHHHbl), H B HHX 06fl3aTeJIbH0 eCTb KOpOT- 
Kne KOHceHcycbi. CerMem J\HK, CBH3biBaeMbiň cjiaKTopoM, 
c oôenx CTopoH HeMHoro BbiCTynaeT 3a Kpaa KOHceHcyca. 
B npoMOTopax ajieMeHTbi OTBeTa HaxoAATca He Ha (Jdhkch- 
pOBaHHOM paeCTOHHHH OT CTapTOBOH TOHKH, HO OÔblHHO B 
npeAenax 200 nH ot Hee. JJjw Toro htoôh nojiyMHTb pery- 
jiaTopHbíň oTBeT b c{)opMe Bcn^ecKa 3Kcnpeccnn, oóhhho 
AOCT aTOHHO OAHoň Konnn 3/ieMeHTa, ho cyntecTByiOT npo- 
MOTopbi, y KOTopbix npncyTCTByeT Hee kojí bKO Konnn. 


658 TJIABA 25 AKTMBauMB TpaHCKpnniiMM 














3;ieMeHTbi oTBeTa Moiyr HaxoAHTbea KaK b npoMOTo- 
pax, Tax h b SHxaHcepax. HeKOTopbie ranbi sjicmchtob xa- 
paKTepHbi HMeHHO /y m npoMOTopoB, Apyrne — b ochobhom 
AJ ifl SHxaHcepoB. HanpHMep, HSE name Bcero nonaAaiOTca b 
npoMOTopax, a GRE — b 3HxaHcepax. ľlpeAnoJioxcHTejibHO, 
Bce ajieMeHTbi OTBeTa (f)yHKu,HOHHpyiOT no oahomy h TOMy 
xce npHHi^Hny: CBa3biBaHne aKTHBaTopa c sjicmchtom OTBe¬ 
Ta HeoôxoAHMO pjvi Toro, HToôbi PHK-nojiHMepa3a Morjia 
HanaTb TpaHCKpHnijHio reHa. Orjimne aKTHBaTopoB, pa6o- 

TaiOIAHX C SJieMeHTaMH OTBeTa, OT KOHCTHTyTHBHblX aKTH- 
BaTOpOB COCTOHT B TOM, HTO ohh paóoTaiOT (npneyTCTBy- 
IOT B aKTHBHOH (f)OpMe) TOJIbKO B OnpeACJieHHblX yCJIOBHflX 

(bo3moxcho, HecTaHAapTHbix pjw kjictkh). Momcht, KorAa 
reH HanHeT SKcnpeecHpoBaTbCfl, 3aBHCHT ot HacTynjieHHa 

3THX yCJIOBHH. 

ľlpHMepOM HeCTaHAapTHblX yCJIOBHH, B KOTOpblX MHoro 
reHOB KOHTpojinpyeTca oahhm h tcm xce (fjaKTopoM, cjiy^cnT 
noBbinieHHe TeMnepaTypbi oKpyacaiomeH cpeAbi, npnBOAA- 
mee KJieTKy b cocToaHne TenjiOBoro rnoKa. OneHb MHorne 
KjieTKH (Aaxce óaKTepnajibHbie) yMeioT pearnpoBaTb Ha no- 
BbimeHHe TeMnepaTypbi, peryjinpya SKcnpeecHio MHoacecTBa 
cbohx reHOB no ocoôoh cxeMe, h3bccthoh KaK otbct Ha Ten- 
jioboh rnoK (heat shock response). B paMKax OTBeTa TpaHC- 
KpnnuHa HeKOTopbix reHOB BbiKjnoHaeTca; TpaHCKpnnijHfl 
uejioro paAa Apyrnx reHOB, HaoôopoT, aKTHBHpyeTca (sto 
TaK Ha3biBaeMbie reHbi TenjiOBoro rnoKa). KpoMe h3mchchhh 
b TpaHCKpnnuHH reHOB noBbimeHne TeMnepaTypbi Bbi3biBa- 
eT H3MeHeHna b TpaHCjraijHH mPHK. Ha npnMepe peryjiai^nn 
SKcnpeccHH «reHOB TenjiOBoro rnoKa moxcho npoAeMOHC- 
TpnpoBaTb pa3JiHMna b cnocoôax Kompojra 3KcnpeccHH y 
npoKapnoT h ayKapnoT. Y 6aKTepnň CHHTe3npyeTca hobmh 
a-(f)aKTop, HacTpanBaioiAHH xojio(f)epMeHT PHK-nojiHMe- 
pa3bi Ha y3HaBaHne ajibTepHaraBHOH noejieAOBaTejibHOCTH 
(~ 10 nH), npneyTCTByiomeH b npoMOTopax reHOB TenjiOBoro 
rnoKa (cm. pa3A. 11.16 m AaHHOM npoMOTope 

3aBCHT ot rana cnrMa-({)aKTopa»). B aape syKapnoranecKon 
KjieTKH reHbi TenjiOBoro rnoKa Toxce coAepxcaT exoacne koh- 


ceHcycHbie noejieAOBaTejibHOCTH (HSE), ho, BO-nepBbix, sth 
ajieMeHTbi HaxoAHTca Ha pa3Hbix paccToaHnax ot CTapTo- 
BblX TOHeK; BO-BTOpbIX, C HHMH paÔOTaeT He3aBHCHMbIH aK- 
THBaTop HSTF — TpaHCKpnnijHOHHbiH (fjaKTop TenjiOBoro 
rnoKa (He ABjraiomHHCfl hh KOMnoHemoM ocHOBHoro anna- 
paTa TpaHCKpnnqHH, hh, tcm 6ojiee, eyô'beAHHHijeH PHK- 
nojiHMepa3bi). TaKHM o6pa30M, aKTHBaijHfl (fjaKTopa HSTF 
ejiy^CHT cpeACTBOM npnijejibHOH H36npaTejibHOH aKTHBa- 
ijhh TpaHCKpnnuHH ~20 reHOB, b npoMOTopax KOTopbix 
ecTb eooTBeTCTByiomaa noejieAOBaTejibHOCTb-MHineHb. 

Y Drosophila melanogaster Bce reHbi TenjiOBoro 
rnoKa CHaôxceHbi mhoxccctbom Konnň HSE, noTOMy hto 
ee HSTF oôjiaAaeT cbohctbom KooneparaBHO CBH3biBaTb 
CMexcHbie Konnn ajieMema. nopa3HTejibHO: b xoAe sbo- 
JIIOIJHH HSE OCTaBaJIHCb HaCTOJIbKO KOHCepBaTHBHbIMH, 
hto reH TenjiOBoro rnoKa H3 D. melanogaster moxcct 
6biTb aKTHBnpoBaH co CBoero eoôcTBeHHoro npoMOTopa 
b loieTKax MopcKoro exca hjih mhiuh. Hto KaeaeTca 6eji- 
kob HSTF, ohh Toxce KpaŕíHe KOHcepBaTHBHbi; y mioAOBOH 
MyniKH h y ApoaoKen ohh oneHb noxoxcn h ocTaBjíaioT 
OAHHaKOBbie MOJieKyjmpHbie «OTnenaTKH» Ha flHK, He- 
cymen sjieMeHTbi OTBeTa Ha TenjioBOH uiok. Y ApoaoKen 
TpaHCKpHni^HOHHblH (f)aKTOp nOAJIOKHT (J)OC({)OpHJIHpO- 
BaHHio: hmchho TaK, npH HacTynjieHHH TenjiOBoro rnoKa, 
npoHexoAHT ero aKTHBaijHfl. 

npHMepOM Toro, KaK OAHH H TOT 7KC reH MOXCCT 
OKa3aTbea Ha nepeceneHHH MHOXcecTBa peryjwTopHbix 
KOHTypoB, ejiy^cHT 3KcnpeccHa reHa MeTajuioTHOHeHHa. 
BejioK MeTajuioTHOHeHH, MT, 3aiu,Hm,aeT ioieTKy ot h 3- 
ÔblTOHHblX KOHUeHTpai^HH TJDKCJIblX MeTaJIJIOB: OH CBfl- 

3bmaeT hoh MeTajuia h bhboaht ero H3 kjictkh. TeH MT, 
KOTopbíň b cTaHAapTHbix ycjiOBHax 3KcnpeccHpyeTCfl Ha 
HeKOTOpOM ypOBHe, MOXCeT ÔbITb HHAyUHpOBaH K nOBbl- 
meHHOH SKCnpeeCHH; nepBHHHbIMH HHAyKTOpaMH CJiy- 
xcaT hohh Taxcejibix MeTajuioB (HanpHMep, KaAMHa) jihôo 
rjnoKOKopTHKOHAbi. PeryjiflTopHaa oôJiacTb reHa MT eo- 
neTaeT b ee6e 3JieMeHTbi OTBeTa HecKOJibKHx TnnoB. 



PUC. 25.11 Pery^íiTopHaíi o6^acib reHa Meia/uiOTMOHeMHa ne^oBeKa coflep>KMT pery^íiTopHbie a^e- 
NieHTbi KaK b npoMOTope, TaK n b aHxaHcepe. B npoMOTope ecib a^eMeHTbi, nepe3 KOTopbie MfleT 
MHAyKumí aKcnpeccMM Meia/uiOTMOHeHHa moh3mm Meia/uiOB; b aHxaHcepe ecTb a^eMeHT OTBeTa Ha 
r^tOKOKOpTMKOMflbl. ľlOA KapTOÍÍ npOMOTOpa C H33BaHMí1MM 3JieMeHTOB Ha pMCyHKe o6o3HaHeHbl 6en- 
m, CBíi3biBaK)mMe 3 tm a^eMeHTbi 


25.7 9AeMeHTbi OTBeTa y3HaioTCfl aKTHB3TopaMn 659 














25.8 


OpraHH3aijHíi npoMOTopa reHa MT cxeMaTHMHo H3o6- 
paxceHa Ha pmc.25.11. Cpa3y ôpocaeTca b r;ia3a, mto sjicmch- 
Tbl, Mepe3 KOTOpbie MOXCCT HATH aKTHBaiJHfl TpaHCKpHnilHH, 
b stom npoMOTope pacnojioaceHbi oneHb im otho. TATA- h 
GC-6oKCbi 3aHHMaiOT cboh oôbiHHbie nojioaceHHfl HenoAa- 
jieicy ot cTapTOBOH tomkh. Enje ABa sjieMeHTa, BLE (ot am/i. 
basal level elements — sjieMeHTbi 6a30Boro ypoBHa) cf)op- 
MajibHO noAxoAAT noA onpeAe;ieHHe SHxaHcepoB. Xota ohh 
pacnojioxceHbi He OMeHb AajieKO ot CTapTOBOH tomkh, hx 
moxcho nepeMecTHTb ropa3AO jj,2mbuit 6e3 ymepôa pjm (J)yH- 
kijhh. KpoMe Toro, BLE coAepxcaT nocjieAOBaTejibHocTH, 
xapaKTepHbie ajw SHxaHcepoB; hx CBH3biBaioT Te xce 6enKH, 
mto h SHxaHcep SV40. 

Sjicmcht oTBeTa Ha 3(f)Hpbi (jiopôojiOBbix khcjiot (h3- 
3 a KOTopbix b TKaHflx oôpa3yiOTCfl onyxojín) o6o3HaMaeT- 
cfl KaK TRE (TPA response element). Ero KOHceHcyc ecTb b 
H ecKOJibKHx SHxaHcepax, HanpHMep b oahom h 3 BLE reHa 
MT, a TaioKe b 72 nH noBTopax BHpyca SV40. SjieMeHT TRE 
co^ep^cHT caňT CBfl3biBaHHa cjiaKTopa AP1; b cTarmapTHbix 
ycjiOBHax sto CBH3bmaHHe paôoTaeT KaK nacTb MexaHH3Ma 
KOHCTHTyTHBHOH SKCnpeCCHft, OAHHM H3 aKTHBaTOpOB KO- 
Topoň cjiy>KHT AP1. B Apyrnx ycjiOBrax y B3aHMOAeHCTBHa 
AP1 c TRE Apyraa (jiyHKíiHfl: oho c^yacm oahhm h 3 pbinaroB 
3anycKa H3MeHeHHH b narrepHe TpaHCKpHmjHH, HanpaB- 
jieHHbix Ha HeHTpajiH3aitHio noc;ieACTBHH aTaKH (f)op6o;io- 
BblX 3(J)HpOB. 

PiHAyKTHBHbiH otbct reHa MT Ha npHcyTCTBHe Taxce- 
jibix MeTajuioB npoHexoAHT ĎJiaroAapa HajiHMHio b ero 
npoMOTope MHoxcecTBa sjieMeHTOB MRE (metal response 
element; cm. pne. 25.11). Ha^HHHe b npoMOTope jiioôoro 
reHa xotb 6bi OAHoro MRE npHAaeT reHy enoeoÔHOCTb 
pearapoBaTb noBbimeHHOH sKcnpeccHen Ha npHcyTCTBHe 
Taxce^bix MeTamiOB. HeM ôojibiue TaKHx ojicmchtob, tcm 
HHT eHCHBHee HHAyKItHH; C MRE B3aHMOACHCTByeT cJ)aKTop 
TpaHCKpHmtHH MTF1. 

Eme oahh 3JieMeHT b npoMOTope MT oôecneMHBaeT ot- 
BeT Ha CTepoHAHbie ropMOHbi: sto GRE, jioKamriH b 250 nH 
OT CTapTOBOH TOMKH. GRE bcact ce6a KaK 3HxaHcep. Jltnt- 
nm ynacTKa, coAepxcamero GRE, He BJinaeT hh Ha 6a3a^b- 
HblH ypOBeHb SKCnpeCCHH, HH Ha HHAyKD,HK) SKCnpeCCHH 
MT HOHaMH TOKe;ibix MeTajuiOB. 3aT0 6e3 GRE He nponcxo- 
Aht HHKaKoro OTBeTa Ha CTepoHAbi. 

PeryjwijHfl SKcnpeccHH MeTajuioTHOHeHHa xoporno 
HJUHOCTpnpyeT tot oôiahh npHHitnn, coniacHo KOTopoMy 
moôou U3 necKOJibKux pasjiuHHUX 3jieMenmoe e 3wcance- 
pe wm npOMomope MOMem ne3aeucuMO aKmueupoeamb 
zen. OTcyTCTBHe sjieMeHTa, Mepe3 KOTopbíň npoxoAHT 
OAHH nyTb aKTHBaitHH, HHKaK He BJIHfleT Ha HCnpaBHOCTb 
ocTajibHbix nyTen aKTHBaijHH. MHoroo6pa3ne ojicmchtob, 
hx He3aBHCHMOCTb Apyr ot Apyra, npaKTHMecKH Heorpa- 
HHMeHHaa CBoboAa hx pacnoJioxceHHa roBopaT o tom, mto 
(f)aKTOp, CBfl3aBIHHH JIIOÔOH H3 3THX 3JieMCHTOB, MOXCeT 
He3aBHCHM0, KaK noAOÔaeT aKTHBaTopy, BjinaTb Ha ochob- 
hoh annapaT TpaHCKpHnLjHH. 3 to BjimiHHe, ocHOBaHHoe 
Ha 6e^0K-6e^K0Bbix B3aHMOAencTBHflx, cTa6H;iH3HpyeT 
annapaT TpaHCKpnmiHH hjih cnocoôcTByeT ero côopKe, 
TaKHM o6pa30M bo MHoro pa3 noBbimaa MacTOTy coôhthh 
HHHItHaitHH. 


Pa3ilMMHbie TWlbl 
AHK-CBfl3blBai01MI4X AOMeHOB 


K/iK)HeBbie noHBTMB: 


• AKTMBaiopbi npMHflTO K^accn(J)MUMpoBaTb noTunyAHK- 
CB5i3biBaioiMero AOMeHa. 

• BHyipn OAHoro oacca aKTMBaiopoB B03Nio>KHbi 
BapnauMM aMMHOKucjiOTHoíí noc^eflOBaie^bHocTM 
(J)yHKUMOHajibHO 3HaHMMoro MOTMBa, onpeAejiBioimie 
cneun(j)MHHOCTb pa3Hbix 6e;iKOB k KOHKpembiM 
CaíÍTaM-MMLUeH51M. 

AKTHBaTopaM CBOHCTBeHHO HMeTb MOAynbHyio CTpyKTypy. 

3a CBfl3biBaHne c J\HK h 3a aKTHBaijHio TpaHCKpnniiHH b hhx 

OTBeMaiOT ABa OTAe^bHbix ôe^KOBbix AOMeHa. Haute Bcero 

aKTHBaTopbi ioiaccn({)HiiHpyK)T no rany flHK-CBfl3biBaioiAe- 

ro AOMeHa. Ha caMOM Aene, 3a CBa3biBaHne c flHK oTBeMaeT 

JIHIDb OTHOCHTeJIbHO KOpOTKHH MOTHB STOľO AOMCHa. 

• Mothb «u,HHKOBbiH najieij» (zinc finger) 6bm Bnep- 
Bbie HAeHTHcjDHunpoBaH y c{)aKTopa TF ni A, KOTopbíň 
TpeóyeTca PHK-no^HMepa3e III rm TpaHCKpnnitHH 
reHOB 5 S pPHK. C Tex nop «itHHKOBbie na^bitbi» ôbuih 
oÔHapyaceHbi y MHornx c{)aKTopoB TpaHCKpnnitHH 
(6e3ycjiOBHbix h npeAno^araeMbix). Ocoôoh pa3H0- 
BHAHOCTbio SToro MOTHBa oô^aAaiOT peitenTopbi CTe- 
pOHAHblX ropMOHOB. 

• Pei^enTopw crepOHAHbix ropMOHOB (steroid 
receptors) oô'beAHHeHbi b oAHy rpynny He 3 a oôiahh 
MOTHB, a 3a OÔIAHH MexaHH3M HX aKTHBaitHH. Ka^AblH 
H3 peijenTOpOB CTepOHAHblX ropMOHOB — 3TO, Ha ca¬ 
MOM AeJie, KJiaccHMecKHH aKTHBaTop; npocTo pjm cbh- 
3bIBaHHa CO CBOHM 3JieMCHTOM B J\HK 3TOMy aKTHBaTO- 

py HeoôxoAHMo CHana^a CBH3aTb KOHKpeTHbíň CTepoHA 
PeitenTopbi t^iokokopthkohaob, BMecTe c peitenTopoM 
TnpeoHAHbix ropMOHOB, peu,enTopoM peTHHoeBoň 
KHCJIOTbl H HeKOTOpbIMH APyTHMH BHyTpHKJieTOMHbIMH 
peitenTopaMH, oô^eAnnaioT b aKTHBaTopoB, aKTHBHpy- 
eMbix jinraHAaMH (ligand-activated activators). BceM hm 
CBOHCTBeH oahh h tot xce modus operandi: ôemomú 
(fiaKmop ne nponannem ceoeu aKtnuenocmu do mex 
nop , noKa ne cenytcem HusKOMoneKympnuu mzand. 

• Mothb «cnHpajib-noBopoT-cimpa^b>> (helix-turn- 
helix) 6 bm BnepBbie HAeHTH(J)HitHpoBaH y ôaKTepn- 
oc{)aroB, b ^HK-CBfl 3 biBaK)meM aomchc ^H 3 oreHHoro 
penpeccopa. B lOiaccHnecKOM BapnaHTe, o ah a a-cnn- 
pa;ib jiexcHT b ôoJibmoH 6 opo 3 AKe K, ppyran a-cnn- 
pa^b, pacno^araacb noA yr^OM k nepBOH, jioxcHTca 
nonepeK J\ HK. Hoxoxchh mothb ecTb b roMeoAO- 
MeHax. IoMeoAOMeHbi 6 bmn BnepBbie oÔHapy^ceHbi 
y Drosophila b HecKOJibKnx ôe^Kax, npn 3 HaHHbix 
BaxcHenniHMH pery^aTopaMH SMÔpnoHa^bHoro pa3- 
bhthh. noxoxcne MOTHBbi npncyTCTByiOT BO MHOrHX 
(jiaKTopax TpaHCKpnnitHH MjieKonnTaiomHx. 

• ÁM({)HnaTHMecKHH mothb «cnHpajib-neT^H-cnHpanb» 
(helix-loop-helLx, HLH) 6bm HAeHTH(f)HijHpoBaH b Apy- 
rnx ôe^Kax-peryjiaTopax SMÔpnoHajibHoro pa3BHTHa h 
bo MHornx Apyrnx syKapnoTHMecKHx /],HK-CBa3biBaK)- 
iahx ôejiKax. AMcjiHnaranecKatf cnnpajib c AByx CTopoH 
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o6pa3yeT noBepxHOCTH c npoTHBonojioxcHbiMH cbohc- 
TBaMH. Ha oahoh CTopoHe coôpaHbi THApo(f)o6Hbie aMH- 
HOKHCJIOTHbie OCTaTKH, Ha APYTOH CTOpOHe HaXOÄHTCH 
no^o>KHTejibHO h OTpHijaTe/ibHO 3apaxceHHbie thapo- 
(f)HJIbHbie OCTaTKH; pa3Mep COe^HHHTeJIbHOH neTJIH co- 
CTaBJIflCT 12-28 aMHHOKHCJIOTHblX OCTaTKOB. 3 tot mo- 
thb no3BOJiaeT ôejiKaM o6pa30BbiBaTb AHMepbi; KomaKT 
c flHK ocymecTBjmeT Apyron ynacTOK nojiHnenraAa, co- 
CeAHHH C MOTHBOM: OH COAepHCHT MHOTO nOJIOHCHTeJIbHO 
3ap*DKeHHbIX aMHHOKHCJIOTHblX OCTaTKOB. 

• <JIeHU,HHOBbie MOJIHHH* 06pa30BaHbI OCOÔbIMH 

ynacTKaMH nojiHnenra^oB, r^e b KajKAOM ceAbMOM no- 

JIOXCeHHH CTOHT JICHI^HH. KaJKAblH TaKOH ynacroK — 3TO 
nOJIOBHHKa MOJIHHH; OH B3aHMOACHCTByeT CO CBOCH 
noJiOBHHKOH H3 Apyroro nojiHnenraAa. nojiyHaeTca 
AHMep, «3acTemyTbiH Ha mojihhio». Paaom c Ka^K/jon 
nOJIOBHHKOH MOJIHHH TpynnHpyiOTCH nOJIO^CHTeJIbHO 
3ap*DKeHHbie aMHHOKHCJioTHbie OCTaTKH, oôecneHHBa- 
lomne AHMepy KomaKT c J\ HK. 

AKTHBHOCTb HHAyiJHÔeJIbHOrO aKTHBaTOpa MOXCeT pe- 
ryjiHpoBaTbCfl HecKOJibKHMH pa3JiHHHbiMH nyraMH, KaK sto 
cxeMaTHHHO H3o6paxceHO Ha p m c. 25 . 12 . 


• OaKTop HMeeT npocTpaHCTBeHHyio cneijH(f)HHHOCTb, 
nocKOJibicy CHHTe3HpyeTca He bo Bcex, a TOJibKO b on- 
peAejieHHbix mieTKax hjih TKarax. CaMbiH apKHH npn- 
Mep — peryjiflTopbi pa3BHTHa Tnna ôcjikob c tomcoao- 
MeHaMH y Drosophila. 

• AKTHBHOCTb (f)aKTOpa MOXCCT 3aBHCeTb OT BHeceHHfl B 
Hero onpeAejieHHOH xhmhhcckoh MOAH(f)HKaiHHH. Ha- 
npHMep, TpaHCKpnnuHOHHbiH (JjaKTop TenjioBoro rnoKa 
HSTF nepeBOAHTca b aKTHBHyio (f)opMy (f)oof)opHjiH- 
poBaHHeM. OaKTop AP1, npeACTaBjíaiomHH coôoh reTe- 
poAHMep Jun h Fos, nepexoAHT b aKTHBHyio (f)opMy b 
pe3yjibTaTe (f)oc(f)opHjiHpoBaHHfl cyô'beAHHHijbi Jun. 

• OaKTop aKTHBHpyeTca (jihôo HHaKTHBHpyeTca) jih- 
raHAOM. flpKHH npHMep — peijenTopbi creponAOB. 
CBH3biBaHHe jinraHAa moxcct BjinaTb Ha jioKajiH3aijHio 
4)aKTopa (Bbi3biBaa ero nepeMemeHHe H3 ijHTonjia3Mbi 
b aApo) jihôo npHAaBaTb (jiaKTopy cnocoÔHOCTb k cba- 
3bIBaHHIO RHK. 

• OaKTop He BcerAa AocTyneH; HanpHMep, h3bccthchiiihh 
({)aKTOp NF-kB, KOTOpblH, B HaCTHOCTH, aKTHBHpyeT reHbl 
HMMyHorjioôyjiHHOB k b B-jiHM({)ouHTax npeACTaBJíeH 
BO MHOľHX KJieTKaX. B ÔOJIblUHHCTBe KJieTOK (jiaKTop 
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P M C. 25.12 AKTHBHOCTb peryjlflTOpHOľO (JjaKTOpa TpaHCKpMnUMM MO>KeT KO HTpOJl M po BaTbCB Ha 
ypoBHe CMHTe3a 6ejwa, KOBa/ieHTHoíí MOflMcjDMKaLjMM 6ejwa, CBfl3biBaHM5i (J)aKTopa c jiwraHAOM, a TaK- 
>Ke 3 a cneT fleMCTBMíi MHrn6nTopoB, KOTopbie ceKBecTpnpyK)T (J)aKTop (He nycKaiOT 6e/ioK b uejieBoií 
KONinapTMem-) nv\6o HapywatOT ero cnocoČHocrb CBA3biBaTb flHK 
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yAepacHBaeTca b ijHToruia 3 Me 3 a cneT B 3 aHM 0 AencTBHa 
C ÔeJIKOM-HHľHÔHTOpOM [-KĽ. B B-JIHM(f)OIJHTaX NF-kB 
ocBoôoacAaeTca ot I-kB; (jiaKTop nepeMemaeTca H 3 ijh- 
TOraa 3 MbI B fl/jpo H TaM aKTHBHpyeT TpaHCKpHIIIJHK). 

• y ({)aKTopa-AHMepa MoryT ôbiTb ajibTepHaraBHbie kom- 
ÔHHai^HH cyô'beAHHHu, ocoôeHHO xapaKTepHbie pjm 
ôejiKOB c AOMeHaMH HLH. HanpHMep, npeAnojioacHM, 
KOMÔHHaiJHa CyÔ'beAHHHU, A H B HeaKTHBHa; CHHTC 3 C, 
ajibTepHaTHBHoro napTHepa A, npHBeACT k BbiTecHeHHio 
B H 3 KOMraeKca AB c o 6 pa 30 BaHHeM aKTHBHoro KOMn- 
jieKca AC. 3 to 3 ;ieMeHTapHaa cxeMa; b npHHijHne TaKHe 
cxeMbi MoryT nepemieTaTbca MOKAy coôoh: MHoacecT- 
bo ajibTepHaTHBHbix napTHepoB oôpa 3 yiOT MHOacecTBO 
aJIbTepHaTHBHblX KOMÔHHai^HH Apyr C APyrOM. Cootho- 
rneHHe KOMÔHHaijHH onpeAejiaeT xapaKTep peryjiaijHH. 

• AKTHBHblH ({)aKTOp MOXCCT ÔbITb nojiyneH npw npoTe- 
ojíHTHnecKOM pacmemieHHH 6 e;iKa-npeAiiiecTBeHHHKa. 
HanpHMep, cymecTByeT aKTHBaTop, KOTopbiH BHanajie 
npeACTaBJíaeT coôoh ôe;ioK, npHKpenjieHHbiH k aAep- 
hoh oôojiohkc hjih 3 HAonjia 3 MaTHHecKOMy peTHKy^yMy 
co CTopoHbi 4 HToraa 3 Mbi. OTcyTCTBHe b MeMôpaHax 
CTepojiOB (HanpHMep, xo;iecTepo;ia) npHBOAHT k ot- 
men^eHHio ijHTon;ia 3 MaTHHecKoro AOMeHa, KOTopbíň 
HanpaBjíaeTca b aApo h TaM paôoTaeT b KanecTBe aKTHB- 
HOH (J)OpMbI aKTHBaTopa. 

flaaee Mbi ACTajibHo paccMOTpHM coôbiraa CBa3biBaHHa 

flHK H peaKUHK) aKTHBaiJHH B HCnOJIHCHHH aKTHBaTOpOB H 3 

pa3Hbix loiaccoB. 


25.9 


«L[MHKOBbie na/i b ubi» — sto 
AHK>CBji3biBaioiUMe AOMeHbi 


KjBOHeBbie noHATMa: 


• «LlMHKOBbm najieu» — 3to motmb M3 ~23 aMMHOKMC/iOTHbix 
ocraTKOB; oh MMeeT bma neniM, ocHOBaHwe Koiopoíí cxperuieHO 
aTOMOM UMHKa, KOHTaKTMpyKJIMMM C OCTaTKaMM ľMCTHflHHOB M 
UMCTeMHOB. 

• y 6e/wa c «LiMHKOBbiMM najibuaMM» 3 tmx «najibueB», KaK 
npaBMjio, HecKO/ibKO. 

• y Ka>KAoro «najibLia» C-KOHLieBaa nacib MMeeT bma a-criMpa/iM, 
KOTOpaB JlOWMTCfl B 6o/ibiijyK) 6opo3flKy flHK. 

• HeKOTopbie 6e/iKM c «UMHKOBbiMM najibuaMM» CBfl3biBaK)T PHK 
(BMecro flHK jim6o HapaAy c flHK). 


<<U,HHKOBbie najib 4 bi» — sto ocoôaa pa 3 HOBHflHOCTb aomch- 
hoh opraHH 3 auHH ôejiKa, npn KOTopon HeôoJibiiiHe koh- 
cepBaTHBHbie cerMembi nojiHnenTHfla CBa 3 biBaiOT no oaho- 
My HOHy i^HHKa; npn stom KaacAbiH cernem paôoTaeT KaK 
eflHHHHHblH (H B OnpeflCJieHHOH CTeneHH HC 3 aBHCHMbIH) 
(J)yHKU,HOHaJIbHbIH MOTHB. KjiaCCHHCCKHH npHMep ÔeJIKOB c 
« 4 HHKOBbiMH najibuaMH» — CTepoHflHbie peuemropbi. 

Ee;ioK c «4HHKOBbiMH naabijaMH», KaK npaBHjio, HMeeT 
qejiyio cepnio TaKHX «naabijeB»; ranoBaa cepna «ijHHKOBbix 
najibijeB» H3o6paxceHa Ha phc. 25 . 13 . Amhhokhcjiothmh 
KOH ceHcyc oflHoro «naabija» 3anHCbiBaeTca TaK: 

Cys-X 2 _ 4 -Cys-X 3 -Phe-X 5 -Leu-X 2 -His-X 3 -His 


CaMO Ha 3 BaHHe ^hhkobhh na;ieii» npeflCTaBjíaeT 
coôoh TpHBHajibHoe onncaHHe neTJín, BbicTynaiomeH H 3 
carna CBa 3 biBaHHa u,HHKa Ha noBepxHOCTH ôcjikoboh tjio- 
ôyjibi. MoTHBy Taioxe noflxoflHT ajibTepHaraBHoe Ha 3 BaHne 
«Cys 2 /His 2 -na;ieij», noTOMy hto npn ôJiHXcanmeM paccMOT- 
peHHH hoh 4 HHKa yflepxtHBaeTCfi BHyrpn TeTpa 3 flpa c 
BepniHHaMH H 3 AByX KOHCepBaTHBHblX 11 HCTCHHOB H flByX 
KOHCepBaTHBHblX rHCTHflHHOB. B nOCAeflOBaTeJlbHOCTb 

«na;ibija» bxoaht 23 aMHHOKHCJioTHbix ocTaTKa; npoMe- 
xcyTOK MOKAy naabuaMH oôhhho paBHaeTca ceMH-BoebMH 
OCTaTKaM. 

«H,HHKOBbie najib 4 bi» ecTb y MHornx /],HK-CBa3biBaK)- 
iahx ôejiKOB. B nepBHMHOH cTpyKType noannenTOfla aomch 
H3 «naJIb4eB» MOXCHO HfleHTH^HllHpOBaTb KaK cepHK) TaH- 
AeMHbix noBTopoB (oôbiMHO TaKaa cepna oflHa, ho ôbmaeT h 
ôoabine). Y ôeaKa ADR1 D. melanogaster stot aomch oneHb 
MaaeHbKHH: b hcm Bcero ABa «najibiia». y TF in A, HanpoTHB, 
MHoro «najibueB»: u,a\b ix A^BaTb, h Ha hhx yxoAHT noHTH 
Becb nojinnenTHA. flHK-CBa3biBaioiAHH aomch H3BecTHoro 
aKTHBaTopa Spi coctoht H3 Tpex «ijHHKOBbix najibueB». 

AHaJIH3 KpHCTaJIJIHHeCKOH CTpyKTypbl JX HK, COCTO- 
aifleň b KOMnaeKce c «TpexnajibiM» ôcakom, noavpmn 
OCHOBOH J}J\R MOAeJIH, H30ÔpaaceHH0H Ha PHC. 25.14. 
B COOTBCTCTBHH C 3TOH MOACJIbK) C-KOHllCBaa HaCTb Ka5K- 
Aoro «najibua» HMeeT bha a-cnnpajiH, KOHTaKTHpyiomen c 
JX HK. N-KOH 4 eBbie nacTH «najibueB» oôpa3yiOT p-caon. fljia 
npocTOTbi, stot p-caoH, a Taxace noJioaceHHa aTOMOB UHHKa, 
HHKaK He o6o3HaneHbi Ha cxeMe b HHacHeň nacra pncyHKa. 
Tpn a-cnnpajiH (ot Tpex «najibijeB») noMeiAaiOTca b oahh 
bhtok ôoJibmoH 6opo3AKH fl,HK. KaacAaa a-cnnpajib y3HaeT 
b flHK onpeAeaeHHyio HyKjieoTHAHyio noeaeAOBaTeabHOCTb 
h oôpa3yeT c Hen KOHTaKTbi b Asyx TOMKax, oTMeneHHbix Ha 
cxeMe CTpejiKaMH. CMHTaeTca, mto BapnaôeabHbie aMHHO- 
KHcaoTHbie ocTaTKH b C-KOHU,eBbix nacTax «najibueB» oôec- 
nenHBaiOT ôoaee y3Kyio enei4H(J)HMH0CTb k KOHKpeTHbiM 
noeaeAOBaTeabHOCTaM-MHineHaM. 

nocKoabKy « 4 HHKOBbie naab 4 bi» ôbuin oôHapyaceHbi 
y MHOľHX HCTHHHblX aKTHBaTOpOB (CTHMyJlHpyiOIAHX aK- 
THBHOCTb PHK-nOAHMepa 3 II H III), JIIOÔOH HOBblH ÔeJlOK 
c naabuaMH npeTeHAyeT, npeacAe Bcero, Ha poab (J)aKTo- 
pa TpaHCKpnnijHH. 3 tot noAxoA noaHOCTbio onpaBAaa 


B ocHOBaHM/ix «4iiHKOBbix na/ibtieB» HaxoAMTCJi Cys 2 His 2 Zn ++ 
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PHC. 25,13 OaKTop TpaHCKpMnuMM SPI MMeeT cepMio M3 Tpex «umh- 
KOBbix naabAeB». AMMHOKMcaoTHaB noc/ieAOBaTeabHOCTb xa>KAoro 
«naabAa» xapaKTepM3yeTCB oco6bm pacnoao>KeHMeM umctcmhob m 
rMCTMAMHOB, o6pa3yK)LAMX CaíÍT CB513blBaHMB MOHa UMHKa 
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PUC. 25.14 «14nHK0Bbie na/ibubi» MoryT npMHMMaTb (J)opMy a-cmipa- 
/íeŕí, KOTopbie bxoa^t b 6ojibwyK) 6opo3flKy AH K, CMbiKaacb c P-cjio- 
m m no Apyryío dopoHy aboííhom cnnpajin 


CeÔH BO MHOľHX HCCJieAOBaHHHX; B HaCTHOCTH, OH nOMOľ 
oToxcAecTBHTb HecKOJibKo jioKycoB D. melanogaster c 
(j)yHKijHflMH BaxcHeňniHx peryjiflTopoB SMÓpnoHaAbHoro 
pa3BHTHB. 

Ha caMOM Aene, b HHTepnpeTaijHH HaAHHHA y 6eAKa 
«IJHHKOBbIX naAblieB» HCOÔXOAHMO COÔAIOAaTb OCTOpOXC- 
HOCTb (OCOÓeHHO B HC0AH03HaHHbIX CHTyaiJHflX C COMHH- 
TejibHbiM KOHceHcycoM hah b CAynaax HaAHHHA oAHHapHO- 
ro MOTHBa). KaK BbiACHHAOCb, «naAbijbi» MoryT CBA3biBaTb 
PHK BMecTo flHK ah6o Booôme He HMeTb HHKaKoro otho- 
ineHHa k CBH3biBaHHio HyKJieHHOBbix khcaot. HanpHMep, 
THnOBOH ÓeAOK C «IJHHKOBbIMH naAb!jaMH», TF m A, CBA3bI- 
BaeT He TOAbKO reH 5S, ho h npoAyKT 3Toro reHa, 5S pPHK. 
OaKTOp HHHllHailHH TpaHCAAIJHH eIF2p TOXCe HMeeT «IJHH- 
KOBbíň naAeij»; MyraijHH, Hapymaiomne aMHHOKHCAOTHyio 
nocjieAOBaTejibHOCTb 3Toro najibija, bahaiot Ha 3(]x})eK- 

THBHOCTb H CneiJH(f)HHHOCTb y3HaBaHHfl HHHIJHHpyiOmHX 
koaohob. HaKOHeu, KancnAHbie 6 cakh peTpoBHpycoB Toxce 
coAepxcaT mothb, noxoxcHH Ha «naAeu»; npeAnoAaraiOT, 
MTO 3TOT <<naAeil» KaKHM-TO 0Ôpa30M B3aHMOAeHCTByeT c 
BHpyCHOH PHK. 


25.10 


Peuenľopbi crepoMAOB 
flBJlfllOTCfl aKTMBaTOpaMM 


K/BOHeBbie noHama: 


• Peueniopbi crepoMAHbix ropMOHOB othocbt k rpynne 
aKTMBaTOpOB, aKTMBMpyeMblX HM3KOMOJieKyjlBpHblMM JIMraHAaMM. 

• CBa3biBaHMe /inraHAa m CBfl3biBaHne flHK ocymecTBJíflioTCfl 

OTAejlbHbIMM AOMeHaMM. 


B opraHH3Me acHBOTHoro CTepoH/jHbie ropMOHbi (cTepon- 
Abi; HeôoAbniHe opraHHHecKHe MOJieKyjibi) CHHTe3HpyiOTca 
B OTBeT Ha pa3JIHHHbie HeňpOSHAOKpHHHbie CTHMyjIbl; 3TH 
ropMOHbi CHjibHeHiiiHM o6pa30M bahaiot Ha npoijeccbi 
pocTa, AH({)({)epeHiiHpoBKH h cocToaHHe roMeocTa3a y Bbi- 
CUIHX ACHBOTHblX. KAaCCH(f)HKaiJHfl CTepOHAOB (h ApyrHX 
COeAHHeHHH C nOXOXCHMH MOJieKyJiapHbIMH aKTHBHOCTHMH) 

npHBeAeHa Ha p m c. 25 . 15 . 

BaxcHbiM hctohhhkom cTepoHAOB abaíhotca Ha/jno- 
MeMHHKH. Ohh ceKpeTHpyiOT 6oAee 30 pa3HOBHAHOCTen 
CTepOHAOB; B OCHOBHOM 3TO ľAIOKOKOpTHKOHAbl H MHHepa- 
AOKOpTHKOHAbl. HOAOBbie CTepOHAHbie ropMOHbl (My^CCKHe, 
aHAporeHbi, h xceHCKne, scTporeHbi) CHHTe3HpyiOTCfl b cne- 
ilHajiH3HpoBaHHbix penpoAyKTHBHbix opraHax h TKarax. 
BHTaMHH D, no CBoeň CTpyKType poACTBeHHbin cTepon^aM, 
HeOÔXOAHM pjm (J)OpMHpOBaHHa KOCTHOH TKaHH. 

Cynj,ecTByioT ropMOHbi, KOTopbie, HMea Apyry 10 * HeM 
CTepoHAbi, xHMHHecKyio npnpoAy h Apyroň, hcm y CTepon- 
AOb, (J)H3HOJiorHHecKHH cmmca, no MexaHH3My CBoero Aenc- 
tbha oneHb noxoacn Ha CTepoHAbi: HanpHMep, TnpeoHAHbie 
ľOpMOHbl (HOAHpOBaHHbie npOH3BOAHbie Tnpo3HHa), KOTo¬ 
pbie KOHTpOJIHpyiOT OÔmyiO HHTeHCHBHOCTb MCTa60AH3Ma. 
Y pa^a TaKCOHOB cTepoHAHbie h THpeonAHbie ropMOHbi 
(HanpHMep, SKAHCTepoHAbi y HaceKOMbix h rapeoHAHbie 
ropMOHbi y aMcjiHÔHH) nrpaiOT BaxcHbie poAH b TaKOM nepe- 
jiomhom 3Tane xcH3HeHHoro i^Hioia, KaK MeTaMop({)03. 

flencTBHe peraHoeBOH khcaoth, hah BHTaMHHa A, mo- 
XCeT HMeTb MHOXCeCTBO pa3H006pa3HbIX (f)H3HOJIOrHHeCKHX 
CMblCAOB. HanpHMep, B SMÔpHOHaJIbHOM pa3BHTHH nTHIl 
peTHHoeBaa KHCAOTa cjiy^cHT Mop({)oreHOM, rpa^Hem koto- 
poro pa3MenaeT nepeAHe-3aAHK)io ocb ôy^ynien kohchhoc- 
th. MeTaôojiHT peTHHoeBOH KHCAOTbi, 9-^wc-peTHHoeByio 
KHCAOTy, MOXCHO OÔHapy^CHTb B TKaHAX, ľ^e H/jeT HHTeHCHB- 
Hoe HaKonAeHne h nepepaôoTKa BHTaMHHa A. 

Mnozoo6pa3ue 300eKmoe zopMona (wm dpyzoú cuz- 
ncuibHOú MOJieKyjibi) omoôpaotcaem jmozoo6po3ue nymeu 
pezyjiHUfUU , e Komopux Mozym 6umb 3adeúcmeoeanbi 3mu 
ZOpMOHbl. Pa3JIHHHbie XHMHHCCKHe COeAHHCHHA, KOTOpbIM 
nocBameH stot pa3AeA, xapaKTepH3yiOTca oôiahm cnocoôoM 
B03AencTBHa: e Kmecrme HU3K0M0Jie / KyjinpHbix jiuzandoe 
onu cneiftKpuHHO c6H3uecmm ceou pei^enmopu, noôyMdan 
ux aKmueupoeamb mpanacpurmuio zenoe-Mumeneu. 

B npHBblHHOM nOHHMaHHH, peljenTOp — 3TO ÔeAOK, 
3aKpemieHHbiH b kactomhoh MeMÓpaHe h cnocoÔHbin 
B3aHMOAencTBOBaTb c AnraHAOM Ha noBepxHoera kactkh. 
BeAKH, KOTopbie npHHATo Ha3biBaTb peiienTopaMH cTepo- 
HAHblX (THpeOHAHblx) TOpMOHOB, HMeiOT APyTHe CBOHCTBa. 
B AäHHOM cjiynae caM TepMHH peiienTopbi 6bui noAOÔpa- 
ho He coBceM y^anHO, nocKOAbKy pei^enTop CTepoHAHoro 
HAH THpeOHAHOrO ropMOHa ABAAeTCA peiienTOpOM pOBHO 
HacTOAbKo, HacKOAbKo penpeccop onepoHa lac y E. coli ab- 
AaeTCA peiienTopoM p-raAaKT03HAa. 

PeiienTopbi pa3AHHHbix rpynn cTepoHAHbix ropMOHOB, 
a TaKAce peiienTopbi rapeoHAHbix ropMOHOB h peiienTopbi 
peTHHoeBOH KHCAOTbi npHHaAJiexcaT k ocoôoMy KAaccy pe- 
ryAATopoB 3KcnpeccHH — TaK Ha3bmaeMbix aKTHBaTopoB, 
aKTHBHpyiomHxcA AHraHAOM (ligand-responsive activators). 
y sthx «peiienTopoB» CBA3biBaHHe AnraHAa h CBA3bmaHHe 
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OaKTOpbl TpaHCKpMnUHM aKTMBMpyiOTCH pa3J1M4Hb!MH rHAp 0 (|) 06 HblMM /IHraHAdMM 


KopTHKOMflbl (CTepOMflbl HaflnOHeHHMKOB) 


rjlKJKOKOpTMKOMflbl nOBblUJaKJT 
ypoBeHb caxapa b kpobm, p|_| q|_j 

a T3K>Ke oÓJiaflaKJT | 2 

npoTMBOBOcnajimejibHbiM C=0 
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MMHepaJlOKOpTMKOMAbl 
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K0pTM30/l 



ajibflociepoH 
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AHAporeHbi ynacTByiOT 
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TnpeonAHbie ropMOHbi 
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MHTeHCMBHOCTb OÓMeHa BeiAeCTB B OpraHM3Me 
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NH 

TpMMOAOTUpOHMH (T 3 ) 
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(mpaHc) peTMHoeBaa 
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PHC. 25.15 HecKOAbKO pa3HOBMAHOCTeíí rnApo(J)o6Hbix HM3KOMOJieKyji5ipHbix coeflMHeHMM pa6oiaK)T 
Kax aKTUBaiopbi (J)aKTopoB TpaHCKpMnuMM 


flHK ocymecTBJíHiOTCH He3aBHCHMbiMH AOMeHaMH, pacno- 

JIO^CCHHblMH Apyr OTHOCHTCHbHO APY™ CTaHAapTHbIM 06- 
pa30M. Bojibmoe CTpyKTypHoe cxoactbo pas/iHHHbix aKTH- 
BaTopoB 3Toro loiacca noKa3aHo Ha P m c. 2 5 . 1 6. 

ÄHK-CBfl3bIBaK)mHH AOMeH 0Ôpa30BaH UeHTpaJIbHOH 
nacTbio noJiHnenraAa. 3th perHOHbi oneHb noxoxcH y pa3- 
jiHHHbix peiienTopoB (coBna^eT ot 42% ao 94% aMHHOKHc- 
jiot). Ha^o CKa3aTb, hto y aKTHBaTopoB 3Toro loiacca aKT 

CBfl3bIBaHHfl flHK HeOTACJIHM OT COÔCTBeHHO aKTHBailHH 
(nocKOJibKy MyrauHH b flHK-CBflBbreaiomeM ueHTpajibHOM 
AOMeHe Moiyr HapymaTb o6e sth (jiyHKíjHH). 

N-KOHiieBbie oĎJiacTH noJiHnenTHAOB, HanpoTHB, 
oneHb BapHaóeAbHbi. Ohh noMoraiOT ijeHTpajibHOMy ao- 
MeHy aKTHBHpOBaTb TpaHCKpHnilHK). C-KOHIieBbie AOMCHbl 
peiienTopoB 3aHHMaioTca CBH3biBaHHeM ropMOHOB. B pe- 


qenTopax cTepoHAOB aMHHOKHCJioTHbie nooieAOBaTejib- 
hocth 3thx aomchob coBnaAaiOT Ha 30-57%; pa3JiHHHa 
OTpaxcaioT cneijH(f)HHHOCTb pojemropoB k KOHKpeTHbiM 
ropMOHaM. C ApyrHMH peiienTopaMH 3Toro loiacca cxoac- 
TBO npOCJIOKHBaeTCfl CJiaÔO, B CHJiy CneiJH(f)HHHOCTH 3THX 
peiienTopoB k cobccm ApyrHM jiHraHAaM: BHTaMHHy D, th- 
peOHAHblM ropMOHaM, peTHHOCBOH KHCJIOTe H T.A. B 3T0M 
xce C-KOHi^eBOM aomchc Tanúce ecTb mothbh, oôecnenHBa- 
lOIAHe AHMepH3ailHK) peiienTOpOB, MOTHB, 3aACHCTBOB2H- 
HblH B aKTHBailHH TpaHCKpHniJHH. 

EcTb jmraHAbi, rj\k KOTopbix cynj,ecTByeT mhoxccctbo 
6AH3KopoACTBeHHbix pojemropoB; HanpHMep y peraHO- 
eBoň KHCJiOTbi ecTb peiienTopbi RARa, RAR|3 h RARy, a y 
9-t{t/c-peTHHoeBOH khcjioth — peijenTopbi RXRa, RXR(3 h 
RXRy. 


664 TJ1ABA 25 ÄKTMBauMB TpaHCKpnni4MM 




























<t>aicropbi TpaHCKpnn 4 HM r aKTMBwpyeMbie jinraHAaMw, 
HMeioT o6mne crpyKTypHbie *tepTbi 


flHK-CBA3biBaK)iuafl cpeflHBB o6jiacrb nojiMnemufla 
ynacTByeT b aKTMBauMM TpaHCKpMnuMM; 
aMMHOKMC/iOTbi C0BnaflaK)T no 42-94% no/ioKeHMíí 


N-KOHueBbie oČJiacTM, 
MMefomne MeHee 
15% coBnafleHMM, 
Hy>KHbl flJIB aKTMBaUMM 
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ropMOH-CBB3blB3K)maB 
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HeoóxoflMMaB Taione 
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PHC. 25.16 Peueniopbi MHomx crepoMAHbix m TupeonAHbix ropMO- 
hob MNíeKJT noxo>KyK) opraHM3aunK), c oco6oíí N-kohucbom oójiac- 
TbK), KOHCepBaTMBHOÍÍ flHK-CBfl3blBaK)LAeM OČJiaCTbK), M C-KOHUeBOÍÍ 
očiiacTbK), npeflHa3HaHeHHOM ajia CBfl3biBaHM5i ropMOHa. CpaBHeHne 
npoBeAeHo oľHocmejibHo peuenTopa rmoKOKopTMKOMAOB 


25.11 


PeuenTopbi creponAOB 
IIMeiOT «AMHKOBbie nai1bUbl» 


KiiKJHeBbie noHATMa: 


• flHK-CBíi3biBaK)iAMM AONieH «peueniopa» coctomt M3 «UMHKOBbix 
na/ibueB» c aMMHOKMcnoTHbiMM ocraTKaMM Cys BNiecio 
ciaHAapTHbix His. 

• PeuenTopbi itiiokokoptmkomaob n acrporeHOB MMeiOT 
no Aea «na/ibua»; nepBbiM «na/ieu» cneun^MMeH k 
nocjieAOBaiejibHocTM-MmueHM b flHK. 

• «PeuenTopbi», CBfl3biBaioiUMe flHK, npeACTaB/iaiOT co6oíí 
AMMepbi. 


PeqenTopbi crepoHflHbix ropMOHOB (a Tanúce HeKOTopbie 
Apyrne 6 cakh) hmoot mothbm «ijHHKOBbie najibijbi», otah- 
Haiomneoi ot CTaHflapTHbix «najibijeB» Cys 2 /His 2 . Hx CTpyx- 
Typa ocHOBbiBaeTca Ha aAbTepHaraBHOM KOHceHcyce, Toxce 
npHcnocoôjieHHOM k yflepxcaHHio aTOMa ijHHKa: 

Cys-X 2 -Cys-X { 3 -Cys-X 2 -Cys 

TaKHe Cys 2 /Cys 2 «najibijbi» ecTb y mhoitix «peijenTo- 
pOB», npHHeM HepeAKO B eflHHCTBeHHOM HHCJie (KaK Mbl 
noMHHM, y 6e;iKOB co CTaHflapTHbiMH Cys 2 /His 2 «naAbijaMH» 
3 thx «najibfleB» xax MHHHMyM flBa). Bce H3Becmbie nocne- 
flOBaTe/ibHOCTH-MHineHH (caňTbi CBA3breaHHfl) «peijenTo- 
poB» b flHK npeflcraBjraiOT coôoh KopoTKHe npepbiBHCTbie 
naJIHHflpOMbl (TO eCTb napy KOpOTKHX HHBepTHpOBaHHblX 
nOBTOpOB, pa3fleAeHHbIX HCÔOAbniHM HHTepBaJIOM). 


PeflenTopbi itiiokokopthkohaob h scrporeHOB hmoot 
no ABa «najibiia»; b KaTKAOM «najibiie», no uempy TeTpaaApa n3 

flHCTeHHOB, COAepXCMTCA aTOM flHHKa. COBMeCTHblH ({)OJIAHHr 
a-cnnpajieH, o6pa3yeMbix <<najibflaMH», AaeT ôonbinoH rnoóy- 
JiapHblH AOMeH. ľHAp 0 ({) 06 HbIH fleHTp 3TOH mOÔyAbl COCTaB- 
ahiot apoMaTHnecKne noBepxHocrn a-cnnpajieH, cobmcctho 
c |3-CAoeM, coeAHHAioiflHM ABe cnnpajiH. OAHa H3 CTopoH a- 
cnnpajiH nepBoro (cnHTaa ot N-Komja nonHnenTHfla) <<najib- 
L(a» HMeeT KOHTaKTbl B ÔOAbUIOH 6op03AKe flHK 

Htoôm CBA3aTb flHK, peu,enTop AHMepH3yeTOL Kaxc- 
AOH cyó'beAHHHfle (nonoBHHKe) AHMepa AOcraeTCfl oahh h3 
CMOKHbix bhtkob abohhoh cnnpaAH flHK. MaHepa peijenTo- 
POB AHMepH30BaTbCA HaXOAHTCB B nOAHOM cootbctctbhh c 
CHMMeTpHHHOH CTpyKTypOH 3ACMCHTOB OTBeTa Ha CTepOH- 
Abi (h hm noAOÔHbie cnraajibHbie MoneKynbi; cm. pa3A. 25.13 
«PeflenTopbi CTeponAOB y3HaiOT SAeMeHTbi oTBeTa b coot- 
BeTCTBHH C KOMÔHHaTOpHbIM KOAOM»). 

KaACAbiH «najieu,» OTBenaeT 3a OAHy H3 npHHflHnnajib- 
ho Ba^cHbix (J)yHKL(HOHajibHbix xapaKTepHCTHK peuenTopa; 
(J)yHKL(HOHaJIbHO 3HaHHMbie aMHHOKHCAOTHbie OCTaTKH 
OTMeneHbi Ha p n c. 25.17. HecKOAbKo ocraTKOB Ha npaBoň 
CTopoHe nepBoro «nanbija» A^KTyiOT HyKneoTHAHyio noc- 
AeAOBaTeAbHOCTb mhuichh (sACMema OTBeTa b flHK). He- 
CKOAbKO ocTaTKOB Ha acboh CTopoHe BToporo «naAbfla» 
3aAaiOT HHTepBaA MOKAy CHMMeTpHHHbIMH nOAOBHHKaMH 
MHineHH (KaACAaa noAOBHHKa MHineHH y3HaeTca oahoh h3 
AByx cyô'beAHHHu AHMepa peuenTopa; cm. pa3A. 25.13 «Pe- 
flenTopbi CTepoHAOB y3HaiOT sacmcoth OTBeTa b cootbctc- 

TBHH C KOMÔHHaTOpHbIM KOAOM»). 

OaKT CBA3bmaHHA flHK nepBbiM «naAbfleM» 6ha yóeAH- 
TeAbHO AOKa3aH b 3KcnepnMeHTax no oÔMeHy cneqH({)HH- 
hoctamh. y peijenTopa scTporeHOB nocpeACTBOM AeAeflHH 
yAaAAAH «naAefl» h 3aMeHAAH ero roMOAornHHbiM «naAbijeM», 
b3athm y peflenTopa taiokokopthkohaob. noAynHBiiiHHCfl 
6 eAOK-xHMepa y3HaBaA b flHK sacmcht GRE (cTaHAapTHyio 
MHineHb peflemopa taiokokopthkohaob) h ôoAbiue He y3- 
HaBaA ERE (cTaHAapTHyK) MHineHb peuenTopa scrporeHOB). 
Tax 6buio AOKa3aHO, hto cneijH({)HHHOCTb y3HaBaHHA «pe- 
qenTOpOM» MHineHH B flHK 3aBHCHT OT aMHHOKHCAOTHOH 


Cnei4M(J)MMHOCTb CBJI3blBaHM51 M paCflO/lOHCeHMe CaMTOB 

B AH K 3aAaHbl KOHKpeTHbIMM aMMHOKMC/lOTdMM 

Zn ++ 

J J Zn ++ 

CBB3blB3HHe flHK 

J MHTepBaji 


PHC. 25.17 ľlepBbm «AMHKOBbiM naAei 4 » peuenTopa crepoMAOB on- 
peAe/nieT, KaKaíi HymieoTMAHaa noc/ieAOBaieAbHOCTb 6yAeT CBíi3aHa 
3TMM peuemopOM (3HaHMMbie aMMHOKMCJlOTbl OTMeHeHbl (J)MOAeTO- 
BbiM UBeTONi). Biopoíí «naAeu» 3aAaeT MmepBaji Me>KAy caMTaMM 

CB513blBdHM51 (3HaHMMbie aMMHOKMCJlOTbl OTMeHeHbl CMHMM UBeTOM) 
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PMC. 25.18 Y3HaBaHne nocjieAOBaiejibHOCTeM GRE n ERE KaK ot- 
jiMHHbix Apyr ot Apyra o6ycjioBjiMBaeTCfl AayMfl aMMHOKMcnoTaMM b 
0CH0B3HMM nepBoro «unHKOBoro najibua» peuemopa 

nocjieAOBaTejibHOCTH nepBoro «ijHHKOBoro naAbija» 3Toro 
peijenTopa. 

Y AByx paccMOTpeHHbix peijenTopoB, rAioKOKopraKo- 
HAHoro h acTporeHOBoro, pa3AHHHA stoh nocAeAOBaTeAb- 
hocth cocpeAOToneHbi b ocHOBaHHH nepBoro «naAbija». 
Ha caMOM AOAe, 3aMeHa aMHHOKHCAOTHbix ocraTKOB Bce- 
ro b AByx (ocoôo BaxcHbix) noAoaceHHAx, oTMeneHHbix Ha 
pmc. 25 .I 8 , yace no3BOAaeT peijenTopy taiokokopthkohaob 
CBH3biBaTb ERE BMecTo GRE. 


B3anMOAeiícTBiie peuemopa 
co cbomm /iMraHAOM B/ieneT 
nocaflKy Ha 3JieMeHT OTBeia 


K/iK)HeBbie noHjmiH: 


• KorAa JinraHA 3aHMNiaeT cboíí caiÍT CBfl3biBaHna b C-kohucbom 
AOMeHe peuemopa, y peuemopa pe3KO noBbiiuaeTCB 
cneun(j)MHHoe cpoactbo uempajibHoro AONieHa k flHK. 

Ha pmc. 25.19 H3o6paxceHO xoporno H3yHeHHoe B3aHMO- 
AeňcTBHe taiokokopthkohaob co cbohm peijenTopoM, a TaK- 
xce noKa3aH 3(f)(f)eKT 3Toro B3aHMOAeHCTBHA. CTepoHAHbiH 
ropMOH AerKO nona/jacT b KAeTKy: oh npoHHKaeT cKB03b Ha- 
ppcHyK) MeMôpaHy 3 a cneT npocToň AH(j)({)y3HH. B KAeTKe 
ropMOH HaxoAHT cboh peiienTop h CBA3biBaeTCA c hhm. Jlo- 
KajiH3aiiHa cboôoahmx peijenTopoB tohho He ycTaHOBAeHa. 
Bo3moxcho, hx KOHiiempaiiHa ypaBHOBemeHa MOKAy *mpoM 
h iiHTonAa3Moň. KorAa ropMOH cBA3biBaeT cboh peiienTop, 
tot nepexoAHT b aKTHBHpoBaHHyio (f)opMy c noBbimeHHbiM 
cpoactbom k JX HK; noaTOMy komiuickc ropMOH-peqenTop 
Bcema oÔHapyACHBaeTca b župe. 

AKTHBHpOBaHHblH peijenTOp TAIOKOKOpTHKOHAOB 
y3HaeT b flHK KOHKperabiH HyKAeoraAHbiH KOHceHcyc 
(GRE). EoJibiiiHHCTBO GRE HaxoAHTca b SHxaHcepax; KaK 
H3BecTHO, SHxaHcep MoxceT ôbiTb OT^ajieH ot npoMOTo- 
pa b jiioôyK) CTopoHy Ha paccTOAHHe ao HecKOAbKHx tuh. 


TeM He MeHee b otbct Ha CBA3biBaHHe GRE KOMmieKCOM 
ropMOH-peuenTop SHxaHcep s^ckthbho aKTHBHpyeT 
npoMOTop: c Hero HanHHaeT hath TpaHCKpnnijHfl. CBA3bi- 
BaHHe peiienTopoM cBoero SAeMema b sHxaHcepe — sto 
TH nHHHbíň rjm creponAOB nyTb peryAAijHH SKcnpeccnH 
orpoMHoro MHoacecTBa tchob. 

AKTHBHOCTb pa3AHHHbIX peijenTOpOB 3aBHCHT OT CO- 

ctoahha C-KOHqeBoro AOMeHa. Ecah y peijenTopa taio- 
KOKOpTHKOHAOB y^aAHTb C-KOHIjeBOH AOMCH, nOAyHHTCfl 

Koncmumymueno aKmuenuú peijenTop; oh 6yAeT aKTHBH- 
poBaTb TpaHCKpHnijHK) nepe3 GRE ene 3aeucuMOcmu om 
npucymcmem jimanda. no Bceň bhahmocth, b oTcyTCTBHe 
TAiOKOKopTHKOHAOB, C-KOHU,eBOH aomch hx peijenTopa Me- 
rnaeT pajemropy y3HaBaTb GRE; stot aomch KaK 6bi ca^cht 
peqenTopy BHyrpeHHHM oTpnijaTeAbHbiM peryAATopoM. C 
npnxoAOM AnraHAa HHrHônpoBaHHC ocAaôeBaeT; Tenepb 
peiienTop 3(]xf)eKTHBHO CBA3biBaeT GRE, h TpaHCKpnnuHa 
aKTHBHpyeTca. Moxcho noHTH eme a^abuic: npeAnoAoxcHTb, 
hto HHrHÔnpoBaHHe Ha caMOM jxait He TaKoe y>K BHyrpeH- 
Hee, ho BbinoAHfleTca 3a cneT B3aHMOAencTBHA C-kohi^cbo- 

TO AOMCHa C KaKHM-HHÔyAb OCOÔeHHbIM ÓeAKOM, KOTOpblH 

yxoAHT npn hoabachhh AnraHAa. 

Y peiienTopa 3CTporeHOB Bce no-ApyroMy: ecAH y Hero 
yAaAHTb AOMCH, OTBeTCTBeHHblH 3a CBA3bIBaHHe AHraHAa, 
peiienTop no-npexcHeMy 6yAeT CBA3biBaTb ERE, ho pce 6e30 
BCAKoro 3(]xf)eKTa pjm TpaHCKpHnu,HH. CAeAOBaTeAbHO, C- 
KOHijeBOH aomch peiienTopa scTporeHOB paôoTaeT He KaK 
naCCHBHblH BHyTpeHHHH HHrHÔHTOp (HHaKTHBHpyeMblH 

AnraHAOM), a KaK BHyTpeHHHH aKTHBaTop (KOMnAeKTyeMbíň 

AHraHAOM). 

OcTaAOCb AOÔaBHTb, mto 6oAbinaa nacTb pe3yAbTaTOB, 
oôcyxcAaeMbix b stom pa3AeAe, 6bma noAyMeHa c ncnoAb- 
30BaHHeM CHHTeTHHecKoro aHaAora taiokokopthkohaob, 
ropMOHa AeKcaMeTa30Ha. 



PMC. 25.19 ľjHOKOKopTHKOMAbi CTMMyAnpyK)T TpaHCKpunuMK) reHa- 
MMLueHu, 3aciaBjiHH cboh peuemopbi cBH3biBaib 3HxaHcep, Heo6xo- 
AMMblM AJl^ 4)yHKUMOHMpOBaHMB npOMOTOpa 


25.12 


666 TJ1ABA 25 AKTMBauMB TpaHCKpununn 


















25.13 


Peuenľopbi crepouAOB 
y 3 HaiOT 3 /ieMeHTbi oTBeia 
B COOTBeTCTBMM 
C KOMÔMHaTOpHbIM KOflOM 


KniOHeBbie noHflTMfl: 


• 3/ieMeHT OTBeia Ha CTepoMflHbiíí ropMOH coctomt M3 kopotkmx 
no/iycaíÍTOB, OTHoauAMXcfl flpyr k flpyry KaK MHBepTMpoBaHHbie 
jim6o npflMbie noBTopbi. 

• ľlo/iycaíÍTbi óbiBatOT Bcero flByx mnoB. 

• PeuenTop y3HaeT cboíí 3/ieNieHT OTBeia no b33mmhoíí 
opneHTai4MM ero no/iycaŕÍTOB n paccTOAHMK), KOTopoe hx 
pa3Ae/i5ieT. 

• nocneflOBaTejibHocTb nojiycaíÍTa 3/ieMeHTa y3HaeTca nepBbm 
«i4MHKOBbiM na/ibueM» peuemopa. 

• Biopoíí «UMHKOBbiíí na/iei4» OTBenaeT 3a AMMepM3ai4MK) n, KaK 
c/ieflCTBMe, 3a paccroflHMe Niewfly cy6-beflMHMi4aMM flMMepa c 
flHK. 

• PaccľOflHMe Me>Kfly cy6-beAM h mienim cooTBeTCTByeT paccroflHMK) 
Me>Kfly n0J10BMHK3MM 3JieMeHTOB OTBeia; OT 3TOrO 33BMCMT 
CnOCOÓHOCTb 3JieMeHTa B3aMMOAeííCTBOBaTb C KOHKpeTHbIM 
AMMepOM. 

• HeKOľopbie peiienTopbi crepoMAHbix ropMOHOB o6pa3ytOT 
roMOAMNiepbi, TorAa KaK APyrMe npeACTaBMTe/iM stoíí rpynnbi 
o6pa3yK)T reiepoAMMepbi. 

• ľoMOAMMepbi y3HatOT na/iMHApoMbi, to ecTb 3/ieNieHTbi, 
cocT05UAMe M3 MHBepTMpoBaHHbix no/iOBMHOK; reTepoAMNiepbi 
y3HatOT 3/ieMeHTbl, C0CT05UAMe M3 npflMblX nOBTOpOB. 


KaxcAbiH peuenTop y3HaeT b flHK 3/ieivteHT OTBeTa, cocto- 
aiahm H3 AByx kopotkhx noBTopoB, hjih nojiycaHTOB (half 
sites). 3 to npeAnojiaraeT, hto aKTHBHOH RopMOH <f>aKTopa, 
B3aHMOAeňcTByK)iij,ero c TaKHM 3jie mchtom, aojdkch 6biTb 
AHMep (y KOToporo KaxcAaa cyô'beAHHHu.a B3aHMOAeHCTByeT 
co CBoen iiojiobhhkoh 3JieMeHTa). C noAOÔHon CHTyauneH 
mh yxce CTajiKHBajiHCb npn pa36ope B3aHMOAeHCTBHfl jih 30- 
reHHoro penpeccopa (J>ara JiflMôfla co cbohm onepaTopoM b 
pa3£. 14.11 «Mothb «cnHpajib-noBopoT-cnHpajib» Heoôxo- 
Ahm penpeccopy ajia CBA3biBaHHfl flHK». 

no;iycaHTbi (nojiOBHHKH 3JieMeHTa OTBeTa) Ha crepo- 
HAHbiH ropMOH MOiyr HMeTb OAHy h Ty xce opucHTaumo 
(np^MOH noBTop) jihóo 6biTb HHBepTupoBaHbi Apyr otho- 
CHTejibHO Apyra. B npoMOTope hjih SHxaHcepe 3th nojiy- 
caHTbi MOiyr 6biTb pa3HeceHbi Ha 0-4 nH (npnHeM noc;ie- 
AOBaTeAbHOCTb 3Toro npoMexcyTKa 3HaneHHfl He HMeeT). JJjw 
Bcero MHOxcecTBa peuenTopoB cymecTByeT Bcero ABa mna 
nojiycaHTOB. CneuH^HHHOCTb peuenTopoB k kohkpcthhm 
SAeMeHTaM onpeAe/MeTOi pacnojioxceHneM no;iycaHTOB: 
HX B3aHMHOH OpHCHTaU,HCH B COHCTaHHH C paCCTOflHHCM, 
KOTopoe hx pa3ACAAeT. BnponeM, npaBHJia y3HaBaHHfl He 
aBAínoTCA HenpejioxcHbiMH, ho ao onpeAeAeHHOH CTeneHH 
3aBHOiT ot KOHTeKCTa; k TOMy xce H3BecTHbi oiynaH nepMHC- 
CHBHoro y3HaBaHHfl oahoh h toh xce napbi HHBepTHpoBaH- 
Hbix noBTopoB AbyMa-TpeMA pa3HbiMH peuenTopaMH. 

Becb Kjiacc Tax Ha3biBaeMbix peuenTopoB (peryjiflTopoB 
TpaHCKpnnuHH, 3anycxaeMbix ot B3aHMOAencTBHfl c jinraH- 
AaMH) moxcho noAeAHTb Ha ABe rpynnbi: 

• K nepBoň rpynne othocat peyenTopbi taiokokopthko- 
HAOB (GR), MHHepaJIOKOpTHKOHAOB (MR), aHApOreHOB 
(AR) h nporecTepoHa (PR). Bce sth peyenTopbi o6pa3y- 


roMOAMMep «ro/iOBa-K-roAOBe» CBBSbiBaeT na/iHHApoM 


TGTTCT q-4 hh AGAACA 
ACAAGA TCTTGT 

J J 

Peueniop r/iK)KOKopTMKOMAOB (GR) 
Peuemop MMHepa/ioKopTMKOMflOB (MR) 
Peueniop aHAporeHOB (AR) 

Peuemop nporeciepoHa (PR) 


PUC. 25.20 3/ieNieHTbi, o6pa3yeMbie MHBepTMpoBaHHbiMM no/iOBMH- 
K3mm caíÍTa (TGTTCT), y3HatOTCfl HecKo/ibKMMM pa3HbiMM peuemopa- 

MM B 33BMCMMOCTM OT MHTepB3J13 Me>KAy 3TMMM n0/10BMHK3MM 


K)T TOMOAHMepbl (TO eCTb AHMepbl, COCTOfllAHe H3 OAH- 
HaxoBbix GyO^eAnKMu,). Ohh y3HaiOT b flHK sacmchtm, 
cocTOflmne H3 noAOBHHOK c KOHceHcycoM TGTTCT. Ha 
P M C. 25.20 nOKa3aHO, HTO 3TH nOAOBHHKH OpHCHTHpO- 
BaHbi xax najiHHApoM (to ecTb ohh HHBepTnpoBaHbi 
Apyr OTHOCHTeAbHO Apyra). Y3HaBaHHe Taxoro sjicmch- 
Ta KOHKpeTHbIM peuenTOpOM (AHMepOM) nOJIHOCTbK) 
3aBHCHT OT paCCTOAHHA (npOMCXCyTKa) MOKAy nOAO- 
BHHKaMH. PeuenTop 3CTporeHOB (ER) Toxce bxoaht b 
3Ty rpynny, ho ctoht b hch HecKOJibKO ocoôhakom: oh 
Toxce y3HaeT caňT H3 HHBepTnpoBaHHbix hoaobhhok, 
ho c ApyrHM KOHceHcycoM (TGACCT bmccto TGTTCT). 

• PeyenTop 9-^t/c-peTHHoeBOH khcaoth (RXR) o6pa3y- 
eT He TOAbKO roMOAHMepbi, ho h reTepoAHMepbi c ~15 
ApyrHMH peuenTopaMH, cpeAH KOTopbix ecTb peuenTO- 
pbi TnpeoHAHbix ropMOHOB (T3R), BHTaMHHa D (VDR) 
h peTHHoeBOH khcaoth (RAR). Ha P M c. 25.21 noKa3a- 
HO, HTO TaKHe AHMepbl y3HaiOT nOAOBHHKH 3ACMCHTOB 
c KOHceHcycoM TGACCT. Hoaobhhkh npeACTaBAAioT 
coôoh npflMbie noBTopbi; npn y3HaBaHHH npoMexcyTOK 
MOKAy hhmh BcerAa yHHTbiBaeTai. flnA aKTHBaijHH pe- 
uenTopa-reTepoAHMepa AOCTaTOHHO CBA3biBaHHA jih- 
raHAa c oahoh H3 cyô'beAHHHiy Oahh reTepoAHMepbi 
aKTHBnpyioTDi AHraHAOM napTHepa RXR, Apyrne Moryr 
ÔbITb aKTHBHpOBaHbl AIOÔblM H3 AByX AHTaHAOB. MhO- 
rne napTHepbi RXR o6pa3yiOT eiye h TOMOAHMepbl, y3- 
HaioiAHe b flHK 3JieMeHTbi-najiHHApoMbi. 


TeTepoAHMep CBH3biBaeT npBMbie noBTopbi 

TGACCT 

0-5 HH TGACCT 

ACTGGA 

ACTGGA 

1k\ 

RXR 

1 hh: RXR 


3 hh: VDR 


4 hh: T3R 


5 hh: RAR 


PMC. 25.21 3/ieNieHTbi c np^MbiMM noBTopaMM TGACCT y3Hatora re- 
TepoAMMepaMM cynacTMeM RXR 
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B OTcyTCTBwe JinraHAa npeo6/iaAaeT peripeccun 


Kopenpeccop 


SMfcT 


Peuerrrop crepoMAa 


ilMraHA 3anycKaeT aKTUBaAHio 


KoaKTMBaiopbi Ochobhom annapai 

^ PCAF / 

CBP/p300 

\/ \/ V» 

PHK-no/iMMepa3a 

JluraHA 



PMC. 25.22 B oľcyTCTBMe AMraHfla peuemopbi crepoMflOB, TR n RAR, 
CBA3biBaK)T Kopenpeccop SMRŤ. ľlpoMOTop He (JjyHKLiMOHMpyeľ. Kor- 
Aa M3-3a CBfi3biBdHMfi AMraHAa co cbomm peuenľopoM SMRŤ npwxo- 
flMTCfl yíÍTM, peuemop CBfl3blBaeTCfl C KONinAeKCOM-KOaKTMBaTOpOM, 
hto, b KOHenHOM cneie, npMBOAMT k aKTMBauMM ocHOBHoro annapaia 
TpaHCKpnni4MM 


Tenepb Mbi BruiOTHyio no/joimiH x iiohhm2hhk) moto- 
puKH peryjuľropHbix MaHHnyjmijHH b HcnoJiHeHHH ijejiOH 
apMHH CTepOHflOB H pOACTBCHHblX HH3KOMOJieKyjIflpHbIX 
areHTOB. Boiomhhm pne. 25.17; TaM 6buio noxa3aHO, mto 
y3HaBaHHe KOHceHcyca b nojiycaHTe sjieMeHTa 3aBHCHT 
ot nepeozo «uhhkoboto na;ibua» b C-KOHu.eBOM /jOMeHe, a 
y3HaBaHne paccTOAHHfl Mexmy nojiOBHHxaMH — ot aMH- 
hoxhcjiothoh nocjie/jOBaTejibHOCTH emopozo «na;ibua» 
b C-KOHueBOM AOMeHe. 3tot «najieu» 3a/jaeT Taxne oco- 
ôeHHOCTH CTpoeHHH flHMepa, ot KOTopbix 3aBHCHT pac- 
CTOHHHe Mexc^y cyó'beAHHHijaMH, chahiiíhmh b cmokhmx 
BHTKaX ÓOJIblUOH 6op03flKH .flHK. TaKHM 0Ôpa30M, BTOpOH 
«naAeu» onpeflejmeT cooTBeTCTBue peuenTopa onpe/je- 
jieHHOMy pa3Mepy npoMoxyTKa Mexc/jy nojiOBHHaMH 3;ie- 
MeHTa OTBeTa. TIOJIOXCeHHe aMHHOKHCJIOT, OTBeTCTBeHHblX 
3a reTepoAHMepH3auHio, cneuH^HMHO Rím Kaxc/jOH napbi 
MOHOMepOB. 

KaxHM xce o6pa30M peuenTopw CTepoHflHbix ropMO- 
HOB aKTHBHpyiOT TpaHCKpHniJHK)? KaK BblflCHHJIOCb, y HHX 
hct np^MOH cbh3h c ochobhhm annapaTOM TpaHCxpnn- 
IJHH. lipu STOM HX OÔCJiyXCHBaeT OMeHb MOIIJHblH KOaKTHBa- 
TOp — IjeJIblH KOMÍIJieKC CO CBOHM HaÔOpOM aKTHBHOCTCH. 
OflHH H3 KOMnOHeHTOB 3TOTO KOMnjieKCa, CBP/p300 MOflH- 
(J)HUHpyeT CTpyKTypy xpoMaTHHa 3a cneT aijeTHJiHpoBaHHfl 
THCTOHOB (H 3TO TOJIbKO 0£Ha H3 (J)yHKUHH CBP/p300; CM. 

pne. 30.14). 

En^e pa3 HanoMHHM, mto Bce 6e;iKH («peuenTopbi») 
paccMaTpHBaeMoro imacca paóoTaioT Kax aKTHBaTopbi 
TpaHCKpHnUHH, (jtyHKIJHfl KOTOpblX 3aBHCHT (aKTHBH3H- 
pyeTca) ot B3aHMOAencTBHfl c jinraH/jaMH. Oxa3biBaeTCfl, 


HexoTopbie npeACTaBHTejin flaHHoro imacca b onpeflejieH- 
Hbix ycJiOBHHx cnocoÔHbi eme h k noAaBjíeHHio TpaHC- 
xpHnuHH. BbmcHHAOCb, mto peuenTopbi TR h RAR, Haxo- 
PflCb b reTepoAHMepax c RXR h b OTcyTCTBue jinraH/ja, b 
HexoTopbix jioxycax paôoTaiOT xax penpeccopbi. Bbinoji- 
HeHne Taxoro po^a (J)yHKUHH oôecneMHBaeTca cnocoô- 
HOCTbK) reTepOAHMepOB B3aHMOAeHCTBOBaTb C ÔeJIKOM- 
KopenpeccopoM. npnHij,Hn achctb™ xopenpeccopa 
npOTHBOnOJIOXCeH npHHUHny AeHCTBHa KOaKTHBaTOpOB: 
Kopenpeccop bcamcckh MernaeT paôoTe ochobhoto anna- 
paTa TpaHCKpnnuHn (b Macraoc™, 3a cmct AeaueTHAnpo- 
BaHHB thctohob, cm. pne. 30.16). KaxoH peaAbHbíň Bec (b 

4)H3HOAOTHMeCKHX yCJIOBHHX OTBeTa Ha TOpMOHaJIbHVK) 

CTHMyAHUHio) MOxceT HMeTb T2K25i penpeccHpyiomafl aK- 

THBHOCTb peuenTOpOB» npOTHB HX JIHraHfl-3aBHCHMOH 

aKTHBauHH, noKa hoicho. 

Ecjih CBOĎOAHbiH peuenTop penpeccnpyeT TpaHC- 
KpnnijHK), CBH3biBaHHe peuenTopa c jinraHAOM Hempajin- 
3yeT penpeccHio. Bo^ee toto, peuenTop, yKOMnjieKTOBaH- 
HbiH jiHraH^OM, HeMeAJieHHO craHOBHTca aKTHBaTopoM. B 
OTcyTCTBHe AHraH^a peuenTop B3aHMO/j,eHCTByeT c KOMn- 
AexcoM-KopenpeccopoM (oh HanpflMyio KOHTaKTnpyeT c 
oahhm H3 KOMnOHeHTOB xopenpeccopa, SMRŤ). CBa3biBa- 
HHe AHraH^a Bbi3biBaeT y peuenTopa KOH(J)opMauHOHHoe 
H3MeHeHHe, npHBOAHiij,ee k pa3pbiBy KOHTaKTa c SMRŤ. 3to 
H3MeHeHHe no3BOjmeT KoaKTHBaTopy 3araTb mccto ko- 
penpeccopa; xax noxa3aHO Ha pmc. 25 . 22 , sto nojmocTbio 
MeraeT xapaKTep peryjmijHH. 


25.14 


ToMeoAOMeHbi y3HaioT 
b flH K CTaHflapTHyK) 
noc/ieAOBaie/ibHOCTb-MmueHb 


KniOHeBbie noHflTMfl: 


• ľoNieoAOMeH — 3to flHK-CB5i3biBaK)iAMŕí AONieH m ~60 
aMMHOKMCAOT, coAep>KaiAMÍí Tp m a-cmipaAM. 

• TpeTbfl, 6am>khbb k C-KOHĽiy, a-cnwpaAb roMeoAOMeHa coctomt M3 
17 aMMHOKMCAOT; OHa yK/iaAbiBaeTCfl b 6oAbiijyK) 6opo3AKy flHK. 

• N-KOHi4eBoe nAeno roMeoAOMeHa 3axoAHT b Nia/iyto 6opo3AKy 
flHK. 

• BeAKM, y KOľopbix ecTb roMeoAOMeH, MoryT 6biTb He TOAbKO 
aKTMBaiopaMM, ho m penpeccopaMM TpaHCKpnni 4 mi. 


ToMeoóoKc — sto ocoóan HymieoTH^Haa nocAeAOBaTejib- 
HOCTb, npHcyTCTByioiij,aa b KOAHpyiomeH oó^ac™ hcko- 
Topbix reHOB. ľoMeoóoKC TpaHCJiHpyeTOi xax yMaam 
noAHnenTHAa pa3MepoM ~60 aMHHOKHCJiOTHbix ocraTKOB; 
npn (J)OAAHHre stot ynacTOK hch3mchho cioiaAbiBaeTca b 
AOM eH c onpeflejieHHOH CTpyKTypon, — Tax Ha3biBaeMbiň 
roMeoAOMeH. Be^KH c roMeo^OMeHOM ecTb y no/jaBMio- 
mero ôojibiiiHHCTBa (ecjín He y Bcex) syxapnoTHMecKHX 
OpraHH3MOB. 

Ha3BaHne «roMeo6oxc» 6bmo a^ho b cba3h c HCTopneH 

nepBOHaMajibHOH HAeHTH^nxauHH no/joÔHbix nocAeAOBa- 
Te^bHOCTen b roMeo3HCHbix jiOKycax Drosophila. Yxce Toma 
6bmo H3BecTHO, mto paôoTa sthx jioKycoB 3a/íaeT nepBHH- 
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Hyio cneuH^HKauHK) ot/jcjiob Tena b pa3BHTHH 3apoAbima 
MyxH (KaK Mbi Tenepb 3HaeM, He TOJibxo MyxH, ho h cjiOHa). 
C toh nopbi noxoxcne mothbm ômjih oÔHapyxceHbi b reHax 
caMbix pa3Hbix ayKapHOTHHecKHX opraHH3MOB (b nacT- 
hocth, bo MHornx reHax-peiyjiflTopax SMÔpnoHajibHoro 
pa3BHTHH). AMHHOXHCJIOTHbie MOTHBbl, HanoMHHaiomHe ro- 
MeOAOMeH, MOXCHO BblHJieHHTb BO MHOľHX (J)aKTOpaX TpaHC- 
KpHnU,HH H3 pa3HbIX TaKCOHOB XCHBOTHblX. 

B npoflyKTax roMeo3HCHbix reHOB Drosophila (nojinnen- 
TH/íax) roMeoAOMeH name Bcero (ho He Bcerna) pacnojioxceH 
He^ajiexo ot C-xoHija. Ha pmc. 25.23 npnBeAeHbi npnMepbi 
reHOB, b KOTopbix ecTb roMeoôoKC. Taxne reHbi MOiyr 6biTb 
coBceM He noxoxcH MOK/iy coôoh, eain He CHHTaTb 6 jih 3- 
Koro poACTBa roMeoôoxcoB. Ha caMOM aene, roMeoôoxcbi 
Toxce ôbiBaioT pa3Hbie (KOHcepBaTHBHOCTb — noHATHe yc- 
jiOBHoe). HanpnMep, caMaa rjiaBHaa rpynna roMeo6oxc-co- 
flepxcamnx reHOB Drosophila oneHb ynopflAOHeHa: y ;no6bix 
AByx reHOB stoh rpynnbi roMeoôoxcbi coBna/jaiOT xax mh- 
HHMyM Ha 80%. Ho sto, CKopee, ncxnioHeHne: roMeoôoxcbi 
H3 pa3Hbix reHOB (tcm 6o;iee y pa3Hbix opraHH3MOB) Moryr 
flOBOJIbHO CHJIbHO OTJIHHaTbCH. HoXOHeiJ, BO MHOrHX (J)aK- 
Topax TpaHCKpHni^HH KJiaCCHHeCKHH TOMeOflOMeH MOXCeT 
COnpOBOXC^aTbCa pa3HbIMH aMHHOXHCJIOTHblMH MOTHBaMH. 
TnnHHHbiM npHMepoM cjiyxcaT oxTaMep-CBH3biBaiomHe 6e.n- 
kh Oct, y KOTopbix c oóJiacTbio, HanoMHHaiomeH xnaccHnec- 
khh roMeoflOMeH, coce^CTByeT Tax Ha3biBaeMbiH Pou aomch 
H 3 ~75 aMHHOXHCJIOT. 

ToMeoAOMeH OTBenaeT 3 a CBH3biBaHHe c flHK; axcnepn- 
MeHTbl no C03AaHHK) ÔeJIXOBblX XHMep H3 pa3HbIX AOMeHOB 
noxa3ajin, hto cneu 1 Hc{)HHHOCTb CBH3biBaHHH 3ajioxceHa b ca- 
mom roMeoflOMeHe. Ho, xax h bo mhoitix npyrax cjiyHaax 
(HanpnMep, b oiynae c penpeccopaMH óaxTepnocjwoB), He 
cymecTByeT npocToro cootbctctbhh Moxny aMHHOXHCJiOT- 


ToMeoAOMeH npeAdaBAfleT co 6 om AHCKpeTHbiH MOAy/ib 1 

Antp 

roMeoflc 

)MeH 

En 

eve 

m 

400 

Hox 

i 

i 

0 ct-l 

763 

0 ct -2 

T- — 467 


Pou AOMeH 


PMC. 25.23 ľoMeoflONieH MO>KeT6biTb eflUHCTBeHHbiM flHK-CB5i3biBa- 
joiumm flONieHOM óe/iKa-pery/iflTopa TpaHCKpnnumi mjim npncyTCTBO- 
BaTb B KOMÓMHaUMM C flpyrMMM aHa/lOrMHHbIMM MOTMB3MM. ľoNieOAO- 
MeH Bbipa>KeH KaK AMCKpeTHaa nadb 6e/iKa pa3MepoM npMNiepHo 
60 aNIMHOKMCJlOT 


hoh nocjieAOBaTejibHOCTbio roMeoAOMeHa h HyxneoTH/iHOH 
nocjieflOBaTeAbHOCTbio ero mhiuchm b HK. C-xoHueBaa 
nacTb roMeoAOMeHa HMeeT 3HanHTejibHoe cxoactbo c mo- 
thbom «cnHpajib-noBopoT-cnHpajib»; Taxon mothb ecTb b 
HexoTopbix npoxapHOTHHecxHX penpeccopax. Mbi noMHHM 
(sto oôcyxcAajiocb b pa3A. 14.11 «Mothb «cnHpajib-noBopoT- 
cnHpajib» HeoôxoAHM penpeccopy /ym CBH3biBaHHH flHK*), 


ľOMeOflOMeH - 3 TO MOAy/lb M 3 60 3 MHH 0 KHCJ 10 T 


1 N-KOHueBoe n/ieMO 10 Cnwpa/ib 1 20 
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PHC. 25.24 roNieo6oKC Anténnapedia TiAnmeH pnn caMoíí M3BecTHOM rpynnbi roNieo6oKC-coAep- 
>Kam mx reHOB Drosophila; reH engrailed (en) npMHaA/iewm k APyroNiy K/iaccy roNieo3MCHbix reHOB; 
cfiaKTop 0ct-2 MAeKonmatoiAMX othocmtca k K/iaccy (fiaKTopoB TpaHCKpMnumí, poACTBeHHbix npoAyK- 
TaM roMeo3MCHbix reHOB. ľoMeoAOMeH HaHMHaeTCfl N-KOHueBbm n/ienoM, 3a KOTopbiM c/iGAyiOT Tpw 
cmipajieBMAHbix MoniBa, o6pa30BaHHbix aMMHOKMC/iOTHbiMM ociaTKaMM 10-22, 28-38 n 42-58. Ha 
pwcyHKe aMMHOKMCJiOTbi roMeoAOMeHa npoHyNiepoBaHbi ot 1 ao 60, a KOHcepBaTMBHbie aMMHOKMc/io- 
Tbi (coBnaAatoiAMe y Bcex Tpex 6eAKOB) HanenaTaHbi cmhmm iiipn(()TOM 
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mto ;iH3oreHHbiH penpeccop (J)ara JiaMÔ/ja HMeeT o/jHy a- 
cnnpajib, cneuH({)HMHyK) k HyxjieoTHAHon nocJieAOBaTejib- 
hocth carrra CBfl3biBaHHfl penpeccopa b flHK onepaTopa. 
3Ta a-cnnpajib (cnnpajib-3, hjih «cnnpa;ib y3HaBaHna») 
bxo/jht b ôojibiuyio 6opo3/txy flHK h oôecneMHBaeT koh- 
TaKTbi; b sto BpeMa /jpyraa a-cnnpajib penpeccopa, a-cnn- 
pajib-2, ji oacnTca Ha fl HK CHapyacn nojj HeKOTopbiM yniOM. 
IloxoxcHM o6pa30M, b BH/je Tpex a-cnnpajien, MoaceT 6biTb 
opraHH30BaH h roMeo/jOMeH. Bo BcaxoM cjiyMae, b nepBHM- 
hoh CTpyKType tomco^omchob xoporno npocMaTpnBaiOTca 
Tpn noTeHunajibHbix a-enHpajín; cpaBHeHna npoBeAeHbi 
Ha pmc. 25.24. TpeTba ennpajib npnxoAHTca Ha caMyio koh- 
cepBaTHBHyio nacTb roMeoflOMeHa; npaB/ja, no cpaBHeHHio 
c penpeceopoM (J>ara jiaMÔ/ja, y KOToporo TpeTba ennpajib 
oépa30BaHa Bcero-HaBcero AeBaTbio aMHHOxncjiOTHbiMH 
ocTaTKaMH, roMeoAOMeH HMeeT non™ B/jBoe 6ojiee ajihh- 
Hyio TpeTbio ennpajib. 

CTpyKTypa roMeo/jOMeHa 6ejixa engrailed D. melano- 
gcister cxeMaTHHHO H3o6paaceHa Ha pmc. 25.25. BojibiunHC- 
TBO KOHTaKTOB MOK^y ÔeJIXOM H HyXJICHHOBOH XHCJIOTOH 

oôecneMHBaeT cnnpajib-3, Bxoftamaa b ôojibiuyio 6opo3/txy 
fl HK. Booôme MHorne KOHTaKTbi, yAcpacnBaiomne n opneH- 
rapyiomne stot mothb b ôojibmon 6opo3Axe flHK, CBa3bi- 
BaioT TOJibKo caxapo-4)oc4)aTHbiH octob abohhoh ennpajín 
flHK; Taxne KOHTaKTbi He MOiyr 6biTb cneu,H(})HHHbi k Hyx- 
jieoTn/i.HOH noejie/jOBaTejibHOCTH flHK. 3th KOHTaKTbi npn- 
XO^aTCa B OCHOBHOM Ha OflHy H3 CTOpOH ABOHHOH CnnpaJIH 
H (JíJiaHKHpyiOT Te HeCXOJIbXO a30THCTbIX OCHOBaHHH flHK, 
Ha KOTopbie npnxo/taTca cnei^uipUHHue KOHTaKTbi. KpoMe 
TpeTben a-ennpajín B3anMOAencTBOBaTb c flHK roMeo/jo- 
MeHy noMoraeT ero N-xoHu,eBoe mieno; oho 3 axoflHT b Ma- 



PMC. 25.25 Tpeľbfl cnnpa/ib roMeoAOMeHa yK/iaAbiBaeTCfl b 6 o/ib- 
iuyK) 6 opo 3 AKy flHK, a nepBaa n BTopafi cnnpa/in roMeoAOMeHa pac- 
no/iaraiOTCfl 3 a npeAe/iaNin ABoňHoň ennpajín flHK. TaKnM o 6 pa 30 M, 
TpeTbB cnnpa/ib ko maKTnpyeT n c c()oaJ)aTHbiM octobom ABoňHoň 
ennpajín, n co cneuncfinHecKoň nocneAOBaTe/ibHOCTbio a 3 omcTbix 
ocHOBaHnň. N-KOHi 4 eBoe n/ieno roMeoAOMeHa /íewm b Nia/ioň 6 opo 3 - 
AKe n o 6 pa 3 yeT AonojiHme/ibHbie KOHTaKTbi c flHK 


jiyio 6opo3flxy. TaKHM o6pa30M, 3a B3anMOflehcTBne c flHK 
OTBenaiOT b nepByio onepeAb C-xoHueBoh h N-xohucboh 
aMHHOKHCJIOTHbie MOTHBbl ľOMeOflOMCHa. 

HacmribKO yHHBepcajibHa 3Ta MOflejib, moxcho cy/jnTb 
H3 CpaBHeHHH KpHCTaJUIHMeCKOH CTpyKTypbl rOMeOAOMeHOB 
ôejixa engrailed D. melanogaster h c^axropa cnapnBaHna a2 
Apoacaceň S. cerevisiae. Crporo roBopa, flHK-CBa3biBaiomnH 
AOmch a2 He aBjíaeTca roMeoflOMeHOM, ho noxoac Ha Hero: 
Te ace Tpn ennpajín, npnneM nojioaceHne o/jHon n3 3Tnx 
cnnpajieň Moamo nonra tomho coBMecraTb c aHajioranHon 
KapTnHKoň, nojiyneHHOň ju ia engrailed. CKopee Bcero, Bce 
roMeoAOMeHbi, flaace He cjihiiikom noxoacne Meac/ty coôoň, 
CBa3biBaiOT flHK b oahoh n toh >xe MaHepe. 3 to 03HanaeT, 
mto cneuH(})HHHOCTb CBa3biBaHna bo Bcex cjiyMaax 3a^aHa 

aMHHOKHCJIOTHblMn OCTaTKaMH B HCMHOrOHHCJieHHblX KOH- 
KpeTHbix nojioxceHnax TpeTben a-cnnpajín n N-KOHueBoro 
njiena roMeoAOMeHa. 

Bejinn Hox, y KOTopbix ecTb roMeo/jOMeH, CBa3biBaiOT 
flHK c AOBOJibHO Hn3Koň cneun^nMHOCTbio k ee Hyioieo- 
Tn/jHoň noejieAOBaTejibHOCTn. flojiroe BpeMa Booôme 6biJio 
HenoHarao, KaKOBa npnpo^a eneun^nMHOCTn Hox Kax pe- 
ryjiaTopoB. Kax BbiacHnjiocb, ôejiKn Hox bxoaht b cocTaB 
reTepo^nMepoB; nMeHHO b TaKOM b n/je oHn Manj,e Bcero CBa- 
3biBaiOT flHK (napTHepaMn nM cjiyxcaT ocoôbie ôejixn; y Myx 
nx Ha3biBaiOT Exd, y no3BOHOMHbix xcnBOTHbix — Pbx). Te- 
TepoAnMepbi (bo bcakom cjiynae, in vitro) oôJia/jaiOT 6ojiee 
y3Koň cneun^nMHOCTbio CBa3biBaHna flHK, mcm MOHOMepu 
Hox; xax npaBnjio, reTepoflnMep CBa3biBaeT 10 nH nocjie- 
AOBaTejibHOCTb c KOHceHcycoM TGATNNATNN. Ho j\x Ke 
3Tnx 3HaHnň HeAOCTaTOMHO jum oô^acHeHna BbicoKon 
eneun^nMHOCTn peryjiaTopoB Hox. ĽCTb em,e o^nH ôejiOK, 
Hth, HeoôxoAnMbíň jum jiOKa;in3aunn Exd, napraepa Hox, 
b KJieTOMHOM a/jpe; oh Toxce bxoaht b Hox-coflepxcamnn 
KOMnjiexc, KOTopbíň CBa3biBaeT flHK, n, HaBepHoe, Toace 
cnocoôcTByeT cyaceHnio cneijH(})HHHOCTH CBa3biBaHna. Bce 
paBHO HenoHaTHO, xaKHM o6pa30M oahh n Te ace napTHepbi, 
Exd n Hth, cocToa b KOMnaexce c npon3BOJibHbiM mjichom 
eeMehCTBa Hox, npn^aiOT 3TOMy MjieHy yHHKajibHyio cneqn- 
(J)nMHOCTb k KOHKperaoMy Haôopy MHUieHeh; noxa mto stot 
Bonpoc ocTaeTca OTKpbiTbiM. 

Bejiox, y KOToporo ecTb roMeo^OMeH, MoaceT 6biTb 
jihôo aKTHBaTopoM TpaHCKpnnunn, jihôo ee penpeceopoM. 
XapaKTep oxa3biBaeMoro 3(J)4)eKTa 3aBncnT ot Apyrnx ao- 
mchob; roMeoAOMeH OTBeMaeT 3a oaho Jinuib CBa3biBaHne 
c flHK. floMeHbi, npnAaioiij,ne (JjaKTopy TpaHCKpnnnnn xa- 
paKTep aKTHBaTopa jihôo penpeccopa, KOHTpojinpyiOTca 
OCHOBHHM annapaTOM TpaHCKpnnitnn. flOMeHbi-aKTHBaTo- 
pbl MOryT KOHTaKTnpOBaTb c KOaKTHBaTOpaMH, KOTOpbie, B 
cbok) OMepe^b, yace AOJiacHbi HMeTb AOCTyn k KOMnoHeHTaM 
ocHOBHoro annapaTa. floMeHbi-penpeccopbi Toace flonacHu, 
npaMO hjih kocbchho, B3anMOAehcTBOBaTb c KOMnoHeHTa- 
mh annapaTa TpaHCKpnnunn (to ecTb ohh HnxorAa He ne- 
pexpbiBaiOT floCTyn k flHK xax TaxoBoh, npnHu,nn nx Aeňc- 
TBna He b stom). HanpnMep, y Drosophila penpeccop Eve 
HanpaMyio B3anMOAehCTByeT c TF n D, oahhm H3 ochobhhx 
(J)axTopoB TpaHCxpnnunn. 


670 ľilABA 25 AKTMBauna TpaHCKpnnunn 









25.15 


Be^KM c AOMeHaMM mna 
«cniipajib-nei7ifl-cnMpajib» 

AMMepM3yiOTca B pa3JlMMHblX 
coneiaHMAX 


KmoHeBbie noHimifl: 


• floNieH HLH («cnnpajib-neTflfl-cnnpajib») pmeeT pa3Mep ot 
40 AO 50 aMHHOKHCJIOTHblX OCT3TKOB; OH COCTOHT H3 AByX 
3M(})MnaTMHecKMx a-cnHpajieíí, pa3NiepoM no 15-16 ocraTKOB, 
pa3Ae/ieHHbix neuieíí — HecTpyKTypnpoB3HHbiM cerMeHTOM 
no/iHnenTHfla. 

• AMc()MnaTMHecKMe cnnpa/iH OTBeTCTBeHHbi 3a AMNiepn3aumo. 

• Be/iKM bHLH MMeiOT no/io>KHTe/ibHo 3apa>KeHHbiH mothb, 
npMMbiKaioiAMŕí k AONieHy HLH; 3tot mothb OTBenaeT 3 a 
CBfl3blBdHHe flHK. 

• B opraHM3Me WHBOTHoro 6e/iKH bHLH K/iacca A 
3KcnpeccnpyK)TCfl noBceMecTHo; 6e/iKH bHLH K/iacca B 
3KcnpeccnpyiOTC5i TO/ibKO b onpeAe/ieHHbix TKaHfix. 

• Be/iKM K/iacca B o6pa3ytoT reiepoAMMepbi c 6e/iKaMH K/iacca A. 

• Be/wn HLH 6e3 no/io>KHTejibHO 3apa>KeHHoro mothbb (He 
bHLH), HaxoAflCb b reiepoAHMepax c bHLH, NieiuaiOT cbohm 
napTHepaM CBíi3biBaTb flHK. 

• Be/wn HLH AHMepn3yK)TC5i b pa3Hbix coneTaHHflx; cooTHoweHHe 
3tmx coneTaHMÍí, 3a cneT bms \ h \ as \ Ha narrepH TpaHCKpnnLiHH, 
bo mhofom onpeAejweT xoa HHflHBHflya/ibHoro pa3 Bhthb 
opraHM3Ma. 

flHK-CBaabiBaioiij.He ôejiKH xapaKTepH3yK)Tca HajiHHHeM cnn- 

paJieBH/JHblX MOTHBOB; KpOMe TOTO, HM CBOHCTBCHHO AHMepH- 

30BaTbca. 06e 3th ocoôchhocth apxo BbipaxceHbi y rpynnbi 
ôejiKOB, hmck)iij,hx AOMeHbi rana «cnHpajib-neTjia-cnHpajib», 
Tax Ha3biBaeMbix 6e;iKOB HLH (helix-loop-helix). floMeHbi HLH 
HMeiOT pa3MepbI OT 40 flp 50 aMHHOKHCJIOTHblX OCTaTKOB H 
coflepxcaT no ABe aMcjiHnaTHHecKHx a-cnnpajiH, pa3AejieHHbix 
HecrpyKTypHpoBaHHbiM npoMexcyTKOM, vum nemeň. Kax^aa 
aM^HnaTHMecKaa cnnpa^b coctoht H3 15 h/ih 16 aMHHOKHC- 
JIOTHblX OCTaTKOB, CpeflH KOTOpblX eCTb HeCKOJIbKO KOHCepBa- 
THBHbix. no onpeAejieHHio, aMcjjnnaTHHecKafl cnnpajib hmcct 
ABe CTopoHbi: Ha OAHy cropoHy bhxoaat rnApocjŤoÔHbie (to 
eCTb SJieiOpHHeCKH HeHTpaJlbHbie) aMHHOKHCJIOTHbie OCTaT- 
kh, Ha Apyryío cropoHy bmxoaht rn/ipocjjHJibHbie (3apHxceH- 
Hbie) ocraTKH. BejiKH HLH o6pa3yiOT Apyr c ApyroM tomo- h 
reTepoAHMepbi. TaKHM o6pa30M, b kt>kaoh cyô'beAHHHu.e ah- 
Mepa HLH eCTb ABe aMcjjnnaTHHecKnx cnnpajiH h CBfl3yK>mafl 


nemá, KOTopaa a^ct hm HeoôxoAHMyio CBOôoAy: pa3HeceH- 
Hbie b npocTpaHCTBe, cnnpajiH Moryr BbicrpaHBaTb naTTepHbi 
CBOHX KOHTaKTOB HC3aBHCHMO APYT OT RpvrX flHMepH3aU,H5I 
npOHCXOAHT B pe3VJIbTaTe B3aHMO/I,eHCTBHa rHAp0(J)06HbIX 
OCTaTKOB Ha COOTBCTCTByK)lIJ,HX CTOpOHaX AByX aM(f)HnaTH- 
necKHx cnnpajien H3 pa3Hbix cy&beflHHHij, TaK hto ckjioh- 
HOCTb k AHMepH3au,HH, npncymafl bccm 6e;iKaM HLH, Moxcer 
6biTb nojiHOCTbio OTHeceHa Ha chct aMcjmnaTHHecKHX cnnpa- 
JltPí. Ha P M C. 25.26 npHBCACH npHMep CpaBHeHHH nepBHHHOH 
CTpyKrypbi aomchob HLH H3 pa3Hbix 6e;iKOB. 

y ÔOJIblIIHHCTBa ÔeJIKOB HLH eCTb MOTHB, KOTOpblH, c 
XHMHHeCKOH TOHKH 3peHHfl, MOJKHO KBaJIHCjDHIJHpOBaTb KaK 
ocHOBaHHe (to eCTb b hcm coAepxcHTOi MHoro noJioxcHTejib- 
HO-3ap5DKeHHbIX aMHHOKHCJIOTHblX OCTaTKOB). 3TOT MOTHB 
pacnojioxceH BnjiOTHyio k oahoh H3 aMcjjnnaTHHecKHX cnn- 
pajien AOMeHa HLH h HyxceH /yia CBa3biBaHHa flHK — sto 
bHLH-6ejiKH (basic helix-loop-helix, hto o6o3HanaeT HajiH- 
HHe MOTHBa C OCHOBHbIMH XHMHHCCKHMH CBOHCTBaMH). ľlpH 
pa3Mepe B ~15 aMHHOKHCJIOTHblX OCTaTKOB, ~6 H3 KOTOpblX 
KOHcepBaTHBHbi (cm. pne. 25.26), nojioxcHTejibHO 3apa)KeH- 
HblH MOTHB n03B0JI5ieT AHMepy CTaÔHJIbHO B3aHMOAeHCTBO- 
BaTb c flHK (npn ycjiOBHH, hto oh ecTb y oôenx cyô'beAHHHu, 
AHMepa). floiyieHbi HLH abho nrpaiOT pojib opraHH3aTopoB, 
KoonepnpyioiAHX h opneHTnpyiomHx flHK-CBH3biBaioiij,He 
MOTHBbl AByX CyÔ'beAHHHU AHMepa. 

BejiKH bHLH pa3JiHHaiOTai no narrepHy sKcnpeccnn. 
HeKOTopbie H3 hhx sKcnpeccnpyiOTai noBceMecrao (oaho- 
pOAHO), TO ecTb OAHHaKOBO BO BCeX TKaHHX; Hx OĎTeAnHAIOT 
b Knacc A; y M^eKonHTaiomHX k HeMy othochtoi (JiaKTopbi 
E12 h E47. Enie oahh KJiacc ôeJiKOB bHLH, KJiacc B, oďtcah- 
HJieT ôejiKH, BCTpeHaioiAHeai jinnib b OTAejibHbix TKaHHx, to 
ecTb SKcnpeccnpyeMbie c TKaHeBOH cneiiH^HHHOCTbio. Y 
MjieKonHTaiomHX k K/iaccy B othochtch MyoD, MHoreHHH h 
Myf-5 — b KanecTBe aKTHBaTopoB TpaHCKpnniiHH, Bce Tpoe 
cjiyxcaT BaxcHeHuiHMH peryjiaTopaMH MHoreHe3a ((JjopMH- 
poBaHHfl MbimeHHOH TKaHH). Bce ôejiKH bHLH Knacca B 
HMeiOT OAHH H TOT XCe YYIOÚUS Opemndŕ. OHH AHMepH3yK)TCfl 
c ôejiKaMH Knacca A. Hmchho Taxne CMemaHHbie reTepo- 
AHMepbi ocyniecTBjííiioT KinoHeByio peryjiíniHio pa3JiHHHbix 
AHcjxjjepeHijHpoBOK. HanpnMep, y D. melanogaster pa3BH- 
THe HepBHOH CHCTeMbI HaXOAHTCH nOA KOHTpOJieM Ac-S H3 
Knacca B; napraepoM Ac-S npn stom cjiyxcHT noBceMecTHo 


BeAOK HLH coAep>KHT ABa cnnpaneBHAHbix mothb3 


MyoD 

Id 


MyoD 

Id 


MyoD 

Id 


Ala Asp Arg Arg Lys Ala Ala Thr Met Arg Gin Arg Arg Arg 
Arg Leu Pro Ala Leu Leu Asp Gin Glu Glu Val Asn Val Leu 


riojio>KMTeJibHO 3apa>KeHHbiM ynacroK 
B Id OTcyTCTByjOT wecrb KOHcepBa- 
TMBHbix aMMHOKMcnoT, ripuflafoiAux 
AOMeHy CBOÍÍCTBO OCHOBaHMB 


Leu Ser Lys Val Asn Gin Ala Phe Gin Thr Leu Lys Arg Cys Thr £ nM p a;ib ^ 

Leu Tyr Asp Met Asn Gly Cys Tyr Ser Arg Lei. Lys Gin Leu Val ,, 

KOHCepBaTMBHbie aMUHOKUC/lOTHbie 

OCT3TKM npMCyTCTByKDT B OÓOMX 
óe/iKax, MyoD m Id 

Lys Val Gin íle Leu Arg Asn Ala íle Arg Tyr íle Gin Gly Leu Glu Q nM p aj | b 2 
Lys Val Gin íle Leu Glu His Val íle Asp Tyr íle Arg Asp Leu Glu 


Pili 2 5.2b Bce 6e/iKM HLH coflepwaT MOTMBbi,cooTBeTCTByiomMe cnupa/iHM 1 m 2; m pa3fle/ineT neT- 
jia a/imhoíí ot lOflo 24 3MMH0KMC/10T. Be/iKM bHLH MMeiOTynacTOK, rfle cocpeAOToneHbi KOHcepBaTMB- 
Hbie nojio>KMTe^bHO 3apn>KeHHbie aMMHOKMC/ioTHbie ocTaTKM; 3tot ynacTOK nppiMbiKaeT k crnipajui 1 


25.15 Be/iKM c AOMeHaMM TMna «cnMpajib-neuiB-cnMpaAb» AHMepM3yiOTCB b pa3/iMHHbix coneTaHMBx 671 










SKcnpeccupyeMbiH da. Bejixn Myc, npoAyx™ npoTOOHKO- 
reHOB h BaxcHeHinne peryjiflTopbi imeTOMHoro pocTa, Bbme- 
jiaiot b OTflejibHbíň imacc 6e;iKOB bHLH, co cbohm ocoôhm 
HaôopoM napTHepoB h mhiuchch. 

JX HMepbi ôeJixoB bHLH pa3JiHMaiOTCfl no CBoen cnocoô- 
hocth k CBfl3biBaHHio J3.HK. HanpnMep, roMOAHMepbi E47, 
roMOAHMepbi E12-E47, a TaioKe reTepoAHMepbi MyoD-E47 
o6pa3yK)TDi JierKo n AepxcaTCfl Ha RHK OMeHb KpenKO. A 
bot, HanpnMep, roMOflHMep E12, xoTopbin Toxce o6pa3yeTCfl 
jierxo, ho njioxo CBA3biBaeT ,fl,HK. A MyoD (KaK h noJioxceHO 
npeACTaBHTejiaM miacca B), Booôiije OMeHb nnoxo roMOAH- 
Mepn3yeTDi. CooTBeTCTBeHHO, BaxcHbiMH acneKTaMH pery- 
JlfllJHH MOryT CJiyXCHTb H 0Ôpa30BaHHe flHMepOB, H CBfl3bIBa- 
HHe AHMepoB c JX HK. HTOÔbi onncaTb stot Tnn peryjwijHH, 
MOXCHO 3a^aTb KOMÔHHaTOpHOe npOCTpaHCTBO, B KOTOpOM 
npeflCTaBHTejín pa3Hbix luiaccoB bHLH nonapHO B3anMO- 
AencTByiOT Apyr c ApyroM, npnneM Bce B03M0xcHbie napbi 
noTeHu,najibHbix napraepoB xapaKTepn3yiOTCfl cbohmh Be- 
pOflTHOCTflMH, 3({)(J)eKTHBHOCTHMH H, DiaBHOe, nOCJICACTBH- 
amh CBoero o6pa30BaHHfl jyw sxcnpeecHH reHOB-MHiueHen. 
K COXCaJieHHK), 3(}x})eKTHBHOCTb AHMepH3an,HH H CpOACTBO 
AHMepa k JX HK He MOiyr 6biTb npeACKa3aHbi Ha ocHOBaHnn 
OflHOH JIHIUb nepBHMHOH CTpyKTypbl (aMHHOKHCJIOTHblX 
nocjieflOBaTejibHOCTen) noTeHynajibHbix eyô'beAHHHiy 

Bce AHMepbi bHLH y3HaiOT b JX HK oahh h tot xce koh- 
ceHcyc; bo3moxcho, HeKOTopbie roMO- h reTepo/jHMepbi oxa- 
3biBaiOT npezinoMTeHHe KOHxperabiM BapnamaM MnuieHen; 
Taícne npeAnoMTeHna, BbiKa3biBaeMbie AHMepaMH, mohih 6 bi 
yniyôJiflTb cneun^HKaunio hx cj)yHKijHH. 

Cpoactbo AHMepoB k JX HK onpeflejifleTCfl CBOHCTBaMH 
OTAe^bHbix cerMeHTOB nojinnenraAa BHyTpn AOMeHa HLH 
(ruín b HenocpeACTBeHHOH 6jih30Cth ot Hero). HanpnMep, b 
OTJiHMne ot CBoero coôpaTa E47, ôejiox E12 co/jepxcHT cer- 
MeHT, cjiyxcamnH BHyrpeHHHM HHrnÔHTopoM, noexoJibKy 
MernaeT eoceAHeMy (nojioxcnTejibHO 3ap*DKeHHOMy) ynacTKy 
ôejixoBon r;io6y;ibi B3anMOAencTBOBaTb c JX HK. Hmchho no- 
3TOMy roMOAHMepbi E12, b otjihmhc ot roMOAHMepoB E47, 
HMeiOT TaKOe HH3KOe epOACTBO K JX HK. y HeKOTOpblX ÔeJIKOB 
HLH nojioxcHTejibHbie 3ap*mH, HayejieHHbie Ha J3.HK, racaTCfl 
npoJiHHaMH jihôo BOo6m,e OTcyTCTByioT, xax, HanpnMep, y 
ôejixa Id, noKa3aHHoro Ha pne. 25.26. MHorne 6e;iKH, noxo- 
xcne Ha Id (HLH, «bHLH 6e3 b»), oxotho BCTynaiOT b AHMepbi 
c 6 e;iKaMH bHLH, ho 3th AHMepbi coBepmeHHO Hecnocoô- 
Hbi k cneijH(})HHHOMy CBa3biBaHnio /J,HK. 3Ta Hecnocoô- 
HOCTb CJiyXCHT CHJIbHbIM nOATBepXCAeHHCM HeOÔXOAHMOCTH 
yABOeHHH nOJIOXCHTCJIbHO 3ap5DKCHHOrO MOTHBa (MOTHBa b 
b bHLH) /ym Toro, mtoôm 3tot mothb Mor BbinojmaTb (})yH- 
Kynio CBH3biBaHna JX HK. 

npnHynnnajibHoe pa3JinMne MexcAy ôeJixaMH bHLH n 
HeocHOBHbiMH óejixaMH HLH (y KOTopbix OTcyTCTByeT no- 
jioxcHTeJibHO 3apHxceHHbiň mothb) HJunocTpnpyiOT cbohc- 
TBa jx Byx nap HLH-6eJixoB: da-Ac-S/emc n MyoD/Id-napbi 
(P M C. 25.27). Ohh (J)yHKunoHHpyK)T no npnHynny ceTeň 
pery^aunn. 

Y D. melanogaster ecTb reH emc Qextramacrochaetae ; y 
MyraHTOB noflBjíaioTCfl «Aono^HHTe^bHbie ôo^bmne meTHH- 
kh») Kax cjie/iyeT n3 Ha3BaHna, reH OTBenaeT 3a HopMajibHoe 
pacno^oxceHne opraHOB nyBCTB y B3pocjioň Myxn. Ero npo- 


Avkt, ôejiOK emc, paôoTaeT KaK cynpeccop 3(}xj)eKTa paôora 
HecKo/ibKnx reHOB, b nncjie KOTopbix reHbi Ac-S (no^Hoe Ha- 
3BaHne achaete-scuté) n da (no/moe Ha3BaHne daughterless). 
ľeHbi Ac-S n da KO^npyiOT ôejiKn bHLH-Tnna. Hx cynpeccop, 
reH emc, KOflnpyeT ôe^OK HLH, y KOToporo OTcyTCTByeT no- 
JIOXCHTe^bHO 3apíDKeHHblň MOTHB. no BCeň BH/JHMOCTH, B 
OTcyrcTBne no^HoyeHHoro npo/iyKTa emc 6e;iKn Ac-S n da 
o6pa3yiOT AHMepbi, aKTHBnpyK)iij,ne TpaHCKpnnyHio onpe- 
AejieHHbix reHOB-MHineHeň b mieTKax, r^e (c tomkh 3peHna 
HopMajibHoro pa3BHTna) 3Ta aKTHBauna HexcejiaTejibHa, mto h 
npnBOAHT k noflBJíeHHio 4)eHOTnnHMecKnx aHOMa^nň. B Hop- 
Me, npo/iyKLi.nH 6e;iKa emc npnBOAHT k o6pa30BaHHio reTepo- 
AHMepoB c ero ynacTneM; Taxne reTepoAHMepbi HeenoeoÔHbi 
CBA3biBaTb JX HK npo/iyKyna 6e^xa emc b onpeflejieHHbix 
íoieTKax HeoôxoAHMa /yia noAaBJíeHna 4}yHKu,nň Ac/S. 

BTopoň npnMep b3ht y cobccm Apyrnx xcHBOTHbix. 
fln^epeunpoBKa MbimeMHbix ioictok b HH/jHBH/iyajibHOM 
pa3BHTnn M^exonHTaioiynx nponexoAHT xax pe3y^bTaT 
3anporpaMMnpoBaHHoro H3MeHeHna npo^Rna TpaHC- 
Kpnnunn. B peajin3aunn nporpaMMbi ynacTByeT HecKOJibKO 
ôe^KOB bHLH. Oahh h3 3thx ôe^KOB, MyoD, CHHTe3npyeT- 
CK TOJIbKO B MHOreHHblX KíieTKaX, KOTOpbIM CyXCAeHO CTaTb 
MbimeMHbiMH. (Penb n,neT o HopMajibHOň cnTyaunn; b npn- 
Hynne, ncKyccTBeHHoe noBbimeHne 3Kcnpeccnn MyoD b 
H exoTopbix Apyrnx foieTKax moxcct 3acTaBHTb sth kjictkh 
BCT ynnTb Ha nyTb MnoreHHoň An^epeHUHpoBKH.) By^eM 
CMHTaTb, mto cnycKOBbiM MexaHH3MOM MnoreHHoň An^e- 
peHynpoBKH cJiyxcnT reTepoAHMep MyoD/E12 (bo3mo™o, 
hm cjiyxcHT reTepoAHMep MyoD/E47 n Bp*m jih hm ejiymiT 
roMOAHMep MyoD). nepefl HanajiOM MnoreHe3a 6e^ox Id, 
y KOToporo OTcyTCTByeT no/io>KHTejibHO 3ap*DKeHHbin mo¬ 
thb, BCTynaeT b reTepoflHMepbi c MyoD h/™h E12 u/mu 
E47. Taxne flHMepbi He enoeoÔHbi CBa3biBaTb JX HK. H3Bec- 
tho, mto Id CBA3biBaeT E12 hjih E47 oxoTHee, mcm MyoD. 
Co3AaeTca BneMaT^eHne, mto jx o MOMema HaMajia .an^e- 
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peHijupoBKu Id 3a6npaeT y MyoD (xoTopbiH ecTb TOJibxo b 
3aiaiaAKax Mbiiim) ero noTeHijHajibHbix napTHepoB, E12 h 
E47 (KOTopbie ccTb bo Bcex TxaHflx pa3BHBaK)nj,eroai opra- 
HH3Ma). PicKyccTBeHHoe noBbimeHHe axcnpeccHH Id moxcct 
nojiHOCTbio 6;iOKHpoBaTb MHoreHe3. CKopee Bcero, Hanajio 
£H(j)<f>epeHUHpOBKH CBfl3aHO C yXO^OM Id H3 CeTKH B3an- 
MOAeňcTBHH MtTKffy ôejixaMH HLH. nocjie yxoAa Id 6e;iox 
MyoD, HaKOHeu, nojiynaeT B03M0xcH0CTb npoflBHTb eeôa 
npn noAAepxcxe E12 (hjih E47). 

AKTHBaTOp MyoD MOXCHO XOHTpOJIHpOBaTb HeCKOJIbKH- 
mh cnocoôaMH. flj m npeAOTBpameHHfl CBfl3biBaHHa c flHK 
oh MOxceT 6biTb aTaKOBaH HLH-napraepoM, TaKHM xax Id. 
B flHMepe c E12 (hjih E47) MyoD 3(}x})exTHBHO aKTHBupyeT 
TpaHCKpHnuHio; OKa3biBaeTca, b AHMepe c ppymM bHLH- 
ôejiKOM, MyoR, tot xce MyoD paôoTaeT yxce He xax caňT-cne- 
UH(J)HHebiH aKTHBaTop, ho Kax caHT-cneuH4)HHHbiH penpec- 
cop. B npo^H4)epHpyK)iij,Hx MHOÔJiacTax AHMep MyoD-MyoR 
noAaBjíaeT TpaHexpHnijHK) b Tex xce caMbix jioxycax, /yia xo- 
Topbix AHMep MyoD-E12/E47 ejiyxcHT aKTHBaTopoM. 

B ue;iOM opraHH3auna ôejixoB HLH HJunocTpnpyeT 
ABa BaxcHenmHx npHHijHna peryjraijHH TpaHCxpnnijHH. 
Bo-nepBbix, cpaBHHTejibHO Heôojibiuoe hhcjio ôe;ixoB-pe- 
ryjiaTopoB BbiCTynaer bo BceB03M0xcHbix eoneTaHHflx Apyr 
c ApyroM, h y KaxcAoro coneTaHna moxcct ôbiTb cboh pery- 
jiaTopHbiH CMbicji. Bo-BTopbix, oômaa KapTHHa peryjiauHH 
3aBHCHT ot npnxoAa h yxo^a xoHxpeTHbix HeAe;iHMbix kom- 
noHeHTOB peryjiaTopHbix xoMnjiexcoB. B 3axjnoHeHHe OTMe- 
thm HeBepoaTHyio 3HanHMOCTb peryjraTopoB HLH: hmchho 

OT HHX 3aBHCHT CneiJH(})HXaUH5I MHOTHX XACTOHHblX THÍIOB, 
HanpHMep, AH^epeHunauna ceHCopHbix opraHOB Dro- 
sophila hjih MHoreHHaa AH^epeHunpoBKa y nejiOBexa. 


«JleÍlUMHOBbie M0J1HHM» 
c/iywaT fl/ifl AMMepn3aunM 


KniOHeBbie noHATMfl: 


• «Jleiíi4MHOBafl Mo/iHMfi» o6-beflMH5ieT flBe 3Mc})MnaTMHecKMx 

crmpa/Hi. 

• PflflOM C«MOJlHMeíí» HaXOflflTCfl nOJlOWMTejlbHO 3ap5i>KeHHbie 
ynacTKH cyó-beflMHMĽi flMMepa; 3 Tm ynacTKH KómaKTMpyiOT c flHK. 

• flMMepM3aUM51 C MCn0Jlb30BaHMeM «Jieííl4MHOBOÍÍ MOJI H M M» pO>KAaeT 
AOMeH bZIP; cMMMeTpMHHbie no/io>KMTe/ibHO 3apa>KeHHbie yHacTKM 
3TOrO AOMeHa CBíBblBatOT MHBepTMpOBaHHbie nOBTOpbl B flHK. 

B nocrpoeHHH KOMmieKca TpaHCxpnnijHH B3aHMOfleHCTBHa 
MOKAy ôejixaMH nrpaiOT OAHy oômyio TeMy. Amhhoxhcjiot- 
Hbie MOTHBbl, ynaCTByiOIAHe B 3THX B3aHMOAeHCTBRHX, AO- 
BOJibHO OAHOo6pa3Hbi. B coôbiTHax peryjiaijHH, MOKAy coôoh 
HHKaK He CBa3aHHbix, Moryr ôbiTb 3afleHCTBOBaHbi oahh h Te 
xce (HHBapnaHTHbie) mothbm, KOTopbie moxcho BCTpeTHTb b 
pa3JiHHHbix aKTHBaTopax, a Taxxce b Apyrnx ôejixax. «JIenuH- 
HOBaa mojihhh» npeACTaBaaeT coôoh tuu B3aHMOfleHCTBHa, 
CBOHCTBeHHbiH mhothm ôejixaM-peryjiaTopaM. /Via Hero xa- 
paicrepeH oneHb Bbipa3HTe/ibHbiH naTTepH ôeaoK-ôeaKOBbix 
KOHTaicroB. «JIeHu,HHOBaa MOJiHHa» oô'beAHHaeT b ceôe ABa 
MOTHBa H3 pa3Hbix nojiHnenTHAOB (HeAapoM ee cpaBHHBaioT 
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c 3acTeacKOH H3 AByx 3au,enaeHHbix Apyr 3a Apyra nojioBH- 
hok). Kax H3BecTHO, oôpa30BaHne AHMepoB cbohctbchho 
ôejixaM, y3Haioiij,HM b flHK onpeAeaeHHbie nocjieAOBaTejib- 
HOCTH-MHUieHH. B Caynae C «aeHU,HHOBbIMH MOJIHHaMH» 
CMbica AHMepn3auHH ocoôeHHO npo3paneH: Mbi ôyKBajibHO 
bhahm, xax AHMepH3auna noApaBHHBaeTflHK-CBa3biBaioiij,He 
MOTHBbi AByx cy6 r b£Rmmu„ npnAaeT neTKOCTb hx noaoace- 
HHaM Apyr OTHOCHTejibHO Apyra, fl)HKCHpyeT pacnoaoaceHHe 
Bcero AHMepa oraocHTejibHO flHK CBa3biBaHHe A^Mepa c 
flHK cxeMaTHHHO H30ôpaaceH0 Har 1 ľ 5. 2 s. 

AM(J)HnaTHHecKaa a-cnnpajib npeACTaBaaeT coôoh 

OCOÔblH MOTHB, BblHJICHaeMblH y MHOTHX aKTHBaTOpOB. B 
aM(})HnaTHHecKOH cnnpajiH THApo^oÔHbie rpynnbi aMHHO- 
KHCJIOTHblX OCTaTKOB (B TOM HHCJie ACHUHHOBblX) CMOTpaT 
b OAHy CTopoHy; THApo^HJibHbie (to ecTb 3apaaceHHbie, no- 
aapHbie) rpynnbi CMOTpaT b Apyryío CTopoHy. <<JIeHu,HHO- 
ByK) MOAHHK)» MOXCHO KBaJIH(J)HUHpOBaTb KaK THÔpHAHyiO 
a-cnnpajib, b KOTopon aeHUHHbi, BbiCTynaioiAHe H3 aM<f>Hna- 
THHecKOH a-cnnpajiH oahoh cyô'beAHHHUbi, nepenaeTeHbi c 
jieHu,HHaMH H3 TaxoH ace cnnpajiH Apyron cyô'beAHHHUbi; 
BMecTe ohh oôpa3yiOT cnnpajib BToporo nopaAxa — cynep- 
cnnpajib (coiled coil). Ha bhtok xaa^AOH H3 AByx (3axpy- 
neHHbix Apyr Boxpyr Apyra) npaBOCTopoHHHX a-cnnpajieH 
npHXOAHTCa no TpH C nOJIOBHHOH aMHHOKHCJIOTHblX OCTaT- 
xa, Tax hto Becb narrepH BpameHHa BocnpoH3BOAHTca c hh- 
TepBaJIOM B CeMb aMHHOXHCJIOTHblX OCTaTXOB. 

Kaxoe OTHomeHne x CBa3biBaHHio flHK moxcct HMeTb 
Taxaa CTpyxTypa? flejio b tom, 4T0 b xaacAOH cyô'beAHHHue 
AHMepa MOTHB H3 nOBTOpOB, nepCMCXCaeMblX JieHU,HHaMH 
(to ecTb noaoBHHxa «moahhh») coceACTByeT c nojioacn- 
TeabHO 3apaaceHHbiM ynacTXOM, noxoacHM Ha flHK-CBa3bi- 
BaioiAHH mothb. 3acTerHyTaa <<aeHUHHOBaa MOJiHHa» A^eT 
Y-o6pa3Hyio crpyxTypy. (Hoacxa Y — sto caMa «MOJiHHa»; 
ot Hee CHMMeTpHHHO otxoaat nojioxcHTejibHO 3apaaceHHbie 
MOTHBbi, CBa3biBaioiAHe flHK) Ee oôo3HaHax)T xax bZIP- 
mothb. MnmeHb bZIP (to ecTb canT CBa3biBaHna AHMepa, 
«3acTerHyToro Ha mojihhio») npeACTaBaaeT coôoh ejíHTHbie 
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P LÍC 25.28 rio/io>KmejibHO 3apa>KeHHbie ynacTKH aom^hob bZIP 
yAepwMBaiOTCfl pjiaom 3a cneT rnApoc()o6Hbix B3aMMOAeíícTBMM: cnM- 
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BaHMeM «jieííuMHOBOM mojihmm» m AHMepn3yiOTCfl b napajuie/ibHoíí 
opneHTaunn 
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HHBepTupoBaHHbie noBTopbi, nocxojibKy b «3acrerHyTOM» 
AHMepe ,ÍI,HK-CBa3biBaK)mHe aomchm AByx cyô'beAHHHu 
npaKTHMeCKH COMKHyTbl. 

«JleHUHHOBbie MOJIHHH>> MOryT HCn0JIb30BaTbCH pjw o6pa- 
30BäHHH KaK tomo, TaK h reTepoAHMepoB. Ka^aaa nojiOBHHKa 
«MOJIHHH», AOBOJIbHO npOTOKCHHblH MOTHB, COCTOHT H3 npH- 
6jIH3HTCJIbHbIX nOBTOpOB aMHHOKCJIOTHOH nocneAOBaTejib- 
hocth. B Ka^qoM ce/jbMOM nojio^ceHHH noBTopbi nepeMexca- 
icnrca /ieHU.HHaMH wm ApyrnMH raApo(f)o6HbiMH ocraTKaMH. 
TaK, b óejiKe C/EBP HacMHTbiBaeToi neTbipe noBTopa Leu-Xó, 
a b ôejiKax Jun h Fos HacMHTbiBacTca no roiTb TaKHx noBTopoB. 
(IjHMep C/EBP CBfl3biBaer CAAT-6okc, a Tanúce SHxaHcep SV40; 
rerepoAHMep Jun n Fos H3BecreH KaK aKTHBaTop AP1.) 

AKTHBaTop AP1 6bui nepBOHaMajibHO HAeHTHcjjHijHpo- 
BaH no cneijH(})HHHOMy CBfl3biBaHHio SHxaHcepa SV40 (cm. 
pne. 24.24). AKTHBHbíň npenapaT AP1 coAepxcHT HecKOJib- 
ko pa3JinMHbix nojinnenm/íOB. CaMbíň oôruibHbiH n3 hhx, 
Jun, flBJíaeTCfl npoAyKTOM reHa c-jun, poACTBeHHoro reHy 
v-jun, nepeHOCHMOMy nTHHbHM BnpycoM capKOMbi. B reHO- 
Me Mbimn ecTb ije;ioe ceMencTBO reHOB jun\ KpoMe nepBHH- 
ho n/íeHTn^nunpoBaHHoro c-jun b sto ceMencTBO bxoaht 
reHbi junB n junD , BbWBJíeHHbie Ha ocHOBaHnn roMOJiornn 
c jun. KaK npoflyKTbi poACTBeHHbix reHOB Bce Tpn 6ejixa Jun 
noxoxcn MOKfly coóoh; ohh o6pa3yiOT Apyr c ApyroM tomo-h 
reTepoAHMepbi, coeAHHeHHbie «;ieHijHHOBbiMH mojihhíimh». 

JXpyvoú oónjibHbin KOMnoHeHT reTeporeHHoro (jjax- 
Topa AP1, óejiOK Fos, flBjraeTCfl npoAyKTOM reHa c-fos; y 
Hero Toxce ecTb OHKoreHHbiH roMOJior, reH v-fos , nepeHO- 
cnMbin MbiniHHbiM BnpycoM capKOMbi. SKcnpeccna reHa 
C-fos npHBOAHT K aKTHBaiJHH TpaHCKpHniJHH reHOB, b npo- 
MOTopax KOTopbix ecTb canTbi-MHineHn AP1. BejiOK Fos 
(4)oc4)op™npoBaHHbiň 6ejiox, jioxajiH30BaHHbiH b a/jpe) 
npeACTaBJíaeT ijejioe ceMencTBO poACTBeHHbix c})aKTopoB. 
OcTajibHbie npe^CTaBHTejín ceMencTBa H3Becrabi KaK aH- 
TnreHbi, poACTBeHHbie Fos (FRA, Fos-related antigens; hjih 
F os-noflOÔHbie 6e;iKH — Fos-like proteins). 

Xoto y Fos Toxce ecTb noTeHu,naji k o6pa30BaHHio «JieHu,H- 
HOBOH MOJIHHH», erO CyÔ'beAHHHU.bl He AHMepH3yiOTCa MOKAy 
coóon; 3aT0 ohh jierxo o6pa3yioT «;ieHijHHOBbie mojihhh» c 
J un. CnocoÓHOCTb Jun n Fos k o6pa30BaHHio reTepo/jnMepoB 
npnHunnnajibHO BaxcHa /yia B3aHMOAencTBna sthx cj)aKTO- 
poB c JX HK Ecjih HeT Jun, Fos He MOxceT CBfl3breaTb JX HK (Ha- 
BepHoe, orroro, mto He o6pa3yeT roMO/jHMepoB). HaxoAacb b 
cocTaBe reTepoAHMepoB c Jun, tot xce caMbin Fos npeKpacHO 
CBaabiBaeTflHK Xoth reTepoAHMepbi Jun/Fos n roMOAHMepbi 
Jun/Jun CBa3biBaiOT canra AP1 o/jHHaKOBO cneijHcjjHHHO, re- 
TepoAHMepbi CBa 3 biBaiOT nx b Aeorrb pa3 Kpenne. 


E3D Pe3K>Me 

K c})aKTopaM TpaHCKpnnijHH othocatca ocHOBHbie <J)aK- 
TOpbl, aKTHBaTOpbl H KOaKTHBaTOpbl. OCHOBHbie C})aKTOpbI 
B3anMOAencTByioT c PHK-no;iHMepa30H b Tonxe CTapTa 
TpaHCKpnniJHH. AKTHBaTOpbl CneUH(})HMHO B3aHMOAeHC- 
TByiOT C KOpOTKHMH ynaCTKaMH JX HK — SJieMeHTaMH OT- 


BeTa, HaxoAHmHMHca b npoMOTopax hjih SHxaHcepax. 
AKTHBaTOpbl npoflBJíaiOT ce6a nepe3 6ejiOK-6ejiKOBbie 
B3anMO/ieHCTBHa c KOMnoHeHTaMH ocHOBHoro annapaTa. 
HeKOTopbie aKTHBaTOpbl B3aHMOAeHCTByiOT c ochobhhm 
annapaTOM HanpaMyio; Apyrne HyxcAaiOTCfl b nocpe^HH- 
necTBe KoaKTHBaTopoB. MHorne aKTHBaTOpbl nocTpoeHbi 
H3 MO^yJien. B TaKHx aKTHBaTopax moxcho Bbin^eHHTb 
ABa He3aBHCHMbix AOMeHa, o/jhh h 3 KOTopbix OTBenaeT 3a 
CBfl3biBaHne JX HK; Apyron AOMeH OTBenaeT 3a caMy aKTH- 
Baunio. /J,HK-CBfl3biBaK)iijHH aomch HyxceH AJifl YRcpyKmm 
aKTHBnpyiomero AOMeHa b npeAejiax AOcaraeMOCTH 6tn- 
KOBoro KOMn^eKca HHHu,Hau,HH TpaHCKpnnuHH. 

3;ieMeHTbi OTBeTa ôbmaioT pa3HbiMH. HeKOTopbie H3 
hhx ecTb y MHornx reHOB, a paéoTaioT c hhmh (J)aKTopbi, 
KOTopbie ecTb bo Bcex imeTKax opraHH3Ma. HeKOTopbie 3^e- 
MeHTbi OTBeTa ecTb ^nuib y orpaHHMeHHoro nncjia reHOB h 
y3HaK)Tca (J)aKTopaMH, cneu,H(J)HMHbiMH jxím KOHKperabix 
KJieTOMHblX THnOB. 

ľlpoMOTopbi PHK-no^HMepa3bi II coAepxcaT orpoMHoe 
MHoroo6pa3ne ^c-AencTByioiij.Hx kopotkhx s/icmchtob, c ko- 
TopbiMH, b mpanc-umcpc, paôoTaiOT c})aKTopbi TpaHCKpHnu,HH. 
B npoMOTope Taxne diimcHTbi npeAiuecTByioT TATA-6oKcy; 
opneHTauna anmemoB h paccToaHne ot hhx ao crapTOBOH 
TOMKH MOryT 6bITb ^ÍIOÔblMH. Ot B3aHMOAeHCTBHH aKTHBaTOpOB 
CO CBOHMH 3JieMeHTaMH 3aBHCHT 3(J)4)eKTHBHOCTb HCn0^b30- 
BaHHH npOMOTOpa B KOHKpeTHblH MOMCHT BpeMCHH. Ka^AblH 
aKTHBaTop HMeeT b ochobhom annapaTe TpaHCKpnnunH cboio 
MH rneHb aah ycraHOBJíeHHH 6e;ioK-6ejiKOBoro KOHTaicra (hjih 
H enocpeACTBeHHO, ruín nepe3 KoaKTHBaTop; hmchho stot koh- 
Taicr no3BO^aeT aKTHBaTopy Bbino^Harb aKTHBaunio). Mnnie- 
hhmh pa3JiHHHbiM aKTHBaTopaM oiyxcaT Taxne KOMnoHembi 
ocHOBHoro annapaTa, Kax TF n D, TF n B, TF n A B3anMOAencTBHe 
aKTHBaTopa c TF CTHMynnpyeT côopxy ocHOBHoro annapaTa. 

MHorne aKTHBaTOpbl oô^aAaiOT cepnen xapaKTepHbix 

aMHHOKHCJIOTHblX MOTHBOB, H3BeCTHbIX KaK «IJHHKOBbie 

najibubi» h oiyxcaiAHX aaa CBa3biBaHHa JX HK. B xa)KAOM 
«Uhhkobom najibi;e» ecTb ocTaTKH uncTeHHa, KOTopbie yAep- 
)KHBaiOT aTOM ijHHKa. «L[HHKOBbie najibubi» ôbiBaioT AByx 
TnnoB: Cys 2 /His 2 «najibi;bi» o6a3aTe^bHO MHoroMHCJieHHbi, 
b to BpeMa xax Cys 2 /Cys 2 «najieu>> y 6e^xa moxcct 6biTb h 

eAHHCTBeHHbIM (JIHÔO HX ABa). 

OTAejibHbie KJiaccbi (J)aKTopoB TpaHCKpnnuHH 6buin hach- 
TH({)HIÍHpOBaHbI Ha OCHOBaHHH CpaBHCHHH rOMOJIOrHHHblX 
Hyx/ieoTHAHbix noaieAOBaTejibHOCTen reHOB, KOAnpyioiAHx 
3TH (J)aKTOpbI. OAHH H3 T3KHX KJiaCCOB — 3TO rOMeOAOMCH-CO- 
AepxcaiAHe 6e^xn; k hhm othochtch BaxcHenmHe pery/iaTopbi 
paHHero pa3BHTna y HacexoMbix h Kpyrjibix MepBen, a Tax^e 
MHorne c{)aKTopbi TpaHCKpnnuHH MJiexonnTaioiAHx. ToMeoAO- 
MeH COCTOHT H3 ~60 aMHHOKHCJIOTHblX OCKiTKOB; y HerO eCTb 
HBHOe CpOACTBO C npOKapHOTHHCCKHMH JJHK-CB5I3bIBaK)IAHMH 
AOMeHaMH Tnna «cnHpajib-noBopoT-cnnpajib». ToMeoAOMeH 
cjiyxcHT (J)aKTopaM aah CBa3biBaHHH JX HK 

Mothb «jienuHHOBaa mojihh5i» 6oraT JieHU,HHaMH h aiy- 
xcht (JjaicropaM aa^ AHMepn3auHH. B Kax<AOH 
AHMepa k 3TOMy MOTHBy npnMbixaeT nojioxcHTejibHO 3apa- 
XCeHHblH MOTHB, CJiyXCaiAHH (J)aKTOpy AA^ CBfl3bIBaHHfl JX HK 

PeuenTopbi CTeponAHbix ropMOHOB 6buin hachthíJjhab- 
poBaHbi xax nepBbie npeACTaBHTejín (J)aKTopoB TpaHCxpnn- 
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UHH, BKJIIOMaeMblX (aKTHBHpyeMblX) 3 a CMeT CBfl 3 bIBaHHfi 
Heôojibiuoro ra#po(j)o 6 Horo ropMOHa. AKTHBnpoBaHHbiH 
(JmTop jioKajiH 3 yeTca b a#pe; onnpaacb Ha «cboh» aneMeHTbi 
b pery^aTopHbix oôjiacrax HeKOTopbix reHOB, <f)aKTop aicm- 
BnpycT TpaHCKpnnuHK) sthx reHOB. OaKTopbi 3 Toro iciacca 
HMeiOT ,ZJHK-CBfl 3 bIBaK)IItHe AOMeHbl C «UHHKOBbIMH najibija- 
mh»; ohh CBfl 3 biBaiOT HK b cocTaBe idmo- hjih reTepo#HMe- 
poB. Bce roMOAHMepbi y 3 HaiOT napbi HHBeprapoBaHHbix noB- 
TOpOB C 06 lIJ,HM KOHCeHCyCOM; SJieMeHTOM CneiJH(})HHHOCTH 
cjiyxcHT HHTepBaji Me>K#y noBTopaMH. reTepo#HMepbi y 3 HaioT 
napbi npaMbix noBTopoB; orniTb xce, pa 3 Hbie ranbi reTepo#H- 
MepoB y 3 HaioT pa 3 Hbin pa 3 Mep HHTepBajia, pa 3 #e^ 5 nomero 
noBTopbi. Y peuenTopoB cTepoH#Hbix ropMOHOB JJHK-cba- 
3 biBaioiij,He AOMeHbi hmoot no #Ba «u i HHKOBbix rmbija». nep- 
Bbin «najieu» 3 a#aeT cneun^HHHOCTb k KOHceHcycy, BTopon 
«rmeij>> pearnpyeT Ha onpe#e;ieHHbiH HHTepBaji MOK#y noB- 
TopaMH (no;iOBHHKaMH y 3 HaBaeMoro 3 ;ieMeHTa). 

BejiKH c AOMeHaMH HLH (helix-loop-helix; «cnnpa^b-neT- 
jia-cnnpajib») co/tepxcaT mčpumTmtcmt a-cnnpajiH, ot- 
BeTCTBeHHbie 3 a ( n,HMepH 3 au,HK). Y 6 o;ibmHHCTBa óejiKOB HLH 
OTBeTCTBeHHbie 3 a ( n,HMepH 3 au,HK) mčpundrmtcmt a-cnnpa- 
JIH COCe^CTByiOT C nO/IO>KHTeJIbHO 3 ap*DKCHHbIMH MOTHBaMH, 
CBa 3 biBaioiii,HMH HK TaKHe ôejiKH Ha 3 biBaioT bHLH (basic he- 
lix-loop-helix); no narrepHy upucyrcmm nx npnHaTO Romrb 
m noBceMecTHO (o#Hopo#Ho) SKcnpeccnpyeMbie h TKaHecne- 
u,H(j)HMHbie. TnnHMHbin aKTHBHbin óejiox bHLH npeACTaBJíaeT 
coôoh reiepoAHMep H 3 #Byx cy&be#HHHij; o#Ha H 3 hhx BCTpe- 
naeTca bo Bcex mieroax, #pyraa—TO/ibKO b icieroax onpe/ie^eH- 
Horo Tnna. AHMep, y KOToporo xota 6 bi o#Ha H 3 cyó'beflHHnu, 
He HMeeT no/io>KHTejibHO 3 apHxceHHoro ynacnca, HecnocoôeH 
CBíBbiBaTbflHK; nosTOMy Taxne «xojiocTbie>> cy&be#HHHĽtbi pa- 
ôoTaioT Kax OTpHu,aTe;ibHbie peiyjiaTopbi 3 KcnpeccHH reHOB. 
Ot KOMÔHHaTOpHOH aCCOU,HaU,HH pa 3 JIHHHbIX Cy&be/^HHHU, 
o 6 pa 3 yK)Tca pa 3 BeTBjieHHbie peiyjiaTopHbie cem 

OneHb MHorne (})aKTopbi TpaHCKpnnu,HH paóoTaiOT 
HMeHHO B (J)OpMe #HMepOB; CeMeHCTBa TaKHX (J)aKTOpOB yCT- 
poeHbi Kax Haôopbi pa 3 JiHHHbix tomo- h reTepo#HMepoB. 3 to 
npH#aeT peryjiauHH KOMÔHHaTopHyio Mom,HOCTb; npn stom 
SK cnpeccHio reHOB moxcho paccMaTpnBaTb Kax cj)yHKLtHio ot 
H aôopa coHeTäHHH (J)aKTopoB (H 3 MeHaeMoro bo BpeMeHH h 
npocTpaHCTBe). K HexoTopbiM KJiaccaM aicmBaTopoB TpaHC- 
KpnnuHH npHxoAHTca Taioxe othccth h roMOJioniHHbie pen- 
peccopbi TpaHCKpnnu,HH. B HexoTopbix cjiynaax Bicia# Taxoro 
penpeccopa b o 6 pa 30 BaHHe #HMepa c roMO/ioraHHbiM napT- 
HepOM-aKTHBaTOpOM paBHOCWieH HHraÓHpOBaHHIO (J)yHKHHH 
3 Toro naproepa. B ajibTepHaTHBHbix cjiynaax penpeccna n#eT 
nepe 3 KOHTaxr penpeccopa c xopenpeccopoM (no#oÔHO aicm- 
Ban,HH, H#ym,eH nepe 3 KOHTaxr aicmBaTopa c KoaicmBaTopoM). 
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CruiaftcifHr m npoueccMHr PHK 


KPATKOE COflEP>KAHME HlABbl J 


E2B BBeAeHne 

É£B3 CaíiTbi cn/iaMCMHra BflGpHbix reHOB npeACTaB/ifltOT 
co6om KopoTKne noc-neAOBaTe-nbHocTM 

• CaŕíTbi crmaŕícMHra — nocjieAOBaTe/ibHocTM, 
pacno^o>KeHHbie Ha rpaHmjax 3K30 h-mhtpoh. Mx 
H a3biBatOT coniacHO pacno/ioKeHMto b MHTpoHe. 

• 5'-rpaHmja cn/iaŕícMHra, pacnojio>KeHHafl Ha 
5'(/ieBOM)-KOHue HHTpoHa, coAep>KHT KOHceHcycHyto 
noc^eAOBaie^bHocTb GU. 

• 3'-rpaHnua cn/iaŕícMHra, pacno/io>KeHHafl Ha 
3'(npaBOM)-KOHue mhtpohb, coAepwMT KOHceHcycHyto 
noc^eAOBaie^bHOdb AG. 

• CornacHo npaBwiy GU-AG (n3HaMa/ibHO b KOHTeKde 
flHK, Ha3bmaeMOMy npaBunoM GT-AG), bth 

AhH yK/ieoTHAbi AOJi>KHbi pacno/iaraTbca b Aeyx 
nepBbix n Aeyx nocneAHkíx no3mjMflx Bcex hhtpohob b 
nocAeAOBaTeAbHOCTH npe-MPHK. 

E£2fl TpaHHUbi cn/iaMCMHra pacno3HatOTCB annapaTOM 
cn/iaŕícMHra b napax 

• CnAaŕíCHHr 3aBncm mnbKO ot pacno3HaBaHMfl nap 
caííTOB cn/iaŕícHHra. 

• Bce 5'-caMTbi (JjyHKAHOHaAbHo 3KBHBa/ieHTHbi Me>KAy 
C060M, pdBHO KaK Hepa3AMHHMbl H Bce 3'-caŕíTbi. 

E£SS B xoAe cn/iaMCMHra mPHK o6pa3yeTca crpyKTypa 

Tuná Jiacco 

• B cn/iaŕíCHHre ynacTBytOT ipn caíÍTa: 5'- n 3'- 
caŕíTbi cn/iaŕícMHra, a Tatone caííT pa3BeTBjieHkifl, 
pacnoAO>KeHHbm nepeA 3'-caŕÍTOM cn/iaŕícMHra. 

• ľlocAeAOBaieAbHOCTb caííTa pa3BeTB/ieHkifl 
BbicoKOKOHcepBaTMBHa y Apo>K}Keŕí n MeHee 
KOHCepBaTHBHa y BbIClUHX 3yKapnoT. 

• ľlocne pa3pe3aHHA b 5'-caŕÍTe cn/iaŕícMHra 
06pa30BaBLUMMCfl 5'-KOHeU MHTpOHa B3aHMOAeMCTByeT 
c 2'-no/io>KeHneM a30Tncroro ocHOBaHMa A, 
pacnoAo>KeHHoro b caííTe pa3BeTB/ieHMfl. ľlpn 3tom 
(J)opMnpyeTCfl dpyKTypa Tuná jiacco. 

• ľlocne pa3pe3aHMíi b 3'-caŕÍTe cn/iackmra mhtpoh 
B biCBo6o>KAaeTCfl b (fjopMe jiacco, a /íeBbm h npaBbm 
3K30Hbl jikimpytOTCfl. 

• CnAaíícHHr pea/iM3yeTCfl nocpeACTBOM peaKUkiíí 
TpaHC3TepH(()HKaUHH, B KOTOpblX CBfl3b nepeHOCMTCfl M3 
OAHoro no/iOKeHkía b Apyroe. 

É&U mbPHK yMacTBytOT b cn/iaMCMHre 

• K íiatu maPHK, BOBJíeneHHbiM b npouecc crmaŕícMHra, 
othocatca Ul, U2, U5, U4 n U6. 

• BMeCTe C HeCKOJlbKMMM AOnOJlHHTe/lbHblMH 6eAKaMM 
maPHK ((jopMMpytoT cn/iaŕícocoMy. 
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• 3a MCKAtoneHkíeM U6, Bce maPHK coAep>KaT 
KOHcepBaTHBHyto nocneAOBaTe/ibHOCTb, CBfl3biBatomyto 
Sm-6eAKn, pacno3HaBaeMbie aHTMTe/iaMM, 
o6pa3ytomnMncfl npn ayTOHMMyHHOM 3a6oAeBaHnn. 

Ul MflPHn MHMAMMpyeT cn/iaMCMHr 

• Ul MflPHľl HHHAHHpyeT cn/iaŕícMHr, CBfl3biBaflCb 
c 5'-caŕÍTOM cnAaíícHHra c noMombto PHK-PHK 
B3aklMOAeííCTBHÍÍ. 

• B COCTaB KOMľlAeKCa E BXOAHT Ul MflPHľl, CBfl3dHHdfl 
c 5'-caŕÍTOM cn/iaŕíCMHra, 6e/iOK U2AF, CBfl3aHHbiŕí 

C nHpHMHAHHOBbIM peľMOHOM Me>KAy CaŕÍTOM 
pa3BeTBAeHHA h 3'-caMTOM cn/iaŕícMHra, n rpynna 
SR-6e/iKOB, coeAHHfltoiAkix Ul MflPHľl c U2AF. 

OopMMpoBaHMe KOMn/ieKca E MoweT nponcxoAHTb b 
pe3yAbTaie pacno3HaBaHMfl Kax hhtpohob, 

TaK M 3K30H0B 

• ľlpflMOM nyTb íjDOpMHpOBaHHfl KOMľlAeKCa E 
npeACTaBAíieT co6om CBA3biBaHMe Ul MflPHľl 

c 5'-caíÍTOM cn/iaŕíCMHra, n U2AF — c nnpnMHAHHOBbiM 
pemoHOM, pacnoAO>KeHHbiM Me>KAy caííTOM 
pa3BeTBAeHMíi n 3'-caŕíTOM cn/iaMCkmra. 

• flpyraíl B03M0>KH0CTb 3aKAtOHaeTC51 BO B3aHMOAeííCTBHM 
U2AF c nkipMMMAHHOBbiM perkiOHOM n Ul MflPHľl c 5 '- 
caíÍTOM cnAaíícHHra c/ieAytoinero HHTpoHa. 

• KoMn^eKC E npeBpainaeTca b komíiackc A b pe3y/ibTaTe 
CB513blBdHHB U2 MflPHľl C CaŕÍTOM pa3BeTB^eHHÍ1. 

• B CAynae KorAa komíiackc E (fjopMMpyeTCfl npw ynacTHH 
5'-caííTa cnAaíícMHra CAeAywinero HHTpoHa, ripn 
npeBpaiAeHMM KOMn^eKca E b KOMrmeKC A 3 tot caííT 
cnAaíícMHra 3aMeHaeTCfl npaBMAbHbiM 5 # -caííTOM. 

• C/ia6biPi 3'-caííT cnAaíícMHra Tpe6yeT ynacTMíi 
3HxaHcepoB cnjiaŇCMHra - nocAeAOBaTeAbHocTeŕí, 
pacnoAO>KeHHbix b npaBOM 3K30He n cnoco6Hbix 
HanpflMyto CBfl3biBaTbCfl c SR-6eAKaMn. 

riBTb MBPHn (JjOpMMpytOT Cn^aMCOCOMy 

• ľlpH CBfl 3 blB 3 HHH U5 H U4/U6 MflPHľl KOMľlAeKC A 
npeBpamaeTCfl b cnAancocoMy BI, KOTopaíi ywe 
coAep>KHT Bce KOMnoHeHTbi, Heo6xoAHMbie A-nfl 
cnAaíícHHra. 

• Bo BpeMíi cruiaŕícHHra cnAaíícocoMa noABepraeTCíi 
H3MeHeHHÍ1M, ľlOCAeAOBaTeAbHO npOXOAfl HeCKOAbKO 
CT3AHM. 

• BbiCBo6o>KAeHne Ul MflPHľl AaeT B03M0>KH0CTb U6 
MflPHľl B3anMOAeíícTBOBaTb c 5'-caMTOM cnAaíícHHra 
n oóecneHMBaeT npeBpameHMe cnAaíícocoMbi BI b 
cruiaŕícocoMy B2. 






• flMCCOUMaUMfl U4 MflPHľl OT U6 MflPHľl npMBOAMT K 
cnapuBaHMto U6 c U2 m ((jopNikipoBaHHto KaTa/wTnHecKn 
aKTMBHoro caŇTa. 

Mm AnnapaT a/ibTepHaTHBHoro cn/iaMCHHra ncno/ib3yeT 
pa3/iHMHbie mbPHII 

• B peaxunn a/ibiepHaTMBHoro cn/iaňcnHra 3aAeňcTBOBaH 
Apyroň Ha6op MflPHľl. KoMn/ieKC, KOTopbíň ohm 
(J jopMMpytoT, Ha 3 biBatoT cn/iaňcocoMoň U12. 

• HHTpOHbl-MMlUeHM MO)KHO MAGHTntjDMLinpOBaTb C 
noMoiAbto A/iHHHbix KOHceHcycHbix nocneAOBaTe/ibHocTeií 
Ha rpaHMuax cn/iaňcnHra, oah3ko o6biHHo ohm coAep>KaT 
Te >Ke caMbie GU-AG A^HyK/ieoTnAbi. 

• B HeKOTopbix MHTpoHax Ha rpaHMuax cn/iaňcnHra 
pacno/io>KeHbi A^HyK/ieoTMAbi AU-AC. Hacib m 3tmx 
MHT pOHOB Ul-3aBMCMMbie, HaCTb — U12-3aBMCMMbie. 

BSB Cn/iancHHr conpfl>KeH c 3KcnopTOM mPHK 

• Be/iKn REF CBfBbiBatoT caňTbi cn/iaňcnHra, 
B3aMMOAeMCTByíi co cruiaŕícocoMOM. 

• ľlocne oKOHHaHMA cn/iaŕíCMHra ohm ocratoTCfl 
CBfl3aHHblMM C PHK B o6/iaCTM rpaHMAbl 3K30H-3K30H. 

• Be/iKM REF B3aMMOAeMCTBytOT c TpaHcnopTHbiM 6e/iKOM 
TAP/Mex, 3KcnopTMpytoiAMM PHK CKB03b AAepHyto nopy. 

BjgB ABTocnAaŕícMHr mhtpohob rpynnbi II nponcxoAMT 
nepe3 (JjopMupoBaHne jiacco 

• MHTpoHbi rpynnbi II, o6/iaAafl aBTOKaia/iMTMHecKOM 
aKTMBHOCTbtO, CnOCo6Hbl K CaMOBbipe3aHMtO M3 PHK. 

• ľpaHMAbi cn/iancMHra m MexaHM3Mbi cn/iancMHra 
mhtpohob rpynnbi II aHa/iornHHbi TaKOBbiM A-nfl ^AepHbix 
MHTPOHOB. 

• BTopMHHaíi dpyKTypa MHTpoHa rpynnbi II (JjopMMpyeT 
Kaia/iMTMHecKMM caňT, HanoMMHatoiAMM cipyKTypy 
AAepHoro MHTpoHa U6-U2. 

jamy* A/ibTepHaTHBHbiH cn/iaMCHHr — 3 to pea/iH3auHfl 
pa3JlHMHblX BapnaHTOB CUJHBaHHfl 3K30H0B 

Me>KAy coóom 

• OTAe/ibHbie 3K30Hbi MoryT ncK/itOHaTbca M3 PHK 
npoAyKTa mjim, Hao6opoT, BK/itonaTbca b Hero b 
pe3y^biaie ciunBaHHfl Me>KAy co6on pa3Hbix nap caňTOB 
cn/iaŕícMHra. 

• ľlpM MCľl0/lb30BaHMM a/lbTepHaTMBHblX BapnaHTOB 
CLUMBdHMfl 3K30H0B ASlMHd KOHeHHOTO npOAyKTa 

cn/iancMHra Mo>KeT MeHATbca. 

• fleTepMHHaunfl n oji a y Drosophiía n bji n eTca 
pe3y^bTaTOM cepnn peaKunn a/ibTepHaTMBHoro 
cnjiaíícHHra b reHax, KOAHpytoinnx noc/ieAOBaTe/ibHbie 
KOMnoHeHTbi AaHHoro npouecca. 

• P-3^eMeHTbi Drosophita noABepratOTca 3apoAbiiu- 
cneuM(()MHHOMy a/ibTepHaTMBHOMy cruiaMCMHry. 

EfcÉfci B peaKUMBx mpaHC-cn/iancMHra ynacTBytOT Ma/ibie PHK 

• PeaKUMM cn/iaMcnHra, Kax npaBM/io, AB/iatoTCfl u,uc- 
peaKUMAMM, to ecTb nponcxoAflT Me>KAy ynacnoMM 
oahom MO/ieKy/ibi PHK. 

• ľpaHC-Cn/iaMCMHr, CBOMCTBeHHblM TpMľiaHOCOMaM 
m nepBflM, nponcxoAMT, KorAa KopoTKaa 
noc^eAOBaTe^bHOCTb (C/l PHK) cruiaMcnpyeTCfl c 5'- 
KOHI43MM pa3HblX ľipeAUJeCTBeHHMKOB mPHK. 

• C/l PHK HMeeT CTpyKTypy, HanoMHHatomyto CTpyKTypy 
Sm-CBfl3biBatoiAero caňTa U maPHK, m, bo3mo>kho, 
nrpaeT b peaKunn aHajiornHHyto po/ib. 

ŕfeifefr Cn/iancMHr tPHK y ApowweM npeT Mepe3 pa3pe3aHne 
n cLUMBaHMe npeAiuecTBeHHMKa 

• Cn/iancMHr tPHK npeACTaB/iaeT co6om cepnto peaKUnn 
pa3pe3aHMíi m /íMrnpoBdHMfl. 


fridilá 3HAOHyK-nea3a cn/iancMHra pacno3HaeT tPHK 

• 3HAOHyK^ea3a pacmen/ifleT npeAwecTBeHHHK tPHK no 
060 MM KOHI43M MHTpOHa. 

• 3HAOHyK^ea3a ApoxoKen npeACTaB/iaeT co6on 
reTepoTeTpaMep c AeyMfl (poACTBeHHbiMM) 
KaTa/iMTMHecKMMn cy6-beAMHMAaMn. 

• pacno3HaBaHMíi caíÍTOB pacinenneHMA 
3HAOHyK^ea3a Mcno^b3yeT MexaHM3Mbi, no3BO/ifltoinne 
oueHMTb no^o>KeHne (JjepMeHTa OTHOCMTe/ibHo 
onpeAe/ieHHoro ynacTKa tPHK. 

• Hymiea3a apxeň nMeeT 6o^ee npocTyio CTpyKTypy m 
pacno3HaeT motmb «M3rM6-cnnpa^b-M3rn6» b cy6crpaTe. 

Vimiá PaciAen^eHne n ^nrnpoBaHne tPHK — pee 
OTAe^bHbie peaKunn 

• B pe3y/ibTaTe Bbipe3aHníi MHTpoHa o6pa3ytOTCfl Aee 
no/iOBMHbi MO^eKy^bi tPHK, KOTopbie, coeAMHflíiCb Apyr 
c APyroM, (fjopMMpytOT 3pe^yto CTpyKTypy. 

• 3TM nO/lOBMHbl MMetOT HeOÓblHHbie KOHAblľ 

Ha 5'-KOHue — rnApoKCM^bHaíi rpynna, a Ha 3'-KOHue — 
2'-3'-AMKnMHeCKMM cjDOCCjDaT. 

• 5'-0H-rpynna ())OC(t)opM^MpyeTCfl 

n0/lMHyK/ie0TMAKMH330M, AMK/lMHeCKafl (J)OC(t)aTHafl 

rpynna noA AeíícTBMeM (f)0C(t)0AM3CTepa3bi 
pacKpbiBaeTca m o6pa3yeT 2'-(jDocct)aTHbm KOHeu 
m 3'-0H-rpynny, KOHAbi 3K30H0B coeAMHíitOTCfl 
PHK-/wra30M, a 2'-(j30ccjDaT yAanweTCíi ())0C(t)aTa30M. 
vimwä Kacxap peaxuuM, 3anycKaeMbix b otbot Ha 
HaKon^eHMe 6e-nKOB, CBB33H c npoueccoM 
cn^aŕícMHra tPHK 

• Irelp - 6e^oK BHyTpeHHeň AAepHOM MeMÓpaHbi, 
N-KOHueBOM AOMeH 3Toro 6e^Ka o6pameH b npocBeT 
3ľlP, a C-KOHueBOM aomch - BHyTpb íiApa. 

• CBä3biBdHM6 HecBepHyBiuerocíi 6e^xa c N- 
TepMMHa/ibHbiM AOMeHOM 3anycKaeT peaKUMto 
aBTO(()oc(t)opMnMpoBaHnfl, b pe3ynbTaTe nero 
aKTMBMpyeTCíi C-TepMMHa/ibHafl HyKnea3a. 

• AKTMBnpoBaHHaíi HyK^ea3a pacmen/ifleT mPHK 
Hacl, npn 3 tom mhtpoh BbiCBo6o>KAaeTCfl, a 3K30Hbi 
^nrMpytOTCB TPHK-jinra30M. 

• Cn^aMCMpoBaHHaíi mPHK Hacl KOAnpyeT 
TpaHCKpMnunoHHbiM (fjaKTop, aKTMBnpytoiAMM renbi 
tuanepoHOB, cnoco6cTBytoiAMX (fjonAHHry 6e^KOB. 

WiliBl 3'-KOHLJbl TpaHCKpMľlTOB poli M polili o6pa3ytOTCfl B 
pe3y-nbTaTe TepMMHauMM TpaHCKpnni4MM 

• PHK-no/WMepa3a I TepMMHnpyeT TpaHCKpnnAMio, 
AOCTHraa 18-HyKneoTMAHOM TepMMHaTopHOM 
noc/ieAOBaTe/ibHOCTM. 

• PHK-no/iHMepa3a III TepMMHnpyeT TpaHCKpnnunio, 
AOCTnraíi no/in(U) 4 noc/ieAOB3Te/ibHOCTM, 
pacno^o>KeHHOM BHyrpn G-C 6oraToro pernoHa. 

rimvM 3'-KOHUbi mPHK o6pa3ytoTCB b pe3y-nbTaTe 

paciAen^eHMB n nojinaAeHn/inpoBaHHfl nepBMMHoro 
TpaHCKpnnTa 

• ľloc^eAOBaTe^bHocTb AAUAAA flB/iaeTCfl 
MapxepoM 3'-KOHua, o6pa3ytoiAerocíi b pe3y/ibTaTe 
pacmen^eHMíi Mo^eKy^bi mPHK c noc/ieAytomnM 
no^naAeHn^npoBaHneM. 

• PeaKUMíi nponcxoAHT npn ynacTnn 6e^KOBoro 
KOMn^eKca, b cocraB KOToporo bxoa^t (fjaKTop 
cneuM(()nHHOCTn, 3HAOHyK^ea3a m no^M(A)-no^MMepa3a. 

• OaKTop cneuM(()MHHOCTM n 3HAOHyK^ea3a 
paciuen^íitOT PHK b ynacTKe, pacno^o>KeHHOM nocne 
nocneAOBaTe/ibHOCTn AAUAAA. 
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26.20 


• OaKTop cneum()MHH0 CTM m nojin(A)-nojinMepa3a 
Ao6aB/ifltOT npuMepHO 200 ociaTKOB A k (JjopMupyeMOMy 
3'-KOHuy. 

• A-U-6oraiafl nocneAOBaie/ibHocTb Ha 3'-KOHLje mPHK 
koHT po/i m pyeT npoueccbi no/in- n AeafleHM/iMpoBaHMíi b 
A mon/ia3Me 3 m6pmohob Xenopus. 

Pacmen/ieHMe m (JjopMupoBaHne 3 '-KOHua mPHK 
tmctohob nponcxoA^T npn ynacTMu Ma/ibix PHK 

• mPHK tmctohob He no/inaAeHminpoBaHbi; mx 3'-KOHeu 
o6pa3yeTCfl b pe3y/ibTaTe peaKUMM pacmen/ieHMA, 
3aBMC5UneM ot crpyKTypbi mPHK. 

• Yc/iOBMeM ocymecTB.neHMfl peaKUMM pacmen/ieHkía 
flB/iaeTCfl CBfl3biBaHne SLBP c crpyKTypoň Tkina 
CTe6e/ib-nei7ifl Ha mPHK m cnapMBaHHe U7 maPHK c 
npn/ieratoiHMM k 3Toň crpyKType OAHOuenoneHHbiM 
perHOHOM. 


26.21 


26.22 


26.23 


pPHK o6pa3ytOTCB b pe3y/ibTaTe pacmeruieHna 

• Eo/ibWMe n Ma/ibie pPHK o6pa3ytoTCfl 
b pe3y^bTaTe pacmen/ieHkía o6mero 
npeAiuecTBeHHHKa. 

Ma/ibie PHKyHacTBytOT b npoueccuHre pPHK 

• C/D-rpynna snoPHK Heo6xoAHMa pnn MeTmikipoBaHkífl 

pkl603bl B 2'-n0J10>KeHHH. 

• H/ACA-rpynna snoPHK Heo6xoAMMa pnn npeBpameHkífl 
ypMAMHa b nceBAoypMAHH. 

• B KawAOM c/iynae snoPHK cnapHBaeTca c 
noc^eAOBaie^bHocTbio pPHK, coAepwameň 

OCHOBaHMfl-MmueHM. ľlpkl 3TOM ())OpMHpyeTCfl 
dpyKTypa, AB/iatomaflCfl cy6cipaiOM Anfl 
MOAMíjDMKaAMM. 

Pe 3 tOMe 


26.1 


BBeAeHMe 


npepbiBHCTbie reHbi oÓHapyaceHbi bo Bcex xnaccax acHBbix 
opraHH3MOB. B reHOMax hh 3 ľihx syxapnoT ohh npeACTaB- 
jieHbi b Hcôojibmou KOJiHnecTBe, b to BpeMfl Kax y ôojiee 
BbIC0K00praHH30BaHHbIX ayKapHOT Ha HX flOJHO npHXOAHT- 
ca ôójibnm qacTb reHOMa. OTAe/ibHbie reHbi pa3JiHHax)TCfl 
HHCJIOM H /yiHHOH HHTpOHOB, TCM He MCHee THnHHHblH ľeH 

MJiexonnTaiomero coctoht h 3 7-8 3X30 hob h HMeeT jym- 
Hy ~16 TnH. ,11/iHHa 3X30 hob cocTaB/meT nop^AKa 100-200 
nH, a hhtpohob — 6o/iee 1 Tím (cm. pa3A. 3.6 reHOB 

CH/ibHO BapbHpyeT»). 

HecooTBeTCTBHe MOKAy npepbiBHCTOH opraHH3au;HeH 
reHa h HenpepbiBHOH cTpyxTypon mPHK CBHAeTe/ibCTByeT 
o tom, hto nepBHHHbiH TpaHCKpnnT noABepraeTca npoijec- 
CHHry. nepBHHHbiH TpaHCKpHnT noBTopneT opraHH3au;HK) 
reHa h Ha3biBaeTca npe-MPHK TnnHHHafl MO/iexy/ia mPHK, 
o6pa3yiomaflCfl npn yAaneHHH hhtpohob h 3 npe-MPHK, 
HMeeT/yiHHy npnMepHO 2,2 TnH. npoijecc y^a^eHra hhtpo¬ 
hob Ha3biBaiOT ciuiaňcHHroM PHK Bbipe3aHne hhtpo¬ 
hob — Ba^KHeHiiiHH 3Tan (J)opMHpoBaHHa 3pejibix MOJiexyn 
mPHK y Bcex syxapnoT. (Tot (j)aKT, hto npepbiBHCTbie reHbi 
y HH3IUHX syxapnoT, Taxnx xax ApoaoxH, BCTpeHaxľrcfl cpaB- 
HHTejibHO peflxo, He OTpaacaeT b nojiHOH Mepe 3HanHMOCTH 
HHTPOHOB. OCHOBHbie ÓeJIXH BblCĽIHX SyxapHOT XOAHpy- 
kdtch HMeHHO npepbiBHCTbiMH reHaMH, a óojibmaa nacTb 
cyMMapHOH mPHK xactxh (bo 3 mo>kho, 6ojiee 50 %, hto He 
oneBHflHo H3 aHa^H3a reHOMa) o6pa3yeTca npn 3aAencTBO- 
BaHHH MexaHH3MOB cnnaHCHHra.) 

CBOHCTBa HAepHOH PHK BbícniHx syxapnoT oTpaaca- 
kdt npnpoAy HeeooTBeTCTBra pa3MepoB HflepHbix reHOB 
pa3MepaM hx npoAyxTOB. CpeAHHH pa3Mep h cjioacHOCTb 

HyxneoTHAHOH noejieAOBaTejibHOCTH AAepHOH PHK cyme- 
CTBeHHO npeBocxoAHT pa3Mep h c/ioacHocTb cocTaBa MOJie- 
xy/i mPHK. nocxo/ibxy pa3Mepbi AAepHOH PHK xo/ieójnoTca 
b oneHb innpoxHx npeAe/iax, ee Ha3biBaiOT reTeporeHHoň 
HAepHOH PHK (raPHK). B ochobhom nyA rnPHK npefl- 
CTaB/ieH npe-MPHK, oAHaxo MO>xeT BxniOHaTb h Apyrne 
TpaHcxpnnTbi (TpaHcxpnnTbi, xoTopbie He A03peBaiOT c 
o6pa30BaHneM mPHK). 


raPHK bxoaht b cocTaB pnôoHyxjieonpoTeHHOBOH na- 
CTHiibi (rHPHn), b xoTopon raPHK CBH3aHa c óejixaMH. Kax 
H3o6paaceHO Ha pmc. 26.i, cTpyxrypa raPHn, onHcaHHaa 
in vitro, npeACTaB^aeT coôoh ccj)epHHecxHe sjieMeHTbi, coe- 
AHHeHHbie (J)H6pHJuiaMH. BejixH, npeACTaB^eHHbie b r^PHn 
b HanóojibmeM xojiHnecTBe, cocTaB^ax)THApo nacTHiibi. no- 
mhmo ocHOBHbix óejixoB, b cocTaB raPHn bxoaht nop^xa 
20 óejixoB, npneyTCTByioiAHx b HeôojibmoM xojiHnecTBe. 
Kax npaBHjio, npnMepHO Ha 10 8 xonnn MOJiexyji 6e^xa b 
HA pe npnxoAHTCfl oxoao 10 6 MOJiexyji raPHK. HexoTopbie 
H3 sthx óejixoB MoryT HrpaTb cTpyxTypHyio pojib b ynaxoB- 
xe MO/iexyji raPHK, ynacTBOBaTb b TpaHcnopTnpoBxe PHK 
Me^Ay HAPOM H UiHTOnjia3MOH HJIH XOHTpOJIHpOBaTb aXTHB- 
HOCTb PHK HHbIM enOCOÓOM. 

Kax h Bce Apyrne MOAH(J)HxaiJiHH, xoTopbiM noABepra- 
eTCfl BHOBb CHHTe3npoBaHHaa PHK, peaxiiHH cn/iancHHra 
npoTexax)T b njipe. Ha pmc. 26.2 nepenHCJieHbi 3Tanbi sxc- 
npeccHH npepbiBHCTbix reHOB. npoHexoAHT xsnnpoBaHne 
nepBHHHoro TpaHCxpnnTa c 5'-xoHu;a (cm. pa3A. 7.9 ayxa- 
pnoT 5'-xoHeu; mPHK x3nnpoBaH»), nojiHaAeHHjinpoBaHHe 
c 3'-KOHUia (cm. pa3A. 7.10 «3'-KOHeui nojinaAeHHjiHpoBaH») 
h Bbipe3aHne H3 ero cocTaBa hhtpohob. noc;ie 3Toro PHK 


rnPHK opraHM30BaHa b MacTMijbi 
C K03(|)4)MAMeHT0M CeAMMeHT3l4HM 40 S 


raPHn 


200 Ä 

4-» 


MO^eKy^a PHKa/imhoíí 
500-800 HVKJTeOTMAOB 


40S 


OcHOBHbie 6e/i km (-30-40 KAa) 


A1 A2 BI B2 C1 C2 


PMC. 26.1 ríiPHK cymecTByeT b BMAe pn6oHyK^eonpoTenHOBbix nac- 
tmU, opraHM30B3HHbix b ceputo c(()epMHecKMX CTpyKTyp 
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3yKapn<mmecKafl m PH K M0AH(|>MAMpyeTC5!, npoueccHpyeTCH m TpaHcnopTupyetcH 



PHC. 26 = 2 PeaKuuM MOflucjDUKaukin PHK b aflpe BK/itonaioT b ce6a (jDopMkipoBaHne 5'- m 3'-kohaob 
m yAa/ieHMe hhtpohob b pe3y/ibTaTe cn/iaMCkmra. Cn/iaMCkmr 3aK/iioHaeTCfl b pa3pbme CBf\3ev\ Ha 
rpaHMuax 3K30h-mhtpoh m o6pa30BaHnn cbjbm Me>KAy KOHuaMM 3K30H0B. Mo/ieKy/ibi 3pe/iOM mPHK 
TpaHcnopTkipytOTCíi CKB03b AAepHbie nopbi b Amon/ia3My, rAe BOB/ieKatOTca b peaKUMH TpaHCJiflLiMM 


TpaHcnoprapyerca nepe3 aAepHbie nopbi b u;HTonjia3My, r^e 
BOBJíeKaeTca b npoueccbi TpaHCJiauHH. 

PaccMaTpHBaa cnnaňcHHr PHK KaK oahh h 3 MexaHH3MOB 
SKcnpeccHH reHOB, HHTepecHO BbiacHHTb, Kaicne ynacncH PHK 
3aTparaBacr stot npou,ecc (no cpaBHeHHio c flpymMH moahcJjh- 
KauiHHMH PHK). npoHexoAHT jih oh b onpeAejieHHOM ynacTKe 
a/jpa, cBH3aH jih c ApyrnMH npoueccaMH, TaKHMH, KaK, HanpH- 
Mep, TpaHcnopT H3 aApa b u,HTonjia3My? Moryr jih HapymeHna b 
M exaHH3Max cnjiaHCHHra npHBecra k cymecTBeHHbiM pa3JiMH- 
m b SKcnpeccHH npepbiBHCTbix h HenpepbiBHbix reHOB? 

TjiaBHbiM BonpocoM b H3yneHHH npHpoAbi peaiojHH 
cnaaňcHHra aBJíaeTca Kompojib ero cneu,H(J)HHHOCTH. Kaicne 
MexaHH3Mbi jieacaT b ochobc TOHHoro pacno3HaBaHHa koh- 
ijob hhtpohob h Bbipe3aHHa H3 PHK crporo onpeAejieHHbix 
nocjieAOBaTejibHOCTeH? Y^ajiaiOTca jih HHTpoHbi H3 npeAinec- 
TBeHHHKa b onpeAejieHHOM nopa^Ke? flBjíaeTca jih npoijecc 
C03peBaHHa PHK (jjaicropoM pezymi^uu aKcnpeccHH reHOB, 
ocynj,ecTBjiaioiij,eHca riyreM oTôopa H3 HMeiomHxca npeAinec- 
TBeHHHKOB hjih nyTeM H3MeHeHHa xapaKTepa cnjiaHCHHra? 

Mbi MoaceM BbiAejíHTb HecKOJibKo TnnoB chctcm 
cnjiaHCHHra: 

• Y^ajieHne hhtpohob h 3 aAepHbix PHK Bbicmnx ayra- 
pnoT ocym,ecTBJiaeTca chctcmoh, KOTopaa pacno3HaeT 
KopoTKHe KOHceHcycHbie nocjieAOBaTejibHOCTH, pac- 


nojioaceHHbie Ha rpaHHii;ax 3K30h-hhtpoh h BHyrpu 
hhtpohob. OcymecTBjíeHHe peaKUHH cnjiaHCHHra no 
STOMy npHHiiiHny TpeôyeT ynacrna ôojibinoro annapaTa, 
cocroamero H3 pa^a ôcjikob h HVKjieonpoTeHHOB, (J)yH- 
Ki^HOHnpyion^Hx b cocTaBe KOMnjieKca, Ha3biBaeMoro 
cnjiancocoMOH. flaHHbiH MexaHH3M cnjiaHCHHra pea- 
jiH3yeTca nocpeACTBOM peaicn,HH TpaHC3TepH(J)HKauHH, 
KOTopaa KaTajiH3npyeTca KaK ôejiKaMH, TaK h PHK. 

• HeKOTopbie PHK oĎJiaAaiOT cnocoÔHOCTbio aBTOHOMHO 
ocymecTBjíaTb Bbipe3aHHe hhtpohob h3 cboch crpyK- 
Typbi. Hhtpohh TaKoro rana acjwt Ha abc rpynnbi, ot- 
jiHnaiomHeca Apyr ot Apyra btophhhoh h TpeTHHHOň 
CTpyicrypaMH. B oôenx rpynnax cnjiancHHr BKjnonaeT b 
Ce6a peaKlJHK) TpaHC3TepH(|)HKaiJ(HH, B KOTOpOH b pojin 
KaTajiH3HpyioiAero arema BbicTynaeT PHK (cm. tji. 27 
«KaTajiHTHnecKaa PHK»). 

• yAajieHne hhtpohob h 3 aAepHbix npeAinecTBeHHHKOB 
tPHK Apo^oKen npoHcxoAHT npn ynacTHH (JjepMeHTOB, 
B3aHMOAeHCTBHe KOTOpblX C CyÔCTpaTOM HanOMHHaeT 
AencTBHe (J)epMeHTOB npoueccHHra tPHK, nocKOJibicy 
pemaioiAHM (jjaicropoM b o6ohx cjiynaax cjiyacnT koh- 
4)opMauiHa npeAmecTBeHHHKa tPHK. PeaKijHH cnjian- 
CHHra BicjiionaiOT b ce6a pacmemieHHe h jiHrnpoBaHHe 
cyôcTpaTa. 
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CaŇTbi cnjiaHCMHra flflepHbix 
reHOB npeflCTaBjíaiOT co6oft 
KopoTKiie noc/ieflOBaie/ibHocTM 


K/HoneBbie íiohbtmb: 


• CaŕÍTbi cn/iancMHra — nocneAOBaTe/ibHocm pacno/ioweHHbie 
Ha rpaHkíuax 3K30 h-hhtpoh. Mx Ha3biBaioT cor/iacHO 
pacno/ioKeHMto b MHTpoHe. 

• 5'-rpaHmja cn/iancMHra, pacno/io>KeHHafl Ha 5'(.neBOM)-KOHue 
MHTpoHa, coflep>KHT KOHceHcycHyK) noc^eflOBaie^bHOCTb GU. 

• 3'-rpaHkma cn/iancMHra, pacno/io>KeHHafl Ha 3'(npaBOM)-KOHue 
HHTpoHa, coflep>Km KOHceHcycHyto nocjieflOBaTejibHOCTb AG. 

• Cor/iacHo npaBM/iy GU-AG (n3HaHa/ibHO b KOHTeKde flHK, 
Ha3biBaeMOMy npaBH/iOM GT-AG), 3 tm AMHyK/ieoTMAbi flOJDKHbi 
pacno/iaraTbca b Aeyx nepBbix n Aeyx nocneAHMx no3MUMflx 
Bcex hhtpohob b nocneAOBaTe/ibHOCTH npe-MPHK. 


fl/IH TOHHOrO BblflCHCHHB MOJieKyJIflpHblX MexaHH3MOB 
cn/iancHHra hcoôxoahmo HccneAOBaTb npnpoAy canTOB 
cn/iancHHra (rpaHHu, cn/iaHCHHra), noc/ieAOBaTe;ibHOCTeH, 
HenocpeACTBeHHO OKpyacaiomHx canTbi pa3pe3aHra h ciiih- 
BaHHH. 

CpaBHHBaa HymieoTHAHbie noejieAOBaTejibHOCTH mPHK 
h cooTBCTCTByroiijero CTpyKrypHoro reHa, moxcho onpeAe- 
;iHTb MecTonojio)KeHHe rpaHHu, 3K3 oh-hhtpoh. AHa^H3 
HyK/ieoTHAHoro cocTaBa noica3a^, hto /ieBbin h npaBbin koh- 
Ubi HHTpoHa He HMeiOT npoTH>KeHHbix ynacTKOB roMOJiorHH 
HJIH KOMFIJieMeHTapHOCTH. MeCTO COeAHHeHHH C 3K30H0M, 
TeM He MeHee, xapaKTepH3yeTca HajiHHneM kopotkhx koh- 
cepBaTHBHbix nocAeAOBaTeAbHOCTeň. 

Cneu,H(J)HHecKHH kohoj; KaacAoro HHTpoHa moxcho on- 
peACJlHTb, OCHOBbIBaaCb Ha KOHCepBaTHBHOCTH MeCTa co- 
eAHHeHHH 3K30H-HHTP0H. ľlO/iyHeHHafl Ha OCHOBe epaBHH- 
BaHHH 3 thx ynacTKOB KOHceHcycHaa noejieAOBaTejibHOCTb 
npHBeAeHa Ha i- vil . 

Hh)khhh HH^eKc noKa3biBaeT npoueHT BCTpenaeMOCTH 
onpeAe/ieHHoro ocHOBaHHfl b KaacAOH KOHKperaoH no3Hu;HH 
KOHceHcycHOH nocjieAOBaTejibHOCTH. BbicoKafl KOHcepBa- 
THBHOCTb CBOHCTBeHHa TOJIbKO TeM OCHOBaHHflM, KOTOpbie, 

pacnojiazancb e unmpoHe, Henocpedcmeemo npUMbimiom 
k npeAno/iaraeMOMy MecTy coeAHHeHHfl. TaKHM o6pa30M 
noejieAOBaTejibHOCTb yHHBepca^bHoro HHTpoHa moxcho 
npeACTaBHTb b cjieAyiomeM BHAe: 

GU.AG 


PÍHTpoH HanHHaeTCH c A^HyioieoTHAa GU, a 3axaH- 
HHBaeTCH AHHyK/ieoTHAOM AG; MecTa coeAHHeHHa c 3K- 
30HaMH b cbh3h c 3 thm onHCbiBaioT Ha OCHOBe npaBHjia 
GT-AG. (ľloAOÔHbiH cnocoô 3anHCH roBopHT o tom, hto 
nepBOHanajibHo aHajiH3HpoBajiH noejieAOBaTejibHOCTH 
flHK, oneBHAHO, hto A^HyioieoTHA GT b KOAnpyiomeH 
u;enH flHK cooTBeTCTByeT AHHyioieoTHAy GU b noc/ieAO- 
BaTejibHOCTH PHK.) 

npHMenaTejibHO, hto rpaHHUibi emiaHCHHra hmoot 
pa3Hyio noejieAOBaTejibHOCTb, onpeAejiafl tcm caMbiM opu- 
enmai^wo HHTpoHa. Hx Ha3biBaiOT cjieBa HanpaBo cor/iacHO 
pacnojio>KeHHK) b HHTpoHe — 5'-rpaHHua (HHorAa Ha3biBa- 
eMaa jieBOH hjih aohophoh ctopohoh) h 3'-rpaHHu;a (HHor- 
Aa Ha3biBaeMaa npaBOH h/ih aiojenTopHOH ctopohoh) Pojib 
KOHceHcycHbix nocjieAOBaTejibHocTeH b pacno3HaBaHHH 
caňTOB cn/iaHCHHra noATBepacAaeTca c noMombio Tonen- 
Hbix MyTauiHH, HapymaioiAHx cnjiancHHr in vivo h in vitro. 


rpaHMUbi cnjiaHCMHra 
pacno3HaiOTCJi annapaTOM 
cn/iaHCHHra b napax 


K/iiOHeBbie noHBTMB: 


• Cn^aíícHHr 3aBncnuo^bKo ot pacno3HaBaHHB nap caííTOB 
cn^aíícHHra. 

• Bce 5'-caŕíTbi (J3yHKi4noHa.fi bHO 3KBHBa/ieHTHbi Me>KAy co6oíí r 
pdBHO KaK Hepa3^HHHMbl H Bce 3'-CaMTbl. 

TnnHHHaa Mo^exy^a mPHK MJieKonHTaiomHx coAepxcHT b 
CB oeM cocTaBe MHoro hhtpohob. npocTOTa opraHH3au,HH 
caňTOB eraaHCHHra hbahctch ochobhoh npHHHHOH bo3hhk- 
HOBeHHH oľihóok. H/uiK)CTpai];Hfl stoh npoÔAeMbi npHBeAe¬ 
Ha Ha ph c. 26.4. Kaicne npouieccbi jioxaT b ochobc npaBHJib- 
Horo cniHBaHra onpeAeAeHHbix camoB? CooTBeTCTByioiAHe 
GU-AG napbi MoryT 6biTb yAa^eHbi Apyr ot Apyra Ha 60/ib- 
nine paccTOHHra (AAHHa HeKOTopbix hhtpohob npeBbimaeT 
10 toh). Mbi MoaceM npeAnojio>KHTb ABa MexaHH3Ma, o6ec- 
nenHBaioiAHx KoppeKTHoe cnapHBaHne eooTBeTCTByioiij,Hx 
5'- h 3'-caHTOB: 

• Bo3mo^cho, enoeoÔHOCTb cniHBaTb caHTbi, pacnoAO)KeH- 
Hbie Ha KOHu;ax onpeAeAeHHbix hhtpohob, HB/iHeTCH 
ceoucmeoM cclmoú PHK. Pea;iH3auHfl TaKoro MexaHH3Ma 


26.2 


26.3 


Ha KOHijax hhtpohob pacno/ioxieHbi KopoTKMe KOHceHcycHbie noc/ieAOBaTe/ibHocTM 


JleBaíi (5) rpaHnua ľlpaBaíi (3') rpaHMMa 

1 

3K30H A 6 100 U 100 ^ 62 ^ 68 ^84^63.* * ‘ ^65 ^100^100 ^ 3X30H 

1 -1-’ 

HmpoH 


ťvh . 2c . HyK/ieoTMAHbiM cociaB hhtpohob íiAepHbix reHOB onHCbiBaeTCíi npaBH/iOM GU-AG. Hh>k- 
hmm MHAeKC noKa3biBaeT npoueHT BCTpeHaeMocTM onpeAe^eHHoro ocHOBaHMíi b k3>kaom KOHKpeTHoŕí 
n03HI4MM KOHCeHCyCHOH nOCJieAOBaTe/lbHOCTH 


26.3 ľpaHHUbi cn^aMCMHra pacno3HaK)TCB annapaTOM cn^aMCMHra b napax 681 













KoppeKTHbiu cn/iaftcMHr o6ecneMHBaer pacno3HaBaHHe AMHyKJieoTMAOB 
Ha rpaHHiiax 3K30 h-whtpoh b pe3y/i biate Mero nponcxoAMT Bbipe3aHne tpex mhtpohob 



PMC. 26.4 ľpaHkíubi cruiaŕícMHra onpeAe/ifltOTCfl TO/ibKO Ha ocHOBe npaBM/ibHbix kom6mh3umm koh- 
ceHcycHbix amH yK/ieoTM aob Ha KOHLjax mhtpohob 


TpeôyeT y3HaBaHHa cneuiHcjDHHecKHx noaieAOBaTejib- 
HOCTeň hah cTpyicryp. 

• B03M0>KH0, BCe 5'-CaHTbI (J)yHKIJHOHaAbHO SKBHBaJieH- 
THbl MOKAy COÔOH, paBHO KaK Hepa3AHHHMbI H BCe 3'- 
caňTbi. B stom CAynae cnAancHHr Rojmen npoTeicaTb no 
onpeAejieHHbiM npaemoM , oôecnenHBaiomHM npaBHJib- 
Hoe coeAHHeHne 5'-canTa co CAeAyiomHM 3'-caHTOM. 

H3 HyioieoTHAHbix nocAeAOBaTe/ibHOCTen canTOB 

cnAancHHra h oKpyacaiomHx hx ynacTKOB bhaho, hto hh- 
KaKon KOMnjieMeHTapHOCTH Mexc^y kohuamk nHTpoHa 
hct; sto HCKJiiOHaeT B03M0>KH0CTb hx HenocpeACTBeHHoro 
coeAHHeHra Apyr c ApyroM nyreM cnapHBaHHa KOMnjie- 
MeHTapHblX OCHOBaHHH. 3KCnepHMeHTbI C rHÔpHAHbIMH 
npeAiuecTBeHHHKaMH PHK noKa3a/iH, hto aioôoh 5'-caHT 
M02CCT COeAHHHTbCfl c AIOÔblM 3'-caHTOM. Tax, npn co- 
eAHHeHHH nepBoro 3K30Ha paHHen TpaHCKpnniJiHOHHOH 
eAHHHUibl Bnpyca SV40 C TpeTbHM 3K30H0M P-rAOÔHHO- 
Boro reHa mhľih hhtpoh TaKOH rnôpHAHOH MO/ieKy/ibi 
ycneiiiHO yAaAaeTca npn cnjiaňcHHre. TaKaa B3anM03aMe- 
HaeMOCTb AOKHT B OCHOBe yJiaBJIHBaHHa 3K30H0B — MeTO- 
Ahkh, onncaHHOH Bbirne h npeACTaBAeHHOH Ha pne. 4.11. 
Bce npHBeAeHHbie SKcnepHMeHTbi no3BOAaiOT CAeaaTb ABa 

OCHOBHblX BblBOAä: 

• Caumu cmiaúcuHzayHueepcaiibHbL CanTbi cn/iaňcHHra 
pa3JIHHHbIX npeAIIieCTBeHHHKOB PHK OAHHaKOBbl. Hh- 
AHBHAyaabHbíc npeAiuecTBeHHHKH PHK He Hecyr HHKa- 
koh cneu,Hc[)HHHOH HH(J)opMaijHH (HanpHMep, OCOÔOH 
BTopHHHOH CTpyKTypbi), KOTopaa 6bi/ia 6bi HeoôxoAHMa 
AAfl ocymecTBAeHHa cn/iancHHra. 

• Annapam cmaúcuma ne oôjiadaem mmneeoú cne'nu- 
0UHHOCmb7O. 3(jxJ)eKTHBHbIH cn/iaHCHHr PHK MOaceT 
npOHCXOAHTb B AIOÔOH KneTKe, He3aBHCHMO OT TOľO, 

CHHTe3HpyeTca ah 3Ta PHK b a^hhoh KneTKe. (TKa- 


HeCneUiH4)HHHbIH aAbTepHaTHBHblH CnAaHCHHľ, KOTO- 
pbíň aBAaeTca HCioiiOHeHHeM H3 3Toro npaBHAa, mh 
OÔCyAHM B pa3A- 26.12 «AnbTepHaTHBHbIH CnAaHCHHľ — 
sto peajiH3au;Ha pa3AHHHbix BapnaHTOB cniHBaHHa sk- 
30H0B MOKAy C 060 H».) 

napoAOKc 3aKAK)HaeTca b tom, hto, no-BHAHMOMy, 
Bce 5'-caHTbi annapaTa cnAancHHra 3KBHBa/ieHTHbi mok- 
Ay COÔOH, B TO BpeMfl KaK OAHHaKOBbl H Bce 3'-CaHTbI. B 

npunUtUne Jiwóoú 5'-caúmMOMem coedunumbcn c jik>6um 
3 f -caúmoM. OAHaKO b oôbiHHbix ycAOBHax cnAancHHr pe- 
aAH3yeTca To/ibKo MOKAy 5'- h 3'-caňTaMH odnozo u mozo 
Me HHTpoHa. Katcue Mexanumu oôecneHueawm pac- 
no3Haeanue caumoe cnjiaúcimza maKim o6pa30M, nmo 
cruiaúcuuz npoucxodum mojibKOMexcdy 5'-u y-eaumemu 
odnozo u mozo Me unmponaF 

YAaAaiOTca ah hhtpohh H3 PHK b onpeACAeHHOM no- 
pndKe ? HcnoAb3ya PHK-ôaotthhf, mh moaccm BbiACAHTb p nj\ 
npoMOKyTOHHbix npoAyKTOB, o6pa3yioiAHxca npn cnAan- 
CHHre AAepHbix PHK h npeAcraBAAiomHx co6oh MOAeKyAbi, 
H3KOTopbixyAaAeHbionpeAeAeHHbieHHTpoHbi.Ha puc 26,5 
npHBeAeHbi pe3yAbTaTbi aHaAH3a OBOMyKOHAHOH mPHK c 
OCHOBH bIMH npOMeacyTOHHbIMH npOAyKTaMH CnAaHCHHra. 
C noMOiAbio ÔAOTTHHra noAyneH paA AHCKperabix noAOC. 
3 to yKa3biBaeT Ha to, hto cnAancHHr nponcxoAHT b onpe- 
ACAeHHOH nocneAOBaTeAbHOCTH. (Ecah 6bi ceMb hhtpohob 
yAaAHAHCb b aôcoAiOTHo CAynaHHOM nopaAKe, HMeAOCb 6bi 
ÔOAee 300 npeAIIieCTBeHHHKOB C pa3AHHHbIMH KOMÔHHaAH- 
AMH HHTpOHOB H HHKaKHX AHCKpeTHblX nOAOC He HaÔAK)- 
AaAocb 6bi.) 

KaKoro-AH6o o6R3amejibnozo nopaAKa cnAancHHra, 
no-BHAHMOMy, HeT, nocKOAbKy npn aHaAH3e MoryT 6biTb 
oÔHapyaceHbi npoMeacyroHHbie npoAy™, y KOTopbix hht- 
poHbi yAaAeHbi b pa3Hbix KOMÔHHauiHax. OAHaKO hmootch 
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flpoMeMcyTOHHbie aianbi npoiieccMHra mPHK 


i 

1 g 

2 g 3 |4( 5 g 6 |7| 


\ 

mPHK = 1,1 tíih 



ľlepBMHHbiíí TpaHCKpnm (5.5 trh) 


• 

OicyTCTBue hhtpohob 5 m 6 


• 

OTCyTCTBHe HHTPOHOB 4, 5, 6 M 7 


• 

ľl p M CyT CTByeT TO^bKO MHTpOH 3 


• 

mPHK (1,1 tíih) 


F 26.5 ľlpn aHa/iM3e flflepHOíí PHK c noMombio 6/iormHra no 
Ho3epHy m rn6pnAM3auMM c 30 haom, coAepwaiAMM OBOMyKOMAHbie 
nocneAOBaie^bHOCTM, oÓHapywkiBaeTCfl p^A AucKpeTHbix npeAwecr- 
BeHHMKOB mPHK. ľloAnMCM OTpawaioT cociaB ochobhwx no/iocoK. Oo- 
Torpa(()Mfl /no6e3HO npeAocraB/ieHa Bert W. O'Malley, Baylor College 
of Medici ne 


en/iaHCHHra. CnocoÔHOCTb npeAinecTBeHHHKa yrpaHHBaTb 
HHTpoHbi 6o/iee neM b oahom nopa^Ke no3BOJiaeT npeA- 
nojio>KHTb, hto MOJieKyjia Ha KaacAOH cTaAHH MoaceT npn- 
HHMaTb a^bTepHaTHBHbie KOH(J)OpMai];HH. OneBHAHO, HTO 
c yBe/iHneHHeM jjjiuhh Mo;ieKy;ibi hhc/io TaKHx BapnaHTOB 
yBejiHHHBaeTca. noaTOMy npn paccMOTpeHHH reHOB 6ojib- 
rnero pa3Mepa CTaHOBHTca TpyflHee noHATb, KaK onpeAejieH- 
Hbie BTopHHHbie CTpyKrypbi Moryr KOHTpojinpoBaTb xoa pe- 
aKUiHH. BaxcHbíň BbiBOA, KOTopbíň cjieAyeT cAe^aTb H3 TaKoro 
aHajiH3a, 3aionoHaeTca b tom, hto peatafm ne pacnpocmpa- 
memcn nocjiedoeamejibno edojib upedmecrneemum. 

ľlpOCTOH MOACJIbK), OnHCbIBaiOIlJ,eH MexaHH3M KOHT- 
po;w pacno3HaBaHna canTOB en/iaHCHHra, Mor/ia 6bi CTaTb 
MOAeab nocTynaTeabHoro ABnaceHHa annapaTa en/iaHCHHra. 
Pacno3HaB 5'-caHT, annapaT npoAO/DKaeT ABH>KeHHe b onpe- 
Ae/ieHHOM HanpaBjíeHHH BAOJib MO/ieKy/ibi PHK ao Tex nop, 
noKa He BcrpeTHT cjieAyiomHH 3'-canT. TaKHM o6pa30M 
MoaceT oôecneHHBaTbca cn/iancHHr To/ibKo Me>KAy nocne- 
AOBaTeabHO paenojioaceHHbiMH caňTaMH. 3Ta MOAejib onpo- 
BepraeTca OKcnepHMeHTaMH, b KOTopbix AeMOHCTpnpyeTca 
B03M0>KH0CTb mpanc-cujimcimrz — MOKMO/ieKy/rapHOH 
peaKUiHH, npoTeKaioiAeH npn co3AaHHH cneu;HaabHbix yc- 
jiobhh (cm. pa3A. 26.13 «B peaKUHax mpanc-cnmiicmira 
ynacTByiOT Maabíc PHK») /ih6o en/iaHCHHra, npoHcxoAAme- 
ro b MO/iexy/iax PHK, b KOTopbix nacTb HyioieoTHAHon ijenn 
3aMeHeHa Ha xhmhhcckhh jiHHKep. H b tom, h b ApyroM oiy- 
nae hct ycjiOBHH jyin TOHHoro CKaHHpoBaHHH nocneAOBa- 
TejibHOCTH PHK no HanpaB/ieHHio ot 5'-eanTa en/iaHCHHra k 
3'-canTy. KpoMe Toro, AäHHaa MOAe/ib He MO>KeT oô'bacHHTb 
cymecTBOBaHHe aBjíeHna ajibTepHaTHBHoro en/iaHCHHra, 
npn KOTopoM oóhjhh 5'-canT cniHBaeTca c pa3HbiMH 3'-caň- 
TaMH. MexaHH3Mbi KoppeKTHoro pacno3HaBaHHa canTOB 
cnjiaňcHHra b no/iHOH Mepe noKa He BbiacHeHbi. 


ocHOBaHna npeAnoaaraTb HaanHne npednmmumejibHOBO 
nopAAKa npoTeKaHna en/iaHCHHra. B cjiynae OTcyTCTBHa oa- 
Horo HHTpoHa, hm npaKTHHecKH BcerAa HBJíaeTca hhtpoh 5 
hjih 6. KaacAbin H3 hhx MoaceT 6biTb yAaaeH nepBbiM. npn 
OTcyTCTBHH AByx hhtpohob, hmh TaioKe ciiyxcaT naiAe Bcero 
HHTpOHbi 5 H 6, OAHaKO B03M0)KHbI H ApyTHe KOMÔHHaiJHH. 
Hhtpoh 3 Ha nepBbix Tpex cTaAnax en/iaHCHHra HHKorAa 
He yAajmeTca (h/ih yAajiaeTca oneHb peAKo). OrciOAa cnepy- 
eT, hto HMeeTca npeAnoHTHTe/ibHbin nopaAOK enjiaHCHHra, 
npn KOTopoM CHanaaa yAaaaiOTca hhtpohh 5/6, 3aTeM hht- 
poHbi 7/4, 2/1, nocjieAHHM yAajiaeTca hhtpoh 3. Ohcbhaho, 
enaaHCHHr MoaceT nponcxoAHTb h b Apyron noc/ieAOBaTejib- 
hocth, nocKOAbKy (HanpnMep) b HeKOTopbix MO/iexy/iax 
nocjieAHHMH yAaaaiOTca HHTpoHbi 4 hah 7. HHTepnpeTnpo- 
BaTb TaKHe pe3y/ibTaTbi HyacHo c ocTopoxcHocTbio, Ta k xax 
HeT AaHHbix, AOKa3biBaioiAHx, hto Bce 3th npoMeacyTOHHbie 
npoAyKTbi npeBpamaiOTca b 3peayio mPHK. 

06lu,hh bhboa, KOTopbíň moxcho CAejiaTb Ha ocHOBe Ta- 
Koro aHaan3a, coctoht b tom, hto KOH(J)opMaiJiHa PHK mo- 
aceT BjinaTb Ha AOCTynHOCTb canTOB enaaHCHHra. npn yAa- 
jieHHH onpeAeaeHHbix hhtpohob KOH(J)opMaiJiHa MoaeKyabi 
MeHaeTca h CTaHOBaTca AOCTynHbiMH HOBbie napbi canTOB 


B xoAe cn/iaiícMHra mPHK 
o6pa3yeToi cipyKiypa 
mna Jiacco 


K/HoneBbie noHfljun: 


• B cn^aíícMHre ynacTByiOT Tpn caiÍTa: 5'- m 3'-caMTbi cn^aíicMHra, 
a Taione caííT pa3BeTB/ieH ma, pacno^o>KeHHbm nepeA S'-caŕíTOM 
cn^aiiCMHra. 

• ľloc^eAOBaieabHocTb caííTa pa 3 BeTB^eHMíi BbicoKOKOHcepBaTMBHa 
y Apo>K}KeM m MeHee KOHcepBaTMBHa y Bbictunx ayKapnoT. 

• ľloc^e pa3pe3aHMA b 5'-caŕÍTe cn^aíícMHra o6pa30BaBiuMMCfl 
5'-KOHeu HHTpoHa B3anMOAeŕícTByeT c 2'-no^o>KeHMeM 
a30TMCToro OCHOB3HM51 A, pacnojioweHHoro b caíÍTe 
pa3BeTB/ieHMíi. ľlpu stom (JjopMMpyeTCfl CTpyKTypbi Tuná Jiacco. 

• ľloc^e pa3pe3aHMA b 3'-caMTe cn^acuHra hhtpoh 
B biCBo6o>KAaeTCfl b $opMe /íacco, a /íeBbm h npaBbm 3K30Hbi 
^nrnpyiOTCfl. 

• Cn^aíicMHr pea/iM3yeTCfl nocpeACTBOM peaKUkiíí 
TpaHC3TepM())MKaUMM, B KOTOpblX CBÍ13b nepeHOCMTCfl M3 OAHOrO 
no/io>KeHMfl b APyroe. 

In vitro MexaHH3Mbi enaaHCHHra oxapaKTepH30BaHbi c hc- 
no/ib30BaHHeM chctcm, b KOTopbix HHTpoHbi Moiyr yAa- 


26.4 


26.4 B xofle cnaaMCMHra mPHK o6pa3yeTca CTpyKTypa Tuná Aacco 683 
















/iflTbca H3 npefliuecTBeHHHKOB PHK. ^AepHbie SKcrpaKTbi b 
coctohhhh oôecnenHTb cn/iaHCHHr OHHmeHHbix npeAmec- 
TBeHHHKOB PHK; 3TO CBH/jeTe/ibCTByeT o tom, hto peaiojna 
cn/iaHCHHra npoTeKaeT He3aBncnMO ot peaKunn TpaHc- 
KpHnuiHH. Cn/iancnHry MoaceT noABepraTbca HeKsnnpo- 
BaHHaa n HenojiHaAeHHJinpoBaHHaa PHK. HecMOTpa Ha to 
hto cn/iancHHr KaK TaKOBOH He CBa3aH c TpaHCKpnnu;HeH 
H MOAH(J)HKaiJiHeH PHK, 3TH npOljeCCbl CKOOpAHHHpOBaHbl 
MOK/iy COÔOH TaKHM 0Ôpa30M, HTO MOryT BJIHflTb Ha 3(jxJ)eK- 
THBHOCTb cn/iancHHra. 

3Tanbi crniancHHra in vitro npoHJunocTpnpoBaHbi Ha 
pmc. 26.6. Mbi oôcyacAaeM peaKijnio b TepMHHax hhahbh- 
AyajibHbix THnoB PHK, oAHaKo c;ieAyeT noMHHTb, hto in 
vivo oTflejibHbie bham PHK, coAepacamne b cbocm cocTaBe 

3K30HbI, He BblCBOÔOXCÄalOTCfl B BHOTAe/IbHblX MO/ieKy/I, a 
yAepxcHBaiOTca BMecTe annapaTOM cn/iancnHra. 

Ha nepBofi craAHH cn/iancnHra nponcxoAHT pa3pe3a- 
HHe nocjieflOBaTejibHocTH b 5'-canTe crniancHHra, pa3Ae/ie- 
HHe /ieBoro 3K30Ha h nac™ MO/ieKy/ibi, coAepacamen b cbocm 
COCTaBC HHTpOH H npaBblH 3K30H. JleBblH 3K30H COXpaHfl- 
eT jiHHeHHyio (J)opMy, a npaBaa MO/ieKy/ia hhtpoh-3K30h 
(J)opMHpyeT CTpyiaypy Tmia Jiacco. npn stom 5'-kohcu; 


npn crmaňcHHre hhtpoh <j)opMnpyeT crpyicrypy tu na ziacco 


5 f -caMT 
GU UACUAAC 


3^-caíÍT 
AG 


r 87 Pu 75 A Py g5 


p y 80 Np y so p y* 

KoHceHcycHafl noaieAOBaiejibHocTb, 
xapaKTepHafl ajia wMBOTHbix 


Pacmen/ieHMe b 5'-caňTe n o6pa30BaHne jiacco Me>Kfly ocHOBaHneM G 
Ha 5'-KOHlje MHTpOHa M 2'- aTOMOM OCHOBaHMfl A, pacnO^O>KeHHOM 
b caiíTe pa3BeTB^eHM8 


U, 


o 


UACUAAC AG 
2! 

PacmermeHMe b 3'-caňTe, ciUMBaHMe 3K30 hob 
m BbicBo6o>KAeHMe MHTpoHa b 4>opMe jiacco 


a 

UAI 

I 


* 3 ' ^.. 3 5' 

UACUAAC AG 
2 ' 


Hhtpoh npMHMMaeT juiHeíÍHyK) CTpyKTypy 
5' GU 


V. 


UACUAAC AG 3' 


PMC. 26.6 Cn/iaŕícMHr npoTeKaeT b flee ciaflun. CHana/ia nponcxoAHT 
OTinenAeHne 3K30Ha c 5'-KOHLja nmpoHa, a 3aieM npucoeAUHeHMe k 
H eMy 3K30H3, pacno/ioweHHoro c 3'-KOHua kimpoHa 


HHTpoHa CBa3biBaeTca nocpeACTBOM 5'-2' cba3h c Hyiuieo 
THAOM, pacnOJIO>KeHHbIM BHyTpH HHTpoHa. OCHOBaHHeM, C 
KOTopbiM B3aHMOAeHCTByeT 5'-KOHeui MOJieKyjibi, aBjíaeTCfl 
A, a noc/ieAOBaTe/ibHOCTb, b cocTaB kotopoh oh bxoaht, Ha- 
3bIBaiOT CaÔTOM pa3B€TBJI€HHJI. 

npn pa3pe3aHHH b 3'-canTe cn/iancnHra BbiCBo6o>K- 
AaeTca hhtpoh, HMeiomHH (J)opMy Jiacco, a npaBbin sk- 
30h cniHBaeTca (cn/iancnpyeTca) c jicbuu 3K30hom. Jljm 
Harjia^HOCTH peaKUiHH pa3pe3aHna h jiHrnpoBaHHa Ha 
pncyHKe noKa3aHbi oTAejibHO, OAHaKo b AencTBHTejibHOc- 
TH OHH npeACTaB/IflIOT COÔOH OAHH KOOpAHHHpOBaHHblH 

nepeHoc. 

noc/ie SToro /iacco pa3BopanHBaeTca, hhtpoh npnoô- 
peTaeT jiHHenHyio CTpyKTypy h ôbicrpo AerpaAnpyeT. 

ľlooiedoeamejibHOcmu, neoôxoduMue dm ocyiu,ecm- 
ejienun cmaúcuma, npedcmawmom coôou Kopomme 
KOHcencycHue noaiedoeamejibnocmu e 5'- u 3'-caúmax 
cmaúcuma u e caume pa36em6Jienm. npHHHMaa bo bhh- 
MaHne tot (J)aKT, hto yAa^eHHe ôoAbmeH nacra nocjieAOBa- 
TejibHOCTH HHTpoHa He npenaTCTByeT cnAancHHry, mo>kho 
yTBepXCAaTb, HTO HHKaKHX CneUiHC^HHeCKHX KOH4)OpMaU,HH 
HHTpoHa (hah 3K30Ha) /yiH ycneniHoro cnAancHHra He Tpe- 
6yeTca. 

CanT pa3BeTBjieHHa nrpaeT BaxcHyio poAb b pacno3Ha- 
BaHHH 3'-canTa cnAancHHra. CanT pa3BeTBjieHHa Apo^eň 
BblCOKOKOHCepBaTHBeH H npeACTaBJlCH KOHCeHCyCHOH noc- 
jieAOBaTe/ibHOCTbio UACUAAC. CanT pa3BeTB/ieHHa BbícniHx 
syrapnoT MeHee KOHcepBaTHBeH, o^HaKo coxpaHaeT cocTaB 
nypHHOB h nnpHMHAHHOB b Kaac/jOM nojio>KeHHH, a Ta Kum A 
b KanecTBe HymieoTHAa — mhhichh pjm cbh3h c 5'-kohlíom 
HHT poHa (cm. pne. 26.6). 

CanT pa3BeTB/ieHHfl pacnoAoxceH nepeA 3'-caHTOM 
craaHCHHra Ha paccroaHHH 18-40 HyioieoTHAOB. y Apo>K- 
>Ken MyTauiHH hah Ae^euHH b stom pernoHe npenaTCTBy- 
íot cnjiancHHry. BbícniHe syKapnoTbi bcacactbhc MeHbnieň 
KOHcepBaTHBHOCTH AäHHoro peraoHa oô^a^aiOT cnocoô- 
HOCTbio HcnoAb30BaTb noxo>KHe nocjieAOBaTejibHOCTH 
(Ha3biBaeMbie kphhthhcckhmh caňTaMH) b KanecTBe caňTa 
pa3BeTBjieHHB b CAynae HapymeHHa hcthhhofo caňTa. B 
stom CAynae Ba^KHyio po/ib nrpaeT 6AH30CTb TaKoro caňTa 
k 3'-canTy cnjiancHHra, nocKOJibKy KpnnTHHecKHe canra 
Bcer^a pacnoAO>KeHbi pa^OM c hcthhhmm canTOM. Kpnn- 
THHecKne caňTbi 3aAencTByK)Tca ToabKo b tom caynae, 
ecjiH hcthhhhh caHT HHaKTHBHpoBaH. npn stom cnaaň- 
CHHr npoTeKaeT no oôbiHHOMy MexaHH3My, h o6pa3yera 
tot ace KOHeHHbin npoAyKT, hto h b c/iynae AHKoro Tnna. 
Pojib caúma pa3eemejieum 3aKJiK)HaemcR e udeumu$u- 
Kaipuu ôjiuycaúiuezo 3 r -caúma cmaúcuma KaK Muiuenu 
dm cemueanm c 5 r -caúmoM cmaúcuma . 3to yTBepxc- 

AeHHe MO>KHO npOHJIJIIOCTpHpOBaTb (J)aKTOM B3aHMOACHC- 
TBHfl MeaCAy ÔeJIKOBbIMH KOMnJieKCaMH, CBa3bIBaiOIAHMH 
3 th ABa caňTa. 

CBa3b, b pe3yjibTaTe KOTopon o6pa3yeTca aacco, (Jsop- 
MnpyeTca MOKAy 5'-noAO>KeHHeM HHBapnaHTHoro G, pac- 
noaoaceHHoro Ha 5'-KOHUie HHTpoHa, h 2'-no/io>KeHHeM 
HHBapnaHTHoro A, pacnoaoaceHHoro b canTe pa3BeTBaeHHa 
(cooTBeTCTByeT TpeTbeMy ocraTKy A b ApoaoKeBon nocneAO- 
BaTe/ibHOCTH UACUAAC). 
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P M C. 26.7 flflepHbm cn/iaŕícMHr pea/iM3yeTCfl nocpeflCTBOM flByx 
peaKUkiíí TpaHC3Tepn())MKauMM, b xofle KOTopbix OH-rpynnbi aiaKyioT 
(f)OC(t)OAM3(t)MpHbie CBA3M 


C XHMHHCCKOH TOHKH 3peHHfl, CnjiaHCHHľ npeACTaB- 
/IfleT COÔOH peaKUiHK) TpaHC3TepH<J)HKaiJHH: CBfl3b B 

AeňcTBHTeAbHocTH nepemcumcn m OAHoro nojio^KeHHa 
b Apyroe. Kax noKa3aHo Ha p n c. 26.7, Ha nepBOM STane 
npoHcxoAHT HyKJieo(J)rabHaa aTaxa 2'-OH rpynnon hh- 
BapHaHTHoro A (BxoAflmero b cocTaB nocneAOBaTejibHoc- 
th UACUAAC) 5'-caňTa cmiaHCHHra. Ha btopom STane 
CBOÔOAHaa 3'-OH rpynna 3K30Ha, BbiCBo6oAHBineroai b 
pe3y^bTaTe nepBOH peaKu;HH, aTaxyeT CBA3b b 3'-canTe 
cn/iaňcHHra. OieAyeT oTMeTHTb, hto hhcjio (JdoccJdoahs- 
(J)HpHbix CBa3eň nocToaHHO. nepBOHanajibHbie ABe 5'-3' 
cbh3h Ha rpaHHu;ax cmiaHCHHra 3K30 h-hhtpoh 3aMemi- 
lOTCfl Ha OAHy 5'-3' CB5I3b MeXCAy 3K30HaMH H OAHy 5'-2' 

CBH3b, (J)opMHpyK)iAyK) /iacco. 


MflPHKyHacTByiOT b cn/iaňcMHre 


KmoneBbie noHATMA: 


• K riATu maPHK, BOB/ieneHHbiM b npouecc cn/iaMCkmra, othocatca 
Ul, U2, U5, U4 m U6. 

• BMecie c HecKo/ibKMMn Aono/iHMTejibHbiMM 6e/iKaMki maPHK 
(fjopMMpyiOT crmaíícocoMy. 

• 3a MCK/iKDHeHkíeM U6, Bce maPHK C0Aep>KaT KOHcepBaTMBHyto 
nocAeAOBaieAbHocTb, CBA3biBaioinyK) Sm-6ejiKM, 
pacno3HaBaeMbie amme/iaMM, o6pa3yiomMMMCA npkí 
ayTOMMMyHHOM 3a6oAeBaHMM. 


26.5 


KoMnoHeHTbi annapaTa cmiaHCHHra, ynacTByiomHe b pac- 
no3HaBaHHH 5'- h 3'-canTOB cmiaHCHHra, (J)opMHpyiOT 6ojib- 
iiioh KOMnjieKc. 3 tot KOMmieKc cboaht bmcctc 5'- h 3'-canTbi 
cmiaHCHHra enj,e ao Hana^a peaKUiHH. flaHHbin (J)aKT oô'bac- 
HaeT, noneMy oTcyTCTBHe jnoôoro H3 canTOB npenaTCTByeT 
HHHUiHaiJiHH peaicu,HH. noc^eAOBaTeAbHaa cóopica KOMmieK- 
ca npoHexoAHT Ha npc-MPHK nepe3 paA npoMOKyroHHbix 
CTaAHH, o neM CBHACTejibCTByeT oÔHapyaceHHe KOMmieiccoB 
pa3Hbix pa3MepoB npn cjDpaKij.HOHHpoBaHHH. CmiaHCHHr 
HHHUiHHpyeTca TOJibKO nocne Toro, xaK Bce KOMnoHeHTbi 
6yoyT coôpaHbi. 

AnnapaT cmiaHCHHra npeAcraBJíeH Kax óejncaMH, Tax 
h PHK (noMHMO npe-MPHK). MojieKyjibi Majibix PHK cy- 
mecTByioT b BHAe pnóoHyKJieonpoTeHHOBbix HacTHii;. H 
aApo, h u;HTonjia3Ma syKapnoTHHecKHx ioictok coAep>KaT 
ôojibinoe pa3Hoo6pa3He bhaob Majibix PHK. Hx pa3Mep Ba- 
pbHpyeT ot 100 ao 300 HymieoTHAOB y BbícniHx syicapnoT 
h AOCTHraeT nopaAKa 1000 ocHOBaHHH y Apo)íOKeH. Hhcjio 
MOJ ieKyji Majibix PHK KOJieÔJieTca ot 10 5 -10 6 Ha imeTKy ao 
KOJ iHHecTB, He oÓHapyxcHBaeMbix npaMbiMH MeTOAaMH jxc- 
TeKUiHH. 

Mojieicyjibi, jioKajiH3yiomHeoi b AApe, Ha3biBaiOT Ma- 
jibiMH HAepHbiMH PHK (mhPHK); aHa^orHHHbie PHK, 
oÔHapyxcHBaeMbie b ijHTon/ia3Me, Ha3biBaiOT MajibiMH 
I^HTOIUia3MaTHHeCKHMH PHK (MIjPHK). npHpOAHbie 
MaAbie PHK cymecTByiOT b BHAe pHÓOHymienpoTeHHOBbix 
HacTHu; (MaPHn h MijPHn). B aHrjioa3biHHbix jiaóopaTo- 
prax Taxne PHK HHorAa Ha3biBaiOT snurps h scyrps. B 
aApe oÓHapyxceH enje oahh miacc Majibix PHK, Ha3BaHHbix 
snoPHK h ynacTByioiAHx b npou;eccHHre pn6ocoMa^bHOH 
PHK (cm. pa3A. 26.22 «MaAbie PHK ynacTByiOT b npou;ec- 
CHHre pPHK»). 

mhPHK, 3aAeHCTBOBaHHbie b cnAancHHre BMecTe c ao- 

nOJIHHTeJIbHblMH ÓeJIKaMH, (J)OpMHpyK)T ÔOAbĽIOH KOMn- 
jieKc, Ha3BaHHbiň ciuiaňcocoMOH. TaKoň KOMnjieKc, Bbi- 
AejieHHbiH H3 CHCTeM cmiaHCHHra in vitro, npeACTaBimeT 
co6oh pnôoHyioienpoTeHHOByio HacTHUiy c KoscJx^HUiHeH- 
tom ceAHMeHTauiHH ot 50S ao 60S. npouecc (J)opMHpoBa- 
HHa cnAancocoMbi npoxoAHT paA npoMe^cyroHHbix craAHH, 
Ha KOTopbix o6pa3yeTGfl HecKOJibKo «npecmiaHCHHroBbix 
KOMmieKCOB». CnAancocoMa npeACTaB/raeT coóoh óoAbinyio 
HacTHUiy, npeBocxoAAiAyio no Macce pHÓocoMy. 

Ha PMC. 26.8 CXeMaTHHHO H306pa>KeHbI BCe KOMnOHeH- 
Tbi cn/iancocoMbi. Ha 5 mhPHK npnxoAHTca óoAbiue neT- 
Bep™ Bcen Maccbi KOMnjieKca; BMecTe c accouHnpoBaHHbi- 
MH C HHMH ÓeJIKaMH (41 ÔeJIOK) Ha HX AOJIK) npHXOAHTCa 
non™ nojiOBHHa Bcen Maccbi nacTHiiibi. 70 Apyrnx 6cn kob, 
oÔHapyxceHHbix b cnjiancocoMe, onncaHbi Kax (J)aKTopbi 
cmiaHCHHra. CiOAa bkjwjhchh ôoiku, HeoóxoAHMbie jyin 
cóopKH cnAancocoMbi, aah CBH3biBaHHa PHK-cy6cTpaTa h 
óejiKOB, BOBjíeneHHbix b KaTajíHTHnecKHH npou;ecc. Kpo- 
Me Toro, eme nopaAKa 30 6en kob, accouHHpoBaHHbix co 
cnAancocoMOH, ynacTByiOT b peryjiaunn SKcnpeccHH re- 
hob Ha Apyrnx CTaAHax. 3 to no3BOAaeT npeAnojio)KHTb, 
hto cn/iaňcocoMa mo^kct BbicTynaTb b po/in KoopAHHHpy- 
ioiij,ero annapaTa. 

CnAancocoMa (J)opMHpyeTca Ha HHTaKTHOM npeAinec- 
TBeHHHKe PHK h ocraeTCfl Ha hcm bo BpeMa oTmenjieHHH 
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Cn/iaíícocoMa npeACTaB/meT co6om 6o/ibiuoíí KOMn/ienc 

30 Apyrnx 

Óe^KOB 

2,1 MAa 

17% ot oÓLueíí 
Maccbi nacTUMbi 

5 maPFIK 

3,3 MAa 

27% ot Maccbi 

70 c()aKTopoB 
cn^aiíaiHra 

4.7 MAa 

38% ot Maccw 

41 6e/iOK 
b cocTaBe MflPHn 

2,2 MAa 

18% ot Maccbi 


PMC. 26.8 Macca cn/iaŕícocoMbi cocraB/ifleT npMMepHO 12 Mfla. ľlflTb 
MflPHľl cocraBJíflioT noHTki no/iOBMHy Maccbi KOMn/ieKca. OcraBLUkiecfl 
6enm npeAcraBjíeHbi (JjaKTopaMM* cn/iaiícMHra m 6e/iKaMki, BOB/ieneH- 
HbiMn b APyrwe CTaAnn aKcnpeccMM reHOB 


eMbIMH ayTOHMMyHHOH aHTH-CbIBOpOTKOH — aHTH-Sm. 
KoHcepBaTHBHbie ynacTKH sthx ócjikob cjiyjKaT MHmeHbio 
/yifl B3aHMOAeHCTBHH C aHTHTeJiaMH. OCTaAbHblC 6e/IKH, 
BxoAflmne b cocTaB KaxcAOH MflPHn, yHHKajibHbi jyw Hee. 
Sm 6e/iKH cBH3biBaiOT KOHcepBaTHBHyio nocjieAOBaTejib- 
HOCTb PuAU 3 _ 6 GPu, npHcyTCTByiomyK) bo Bcex MflPHľl, 
3a hckjhohchhcm U6. U6, b cboio onepeAb, coAep^KHT b 
CBoeM cocraBe rpynny Sm-noAOÔHbix ôejiKOB. Sm 6ejiKn 
BOBAeneHbi b naToreHe3 ayTOHMMyHHbix peaKijHH, xotb 
hx TOHHaa pojib b 3thx npoijeccax He BbiacHeHa. 

HeKOTopbie 6ejiKH MaPHľl MoryT ynacTBOBaTb b 
cn/iaHCHHre HanpaMyio; Apyrne nrpaiOT JiHiub crpyK- 
TypHyiO pOJIb H HeOÔXOAHMbI Rím CÔOpKH HJIH B3aHMO- 
AChctbha MexcAy MaPHn. Okojio Tpe™ Bcex ôcjikob, 3a- 
AeňcTBOBaHHbix b cnjiancHHre, flBjunoTCfl KOMnoHeHTaMH 
MaPHEÍ. CBHACTejibCTBa npaMOH pojín PHK b cnjiancHHre 
no3BO/MK)T npeAnojio)KHTb, hto TOJibKo HecKOJibKo 6eji- 
kobhx (J)aKTopoB cnjiancHHra HanpaMyio 3aAeHCTBOBaHbi 
b KaTajiH3e; ocHOBHaa hx nacrb oôecneHHBacr côopKy 
HaCTHUi H BbinO/IHfleT CTpyKTypHyiO (JjyHKIJHIO. 


jihhchhoh MOJieKyjibi /ieBoro 3K30Ha ot npaBOH MOJieKy- 
jibi jiacco-HHTpoH-3K30H. B KOMruieKce oÔHapyxcHBaeTca 
JiHiub HeôoAbmoe kojihhcctbo npoAyKTa cnjiancHHra. 
3 to 03HanaeT, hto oh, ok npaBH/io, BbiCBOÔoxcAaeTca 
HeMeAJieHHO nocjie pacmenjieHHa b y~came h jinrnpo- 

BaHHH 3K30H0B. 

MaPHľl (J)opMHpyK)T CTpyKTypy cnjiancocoMbi. Kax 
h b pnôocoMe, CTpyKTypa KOMruieicca 3 aBHCHT ot PHK- 
PHKobhx, PHK- 6 e/iKOBbix h 6 eji 0 K- 6 ejiK 0 Bbix B3aHMO- 
AeňcTBHH. B pjme peaiojHH, b KOTopbix 3aAencTBOBaHbi 
MaPHn, npoHexoAHT npaMoe cnapHBaHHe bxoahiahx b 
hx cocTaB PHK c noc/ieAOBaTe/ibHOCTbio PHK, noABep- 
nomeHCfl cruiaHCHHry; Apyrne peaKijHH oôecnenHBaiOTca 
pacno3HaBaHneM MexcAy MaPHn hjih MexcAy accoijHHpo- 

BaHHblMH C HHMH ÔeJIKaMH H APy^HMH KOMEÍOHeHTaMH 
crniancocoMbi. 

3HanHMOCTb MOJieKyji maPHK motkct 6biTb npoAe- 
MOHCTpnpoBaHa c noMombio MyTaijHH, bboahmhx b hx 
reHbi y ApoxoKen. MyTaunn b reHax 5 maPHK jicrajibHbi h 
6/ioKHpyioT cruiancHHr. Bce maPHK, 3aAencTBOBaHHbie b 
cnjiancHHre, KOHcepBaTHBHbi h oÔHapyxcHBaiOTca b Hen3- 

MeHHOM BHAe B KJieTKaX TKHBOTHblX, IITHLI, H HaCCKOMblX. 

CooTBeTCTByioiAHe PHK ApoxoKen nacro cymecTBeHHO 
ôojibiue, OAHaKo KoHcepBaTHBHbie pernoHbi oôJiaAa- 
K)T TeMH 7KC XapaKTepHCTHKaMH, HTO H MtfPHK BblCIUHX 
syKapnoT. 

Ul, U2, U5, U4 h U6 — MflPHn, ynacTByiomne b cnjian- 
CHHre. CBoe Ha3BaHHe ohh nojiyHHjín b cootbctctbhh c 
maPHK, bxoahiach b hx cocTaB. KaxcAaa MflPHn coAepacHT 
eAHHCTBeHHyio maPHK h HecKOJibKO (<20) ôejiKOB. U4 h 
U6 MflPHn naiij,e Bcero oÔHapyxcnBaiOTca b cocraBe oa- 
hoh HacTHu,bi (U4/U6). 06mee CTpyKTypHoe aApo Bcex 
MaPHn npeAcraB/ieHO BOceMbio 6ejiKaMH, pacno3HaBa- 
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Ul MflPHn MHMUMMpyeT 
cn/iaňcMHr 


KmoneBbie noHBTHa: 


• Ul mbPHII MHMAMupyeT cn/iaŕíCMHr, CBB3biBaBCb c 5'-caŕÍTOM 
cn^aŇCMHra c noMombto PHK-PHK B3anMOAeííCTBMŕí. 

• B co<rraB KOMn^eKca E bxoamt Ul mbPHII, CBB3aHH3B 
c 5'-caíÍTOM cn/iaŕícMHra, 6e^OK U2AF, CBB3aHHbiM c 
nkipMMMAMHOBblM peľMOHOM Me>KAy C3MTOM pa3BeTB/ieHMB M 
3'-caŕÍTOM cn^aíícMHra, m rpynna SR 6e/iKOB, coeAMHBioiAMx Ul 
mbPHII c U2AF. 


PeaKu,Ha cn^aňcHHra mo^kct 6biTb pa3AejieHa Ha ABe crraAHH: 

• CHana^a pacno3HaiOTca KOHceHcycHbie nocAeAOBa- 
Te/ibHOCTH 5'-caHTa cnjiancHHra, caňTa pa3BeTBJieHHa 
h npHMbiKaioiAero nnpHMHAHHOBoro pernoHa. npo- 
hcxoaht côopKa KOMraeKca, BioiK)HaK)iij,ero b ce6a Bce 
KOMnoHeHTbi cnAaňcHHra. 

• Peaicu,HH pa3pe3aHHa h jiHrnpoBaHHa H3MeHaiOT CTpyK¬ 
Typy cyôcTparaoH PHK. Ylo oKOHnaHHio peaKAHu 
cnAancHHra KOMnoHeHTbi KOMn^eKca BbiCBOôoxcAäiora 
hjih peopraHH3yK)Tca. 

Ho mex nop nom ece KOMnonenmu cnnaucuma ne 
ôydym coôpanu, a ece caúmu cruiaúcuma ne cmauym do- 
cmynnbiMu, cyôcmpamnm PHK ne nodeepzaemcn numKrn 
HeoôpamiiMbiM umeHenuRM. 

B pacno3HaBaHHH KOHcecycHbix nocjieAOBaTejibHocreň 
3aAencTBOBaHbi KaK PHK, TaK h ôcjikh. OTAejibHbie MaPHK 
coAep)KaT b cbocm cocTaBe nocneAOBaTejibHocTH, KOMrnie- 
MeHTapHbie KOHceHcycHbiM nocneAOBaTejibHocTaM npe- 
mPHK hjih Apyrnx míiPHK. CnapHBaHHe MOKAy míiPHK h 
npe-MPHK hjih míiPHK Me>KAy coôoh nrpaeT b cnjiancHHre 
BaxcHyio pojib. 

Ul MaPHn nejiOBeKa coAep>KHT b cbocm cocTaBe bo- 
ceMb ôejiKOB h PHK-KOMnoHeHT. BTopnnHaa CTpyKTypa 
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U1 MflPHn npeAcraBjíeHa Ha pmc. 26.9. OHa o6pa3yeT He- 
ckojibko AOMeHOB. Sm-CBH3biBaiomHH caHT oôecneHHBaeT 
B3aHMO^eňcTBHe c oôiiihmh óejiKaMH MaPHľl. floMeHbi, 
(})opMHpyiomHe CTpyKTypbi THna creôejib-neTjia, ciiyxcaT 
caŕrraMH CBa3biBaHHa c 6ejiKaMH, yHHKajibHbiMH /yia U1 
MaPHľl. 

CBa3biBaHHe U1 MaPHľl c 5'-caHTOM cmiaHCHHra ab- 
jiaeTca nepBOH cTa^Heň peaKijHH ouiaHCHHra. ripn stom 
o/jhh H3 ôejiKOB U1 MaPHľl (Ul-70k) B3aHMO/i,eHCTByeT 
c óejiKOM ASF/SF2 (ochobhbim (})aKTopoM cmiaHCHHra 
SR-ioiacca). U1 MaPHn cnapHBaeTca c 5-caHTOM cmian- 
CHHra c noMombio OAHOiienoneHHOH 5'-KOHijeBOH nocne- 
AOBTe^bHOCTH, KOTopaa oôbiHHO npeAcraBjíeHa neTbipb- 
Ma-mecTbio ocHOBaHHaMH, KOMľuieMeHTapHbiMH carhy 
cmiaHCHHra Ha npe-MPHK. 

Pojib B3aHMOAencTBHa MOK/jy 5'-canTOM cruiaHCHHra h 
U1 mhPHFI moxcct 6biTb oijeHeHa c noMombio MyraijHH b 
3thx peraoHax. Pe3yjibTaT Tanoro 3KcnepHMeHTa npHBe^eH 
Ha ph c. 26.10. CaHT cnjiancHHra 12S aACHOBHpycHoíí npe- 
MPHK c noaieAOBaTe^bHOCTbio AHKoro rana cnapHBaeTca 


naTbio (h 3 mecTH) ocHOBaHHHMH c U1 MflPHFL MyraHTHaa 
12S PHK c AByMfl HyioieoTHAHbiMH 3aMeHaMH He MoxceT 
6biTb cn^aňCHpoBaHa; ocTaTKH GG b nojioxceHHax HHTpoHa 
5 h 6 3aMeHeHbi Ha ocTaTKH AU. B pe3yjibTaTe MyraijHH H3- 
MeHaeTca xapaicrep cnapHBaHHa MOKAy U1 MaPHFI h 5'-can- 
tom cn^ancHHra, xoth oótum npoTaxceHHOCTb cnapeHHoro 
pernoHa ocraeTca npexcHen (ncnrepa KOMnueMeHTapHOCTH 
b oahoh no3Hii,HH h npHoôpeTeHHe ee b Apyron). 3(]x})eKT, 
OKa3bIBaeMbIH 3THMH H3MCHCHHaMH Ha CmiaHCHHr, CBHAe- 
TeabCTByeT O BaXCHOCTH TaKHX B3aHMOACHCTBHH. 

FIpH BBeACHHH B U1 MaPHFI MyTailHH, BOCCTaHaBJIH- 
BaiomeH cnapHBaHHe b no3HijHH 5, cnjiancHHr bo3o6hob- 
jiaeTca. Ha ochobc aBjíeHHa cynpeccHH MyTaijHH b 5'-can- 
Te cnaancHHra MyTaijHaMH b U1 MaPHn moxcho BbiBecTH 
oômee npaBHjio: KOMmieMeHTapHocTb Mexc^y U1 MaPHn 
h 5'-caHTOM cnaancHHra aBjíaeTca HeoôxoAHMbiM ycjio- 
BneM cnaancHHra, OAHaKO scjicjieKTHBHOCTb cmiaHCHHra 
onpeAejiaeTca He tojibko hhcjiom o6pa3yiomHxca nap 
ocHOBaHHH. PeaKiina cnapHBaHHa cra6HjiH3HpyeTca 6e;i- 
KaMH U1 H MflPHn. 



PHC. 26.9 BiopuHHaa CTpyKTypa U1 maPHK npeACTaB/ieHa HecKO/ibKMMM AOMeHaMM. Ee 5'-KOHeu 
ocraeTCfl OAHOuenoneHHbiM u MO>KeT B3aMMOAeŇCTBOBaTb c 5'-caŇTOM cruiaíícMHra 
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PMC. 26.10 Myiauun, Hapyiuatomue c|Dy hK 14 M to 5'-caŇTa cn/iaíícMH- 
ra, MoryT 6 biTb cynpeccupoBaHbi b pe3y/ibTaTe KOMneHcaiopHbix My- 
iai\m b U1 mbPHK, BoccTaHaB/iMBatomMx KoppeKTHoe cnapuBaHue 

OCHOB3HMM 


Ha pmc. 26.il H3o6pa>KeHbi HanajibHbie craflHH 
cruiaHCHHra. ľlepBbiM (JiopMHpyeTai KOMruieKC E (paH- 
hhh npecmiaHCHHroBbiH KOMnjieKc), oô'beflHHaiomHH 
U1 MaPHľl, (})aKTop cmiaHCHHra U2AF, h ôcjikh — mieHbi 
ceMeňcTBa SR, npeflcraBJíaiomHe coôoh BaxcHyio rpynny 
(J)aKTopoB cmiaHCHHra h peryjiaTopHbix (})aKTopoB. CBoe 
Ha3BaHHe ohh nojiynmiH ôjiaro/japa HaiiHHHio perHOHOB, 


óoraTbix aprHHHHOM h cepHHOM. 3 th ócjikh oôJiaflaiOT 
cnocoÔHOCTbio CBa3biBaTb PHK. Ab jiaacb HeoôxoflHMbiM 
KOMnoHeHTOM cnjiaňcocoMbi, ohh (JiopMHpyiOT xap- 
Kac KOMn^eKca Ha PHK-cy6cTpaTe, CBH3biBaa U2AF h U1 
(PMC. 26.12). KOMnjieKC E HHOr/ja Ha3bIBaiOT ({)HKCailHOH- 
hbim KOMmieKcoM, nocKOJibKy ero o6pa30BaHHe onpe/je- 
jiaeT MOJieicyjiy npe-MPHK xax cyôcrpaT /yia (J)opMHpoBa- 
hha KOMn^eKca cmiaHCHHra. 

U2AF, BXOAamaa b cocTaB KOMmieKca E, CBímHa c 
perHOHOM npe-MPHK, pacnojioxceHHbiM MOK^y canTOM 
pa3BeTBiieHHa h 3'-caHTOM cmiaHCHHra. CBoe Ha3BaHHe 
ôejioK U2AF nojiynmi b pe3yjibTaTe Toro, hto nepBOHa- 
najibHO 6bui onpeflejieH Kax BcnoMoraTejibHbiH (J)aKTop 
MaPHn U2. y ÔOJIblUHHCTBa OpraHH3MOB OH COCTOHT 

H3 ôojibiuon cyô'beAHHHiibi (U2AF65), B3anMOAencTBy- 
lomeň c nHpHMHAHHOBbiM ynacTKOM, pacnojioxceHHbiM 
nocne camra pa3BeTBjieHHa, h Manon cyô'be/i.HHHijbi 
(U2AF35), KOTopaa CBa3biBaeTca c A^HyK^eoTH/jOM ag 
b 3'-caHTe cmiaHCHHra. y Saccharomyces cerevisiae 3Ta 
(})yHKiiHa BbinojiHaeTCfl ôcjikom Mud2, KOTopbíň aBJíaeT- 
ca aHanoroM U2AF65 h CBa3biBaeTca tojibko c nnpHMH- 

/JHHOBblM perHOHOM. 3TOH OCOÔeHHOCTblO OÔyCJIOBJIH- 

BaeTca pa3JiHHHe MexaHH3MOB cmiaHCHHra 5. cerevisiae 
h Apyrnx opraHH3MOB. y ApoxoKen 3'-canT cmiaHCHHra 
He ynacTByeT b (JiopMHpoBaHHH KOMmieKca cmiaHCHHra 
Ha paHHHX cTaAHax peaKu,HH, b to BpeMa Ka k y Bcex oc- 
Ta^bHbix opraHH3MOB 3'-canT cmiaHCHHra b stot npo- 
uecc BOBJíeneH. 

flpyroH cpaKTop cmiaHCHHra, Ha3BaHHbiH SF1 y MJie- 
KonHTaiomHX h BBP y /jpoxoKeH, npHCoe/i,HHaeT U2AF/ 
Mud2 k U1 MflPHn, CBa3aHHOH c 5 / -canTOM cmiaHCHHra. 
CrpyKTypa KOMmieKca ynpoHHaeTca 3 a cneT cobmcctho- 
ro ACHCTBHa AByx ôcjikob; SF1 h U2AF (hjih BBP h Mud2) 
CBa3biBaioT PHK-cy6cTpaT BMecTe npH6jiH3HTejibHO b 10 
pa3 3(})(})eKTHBHee, neM no OT/jejibHOCTH. Bo3moxcho, sto 
B3aHMOAencTBHe oôecnenHBaeT nepBbin KOHTaKT /jByx 
canTOB cmiaHCHHra. 

KoMrniexc E npeBpamaeTca b KOMrniexc A b tot mo- 
MeHT, Kor/ja MaPHn U2 CBa3biBaeTca c canTOM pa3BeTB- 
jieHHa. H U1 MflPHn, h U2AF/Mud2 /jojDKHbi CBa3aTbca c 

U2. 3Ta MaPHn coAepxcHT nocjieflOBaTejibHOCTb, KOMn^e- 

MeHTapHyio canTy pa3BeTBiieHHa. nocjieflOBaTejibHOCTb, 
pacnojioxceHHaa pa^OM c 5 '-kohiiom MaPHn, cnapHBa- 
eTca c canTOM pa3BeTBjieHHa HHTpoHa. y ApoaoKen npn 
stom, Kax npaBHjio, o6pa3yeTca nynaeKc, coflepacamun 
b CBoeM cocTaBe ynacTOK UACUAAC (cm. pne. 26.14). 
HecKoabKO ôejiKOB U2 MaPHn CBa3biBaiOTca c PHK-cy6- 
CTpaTOM HenocpeACTBeHHo nepe^ canTOM pa3BeTBJieHM. 
npn npHcoeAHHeHHH U2 MaPHn k KOMmieKcy E (fiopMH- 
pyeTca npecmiaHCHHroBbiH KOMnaexc A. CBa3biBaHHe U2 
MaPHn — ATO-3aBHCHMbiH npoiiecc, oôecnenHBaioqHH 
CTapT peaKn,HH cnaancHHra. 
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PH Ľ. 26.11 KoMľi/ieKC E cf)opMMpyeTC5i b pe3y/ibTaTe B3anMOAeíícTBMfl U1 mbPHÍI c 5'-caŇTOM cn/iaíí- 
CMHra, a cfiaKTopa U2AF — c nnpMMMflMHOBbiM ynacTKOM u 3'-caŇTOM cruiaŇCMHra c nocneAytomMM 
npucoeAMHeHueM U1 MflPHÍl k U2AF c noMombto 6e/wa SF1/BBP 



P Vi C. 2 6 /i 2 riepBMHHoe pacno3HaBaHue 5'- u 3'-caŇTOB cruiaiícMHra MO>KeT npoMcxoAMTb pa3HbiMM 

nyTBMM 
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26.7 


OopMMpoBaHMe KOMnjieKca E 
MOMíeT npOMCXOflMTb 
b pe 3 y^bTaTe pacno 3 HaeaHMfl 
KaK MHTpOHOB/ TaK M 3 K 30 H 0 B 


KntOHeBbie noHama: 


• ílpaMoŕí nyTb (J)opMMpoBaHMfl KOMruieKca E npeACTaBaaeT co6oŕí 
CB5i3biBaHMe U1 MflPHÍl c 5'-caŕÍTOM cnaaŇCMHra, u U2AF — c 
nupuMMAMHOBbiM perMOHOM, pacno^o>KeHHbiM Me>KAy caíÍTOM 
pa3BeTB/ieHM5i m 3'-caŇTOM cnaaŕícMHra. 

• flpyrafl B03M0>KH0CTb 3aK/llOMaeTCa BO B3aMMOAeŕlCTBMM 
U2AF c nupuMMAMHOBbiM pernoHOM u U1 MflPHÍl c 5'-caŇTOM 
cnaaŕícMHra caeAytomero umpoHa. 

• KoMnaexc E npeBpamaeica b KOMruieKC A b pe3yabTaie 
CBfl3blBaHMfl U2 MflPHÍl C CaŇTOM pa3BeTB/ieHM51. 

• B caynae KorAa KOMruieKC E c|)opMMpyeTca npM ynacTUM 
5'-caŇTa cnaaŕícMHra caeAytomero MmpoHa, npu npeBpameHMM 
KOMrmeKca E b KOMruieKC A stot caŇT cnaaŕícMHra 3aMeHaeľca 
npaBM/ibHbiM 5'-caŕÍTOM. 

• Caa6biíí 3'-caŕÍT cnaaŕícMHra Tpe6yeT ynacTMa 3HxaHcepoB 
cnaaŕícMHra — nocaeAOBaTeabHocreŕí, pacnoaoweHHbix b 
npaBOM 3K30He m cnocoÓHbix HajipaMyio CBa3biBaTbca c 
SR-6ejwaMM. 


OopMHpoBaHHe KOMn^eKca E MoaceT npoHcxoAHTb pa3- 
HbiMH nyraMH. Bo3MOxcHbie BapHaHTbi 3Toro npouecca 
npHBeAeHbi Ha pne. 26.12. HaHôojiee npocTbiM aBjíaeTca 
pacno3HaBaHHe caňTOB cnjiaňcHHra, pacnojioaceHHbix 
B OflHOM HHTpOHe. ľlpHCyTCTBHe U2 MaPHn b 5'-caňTe 
cnjiancHHra aBjíaeTca ycaoBneM pjín CBa3biBaHHa U2AF c 
nHpHMHAHHOBbiM peraoHOM, pacnojioaceHHbiM nocjie caň- 
Ta pa3BeTBJieHHfl. ĎpH stom oôecnenHBaeTca KomaKT 5'- h 
3'-kohuob HHTpoHa MexcAy co6oh. KoMmieKC E npeBpanja- 
eTca b KOMruieKC A b pe3yjibTaTe CBa3biBaHHa U2 MaPHn 
c caHTOM pa3BeTBjieHHA. Ocnoenan ocoóemocmb dmo3o 
nymu cmaucuma 3aKmoHaemcn e moM, nmo pacno3ua- 
eanue oôoux caúmoe cmaucuma ne mpeôyem ynacmrn 
nocjiedoeamejibHOcmeu, pacnojioMennux 3a npedejiaMU 
unmpona. 3tot npouecc 6bui Ha3BaH pacno3HaBaHHeM 

IIHTpOHa 

B HCKAiOHHTejibHbix cjiynaax, Koiyja SR-6 cjikh cTaHO- 
BATOi HecnocoÓHbi CBH3aTb U2AF/U2 in vitro (b oTcyTCTBHe 
U1 MaPHn), yBeJIHHHBaeTOI B03M0>KH0CTb BKJIIOHeHHH Me- 
xaHH3Ma Ul-He3aBHCHMoro cruiancHHra. 

A^bTepHaraBHbiH nyTb (J)opMHpoBaHHa cnjiancoco- 
mh MoxceT 6biTb 3aAencTBOBaH b tom cjiynae, ecjiH hht- 
poHbi cjihiukom AJiHHHbie, a canTbi cnjiancHHra cjiaôbie. 
KaK noKa3aHO b npaBon nacra pHcyHKa, 5'-canT cmian- 
CHHra pacno3HaeTca U1 MaPHn oôbiHHbiM o6pa30M. 3'- 
canT cnjiancHHra pacno3HaeTca KaK nacTb KOMnjieKca, 
(})opMHpyiomeroca b c/iedywu^eM 3K3one, b kotopom 5'- 
canT cnjiancHHra Toace CBa3aH c U1 MaPHn. U1 MaPHn 
coeAHHaeTca c U2AF b nHpnMHAHHOBOM pernoHe c no- 
molubio SR-6eAKOB. ripn npHCoe/jHHeHHH U2 MaPHn h 
(J)opMHpoBaHHH KOMnjieKca A, b pe3yAbTaTe nepecTpoeK 
KoppeKTHbíň (b óojibiiiHHCTBe CAynaeB AeBbin) 5'-canT 3a- 
MemaeTca b KOMn^eKce cneflyiomHM 5'-canTOM. BaxcHaa 
ocoôeHHOCTb 3Toro MexaHH3Ma cnAancHHra 3aioiiOHaeT- 
ca B TOM, HTO B HeM 3aACHCTByiOTCa nOCJie/JOBaTeJIbHOCTH, 


pacnoAoaceHHbie 3a npeAeaaMH HHTpoHa. OôbinHO sth 
nocjieAOBaTejibHOCTH BiononaiOT b ce6a caeAyiomHH 5'- 
canT cnaancMHra. 3tot npouecc 6bm Ha3BaH pacno3Ha- 
BaHH€M 3K30Ha. flaHHblH MexaHH3M He yHHBepcaaeH: 
hh 6eaKH SR, hh pacno3HaBaHHe 3K30Ha He xapaKTepHO 
Aaa S. cerevisiae. 

«Gia6bie» 3'-canTbi He cnocoÔHbi 3(})(})eKTHBHO CBa3bi- 
BaTb U2AF h U2 mhPHII /Via B3aHMOAencTBHa c SR-6ea- 
KaMH HeoóxoAHMbi AonoaHHTeabHbie nocaeAOBaTeabHOC- 
th. TaKHe nocaeAOBaTeabHocTH Ha3biBaioT «3HxaHcepaMB 
cnjiancHHra». Ohh oôecneHHBaiOT CBa3biBaHHe U2AF b 
nHpHMHAHHOBOM perHOHe. KaK npaBHJio, sth nocaeAOBa- 
TeabHOCTH pacnoaoaceHbi b 3K30He nocae y-ezma cnaan- 
CHHra. 


26.8 


nmb MflPHn (|)opMHpyiOT 
cniiaMcocoMy 


K/itOMeBbie noHfnua: 


• ílpu CBfl3blBaHMM U5 M U4/U6 MaPHn KOMruieKC A 
npeBpamaeTca b BI cnaaŕícocoMy, KOľopaa y>Ke coAep>Km Bce 
KOMnoHeHTbi, Heo6xoAMMbie Aiifi cnaaíícMHra. 

• Bo BpeMB cn^aŇcuHra cn^aíícocoMa noABepraeica MSMeHeHMBM, 
noc/ieAOBaTe/ibHO npoxoAB HecKO/ibKO ciaAníí. 

• BbiCBo6o>KAeHMe U1 MaPHľl AaeT B03M0>KH0CTb U6 MBPHľl 
B3auMOAeíícTBOBaTb c 5'-caŕÍTOM cruiaŇCMHra m o6ecneMMBaeľ 
npeBpameHne cn^aíícocoMbi BI b cruiaíícocoMy B2. 

• flMccoĽinaĽíMB U4 MflPHľl ot U6 MflPHľl npuBOAMT k cnapuBaHMio 
U6 C U2 M (J)OpMMpOBaHMK) Kaia/lMTMMeCKM aKTMBHOrO CaíÍTa. 


Bcae^ 3a (J)opMHpoBaHHeM KOMnaeKca E Bce ocTajibHbie 
MaPHn h (VaKTopbi, ynacTByiomne b cnaancHHre, BOBJíeKa- 
lOTca b npouecc b onpe/ieaeHHOM nopa^Ke. Ha pwc. ,-.13 
npeACTaBaeHbi Bce KOMnoHeHra, KOTopbie moxcho noc;ieAO- 
BaTeabHo HAeHTH(J)HUHpoBaTb b xo^e peaKijHH. 

KoMnaeKc BI (})opMHpyeTca, Kor^aTpHMep, cocToaiAnž 
H3 U 5 h U4/U6 MaPHľl, CBa3biBaeTca c komiuickcom A, co- 
CToam,HM H3 U1 h U2 MaPHľl. 3 tot KOMnaeKC yace paccMaT- 
pHBaeTca KaK cnjiancocoMa, nocKoabKy co^epacHT b cbocm 
cocTaBe Bce KOMnoHeHra, HeoóxoAHMbie /via peaKij,nH 
cruiancHHra. nocae BbiCBOôoacAeHHa U1 MaPHn cruianco- 
coMa BI npeBpamaeTca b KOMnaeKC B2. Huccou,mi\m U1 
MaPHn rcji aeT B03MoacHbiM HenocpeACTBeHHoe côaHaceHne 
ocTaabHbix KOMnoHeHTOB peaKn,HH (b ocoôchhocth U6 
MaPHn) c 5'-canTOM cnaancHHra. H3MeHaeT CBoe noaoace- 
HHe h U5 MaPHn: nepBOHanajibHO U 5 pacnojiaraeTca paAOM 
c noeaeAOBaTeabHOCTbio 3K30Ha b oôjiacra 5'-canTa cnaaň- 
CHHra, oflHaKo 3aTeM CABHraeTca k HHTpoHy. 

KaTa;iHTHHecKaa peaKqHa 3anycKaeTca npn bhcbo- 
óoacAeHHH U4; sto — ATO-3aBHCHMbiň npouecc. Pojib U4 
MaPHn 3aicaiOHaeTca b ójioKHpoBaHHH U6 MaPHn ao Toro 
MOMeHTa, noKa OHa He noHa/joÔHTca. Ha ŕiii; no- 

Ka3aH0, KaK H3MeHaeTca cnapHBaHHe Meac^y 3JieMeHTaMH 
MaPHn bo BpeMa cnaancHHra. npoTaaceHHbin ynacTOK U6 
MaPHn a-^hhoh 26 ocHOBaHHH cnapHBaeTca c AByMa ot- 
AeabHbiMH peraoHaMH U4 MaPHn. noejie AHceouHaunH 
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PHC. 26.13 PeaKLiMfl cruiaíícMHra npoieKaeT b HecKO/ibKO cra amm. 
OopMMpoBaHue cruiaíícocoMbi npoucxoAm npu B3auMOfleíícTBMM 
KOMnoHemoB, pacno3HaK)iAux KOHceHcycHbie noc/ieAOBaTe/ibHocTM 


U4 ocBoôoAHBuiaHCH nocjieAOBaTejibHOCTb U6 npHHHMa- 
eT Apyryío CTpyKTypy. ľlepBaa ee nacTb cnapHBaeTar c U2; 
BTopaa (})opMHpyeT BHyrpHMOJieKyjiapHyio mnHjibKy. Ľ3a- 
HMOneňcTBHe MOK^y U4 h U6 HauiKmeT B3aHMO/reHCTBHe 
MOK^y U 2 h U6, nosTOMy BbicBoôoxcAeHHe U4 nrpaeT pe- 
ryjiflTopHyio poiib, KOHTpojiHpya cnocoÔHOCTb cmrancoco- 
Mbi ocynj,ecTBAaTb pearojHio /jajiee. 

flijw mľjwRHOcm PHK-cy6cTpaT Ha pHcyHKe H3o6pa- 
XCCH B npOTJDKCHHOH (})OpMe, OflHaKO B ACHCTBHTeJIbHOC- 


th 5'-caŕrr cruiaHCHHra pacnoiioxceH b HenocpeACTBeHHOH 
6jih30cth ot nocjieAOBaTejibHOCTH U6, HaxoAHmeňca c 5'- 
CTopoHbi yqacTKa MOJieKyjibi, cBfl3aHHoro c U2. noc/ie/jOBa- 
TejibHOCTb U6 Ma PHľl cnapHBaeTca c nocjieAOBaTejibHocrbio 
HHTpOHa 3a KOHCepBaTHBHbIM AHHyiUieOTHAOM GU b 5'-can- 
Te craaHCHHra (MyraijHH, noBbimaromHe npoHHOCTb 3Toro 
cnapHBaHHa, yBejiHHHBaiOT 3(]x})eKTHBHOCTb cruiaHCHHra). 

Bo BpeMa cruiaHCHHra npoHcxo/jHT HecKOJibKo peax- 
Uhh cnapHBaHHH MOKffy MaPHľl h cyôcrpaTHOH PHK. Bce 
ohh H3o6pa>rceHbi Ha P M c. 26.15. MaPHľl co/jepxcaT b cbocm 
cocTaBe noc/ieAOBaTeAbHocTH, KOMnjieMeHTapHbie noc/ie- 
AOBaTeAbHOCTaM cyócTpaTa h jipyr /ipyry. KpoMe Toro ohh 
HMeiOT OAHorienoHeHHbie ynacTKH, 4)opMHpyiomHe neniH. 
Pacnojiarancb b HenocpeACTBeHHOH 6jih30Cth ot cyôcrpa- 
Ta, 3th nocjie/i,OBaTejibHOCTH HrparoT b cmiaHCHHre Baxaryro 
poiib, hto AOKa3biBaeToi cnocoÔHOCTbio MyrariHH b sthx 
peraoHax ónoKHpoBaTb ciuiaHCHHr. 



PMC. 26.14 B3anMOAeíícTBMfl U6-U4 m U6-U2 bbabiotcb B3auMOMC 
KAionatoiAUMM. B MOMem npucoeAMHeHua k cruiaíícocoMe U6 cnapej 
c U4. BbiCBo6o>KAeHMe U4 Bbi3biBaeT KOHc|)opMauMOHHbie M3MeHeHm 
b CTpyKType U6; OAHa nacTb ocBOÔOAMBiijeŕíca nocAeAOBaieAbHOCTi 
cf)opMMpyeT ujnuAbKy (o6o3HaHeHa TeMHO-cepbiM UBeTOM), Apyrai 
(o6o3HaneHa MepHbiM UBeTOM) - cnapuBaeTca c U2. PeruoH U2, B3a 
MMOAeíícTBytOLUMŕí c U6, k TOMy MOMemy ywe OKa3biBaeica cnapeH 
h bi m c caŇTOM pa3BeTBAeHMa, BCAeACTBMe nero U6 OKa3biBaeTC5i i 
HenocpeACTBeHHoŕí 6am30ctm ottohkm p3BeTBAeHua. CAeAyeT o6pa 
TMTb BHMMaHue Ha to, hto cyôcTpaTHafl PHK Ha piicyHKe M3o6pa>KeHi 
b Heo6biHHOM noAO>KeHMM m opneHTMpoBaHa b HanpaB/ieHMM ot 3'-1 
5'-KOHAy 
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P MC 26.15 Bo BpeMfl cn/iaíícMHra Me>Kfly caŇTaMM cn/iaíícmHra 
u maPHK npoucxoAMT cepu* peaKUMŕí cnapMBaHMfl ocHOBaHMŇ 


B pe3yjibTaTe cnapHBaHna MOK#y U2 h noc/ieflOBaTeAb- 
HocTbio cama pa3BeTBJieHHa, a Taioice Mexc^y U2 h U6 <J>op- 
MHpyeTca cTpyicrypa, HanoMHHaioiiiaa aKTHBHbin ijemp 
cnocoÔHbix k aBTocraaHCHHry hhtpohob rpynnbi II (cm. 
pne. 26.20). Hcxoah H3 3Toro, moxcho npeflnojioxcHTb, hto 
ocHOBy KaTajíHTHnecKOH KOMnoHeHTbi cocraBjmeT PHK- 
CTpyKTypa, o6pa30BaHHaa b pe3yjibTaTe B 3 aHMO£eHCTBHa 
MOKffy TJ2 h U6. U6 cnapHBaeTca c 5'-canTOM crniancHHra, 
a 3KcnepHMeHTbi c nepeKpecTHbiM CBfl3biBaHneM noKa3a- 
jih, hto neTjrn U5 mhPHK npHMbiKaeT k ocHOBaHHtfM, pac- 
nojioxceHHbiM b nepBOM noiioxceHHH Kax^oro 3K30Ha. Mbi 
MoxceM oiieHHTb MecTonojioxceHHe cyôcrpaTa (5'-canTa h 
C aHTa CBH3bIBaHHH), MflPHK (U2 h U6) OTHOCHTeJIbHO KaTa- 
jíHTMecKoro iiempa (Kax noKa3aHO Ha p hc. 26 . 14 ), oflHaKo 


KOMIIOHeHTbl, OTBeTCTBeHHbie 3a TpaCH3TepH(})HKailHI0, He 
6bum onpeAejieHbi HanpaMyio. 

OopMHpoBaHHe jiacco b came pa3BeTBJieHHa o6ec- 
nenHBaeT BiononeHHe b peaKijHio 3'-canTa cnjiancHHra, 
nocKOAbKy 3'-KOHceHcycHaa nocjieflOBaTejibHOCTb, pacno- 
AoxceHHaa c 3'-cropoHbi canTa pa3BeTBjieHHa craHOBHra 
MHineHbK) flJIfl BTOpOH peaKllHH TpaHC3TepH(|)HKaiJ,HH. 
BTopaa CTa^Ha cnjiancHHra npoTeKaeT óbicrpo. HecMOTpa 
Ha to hto /yia ee ocymecTBjíeHHa hcoôxoahmo CBfl3biBaHne 
U5 MaPHn c 3'-canTOM cnjiancHHra, CBH/jeTejibCTB Toro, 
hto sto B3aHMOAeHCTBHe onocpe/iOBaHo KOMnjieMeHTap- 
hhm cnapnBaHHeM, hct. 

BaxcHoe 3aMenaHne, KOTopoe moxcho c/jejiaTb Ha ocho- 
Be 3 Thx pe3yAbTaTOB, 3aiaiiOHaeTca b tom, hto mhPHK- kom- 
noHenmu annapama cwiaúcuma 63auModeúcmey7om dpyz 
c dpyzoM u c cyôcmpamuou PHK nocpedcmeoM KOMWieMen- 
mapnozo cnapuecmm. 9mu 63auModeúcmem npueodmn 
k cmpyKmypmiM umenemRM,, e pe3yjibmame Komopbix 
peaKUfUOHHue zpynnu côjiuMďiomcR, (popMupyn mma- 
jiummecme upumpu. Bonee Toro, KOHcjiopMaij.HOHHbie 
H3MeHeHHH b cTpyicrype mhPHK oôpaTHMbi; k npHMepy, U6 
mhPHK, He HcnoAb30BaHHaa b peaKu,HH cnjiancHHra, ocbo- 
óoAHBuiHCb ot U2, cnocoÔHa BoccTaHOBHTb flymieKC c U4 h 
BcrynHTb b hobbih uyiKii crniancHHra. 

Mbi onncajiH peaKijHH, b kotophx ynacTByiOT oT/je- 
AbHbie MaPHIl, TeM He MeHee, bo3moxcho, Kaxc^aa MaPHn 
HrpaeT b cnjiaňcHHre HecKoiibKo pojieň, ynacTBya b cepnu 
peaKi^HH. Tax, HanpHMep, U1 MaPHľl ynacTByeT b flByx 
He3aBHCHMbix npoueccax: cnocoócTByeT CBfl3biBaHHio U2 
MaPHn c canTOM pa3BeTBJieHHa h caMa CBa3biBaeTca c 5'- 
caHTOM cnjiancHHra. IIoxoxchm o6pa30M pa3Hbie peraoHbi 
U2 mhPHK 3a/l,CHCTBOBaHbI B CBfl3bIBaHHH C CaHTOM pa3BeT- 
BJieHHfl H BO B3aHMO/],eHCTBHH C /JpyTHMH KOMnOHCHTaMH 
cnAancHHra. 

OÔlDHpHblH MyTailHOHHblH aHa^H3 KOMIIOHCHTOB 

cn^aHCMHra y Apoxcxceň no3Bo;iHji BbiaBHTb pHÔOHyKJien- 
HOBbie h 6e;iKOBbie cocTaBJunoniHe cnAancocoMbi. Myraiimi 
b reHax, Heo6xo/i,HMbix ^ craaHCHHra, onpeAejbuiHCb 
no HaKonjieHHio HecraaHCHpoBaHHbix npeAinecTBeHHH- 
kob mPHK. PjiOKycoB, coAepxcaniHX reHbi, KOAHpyioiAne 
aaAencTBOBaHHbie b crniancHHre óejiKH, h nepBOHanajibHO 
Ha3biBaeMbie PHK, Tenepb H3BecTHbi xax PRP (npe-PHK- 
npoijeccHHroBbie). HeKOTopbie npo/iyKTbi sthx reHOB co- 
AepXCaT MOTHBbl, HaJIHHHe KOTOpblX n03B0JiaeT OTHeCTH HX 
rpynne PHK-CBa3biBaioiij 1 HX óejiKOB, a HeKOTopbie aBjunoTCíí 
ATO-3aBHCHMbiMH PHK-xe;iHKa3aMH. Mbi npeAnoAaraeM, 
hto, noMHMO PHK-PHK B3aHMOAencTBHH, PHK-6eAKOBbie 
B3aHMOAencTBHH Toxce HrpaiOT BaxcHyio po jib b co3AaHHn 
hjih paccJiopMHpoBaHHH CTpyicryp npe-MPHKoBbix h maPH- 
KOBblX KOMnOHeHTOB Cn^aHCOCOM. 

HeKOTopbie H3 óe^KOB PRP aBjunoTca KOMnoHeHTaMH 
MaPHIl, Apyrne (J)yHKiiHOHHpyiOT KaK He3aBHCHMbie čpzKľo- 
pbi. HHTepecHbiM npnMepoM aBJweToi PRP16 — xe^HKa3a, 
rnAponH3yioiiiaíi AT$ h KpaTKOBpeMeHHO CBa3biBaioiiiaaai 
co crniancocoMon Ha BTopon CTa^HH KaTajíHTHnecKon pe- 
aKiinn. flpyrHM npHMepoM HBjmeTca PRP22 — eme o^Ha 
ATO-3aBHCHMaa xe;iHKa3a, HeoôxoAHMaa /vih bhcboóojk- 
AeHH^i 3peAon mPHK h 3 cn^ancocoMbi. CoxpaHeHHe kojih- 
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necTBa CBA3eH b xo^e ouiaHamra 03HanaeT, hto jym (})op- 
MHpoBaHHa CBH3eH npHBHeceHHH SHepraH He TpeôyeTca, a 
sto, b cbokd onepeAb, 3HaHHT, HTO SHepraa raApojiH3a AT® 
pacxoflyeTca m Apyrne u,am. Hcnojib30BaHHe AT® PRP16 
h PRP22 MOxceT oiyacHTb npHMepoM oômero <J>eHOMeHa 
Hcnojib30BaHHH rHflpojiH3a AT® /yia 3anycKa KOH(f)opMa- 
ijHOHHbix H3MeHeHHH, hcoôxoahmbix j\jw ocymecTBjíeHHa 
cruiaHCHHra. 


26.9 


AnnapaT a/ibTepHaTMBHoro 
cn/iaiícMHra ncnojib3yeT 
pa3/lMHHbie MflPHľl 


K^ioneBbie noHfiTMB: 


• B peaKLiMM a^bTepHaTMBHoro cruiaŕícMHra 3afleŇCTBOBaH Apyroŕí 
Ha6op MflPHÍl. KOMn/ieKC, KOTOpblíí OHM (J)OpMMpyK)T, Ha3blBaK)T 
cruiaMCOCOMOM U12. 

• HHTpOHbl-MMliJeHM MO>KHO MfleHTM(|)MLlMpOBaTb C ľlOMOLAbK) 
A/iMHHbix KOHceHcycHbix nocjieAOBaTejibHocTeíí Ha rpaHMLiax 
cruiaMCMHra, oflHaKO oôbiHHO ohm coflep^ane we caMbie GU-AG 
AMHyKJieOTMflbl. 

• B HeKOTopbix MHTpoHax Ha rpaHMLjax cruiaMCMHra pac n oji owe h bi 
AMHyK/ieoTMAbi AU-AC. Hacrb M3 stmx mhtpohob Ul-3aBMCMMbie, 
nacTb — U12-3aBMCMMbie. 


HmpoHbi GU-AG cocraBjíaiOT noAaBjíaiomee ôojibiiihhctbo 
hhtpohob (>98% rpaHHij cnjiancHHra b nejiOBenecKOM re- 
HOMe). Ha rpaHHqax jihiub MeHee 1% hhtpohob pacnojio- 
xceHbi GC-AG AHHyKJieoTHAbi. KpoMe Toro, cymecTByeT eme 
OAHH HeÓOAbUIOH KAaCC HHTpOHOB (0,1% BCeX HHTpOHOB), 
HaHHHaiomHxca h OKaHHHBaiomHxca AHHyKJieoTHAaMH 
AU-AC. nepBbie H3 3THX HHTpOHOB ÓbIJIH OTKpbITbl KaK KOM- 
noHeHTbi annapaTa aabTepHaTHBHoro cmiaHCHHra — cmian- 
cocoMbi U 1 2. CnjiaňcocoMa U 1 2 coctoht H3 U 11 h U 1 2 Ma- 
PHľl (cooTBeTCTByiOT U1 h U2 MaPHľl), Bapnama MaPHľl 
U5, a TaioKe U4 atac n U6 atac MaPHn. CaMa peaKijna cmian- 
CHHra npoTeKaeT no TeM ace MexaHH3MaM, hto h cmiaHCHHr 
GU-AG hhtpohob, h MaPHn HrpaiOT aHajiorHHHbie po™. 
CymecTByeT ah pa3HHija MeacAy ôcjikobbimh KOMnoHeHTaMH 
sthx annapaTOB, HeH3BecTHO. 

K HacroflmeMy MOMeHTy BbiacHeHO, hto nocne/jo- 
BaTeAbHOCTb HHTpoHa BJinaeT Ha ran 4)opMHpyiomeHca 
crniancocoMbi. HeKOTopbie AU-AC hhtpohbi cnjiancHpy- 
lOTca cnAancocoMaMH U2, HeKOTopbie GU-AG hhtpohbi 
cmiaHCHpyioTca cnjiancocoMaMH U12. Crporaa KOHceHcyc- 
Haa noaieAOBaTeAbHOCTb c jieBoro Kpaa HHTpoHa HanpaB- 
jiaeT cnaaHCHHr no U12-3aBHCHMOMy rany: 

5' g a UAUCCUUU.PyA G c 3'. 

no KOHU,aM ÓOAbUIHHCTBa U1 2-3aBHCHMbIX HHTpOHOB 

HaxoAaTca AHHyKJieAOTHABi GU.AG. KpoMe Toro, ohh 

XapaKTepH3yiOTCa BblCOKOKOHCepBaTHBHbIM CaHTOM pa3- 
BeTBjíeHHa — UCCUUPuAPy, KOTopbin cnapHBaeTca c U12. 
no 3THM npHHHHaM, TepMHH U1 2-3aBHCHMbIH HHTpOH HB- 
jiaeTca chhohhmom TepMHHa AU-AC hhtpoh. 

flBa rana hhtpohob cocymecTByiOT bo mhoitix reHOMax, 
a b HeKOTopbix oiynaax Aaace oÔHapyacHBaiOTca b oahom 


reHe. U12-3aBHCHMbie hhtpohbi, KaK npaBHjio, (})jiaHKHpo- 
BaHbl U2-3aBHCHMbIMH HHTpOHaMH. flaHHbie O (j)HJIOreHHH 
3THX HHTpOHOB n03B0Jiai0T npe/l,nOAOXCHTb, HTO KOľ^a-TO 
AU-AC U12-3aBHCHMbie hhtpohbi 6bijih mnpe pacnpo- 
CTpaHeHbi, ho b xofle sbojiioljhh KOHijeBbie AHHyioieoTHAbi 
AU-AC CMeHHJiHCB Ha GU-AG, h cmiaHCHHr npnoôpeA U2- 
3aBHCHMBiH xapaKTep. Ha oômyio sbojiioijhio sthx chctcm 
yKa3biBaeT h aHajiorHHHbiH xapaKTep cnapnBaHHa MaPHn c 
cyôcTpaTHOH npe-MPHK, h MaPHn MOKffy coôoh. 

3a,aeHCTBOBaHHe MaPHn b peaKijHax cnAancHHra 
aBAaeTca ahlub oahhm H3 npnMepoB hx ynacTHa b npo- 
ueccHHre PHK. MaPHn hco6xoahmbi npn npeBpameHHH 
a/i,epHOH PHK b 3peayio pPHK. B CBeTe Taxnx (J)aKTOB, KaK 
cnocoÔHOCTb hhtpohob I rpynnbi k aBTocnAaHCHHiy h Ha- 
AHHHe KaTaJIHTHHeCKOH aKTHBHOCTH y PHK KOMnOHeHTa 
pH6oHyioiea3bi P (paccMaTpHBaeTca b tji. 27 «KaTa;iHTH- 
necKaa PHK»), moxcho yTBepxcAaTb, hto PHK-PHK B3aHMO- 
AencTBHa HrpaiOT óoAbinyio poab bo MHornx coôbiTHax 
npoueccHHra PHK. 


ripoijecc cn/iaíícMHra 
conpaweH c ancnopTOM mPHK 


KntoneBbie noHaTMa: 


• BeaKM REF CBfl3biBaK)T caŕÍTbi cnaaŕícMHra, B3aMMOAGMCTBya co 
cnjiaMcocoMOíí. 

• ílocae OKOHH3HM51 CľlJiaMCMHra OHM OCTatOTCB CB513aHHblMM c 
PHK B OÔJiaCTM rpaHMAbl 3K30H-3K30H. 

• Ee/iKM REF B3aMMOAeíícTByiOT c TpaHcnopľHbiM 6eaKOM 
TAP/Mex, sKcnopTMpytoiAMM PHK CKB03b B^epHyto nopy. 

nocae oKOHnaHHa CHHTe3a h npoueccHHra mPHK skc- 
noprapyeTca H3 a^pa b 4HTonaa3My b cocraBe pnóoHyK- 
aeonpoTeHHOBoro KOMnaeKca. Bcjikh, oTBeTCTBeHHBie 3a 
TpaHcnopT MexcAy a/],poM h 4HTonaa3MOH, ocTaiOTca b 
KOM napTMeHTe oneHb HenpoAoaacHTeAbHoe BpeMa. Hme- 
pec npeflcraBjíaioT ABa MOMeHTa: KaK sth óeaKH pacno3- 
hiot cboh PHK-cy6cTpaT h KaKne MexaHH3Mbi oôecnenH- 
BaioT TpaHcnopT toabko noAHOCTbio npoueccnpoBaHHOH 
mPHK. Bo3moxcho, oô'bacHeHHe KpoeTca b hctkom Koop- 
AHHHpOBaHHH BCeX COÔBITHH: CmiaHCOCOMa MOaceT (})Op- 

MnpoBaTbca a o Toro, KaK 3aKaHMHBaeTca TpaHCKpnnuHa. 
MoaceT cymecTBOBaTB h npaMaa CBa3b MexcAy cnaaHCHH- 
tom h 3KcnopTOM mPHK. 

Hhtpohbi MoryT npenaTCTBOBaTb 3KcnopTy mPHK, 
óyAyHH CBa3aHHBiMH c annapaTOM cmiaHCHHra. Cnaanco- 
coMa ace MoaceT oôecnenHBaTb nepBHHHbin KOHTaKT mPHK 
h TpaHcnopTHoro annapaTa. Ha p n c. Vis ^ noKa3aHa mo- 
AeAb, B KOTOpOH ÓeAKOBBIH KOMnaeKc CBa3biBaeTca c PHK 
npn noMoiAH annapaTa cnaancHHra. KoMmieKC coctoht 
6oaee neM H3 9 ôcjikob h Ha3biBaeTca KOMnaeKCOM cocah- 
HeHHa 3K30H0B (KC3). 

KoMnaeKC KC3 ynacTByeT b pea;iH3auHH HeKOTopbix 
(J)yHKn,HH cnaaHCHpoBaHHbix mPHK. HeKOTopbie KOMnoHeH- 
tbi KOMmieKca HanpaMyio bobachchbi b BBinojiHeHHe sthx 
(J) yHKii,HH, Apyrne — TpeôyiOT ynacTHa AonoAHHTeabHbix 
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Cn/iaHCMHr - HeoóxoAMMoe ycjiOBMe aKcnopta mPHK 


3k30h MHTpOH 3K30H 


J, Cn^aŕícMHr 


i Ee/ion CBíi3biBaeTCfl c 6e/iK3MM 
I KOMn/ieKca cruiaŕícMHra 



I Ee/IOK OCTaeTCB CBfl3aHHblM 
í C MeCTOM COeAMHeHMfl 3K30H0B 

* _, 

i C6opKa KC3 
I npoMCxoAm b Mecie 

▼ COeAMHeHMfl 3K30H0B 



i 


KC3 CBA3biBaeT 6e/iKM, ynacTBytomMe 
B 3KCnopTe, /10Ka/lM3ai4MM M yTMJ]M3a4MM PHK 


PMC. 26.16 Ee/iKM KOMruieKca coeAMHeHMfl 3K30H0B (KC3) CB5i3biBa- 
tOTCfl c PHK, pacno3HaBa5i 6e/wM KOMn/ieKca cn/iaíícMHra 


ÔeJIKOB. ľlepBblM C KOMnjieKCOM COeAHHeHHB 3K30H0B KOH- 
TaKTHpyeT oahh H3 (jmTopoB cnjiaňCHHra. nocjie OKOHna- 
hhh cnjiancHHra KOMmieKc coeAHHeHHa 3K30hob omeTca 
CB«3aH c mPHK b yqacTKe, pacnojioxceHHOM HenocpeACTBeH- 
ho nepefl rpaHHijeH 3K30H-3K30H. KoMnjieKc coeAHHeHM 
3K30H0B CBa3bIBaeTCa HCKJIIOHHTeJIbHO CO CnAaHCHpOBaH- 

hoh PHK h He B3aHMOAeňcTByeT c PHK, TpaHCKpHônpyeMOH 

C 6e3bIHTpOHHbIX reHOB. 

Ecjih y/i,ajiHTb hhtpoh h 3 reHa, PHK npo/iyKT TaKoro 
reHa 6yo,eT SKcnopTHpoBaTbca b u,HToiuia3My 3HaHHTejibH0 
Me/yieHHee. Ha ochobc 3Toro moxcho npe,anojio>KHTb, hto 
hhtpoh cjiyxcHT CHmajiOM /yia npHKpenjieHHa annapaTa 
SKcnopTa k PHK. Cennac mbi moxccm paccMaTpHBaTb stot 
(J) eHOMeH B KOHTeKCTe CepHH ÓeJIKOBblX B3aHMOAeHCTBHH, 
Kax H3o6pa)KeHO HaPMC.26.i7.B cocTaB KC3 bxoaat 6cjikh, 
Ha3BaHHbie óejiKaMH ceMencTBa REF (HaHÓojiee oxapaicre- 

pH30BaHHbIM MACHOM 3TOľO CCMCHCTBa flBJIfleTCfl 6eAOK Aly). 
EeJIKH REF B3aHMOACHCTByiOT C TpaHCíIOpTHblM ÓeJIKOM (Ha- 
3biBaeMbiM jihóo TAP, jihóo Mex), a tot b cboio onepeAb — c 
íiflepHOH nopoň. 

noxoxcaa CHCTeMa Hcnojib3yeTca npn HA,eHTH(})HKa- 
U.HH CnAaHCHpOBaHHOH PHK C nOMOmbKD HOHCeHC MyTa- 
ijhh b oÔAacTH, npefliiiecTByioiiieH nocjieAHeMy 3K30Hy. 
Taxne MyTau,HH 3anycKaiOT Aerpa/iaLjHio PHK b ijHTon- 
Aa3Me (cm. pa3£. 7.14 «HoHceHC-MyTaijHH 3anycKaiOT 
«CHCTeMy Ha£3opa»). 



PMC. 26.17 CBa3biBaacb c cfiaKTopoM cn/iaíícMHra, 6e/iOK REF ocra- 
eľcfl b KOMľiAeKce c PHK-npoflyKTOM. B TaKOM coctoahmm oh B3an- 
MOfleŕícTByeT c 6e/woM aflepHoŕí nopbi, oTBeTCTBeH h bi m 3a 3KcnopT 
PHK M3 aflpa 


ABTOcn/iaíícMHr 

HHTpoHOB II rpynnbi npoMCxoflMT 
qepe3 (JjopMMpoBaHMe jiacco 


KntoneBbie noHííTMa: 


• 1/lHTpoHbi rpynnbi II, o6/iaAafl aBTOKaTajiMTMHecKOÍí 
aKTMBHOCTbK), CľlOCOÔHbl K CaMOBbipe3aHMK) M3 PHK. 

• ľpaHMLibi cn/iaŕícMHra m MexaHM3Mbi cn/iaíícMHra mhtpohob 
rpynnbi II aHa/iorMHHbi TaKOBbiM aha aAepnbix mhtpohob. 

• BiopMMHaa CTpyKTypa MHTpoHa rpynnbi II cf)opMMpyeT 
KaTa/iMTMMecKMÍí caiÍT, HanoMMHatoiAMÍí CTpyKTypy AAepHoro 
MHTpoHa U6-U2. 

HHTpOHbl B 6eAOK-KOAHpyiOIIlHX TCHaX ((JiaKTHMeCKH BO 
Bcex reHax, KpoMe imepHbix reHOB, Ko/iHpyiomHx tPHK) 
MOXCHO pa3ACAHTb Ha TpH OCHOBHblX KAaCCa. HHTpOHbl 
AAepHOH npe-MPHK HAeHTH(})HiiHpyK)Tca TOJibKO no Hajin- 
mhk) GU... AG AHHyioieoTHAOB Ha 5'- h 3'-KOHiiax, a TaioKe 
carrra pa3BeTBAeHHa/nHpHMHAHHOBoro pernoHa p^aom c 
3 '-kohijom. Ohh He ACMOHCTpHpyioT HHKaKHx o6iu,hx HepT 

B OCOÔeHHOCTHX CBOCH BTOpHMHOH CTpyKTypbl. HHTpOHbl 
rpynn I h II oÔHapyxcHBaiOToi b opraHeAAax h óaKTepnax. 
(Hhtpohbi rpynnbi I, KpoMC Toro, oÔHapyxcHBaiOTOi b mipax 
HH3LUHX SyKapHOT.) HHTpOHbl ľpynn I H II KAaCCH(})HIJHpy- 
lOTca cor^acHO CBoen BHyTpeHHen opraHH3au,HH. KaxcAOMy 
CBOHCTBeHeH onpeflejieHHbiH rmi btophmhoh CTpyKTypbl. 

Hhtpohbi rpynn I h II oÔJiaflaiOT ya,HBHTeAbHon cno- 
COÔHOCTblO K CaMOBbipe3aHHIO H3 PHK. 3TO HBAeHHe HOCHT 
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CruiaňcMHr ocymecTBJíaeics 3 a cneT peanuiiiM TpaHC 3 iepn(J)HKai 4 MH 


^AepHaíi PHK 


ľlepBbiM nepeHoc 

3K30H 1 

Biopoíí nepeHoc 
fpyn a II 


3k30H 2 



d3 


d2 



ľlepBbiM nepeHoc 

d5 


fpynna I 


G-OH 



jioaceHHaa Ha KOHi^e 3K30H2, b cbok) onepeAt aTaKyeT 3'- 
rpaHHLjy HHTP0H-3K30H. 

Moxcho npoBecTH napaajiejm MOK#y HHTpoHaMH rpyn- 
nbi II h cruiaHCHHroM npe-MPHK. Bbipe3aHHe mhtoxohaph- 
a^bHbix hhtpohob rpynnbi II npoHcxoAHT no TeM ace Mexa- 
HH3MaM, hto h cnjiancHHr aAepHbix npe-MPHK. H b tom, h 
b flpyroM cjiynae 3a cneT 5'-2'-CBa3H <J>opMHpyeTca Jiacco. 
npnMep jiacco, o6pa3yiomeroca npn cmiaHCHHre hhtpo¬ 
hob rpynnbi II, npHBeAeH Ha ^ii* '6a9. Tipu HHKyónpo- 
BaHHH Bbi/i,ejieHHOH PHK c HHTpoHaMH rpynnbi II in vitro, 
peaiojHfl craancHHra npoTexaeT b OTcyrcTBHe KaKHx-jiHóo 
flonojiHHTejibHbix KOMnoHeHTOB. 3 to 03HanaeT, hto ABe pe- 
aKn,HH TpaHC3TepH(J)HKau I HH, H3o6pa)KeHHbie Ha pne. 26.18, 
Moryr ocynj,ecTBjmTbca PHK, coAepacamen b cbocm cocTaBe 
HHTpoHbi rpynnbi II, caMOCToaTejibHO. Hhoio (})oc(})oah 3- 
(J)HpHbix CBa3en b xo/je peaKijHH He H3MeHaeTca, h nosTOMy 
npHBHeceHHa SHepran H3BHe jvw ocymecTBjíeHHa peaKijHH 
He TpeôyeTca; A^HHaa ocoôeHHOCTb MoaceT 6biTb BaacHbiM 
3BOJIIOIJHOHHbIM npHCnOCOÔJieHHCM. 

Bo BTopHHHon CTpyicrype hhtpohob rpynnbi II Bbme- 
JiaiOT HeCKOJIbKO AOMeHOB, C(})OpMHpOBaHHbIX AByXUenO- 
nenHbiMH cTeôJiHMH h OAHOuenonenHbiMH nernaMH. J\o- 
MeH 5 OTAeaeH AByMa ocHOBaHnaMH ot AOMeHa 6, b cocTaB 
KOToporo bxoaht A, npeAOCTaBiiaiomHH 2'-OH rpynny jyvi 
nepBon peaioiHH TpaHC3TepH(J)HKaii,HH. 3 th o6;iacTH co- 
CTaBaaiOT KaTajíHTHnecKHH aomch PHK. Ha P M c. 26.20 Taxaa 
BTopHHHaa CTpyKTypa cpaBHHBaeTca co CTpyKTypoH, čpop- 
MHpyeMon npn cnapnBaHHH U6 cU2hU2c caHTOM pa3BeT- 
BaeHHa. Cxoactbo sthx CTpyKTyp HaTaaKHBaeT Ha Mbicab o 
tom, 4to U6 MoaceT HrpaTb KaTajiHranecKyio pojib. 

OcoôeHHOCTH cnaancHHra hhtpohob rpynnbi II no3- 
BoaaioT npeAnojioxcHTb, hto cnjiancHHr pa3BHBaaca, Ha- 
HHHaa c aBTOKaTajíHTHnecKOH peaKijHH, ocymecTBJíaeMon 


PMu 26.18 Tpn TMna peaKUUŇ cn/iaíícMHra pea/iM3yK)TCfl nocpeflc- 
tbom AByx peaKUUM TpaHC3Tepnc|)MKauMM. Bo BpeMfl nepBOŇ peaK- 
\\m CBo6oflHaa OH rpynna aiaKyei MecTO coeflMHeHMB 3K30Ha 1 u 
umpoHa. Bo BpeMfi BTopoŇ - OH rpynna, o6pa30BaBwaflCfl Ha KOHi^e 
3K30H3 1 aTaKyeT MecTo coeAHHeHMB MHTpoHa n 3K30Ha 2 

Ha3BaHHe aBTOciuiaňcHHr. Hhtpohbi rpynnbi 16o;iee pac- 
npocTpaHeHbi, neM hhtpohbi rpynnbi II. HeT npaKTHnecKH 
HHKaKOH CBa3H MOKAy AByMa 3THMH KaaCCaMH HHTpOHOB, 

OAHaKo h b tom, h b ApyroM ciiynae PHK npoaBjíaeT cnocoô- 
HOCTb k ayrocnaaHCHHry in vitro 6e3 ynacrna KaKnx-jiHÓo 
óeaKOBbix (J)epMeHTaTHBHbix aKTHBHocTen; TeM He MeHee 
6eaKH HeoóxoAHMbi AAa KoppeKTHoro (JiojiAHHra in vivo 
(cm. tji. 27 «KaTaaHTHnecKaa PHK»). 

HaPML.2b.i8 noKa3aHO, xax b pe3yabTaTe AByx peax- 
IJHH TpaHC3TepH(J)HKailHH npOHCXOAHT Bbipe3aHHe HHT¬ 
POHOB Bcex Tpex KaaccoB (paHee Ha pne. 26.6 sto 6buio 
noxa3aHO Rjm aAepHbix hhtpohob). Bo BpeMa nepBon pe- 
aKn,HH, 5'-rpaHHiia hhtpoh-3K30h aTaxyeTca cboôoahoh 
THApoKCHAbHOH rpynnon (npeAOCTaBaaeTca BHyTpeHHen 
2'-OH no3HiiHen b aAepHbix HHTpoHax h HHTpoHax rpyn- 
nbi II, h CBOóoAHbiM ryaHHHOM b HHTpoHax rpynnbi I). Bo 
BpeMa BTopoH peaKiiHH CBOĎOAHaa 3'-OH -rpynna, pacno- 



PMC. 26,19 MnT 0 X 0 HApnaabHbm mhtpoh BTopoŇ rpynnbi, o6pa30- 
BaBLUMM b xoAe cn^aŕícMHra CTa6mibHyio CTpyKTypy Tuná Aacco. Pen- 
poAyKUMB M3 Van der Veen, R., et al. EMBO J. 1987. 6: 1079-1084. 
<DoTorpac|)Mfl /no6e3Ho npeAOCTaBaeHa Leslie A. Grivelt European 
Molecular Biology Organisation 
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AAepHbiií cruiaftcMHr m cruiawcHHr mhtpohob 
BT opoií rpynnbi npOTeKaiOT cxoahwm o6pa30M 



PMC 26.20 ílpu flflepHOM cn/iaíícMHre m cn/iaíícMHre mhtpohob 
BT opoŇ rpynnbi o6pa3ytOTCfl noxo>KMe BTopMHHbie CTpyKTypbi. íloc- 
jieflOBaTejibHocTM, 3afleMCTBOBaHHbie b AflepHOM cn/iaíícMHre, 6o/iee 
cneLiMc|)MMHbi. fl/ifl onMcaHMB nocneflOBaTe/ibHOCTeM, ynacTByiomMX b 
cruiaíícMHre mhtpohob BTopoŕí rpynnbi, flocraTOHHo yxa3aTb mx nypM- 
HOBblM/ľlMpMMMflMHOBblM COCTaB 


HHAHBH/iyajibHOH MOJieKy/iOM PHK h 3aKnKmiomeMca b 
KOHTpojiHpyeMOM Bbipe3aHHH BHyTpeHHeň nocjieflOBaTe;ib- 
hocth. Bepoamo, Taxaa peaxijMa TpeôyeT ot MoaeKyjibi 
PHK onpeflejieHHOH KOH({)opMaijMM mjim cepmi KOH({)opMa- 
u,mm. KpoMe Toro, OHa CTaHOBMTca bo3mo>khom tojibko npn 
^^C-KOH(})OpMaUHH PHK. 

Cboch cnocoÔHOCTbio k caMOBbipe3aHHio b pe3yjibTaTe 
aBTOKaTajíHTHHecKoro cmiaMCMHra hhtpohbi rpynnbi II cy- 
mecTBeHHO OTjiMnaiOTca ot a/jepHbix mhtpohob, cnjiaňcMHr 
KOTopbix npoHexoflHT npn yqacTMM annapaTa cnaancMHra. 
Bo3moxcho, MaPHK crniaMCoeoMbi KOMneHCMpyioT hcmh- 
(})opMaTMBHOCTb nocjie/i,OBaTe;ibHOCTM MHTpoHa, oôecneHM- 
Baa TeM caMbiM (J)opMMpoBaHMe onpe/i,e;ieHHOM CTpyKTypbi 
PHK. OyHKu.MM, BbinoaHaeMbie MaPHK, Taioice Mor jim sbo- 
JIIOUMOHMpOBaTb OT nepBOHanaabHblX aBTOKaTaJIMTMHeCKHX 
CMCTeM. PeaKu,Ma Mexc^y MaPHK m cyôcTpaTHOM npe-MPHK 


aBjíaeTca mpanc-pe2iKu,ueu\ moxcho npeflCTaBMTb, xax cno- 
coôhoctb U1 cnapMBaTbca c 5'-caňTOM cmiaMCMHra, mjim 
U2 — c canTOM pa3BeTBaeHMa 3aMeHM;iM noxoacyio peax- 
ijmio, KOTopaa ocymecTBJíajiacb aHajiorMHHbiMM nocae/jo- 
BaTejibHOCTaMM, ho pacnojioxceHHbiMH b npe/jejiax o/jHoro 
MHTpoHa. B3aMMOAeňcTBMa MOK/^y MaPHK m cyócTpaTHoň 
npe-MPHK, a TaioKe MaPHK jipyr c flpyroM npMimiM Ha CMe- 
Hy CepMM KOH(J)OpMaUMOHHbIX M3MeHeHMM, KOTOpbIM nO/J- 
BepraeTca PHK, cnaaMCMpyeMaa no MexaHH3My rpynnbi II. 
B pe3yabTaTe cyôcrpaTHaa PHK ocBOÔOflMjiacb ot Heo6- 
xoflHMocra HecTM b cbocm cocTaBe noaieflOBaTeabHOcra, 
cnocoÔHbie oôecnenMTb peaiojMio cnaancMHra. no Mepe 
ycaoxcHeHna annapaTa cnaancnHra (n yBeanneHna nncjia 
noTeHi^naabHbix cyôcTpaTOB), 6eaKM b stom npoijecce CTa- 
jih nrpaTb Bce 6oaee BaacHyio pojib. 


A/ibTepHaTMBHbíň cruiaŕícMHr— 
3TO pea/IM3a4MB pa3JlMHHblX 
BapiiaHTOB CUJMBaHMB 3K30H0B 

Me>«Ay co6oň 


KatOMeBbie noHBTMíi: 


• OTfleabHbie 3K30Hbl MOľyT MCK/ltOMaTbCfl M3 PHK npoflyKTa M/l M, 
Hao6opoT, BK/itonaTbCB b Hero b pe3y/ibTaTe ciuMBaHMfi Me>KAy 
co6om pa3Hbix nap caŇTOB cn/iaíícMHra. 

• ílpM MCľl0/lb30BaHMM a/lbTepHaTMBHblX BapMdHTOB CLUMBaHMB 
3K30H0B fl/iMHa KOHeHHoro npoflyKTa cruiaíícMHra MO>KeT 
MeHflTbCfl. 

• fleTepMMHaLíMB nojia y Drosophila AB/i/ieTCfl pe3y/ibTaTOM cepMM 
peaKLiMM a/ibTepHaTMBHoro cruiaíícMHra b reHax, KOflMpytoiUMx 
noc/ieflOBaTe/ibHbie KOMnoHeHTbi flaHHoro npouecca. 

• P-3/ieMeHTbi Drosophila noflBepratOTCfl 3apoflbiiu- 
cneuM(|)MHHOMy a/ibTepHaTMBHOMy cn/iaŕícMHry. 

Cmmcuur PHK, o6pa3yiomeMca b pe3yabTaTe TpaHCKpnn- 
u,hh npepbiBMCTbix reHOB, xax npaBnao, Be^eT k o6pa30Ba- 
hmk) eAHHCTBeHHoro Tnna mPHK. 3to CBMAeTeabCTByeT o 
tom, hto pea;iM3yeTca amiib oahh BapnaHT pa3pe3aHna u 
CIIIMBaHMa MHTpOHOB M 3K30H0B. O^HaKO PHK HCKOTOpblX 
reHOB noflBepraeTca ajibTepHaTHBHOMy ciuiaňcHHry - 
npoijeccy, KOTopbin oôecnenMBaeT KOAnpoBaHne oj\mu 
reHOM HecKOJibKMX nocae^OBaTeabHOCTen mPHK. B hckoto- 
pbix cjiynaax oKOHnaTeabHaa MO^eab SKcnpeccMM reHa on- 
peAeaaeTca nepBMHHbiM TpaHCKpnnTOM, nocKoabKy cxeMa 
peaKn,MM cnaancMHra H3MeHaeTca b pe3yabTaTe ncnoab30- 
BaHna pa3Hbix CTapTOBbix Tonex TpaHCKpnnuMM mjim o6pa- 
30BaHna aabTepHaTMBHbix 3'-kohuob. B Apyrax caynaax pe- 
ajiM3yiOTca pa3Hbie BapnaHra cnaancMHra e^MHCTBeHHoro 
nepBMHHoro TpaHCKpnnTa, npn stom BHyrpeHHHe 3K30Hbi 
3aMeHaioTca Ha flpyrne, ^oôaBaaioTca mu noononaiOTCíí 
M3 cocTaBa 3peaon mPHK. HHor/i,a HecKOJibKo npo/iyKTOB 
cnaancMHra e/i,MHCTBeHHoro PHK-npeAinecTBeHHMKa o6pa- 
3yiOTca b oahom n tom xce KaeTKe, MHor/i,a npouecc ajibTep- 
HaTMBHoro enaaMCMHra peryaMpyeTca TaKMM o6pa30M, mto 
K aac^biM KOHKpeTHbiM BapMam peajiM3yeTca aMinb b onpe- 
AeaeHHbix ycaoBMax. 
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CäMblM OCTpbIM BOnpOCOM B 3TOH OÓJiaCTH OCTälOTCB 
MeXäHH3MbI Bblóopa TOľO HJIH HHOľO BäpHäHTä CIUiaHCHHra. 
Ee;iKH, ynacTByiomHe b stom npouecce, MoryT 6biTb BburejieHbi 
AByMa CnOCOÓäMH. B HeKOTOpblX MOAe^bHblX CHCTCMäX MJlt- 
KOriHTäIOIlJ,HX 0XapaKTepH30BäTb 2JIbTepHäTHBHbIH CIUiaH- 
CHHr h BbiflBHTb 6ejiKH, Heoóxo/^HMbie ju m ero ocymecTBJíe- 
hha, moxcho in vitro. Y D. melanogaster mpymtum npon,ecca 
ajibTepHäTHBHoro cruiaHCHHra MoryT 6biTb Bbi3BaHbi MyTau,H- 
amh ji h6o b reHax, PHK KOTopbix noABepraeTca ajibTepHaTHB- 
HOMy crwaHCHHry, ji h6o b reHax, npoAyKTbi KOTopbix Heoó- 
xoflHMbi ju m ocymecTBjíeHna peaKunn cruiaňCHHra. 

Ha ph c. 26 . 2 i npHBeAeHbi npHMepbi a^bTepHaTHBHoro 
cruiaHCHHra, b KOTopbix oahh caňT cruiaHCHHra ocraeTca 
nocToaHHbiM, a Apyroŕi — BapbnpyeT. EojibiuoH T-aHTHreH h 
M a^bíň t-aHTnreH BHpyca SV-40, a TaioKe npoAyKTbi aAeHOBH- 
pycHoro reHa E1A o6pa3yiOTca b pe3y;ibTaTe cuimmm pa3- 
hhx 5'-caHTOB c oahhm h tcm xce 3'-caŕiTOM. B oiynae c T/t- 
aHTnreHaMH 5'-caŕiT T-aHTnreHa CMemaeT TepMHHnpyiomHH 
koaoh t-aHTnreHa, b pe3y;ibTaTe nero o6pa3yeTca éojibiiiHň 
no /yiHHe T-aHTnreH. npn crwaHCHHre E1A TpaHCKpnnTOB 
OAHH H3 5'-eaHTOB COeAHHfleTCfl C nOCJICAHHM 3K30H0M co- 
rjiacHO pa3MepaM pa3Hbix paMOK cHHTbreaHHa, TeM caMbiM 
npHBOAH K CymeCTBeHHbIM H3MeHeHHaM C-KOHU,eBOH HaCTH 
óe^xa. B ^aHHbix npnMepax Bce onncaHHbie coôbirm ciuian- 
CHHra npoHCxoAHT b Kaac/jOH KJieTKe, rjjt sth reHbi sxcnpec- 
cnpyioTca, npn stom o6pa3yioTca Bce B03M0xcHbie 6e/iKOBbie 
npoAyKTbi. CooTHomeHHe aHTnreHOB T/t b pa3Hbix KJieTKax 
MoxceT 6biTb pa3HbiM. Ee;ioK, Bbme^eHHbin H3 KjieTOK, npo/ty- 
u,Hpyioiij,Hx rjiaBHbiM o6pa30M Ma^bie t-aHTnreHbi, cnocoóeH 
oóecneHHTb npe/tnoHTHTejibHyio npoAyKijHio Ma^bix (t)PHK 
SKCTpaKTaMH KJieTOK Apyrnx TnnoB. 3 tot 6e/iOK, Ha3BaHHbiH 
ASF (cJ)aKTop ajibTepHaTHBHoro cruiaHCHHra), flBjíaeTca aHa- 
noroM (J)aKTopa cruiaHCHHra SF2, Heoóxo/jHMoro Ha paH- 
hhx sTanax cóopKH crmaŕicocoMbi h pjm nepBOH peaKijHH 
pa3pe3aHHa-cniHBaHHa (cm. pne. 26.13). ASF/SF2 npeAcraB- 
jiaeT co6oh PHK-CBA3biBaiomHH 6e;iOK, npHHa/yiDKaiitHH k 
SR- ceMeňcTBy. B crynae Kor/ta mPHK HMeeT 6o;iee ojxhoto 
5'-caHTa cmiaHCHHra, npe/tmecTByioiij,Hx e/jHHCTBeHHOMy 3'- 
caŕrry, noBbimeHHbie KOHu,eHTpau,HH ASF/SF2 cnocoócTByiOT 
Hcno^b30BaHHio 5'-caŕiTa, ÓJimKaŕimero k 3'-caífry b ynj,ep6 
BceM oamibHbiM caňTaM. 3cjx})eKT ASF/SF2 MoxceT HeňTpajiH- 
30BaTbca ACHCTBneM Apyroro (J)aKTopa cruiaHCHHra — SF5. 

ToHHbie MOJieKyjiapHbie po™ Bcex cjmTopoB, BOBJíe- 
HeHHblX B AäHHblH npOIjeCC, AO KOHU,a He BblflCHeHbl. Oa- 
Haxo Mbi MOxceM 3aMeTHTb, hto b MexaHH3Max ajibTepHa- 
THBHoro cn^aíiCHHra c Hcno^b30BaHneM pa3Hbix 5'-kohľíob 
3aAeíicTByiOTai 6e^KH, ynacTByiontne b cóopxe cn^aíicoco- 
Mbi. B c^ynae c T/t-aHTnreHaMH 3(JxJ)eKT, bo3moxcho, ocho- 
BaH Ha noBbimeHHOM CBH3biBaHHH óe^KOB SR c npeAnoHTH- 
Te^bHbiM caňTOM. KpoMe Toro, a^bTepHaTHBHbiíí cruiaíiCHHr 
MOxceT 6biTb pe3y^bTaTOM penpeccnH OAHoro H3 caňTOB. 
AkTHBHOCTH 3K30H0B 2 H 3 B TCHe TponOHHHa T MblIUH B3a- 
HMOHCKJiiOHaiOT Apyr Apyra; 3K30H 2 Hcno^b3yeTca b TKaimx 
r^aAKOíi MycKyjiaTypH, 3K30H 3 — bo Bcex ocTajibHbix TKa- 
hhx. B KJieTKax r^aAKon MycKy^aTypbi coAepxcaTca 6e/iKH, 
KOTopbie CBH3biBaiOTca c noBTopmonj,HMHca sneMeHTaMH, 
pacno^oxceHHbiMH Ha oóohx KOHu,ax 3K30Ha 3, h, tcm ca- 
MbiM, 6;i0KHpyi0T ero 3'- h 5'-caHTbi. 


B pe3y/ibTaie a/ibTepHaTMBHoro cn/iaíícMHra m OAHoro 
npeAiuecTBeHHMKa o6pa3yiOTca pasHbie MO/ieKy/ibi spe/ioií mPHK 


lipu co3peBaHMM mPHK amweHOB T/t Bupyca SV40 flBa pa3Hbix 
S'-caíÍTa MoryT cnapuBaibCB c oahmm m TeM >ne 3'-caŕÍTOM 


1 2 3 3K30Hbl 



Pa3/uiMHbie 5'-caíÍTbi aAeHOBupyca E1A MoryT B3aMMOAeííCTBOBaTb 
c oahmm m TeM >Ke 3 / -caňTOM 

1 2 3 4 3K30Hbi 

WV\^W 


13S 


12S 


9S 



289 aMMHOKMC/lOT 


243 aMMHOKMC/lOTbl 


55 aMMHOKMCnOT 


A/lbTepHaTMBHaB paMKa CMMTbIBaHMB 


B'-caííT mPHK reHa tra D . melanogaster MoweT B3anMOAeMCTBOBaTb 
C a/lbTepHaTMBHblMM 3'-caíÍTaMM 

1 2 3 3K30Hbl 


Afa A: 


My>KCKne n >KeHCKne oco6m 
: Be/iKa He o6pa3yeTCB 

To/ibKO weHCKwe oco6m 
200 aMMHOKMC/lOT 


P M C. 26.21 B pe3y/ibTaie aAbTepHaTUBHoro cnAaíícMHra oamh reH 
CTaHOBMra cnoco6eH KOflupoBaTb o6pa30BaHne pa3Hbix 6eAKOBbix 
n po Ay kto b. M 3MeHeHne caííTOB cnAaíícMHra MO>KeT npuBecTM k noaB- 
AeHMK) HOBblX TepMMHMpyiOlAMX KOflOHOB (OTMeHeHbl 3Be3flOHKaMH) 
MAM CflBMTy paMKM CHMTbIBaHMA 


fleTepMHHauHa no^a y D. melanogaster nponcxoAHT 
b pe3y^bTaTe B3aHMOAeíicTBHa Me>KAy coóoh cepnn reHOB, 
npn stom coóbiTHa ajibTepHaTHBHoro cnAaíiCHHra onpe- 
ACflJHOT (J)OpMHpOBaHHe My)KCKHX AHÓO XCeHCKHX OCOÓeH. 
Jl aHHbin MexaHH3M npeACTaBJíeH Ha pmc. 26 . 22 . OTHorne- 
Hne X-xpomocom k ayrocoMaM onpeAeAaeTca SKcnpeccnen 
reHa sxl. YpoBeHb sKcnpeccnn sToro reHa, b cboio onepeAb, 
3aBHCHT ot pa6o™ paAa Apyrnx reHOB, nooieAHHM H3 ko- 
Topbix HB^aeTca reH dsx. 

npoirecc 3anycKaeTca b pe3y^bTaTe no^-cneuHíJiHHHO- 
ro cnAaíicHHra reHa sxl. 3k30h 3 reHa sxl coAepacHT Tep- 

MHHHpyiOIIJ,HH KOAOH, KOTOpblH OCTaHaBJIHBaeT CHHTC3 
(JjyHKítHOHajibHoro óe^Ka. 3 tot sk30h bxoaht b cocTaB 
mPHK, CBOHCTBeHHOH MyxccKHM ocoóhm, h yAajieH H3 mPHK 
xceHCKHx ocoóeíi. (Y^xitum sK30Ha nponAAiocTpHpoBaHO 
Ha ApyroM npnMepe Ha pmc. 26 . 23 .) B pe3y^bTaTe, TOJibKO 
y xceHCKHx ocoóeíi o6pa3yeTca óe^ox Sxl. CoAepxcaHne oc- 

HOBHblX aMHHOKHCJIOT B STOM 6eAKe pOAHHT ero C APyrHMH 
PHK-CBH3biBaioiiJ,HMH nenTHAaMH. 

B npncyTCTBHH óe^xa Sxl H3MeHaeTca mo jjtnb cnnm- 
CHHra transformer-rtm (tra). Kax noKa3aHO Ha pne 26.21, 
b 3tot npou,ecc BOBAeneHbi KOHCTaHTHbiíi 5'-caHT h a^bTep- 
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fleTepMMHanMs no/ia ko HTpo /i m pyeľca ocoôeHHocraMM crmaMCMHra 


Pa3BMTne My>KCKMx ocoôeíí 


Pa3BMTMe >KeHCKMX ocoóeň 


Hn3Koe 




ľlpoflyKT 
h e o6pa3yeTCB 


X:A OTHOLuem/ie 


Sxl (sex-lethal) reH 


BbicoKoe 


x"V 




HapymeHne cn/iaŕícMHra * ** 

OTcyTCTBue npoAyKTa^ ^ ra (transformer ) reH - 


HapymeHne crmaňcHHra 
OTcyTCTBMe npoflyKTa^“ 


CneAM(|)MMecKMÍí 
MywcKotí Dsx 6e.no k 


Tra-2 ( transformer-2 ) reH ■ 


^ I Tra 6e/ioK 

CnocoôcTByeT crmaňcnHry 
no >KeHCKOMy mny 

-► t' 

,&*%*&** Tra2 ôefiOK 
no* * 


■ Dsx (doublesex) reH ■ 


CneAM(|)MMecKMÍí 
* >KeHCKMÍí Dsx 6e/ioK 


B/lOKl/ipOBaHMe pa3BMTMB 
no >KeHcKOMy mny 
(CTMMy/ll/ipOBaHMe pa3Bmna 
no My>KCKOMy mny) 


Mywcxne ocoón 


Cynpeccna MywcKHx reHOB 
(CTMMy/lMpOBaHMe pa3BMTMB 
no >KeHCKOMy mny) 


>KeHCKne oco6n 


PMC. 26.22 fleiepMMHauMfl no/ia y D. MeLanogaster AB/ifleica pe3y/ibTaTOM co6buníí a/ibiepHaTMB- 
Horo cruiaiícMHra, npoMcxoAfliuero y weHCKMx oco6eíí. 6/ioKnpoBKa 3Toro nyTM Ha jho6om M3 ciaflHÍí 
npMBOAMT K pa3BMTMK) MyWCKMX OCOÔeM 


B pe3y/ibTaTe a/ibTepHaTMBHoro cn/iawcMHra 
O AH M 3K30HBI MOryT 3aMeHflTbCH APy™MM 


lipu crmaňcHHre reHa dsx D. melanogaster op,m m 3K30hob 
He BKJiíOMaeTCB b cipyKTypy 3pe/ioíí mPHK 


A A A 

/NA 


>KeHCKne oco6n 
My>KCKne oco6n 


lipu crmaňcnHre a-TponoMno3HHa nponcxoAm 
CLUMBaHl/ie a/lbTepHaTMBHblX 3K30H0B 





ľ/iaAKaB Mycxy/iaiypa 
flpyrne TKaHi/i 


ľlpn cn/iaŕícMHre P-3/ieMeHT0B b noflOBbix K/ieTKax 
npOMCXOAMT Bblpe3aHMe AOnOJlHMTejlbHOrO HHT[OHa 


v' 

A A . 

UN= 


Be/iOK coManmecKMx 
K/ieTOK 66K 

Be/iOK no/iOBbix 
K/ieTOK 87 K 


PMC. 26.23 Co6biTM5i anbiepHaTHBHoro cruiaiícMHra, npcrreKaiomMe 
c ynacTMeM o6omx caiíTOB, MoryT npMBecTM k Ao6aB/ieHmo 3K30H0B 
MAM 3aMeHe OAHMX 3K30H0B Ha APyrMe 


HäTHBHbie 3'-CaHTbI. OfíHd. H3 MO/jeJieH CnJiaHCHHľa CBOHC- 
TBeHHä KäK MyXCCKHM, TäK H JKCHCKHM OCOÓflM, B pe3yJIbTaTe 
o6pa3yeTCH PHK c paHHHM TepMHHHpyiomHM ko/johom. Ee- 
ji ok Sxl HHraÓHpyeT Hcnojib30BaHHe HopMa^bHoro 3'-caňTa, 
CBH3biBäHCb c noAHnHpHMHAHHOBbiM ynacTKOM b ero caňTe 
pa3BeTB;ieHHfl. ľlpn nponycKe o/íHoro 3'-caňTa Hcnojib3yeT- 
cn cjie/jyiomHH 3'-caňT. TaKHM o6pa30M (fiopMHpyeTCfl ko- 
/jnpyiomafl mPHK, cneu,H(J)HHHäfl jinsi jkchckhx ocoóeň. 

reH tra Ko/jupyeT o6pa30BaHne 6e;iKa TOJibKo y xceHC- 
khx ocoóeň; 3TOT 6 caok nBJíneTcn peryA^TopoM cruiaHCHHra. 
TeH tra2 BbinoAH^eT y xcchckhx ocoóeň noxoxcyio (fiyHKqHK) 
(oAHaKO 3KcnpeccHpyeTCfl h y MyxccKHx 3apoAbimeH). Eeji- 
kh Tra h Tra2 ABjmioTCfl (J)aKTopaMH cnAancHHra ceMeňcTBa 
SR, AeňcTByiomHMH Hanp^Myio Ha TpaHCKpnnTbi-MHmeHH. 
Tra h Tra2 cobmcctho (y xcchckhx ocoóeň) peryAHpyiOT 
cnAaňcHHr dsx. 

Ha pne. 26.23 npHBe/jeHbi npHMepbi, Kor^a caňTbi 
cnAaňcHHra Hcnojib3yiOTCH /yw AOÓaBJíeHHH hjih 3aMeHbi 
3K30H0B HJIH HHTpOHOB. ľlpH 3TOM TaK TKt OÓpa3yiOTC5I pa3- 
Hbie ôejiKOBbie npoAyKTbi. B reHe doublesex (dsx) jkchckhx 
ocoóeň cnjiaHCHHr nponcxoAHT Mexc^y 5'- h 3'-caHTaMH hh- 
TpOHa 3, TpaHCJBHJ,™ B 3TOM CJtyHae TepMHHHpyeTCH B KOH- 
ue 3K30Ha 4. Y MyxccKHx ocoóen cnjiaHCHHr nponcxoAHT 
Mexc^y 5'-caHTOM HHTpoHa 3 h 3'-caHTOM nmpoHa 4, MHHya 
3K30H 4, HTO ACJiaeT B03M0XCH0H TpaHCJI5HJ,HIO 3K30H0B 5 H 
6. B pe3yjibTaTe ajibTepHaTHBHoro cnjiaHCHHra y KaxcAoro 
nojia o6pa3yeTCfl cboh Haóop ócjikob: óejiKOBbie npoAymi, 
CBOHCTBeHHbie MyxccKHM ocoóhm, ÓJiOKHpyioT AH(jxj)epeH- 
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vnpoBxy no aceHexoMy Tnny, a aceHCxne 6e;ixH, b cboio one- 
p tjib, no/iaBJíaioT oKcnpeccmo Myaccxnx reHOB. 

AjibTepHäTHBHbin cmiaHCHHr PHK reHa dsx xompojin- 
pyeTca nyTeM xoHxypeHijHH Meac/jy 3'-caňTaMH cmiaHCHHra. 
PHK reHa dsx co/jepacHT b cbocm cocraBe ojicmcht, pacno- 
jioxceHHbin nocne xpaňHero jieBoro 3'-caňTa cmiaHCHHra 
n oóJia/jaiomHH cnocoóHocrbio CBa3breaTbca 6e;ixoM Tra2. 
Be;iKH Tra n SR accoi/HHpyioT c Tra2 b stom carrre, koto- 
pbin TeM caMbiM cTaHOBHTca OHxaHcepoM, cnocoócTByio- 
ivhm CBa3bmaHHio U2AF c npmieacamHM nnpHMrmHHOBbiM 
ynacTKOM. B pe3y;ibTaTe, (J)opMHpoBaHHe cmiancocoMbi y 
aceHcxnx ocoóen npoHcxo/jHT c ncno;ib30BaHHeM hmchho 
3Toro 3'-canTa cmiaHCHHra. Bejixn pacno3HaiOT OHxaHcep 
coBMecTHO, opneHTnpyacb xax Ha onpe/je;ieHHyio btophh- 
Hyio cTpyKTypy pernoHa, Tax h Ha HymieoTH/jHyio nooie/jo- 
BaTeJIbHOCTb. 

npou,ecc AeTepMHHau,HH no/ia, TaxnM o6pa30M, xapax- 
Tepn3yeTca onpe/je;ieHHOH CHMMeTpneH: HanHHaacb c co- 
óbiTHH cmiaHCHHra, cneu,H(})HHHbix /yia Myaccxnx ocoóen, h 
B e/jyiHHX K 06pa30BaHHI0 npO/iyXTOB, H3 KOTOpblX HCKJIIO- 
HeH 3X30H C TepMHHHpyiOII],HM XO/JOHOM, OH 3axaHHHBaeT- 
ca coóbiTHaMH cmiaHCHHra, cneu,H(j)HHHbiMH /yia aceHcxnx 
ocoóen h Be/íym,HMH k o6pa30BaHHio npo/jyxTa, co/jepaca- 
mero b CBoeM cocraBe 3K30H c TepMHHHpyiomHM xo/johom. 
Bce 3TH coóbiTna HMeiOT pa3Hyio Mo;iexy;iapHyio ocHOBy. Ha 
nepBOM KOHTpojibHOM 3Tane 6e;iox Sxl HHrnónpyeT craH- 
/japTHyio MO,aeab cmiaHCHHra. Ha nocjie/jHeM KOHTpojibHOM 
3Tane coBMecTHoe /jeHCTBHe 6e;ixoB Tra h Tra2 oóecneHH- 
BaeT TeneHne cmiaHCHHra no aceHexoMy Tnny. 

npn HopMajibHOM cmiaHCHHre b 6e;ixax Tra h Tra2 He- 
OÓXO/JHMOCTH HeT. B HX OTCyTCTBHe MyXH pa3BHBaiOTCfl B 
no^Hon,eHHbie Myaccxne ocoóh. Tra h Tra2 He aBjíaioTca cne- 
u,n4)HHecKHMH perynaTopaMH peaxvHH cmiaHCHHra h sthm 
OTJ iHHaiOTca ot SF2, xoTopbiH HeoóxoAHM /yia ocymecraneHHa 
OCHOBHOH peaKUHH CmiaHCHHra, OAHaKO MOaCCT OKa3bIBaTb 
BjinaHne h Ha Bbióop MOflejín ajibTepHaTHBHoro cmiaHCHHra. 

CruiaHCHHr P-ojicmchtobD. melanogaster AeMOHCipnpyeT 
TKaHecneu,n(J)HHHbie nepm B coMaTnnecxHx xacrxax npo- 
hcxoaht ABa coóbrma cruiaHCHHra, a b noaoBbix b pe3y;ibTaTe 
^onojiHHTejibHon cra/jHH y/jajiacrca eiu,e o/jhh hhtpoh, co/jep- 
acamnn b CBoeM cocTaBe TepMHHHpyiomHH xo/joh. npn stom b 
nojiOBbix xaencax o6pa3ycrca 6o;iee /vihhhmh 6ejiox (c ppy- 
THMH CBOHCTBaMH). MexaHH3M STOľO aBJICHHa /yia KOHTpOJia 
3a TpaHcno3HuneH Mbi oôcyac/iajiH b pa3/r 21.15 «P-sJieMeHTbi 
MOiyr ôbľľb aKTHBnpoBaHbi b xaencax 3apo/jbiineBoro nyTH», 
a cennac oie/iyeT oTMcnm., hto annapaT cmiaHCHHra b stoh 
cncreMe HMeeT TxaHecneu,H(j)HHHbiH xapaicrep. 

npn HHKy6au,HH PHK b SKCTpaKTe, co/jepacaiijeM reTe- 
poaornHHbie (J)aKTopbi craaňcHHra (HejiOBexa), craaňcHHr 
npe-MPHK P-s^eMema peajiH3yeTca no nym, xapaKTep- 
HOMy /yia 3apoAbimeBbix kjictok h conpoBO^aioiiJ,eMyca 
y^a^eHneM nmpoHa 3. 3xcTpaKTbi coMaTHHecKnx ioictok 
D. melanogaster , OAHaxo, co^epacaT óejiox, HHrH6npyioiij,HH 
Bbipe3aHne HHTpoHa. Be^ox cBa3bmaeTca c nocneAOBaTe^b- 
HOCTbK) 3X30Ha 3- B OTCyTCTBHe STOH nOOie/JOBaTeJIbHOCTH, 
hhtpoh Bbipe3aeTca. TaxnM o6pa30M, (J)yHxvHH 6e^xa cbo- 
AaTca x no/^aBJíeHHio accounai/HH cn^ancocoMbi c 5'-can- 
TOM HHTpOHa 3. 


B peaKUMflx 
mpoHC-cn^aŕícMHra 
yqacTByiOT Ma/ibie PHK 


KnKJHeBbie noHaTMa: 


• PeaKĽjMM cn^aíícMHra, KaK npaBM^o, 

u,uc- peaKi4M5iMM, to ecTb npoMcxoflflT Me>Kfly yMacTKaMM 
oahoíí MO^eKy^bi PHK. 

• fpaHC-cruiaiícMHr, cBoíícTBeHHbm TpunaHocoMaM m MepBBM, 
nponcxoflMT, Korpa KopoTKafl noc/ieAOBaTejibHOdb (C/l PHK) 
cn^aíícMpyeTCfl c 5'-KOHi4aMM pa3Hbix npefliijecTBeHHMKOB 
mPHK. 

• C/l PHK MMeeT CTpyKTypy, HanoMMHatomyK) CTpyKTypy Sm- 
CB5i3biBaK)mero caŕiia U maPHK, m, bo3mo>kho, urpaeT b peaKunn 
aHa/ioruHHyK) poab. 

H B MexaHHCTHHeCXOM, H B 3BOAKDU.HOHHOM XOHTCXCTe 
cn^aHCHHr npe/icTaBJíaeT coóoh HHTpaMoaexyaapHyio pe- 
axi/Hio, o6ecnenHBaioiij,yio xompo^b 3a Bbipe3aHneM hht- 
poHOB Ha ypoBHe PHK. B TepMHHax reHeTHXH cnaaňcHHr 
aB^aeTca ^^c-peaxvneH. 3to 03HanaeT, hto cwiaúcuuz ocy- 
tu/ecmennemcn mojibKo Mewdy nocjiedoeamejibHocmfmu, 
pacnojiOMenubiMU na odnou MOJieKyne PHK. B BepxHeň 
Mac™ P M c. 26.24 noxa3aHa x^accnnecxaa CHTyau,Ha. Y^a- 
jieHne hhtpohob H3 Mo;iexy;ibi PHK Ae^aeT B03MoacHbiM 
cniHBaHHe 3X30H0B stoh ace MO^exy^bi PHK. npn stom 
MewMOJieKympHbiú cnjiancHHr 3X3ohob pa3Hbix Mo^exy^ 
PHK HeB03MoaceH. Mbi He MoaceM yTBepac/íaTb, hto mpanc- 
cmiaHCHHr HHXor^a He nponcxoAHT Meac/jy npe-MPHK 
TpaHCxpnnTOB o/^Horo h Toro ace reHa. OAHaxo ecjín 6bi 
sto nponcxoAHAO HacTo, 3X30Hbi o/jHoro reHa oó/ia/^ajín 
6 bi cnocoÓHOCTbio xoMnjieMeHTnpoBaTb ^pyr Apyra, h hx 
He^b3a 6bmo 6bi othccth x o/jhoh rpynne xoMn^eMeHTa- 
u,hh. no3TOMy a aHHoe aBJíeHne ^o^acHO 6biTb Hpe3BbinaH- 
ho pe^xHM. 

Ojxhzko npn co3/jaHHH onpeAeAeHHbix ycjiOBHH 
MoaceT nponcxoAHTb mpanc-ciuimcimľ. B npnMepe, 
npnBeAeHHOM b HnacHen nacTH pne. 26.24, b nmpoHbi 
AByx MOJiexyji PHK 6bmn BBe/jeHbi xoMn^eMeHTapHbie 
nocjieAOBaTejibHOCTH. B pe3y^bTaTe cnapnBaHna Meac/^y 
hhmh o6pa3yeTca H-o6pa3Haa MOJiexy;ia. 3Ta MO^exy^a 
MoaceT noABeprHyTbca z^c-cmiaHCHHry, npn stom npo- 
H30HACT COe/JHHeHHe 3X30H0B, XOBaJieHTHO CBa3aHHbIX c 
hhtpohom, a MoaceT noABeprHyTbca mpanc-c nAancnHry, 
npn xoTopoM 6y^yT cuiHBaTbca 3X30Hbi pacno^oaceH- 
hhx pa/^OM MOJiexyji PHK. 06e 3th peaxu,HH npoTexaiOT 
in vitro. 

flpyroH CHTyai/neH, b xoTopon cTaHOBHTca bo3mo- 
aceH TpaHC-craaHCHHr, aBJíaeTca CHTyai/na, npn xoTopon 
OAHa cyócrpamaa PHK npeAOCTaBJíaeT 5'-caňT, a /jpyraa — 
3'-caHT cnAancHHra BMecTe c cooTBeTCTByiomHMH noc^eAO- 
BaTejibHOCTaMH, pacnoAoaceHHbiMH 3a carrraMH (x npnMepy, 
CAeAyioiij,HH 5'-caňT cn^aHCHHra unu 3HxaHcep cunmcim- 
ra). MexaHH3M AaHHoro npou,ecca HanoMHHaeT MexaHH3M 
cn^aHCHHra c pacno3HaBaHneM 3X30Ha (cm. npaByio nacTb 
pne. 26.12) h He TpeóyeT (/yia cn^aHCHHra in vitro), htoóh 
jieBbiH h npaBbiH canTbi cmiaHCHHra pacno^ara^ncb Ha o/v 
hoh h toh ace Mo;iexy;ie PHK. 


26.13 B peaKUMax mpaHC-cnnawcmva ynacTBytOT Maabie PHK 699 





rpaWOCíl/iaMCMHr CTa'vBMTCfl B03M0>KeH TOJlbKO npM (j)OP" P0B3HMM OCOÓbíX yCJlOBMH 


B HopMe npoMCxoflMT To/ibKO uuc-cnnaticmr 

3K30H 1 1/lHTpOH 3K30H 2 3K30H 3 1/lmpOH 3K30H 4 

~ J I 

B cnynae norfla MmpoHbi pa3Hbix MO/ieKyji PHK OKa3biBaK)TC5i KOMrmeMeHTapHbi flpyrflpyry 
daHOBura B03Mo>KeH mpaHC-cnnawcmr 

3 k3 ° h 1 Mhtpoh 3k3QH 2 


3 k 30 h 3_MmpoH 3 k 3 QH 4 



i 


flpoflyKTbi iíwc-cn/iaiíCMHra ľlpoflyKTbi mpaHC-cnnaucmra 


PMC. 26.24 KaK npaBwio, cn/iaiícMHr ocymecTB/ifleTCfl Mewfly 3K30HaMM, Haxofl5uunMMCB b u,uc- no- 
/io>KeHm/i, to ecTb pacno/io>KeHHbiMM Ha oflHoíí MO/ieKy/ie PHK. B HeKOTopbix aiynaflx ripn c|)opMnpo- 
BaHMM cBB3eíí Mewfly MHTpoHaMM pa3Hbix MO/ieKy/i PHK cTaHOBMTCB B03M0>KeH mpaHC-cnnaucmr 


no^yneHHbie pe3y;ibTaTbi noKa3biBaiOT, hto hhk2- 
khx MexammecKux noMex /yia ocymecTBJíeHna mpcmc- 
crniancHHra HeT. KpoMe Toro, ohh HcmnonaiOT mo aejib 
cmiaHCHHra, coniacHO KOTopoň cmiaHCOCOMa nocntjio- 
BaTe;ibHO r BHXceTca B/jojib Mo;ieKy;ibi PHK. CruiaňcocoMa 
cnocoóHa pacno3HaBaTb 5'- h 3'-caňTbi pa3Hbix Mo;ieKy;i 
PHK, pacriojioxceHHbix b HenocpeACTBeHHOH 6;ih30CTh 
Apyr ot Apyra. 

Xoth aBJíeHHe mpanc-cunzPíciíHTZ flBJíaeTCfl ^OBOJibHO 
pe^KHM, b onpeAe^eHHbix CHTyau.Hflx oho HaÓjno/jaeToi 
in vivo. OflHHM h3 npHMepoB TpaHC-cn^aňcHHra moxcct 
oiyxcHTb HajiHHHe OAHHaKOBOH 35-HyioieoTHAHOH noaie- 
AOBaTejibHOCTH Ha 5'-KOHue mhoitíx mPHK y TpnnaHOCOM. 
npH 3TOM Ka^K/JOH OT/jeJIbHOH TpaHCKpHnL],HOHHOH e/JH- 
HHu,eH jiH/jepHaa noc;ieflOBaTe;ibHOCTb He Ko/^HpyeTca. 
Bmccto 3Toro OHa TpaHCKpHónpyeTca c noBTopaioiiJ,eHca 
eAHHHu,bi, pacnojioxceHHOH no BceMy reHOMy, b oTflejibHyio 
Mo;ieKy;iy PHK, Hecymyio /^onojiHHTejibHyio noaieflOBa- 
Te^bHocTb Ha 3 / -KOHu,e. Kax noKa3aHo Ha p n c. 26.25, 3Ta 
PHK HeceT 35-HymieoTHflHyK) jiH^epHyio noc;ieflOBaTe;ib- 
HocTb, 3a KOTopoň c;ieflyeT noaie,aoBaTe;ibHocTb 5'-caň- 
Ta cn^aHCHHra. nocjie/^OBaTejibHocTH mPHK co/jepxcaT 
3'-caňT cnjiaHCHHra, npeAinecTByiomHH b 3 pe;iOH mPHK 
jin/^epHon nocjie/íOBaTejibHocTH. 

iíoaie coeAHHeHHfl jin/jepHOH nocjieAOBaTejibHocra 
h mPHK b pe3yjibTaTe peaKijHH mpanc-cnnmcimra, 3'-pe- 
thoh nepBOH h 5'-pernoH BTopoň o6pa3yiOT BMecTe 5'- h 


Cil PHK yMacTByeT b mpaHC-cnnakcmre 


TaHfleMHbie noBTopbi 
/íMflepa 

AAAA/V 


1/lHflMBMflya/ibHaB 
TpaHCKpunLlMOHHaB eAMHMLia 


JluflepHaB 

noc/ieflOBa- mPHK 

Te/lbHOCTb 100 OCHOB3HMÍÍ 
35 OCHOBaHMÍÍ 

—GU ■■ ■ A 

JleBaa nacrb ľlpaBafl nacrb 

MHTpOHa MHTpOHa 


1 


JluflepHaB 

noc/ieflOBaie/ibHOCTb 
Y-o6pa3HaB Mo/ieKyna 
AG 


/lnflepHaB 
noc/ieflOBaie/ibHocTb 
35 OCHOBaHMÍÍ 


mPHK 


PHC. 26.25 C/l PHK npeflCTaB/iBeT co6oíí 3K30H, cBB3biBaK)iMMMCfl c 
nepBbiM 3K30H0M mPHK npM mpaHC-crmaŕícMHre. PeaKi^MB onocpe- 
AOBaHa TaKMMM >Ke B3anMOfleíícTBMBMM, hto h ^flepHbm ^i/c-cn/iaíí- 
cmht, To/ibKO BMecTo cTpyKTypbi Tuná Aacco o6pa3yeTCB Y-o6pa3Hafl 
CTpyKTypa 
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3'-no;iOBHHbi HHTpoHa. B xoAe cruiaňcHHra 5'-2' CBa3b 
(J)opMHpyeTca b pe3y;ibTaTe oómhhoh peaKijHH MOKAy 
AHHymieoTHAOM GU ý-HHTpoHa h noaieAOBaTejibHOCTbio 
cama pa3BeTBJieHHa paAOM c AHnymieoTHAOM AG 3'-hht- 
poHa. flBe nacTH HHTpoHa He CBa3aHbi Me>KAy coóoh ko- 
BajieHTHoň CBa3bio, noTOMy BMecTo ;iacco oópa3yeTca Y- 
o6pa3Haa MOJieKyaa. 

ľloxoxcaa CHTyaijHa HaóaiOAaeTca npn aHajiH3e skc- 
npeccHH reHOB aKTHHa y Caenorhabditis elegans. Tpn ax- 
thhobhx mPHK (h paA Apyrnx PHK) hmoot oAHHaxoByio 
22-HyKaeoTHAHyio AHAepHyio nocaeAOBaTejibHOCTb Ha 
5'-KOHu,e. JlHAepma noc;ieAOBaTe;ibHOCTb He KOAnpyeTca 
reHOM aKTHHa, a TpaHCKpnónpyeTca He3aBHCHMO b cocTaBe 
100-HyKJieoTHAHOH PHK c reHa, pacnoaoaceHHoro b pa3Hbix 
ynacTKax reHOMa. KpoMe Toro, mpanc-cnnmciiHr Haóaio- 
Aaerca b xaopomiacTax. 

PHK, npeAOcraBjíaiomaa 5'-3K30h nm Mpanc-cniim- 
CHHra, Ha3biBaeTca CJI PHK (PHK co cmiaHCHpoBaHHbiM 
AHAepoM). CJI PHK, oÓHapyaceHHbie y HeKOTopbix bhaob 
TpnnaHOCOM h HeMaTOA (Č. elegans ), AeMOHCTpHpyioT oó- 
mne nepTbi. Ohh hmoot OAHHaKOByio BTopHHHyio CTpyx- 
Typy, npeACTaBaeHHyio TpeMa sneMeHTaMH Tnna creóeab- 
neT m h OAHOijenoHeHHbiM pernoHOM, HanoMHHaiomHM 
Sm-CBa3biBaiomHH caHT. CJI PHK cymecTByioT b bh /je Ma- 
PHn, oTHOcamnxca k miaccy Sm MaPHn. Y TpnnaHOCOM 
oÓHapyaceHbi U2, U4 h U6 MaPHK h oTcyTCTByioT U1 h U5 
MaPHK. OTcyTCTBne U1 MaPHK MoaceT óbiTb oó'bacHeHO 
CBOHCTBaMH CJI PHK, KOTopaa cnocoÓHa BbinojiHaTb (f>yH- 
ku,hh U1 MaPHK b 5'-caňTe cnaaHCHHra. CJI PHK co/jepacHT 
b CBoeM cocTaBe noc;ieAOBaTe;ibHOCTb, cnocoÓHyio oóec- 
nenHTb b came 3K30h-hhtpoh npoTeKaHne Bcex Tex npo- 
u,eccoB, 3a KOTopbie oTBenaeT U1 MaPHK. 

Y C. elegans oÓHapyaceHO ABa Tnna CJI PHK. CJI1 PHK 
(óbuia OTKpbiTa nepBOH) npncoeAHHaeTca TOJibxo k tcm 
KOAH pyioiij,HM nocaeAOBaTeabHOCTaM, KOTopbiM npeAiuec- 
TBOBajiH 5'-HeTpaHcaHpyeMbie pernoHbi (Hanóojiee oómaa 
CHTyau,Ha). CJI2 PHK Hcnoab3yeTca b Tex aiynaax, Kor^a 
npe-MPHK co^epacnT aB e xoAHpyiomHe nocaeAOBaTejib- 
hocth; CJI2 PHK npncoeAHHaeTca ko BTopoň nocaeAOBa- 
TeJIbHOCTH, TeM CaMbIM npHBOAA K BblCBOÓOaCAeHHIO nep¬ 
BOH h npeBpaiu,eHHio ee b He3aBHCHMyio MOJieKyay PHK. 
Okojio 15% reHOB C. elegans opraHH30BaHbi b TpaHCxpnn- 
u,HOHHbie eAHHHLi,bi, KOTopbie coAepacaT óoaee oahoto 
reHa (name 2-3). 3HaneHHe Taxon (fiopMbi opraHH3auHH 
AAfl KOHTpoaa 3a sKcnpeccneH reHOB He noHamo. 3 th 
T paHCKpHnu,HOHHbie eAHHHLi,bi He noxoacH Ha onepoHbi, b 
KOT opbie reHbi oóT>eAHHeHbi corjiacHo hx cjtyHKu.HOHaab- 
HOMy napaMeTpy. 

PeaKu,HH mpaHc-cujimcuHTz c ynacmeM CJI PHK 
MoryT npeACTaBaaTb coóoh onepeAHOH mar b sbojiioli.hh 
annapaTa cnaaHCHHra npe-MPHK. CJI PHK cnocoÓHa pac- 
no3HaBaTb 5'-caňT cnaaHCHHra, hto, bo3moxcho, 3aBHCHT 
OT OCOÓOH KOH(J}OpMaU,HH PHK. OCTaBIUHeca (J)yHKU,HH, 
HeoóxoAHMbie Rj\n ocymecTBJíeHHa crniancHHra, oóecne- 
HHBaioTca He3aBHCHMbiMH MaPHn. CJI PHK MoaceT (J)yHK- 
u,HOHnpoBaTb 6e3 ynacTna óeaKOB, neM HanoMHHaeT U1 
MaPHn, pacno3HaBaHne kotopoh 5'-caňTa 3aBHCHT ToabKo 
OT CBOHCTB PHK. 


CnjiaíícMHr tPHK ApoMOKeíí 
MfleT qepe3 pa3pe3aHMe 
m cuiiiBaHMe npefliijecTBeHHMKa 


KajoneBbie noHATmi: 


• CnaaíícMHr tPHK npeflCTaB/ifleT co6oíí cepuK) peaKuníí 
pa3pe3aHMB miMrnpoBahmfl 

npouecc cnjiancHHra 3aBHCHT ot kopotkhx KOHceHcycHbix 
nocaeAOBaTeabHOCTen h npeACTaBJíaeT coóoh cepnio peaKunn 
TpaHC3TepH(J)HKaLI,HH, B KOTOpblX 3TanbI pa3pbIBa H 0Ópa30- 
BaHna CBa3en KoopAHHnpoBaHbi. Cynj,ecTByioT pa3Hbie Mexa- 
HH3Mbi cnaaHCHHra tPHK, OAHaxo b ochobc Bcex hhx jieacaT 
OTAe/ibHbie peaKu,HH pacnj,enaeHna h anrapoBaHna MOJieKya. 

59 H3 272 aAepHbix reHOB tPHK y ApoacaceH S. cerevisiae 
HMeiOT npepbiBHCToe CTpoeHne. B xaacAOM caynae b cocTaB 
reHa bxoaht oahh hhtpoh, pacnoaoaceHHbiH Ha paccToa- 
HHH OAHOrO HyKJieOTHAa OT 3 / -KOHLl,a aHTHKOAOHa. JlAHHa 
HHTpoHa BapbnpyeT ot 14 ao 60 nH. HyKJieoTHAHbie noc- 
aeAOBaTeabHOCTH hhtpohob reHOB, KOAnpyioiAHx tPHKaaa 
oahoh aMHHOKHCJioTbi, cxoahh MeacAy coóoh, b to BpeMa 
KaK HHTpoHbi reHOB, KOAHpyioiiJ,Hx tPHK jym pa3Hbix aMH- 
hokhcjiot, He noxoacH Apyr Ha Apyra. Hem nmaKoú mno- 
nmecKou nocjiedoeamejibnocmu , Komopan Moma 6uy3ua- 
eambcn (fiepMenmaMU cnjiaúcuma. 3to cnpaBeA^iHBO h A^a 
npepbiBHCTbix reHOB tPHK pacreHHH, aMC^HÓHH h mjicko- 
nnTaioiiJ,Hx. 

Bce HHTpOHbi coAepacaT noaieAOBaTejibHOCTb, KOMn- 
aeMeHTapHyio aHTHKOAOHy tPHK. 3to npHBOAHT k (J)opMH- 
pOBaHHIO aJIbTepHaTHBHOH KOH(J}OpMaU,HH aHTHKOAOHOBOH 

neTan, npn kotopoh ee A^riHa yBeaHHHBaeTca 3a cneT cna- 
pHBaHHa ocHOBaHHH aHTHKOAOHa c hhtpohom. npHMep Ta- 
Koro B3aHMOAeHCTBHa npHBeAeH Ha pmc. 26.26. MeHaeTca 
ToabKo aHTHKOAOHOBaa neTaa, ocTaabHaa nacTb MoaeKyabi 
coxpaHaeT cbokd oóbiMHyio CTpyKTypy. 


Cn/iaňcwHr tPHK o6ecneMHBaeTCH oco6biMM crpyKTypaMH 



PMC. 26.26 MmpoH TPHK phe Apo>K>Keíí cnapuBaeTCB c amuKOflOHOM, 
M3MeH5iB CTpyKTypy amuKOflOHOBoro ruiena MoaeKyabi. B3anMOAeíícT- 
Bne Me>KAy BbiAe/ieHHbiM ocHOBaHneM, pacnoao>KeHHbiM b cie6ae, 
m nenieií, c()opMMpyeMOÍí hhtpohom b MO/ieKy/ie n peAiuecTBeH h m Ka, 
MO>KeT BB/iBTbCfl Heo6xoAHMbiM ycaoBMeM cruiaiícMHra 
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B pe3yjibTaTe ciuiaftcMHra H3 npeAuuecTBeHHMKa PH K 
o6pa3yeTCA mhtpoh m tPHK 
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PMC. 26.27 Cn/iaíícMHr tPHK ApoMOKeíí in vitro mowho yBUfleTb c 
noMombK) aHa/iM3a npefliuecTBeHHMKa PHK m npoAyKTOB cruiaiícMHra 
MeTOflOM re/ib-3JieKTpoc|)ope3a 

ToHHäfl HyKneoTHAHäH noaieflOBaTejibHocTb n pa3Mep 
HHTpOHä npH STOM 3HäHeHHH He HMOOT. EOJIblIIHHCTBO 
MyTaU,HH, B03HHKäI0IlJ,HX B HHTpOHe, Hä CnJiaHCHHľ He 

bjihaiot. B ocnoee cruiaucuma mPHK jieycum y3Haeanue 
emopmHoú cmpyKmypu mPHK\ a ne nymeomudnou 
nocjiedoeamejibuocmu unumpona. B cj)opMHpoBaHHH co- 
OTBeTCTByiomeH BTopHHHOH cTpyKTypbi ynacTByioT pern- 
ohh, pacnoAoxceHHbie b pa3Hbix nacrax Mo;ieKy;ibi, bkak)- 
naa ynacroK mokay aKijenTopHbiM ynacTKOM h D-mienoM, 
ynacroK b Tip C-miena h b ocoóchhocth aHTHKOAOHOBoe 
mieno. Bce sth B3aHMOAencTBHa HanoMHHaiOT cj)opMHpo- 
BaHHe crpyKTypbi tPHK, hcoóxoahmoh /yia ocymecTBJíe- 
hha CHHTe3a 6tn xa (cm. tji. 8 «Chhtc3 6 eaKOB»). 

TeM He MeHee CTpyicrypa HHTpoHa Bce xce HMeeT 3Hane- 
Hne. CnapHBaHne MOK^y ocHOBaHnaMH neTJín HHTpoHa h 
OAHOu,enoHeHHbiM cre6;ieM HBjíaeTca Heoóxo/jHMbiM ycnoBH- 
eM crniaňcHHra. MyraunH b Apyrnx nojioxceHnax, BjiHaiomne 
Ha sto B3aHMOAeHCTBne (k npHMepy, npnBOAamne k H3Me- 
HeHHio cxeMbi cnapHBaHHa), TaioKe bjihaiot Ha cruiaHCHHr. 
ľlpaBRna, onncbiBaiomne npnroAHOCTb tPHK k cruiaHCHHry, 
HanoMHHaiOT npaBnaa, onncbiBaiomne npoijecc pacno3HaBa- 
Hna tPHK aMHHoau,™-TPHK CHHTeTa30H (cm. pa3/j. 99 «Chh- 
TeTa3bI npHCOeAHHaiOT aMHHOKHOIOTbl k tPHK»). 

Y TeMnepafypo-MyBCTBHTeabHbix MyraHTOB Apoxofcen c 
HapymeHHbiM MexaHH3MOM y/jajieHna hhtpohob npeAmecr- 
BeHHHKH tPHK, HMeiomne npepbiBHCToe crpoeHHe, HaKarnin- 
BaiOTca b ha pe. Taxne MOJiexyjibi Moryr 6biTb ncno;ib30BaHbi 
b KanecTBe cyócrpaTa b óeciuieTOHHOH cncTeMe, nojiyneHHon 
H3 KJieTOK /jHKoro mňa. 3a crwaHCHHroM npeAiuecTBeHHHKa 
moxcho jierxo npocneAHTb, onpeAeaaa CTeneHb yMeHbineHna 
pa3MepoB o6pa30BaBineroca npoAyicra. 06 stom CBM^eTe/ibc- 
TByeT H3MeHeHne nojioxceHna no;iocbi PHK npn re;ib-s;ieKT- 
po(£>ope3e, Kax noKa3aHO Ha p m c. 26.27. YMeHbineHHe pa3Me- 


poB npeAiuecTBeHHHKa KoppejinpyeT c noaBJíeHneM Ha rejie 
nOJlOCbl, COOTBeTCTByiOmeH HHTpOHy. 

BeCIOieTOHHblH SKCTpaKT MOXCeT 6bITb (fipaKLJ.HOHHpO- 
BaH nyTeM aHa;iH3a ero cnocoónocTn k cmiaHCHHry tPHK. 
PeaKijna in vitro TpeóyeT ynacTna ATO. knmm po jih ATO 
b peaKu,HH no3BOJi™ pa3ÓHTb peaKu,Hio na dea omdejibnux 
omana, Kajtcduu u3 Komopux mmajiwupyemcn ceom 
(fiepMenmoM. 

• nepBbíň sTan He TpeóyeT ynacTna ATO. Oh npe/jCTaB- 
;iae t coóoh pacmernieHne (J)occJ)oah3(J)hphoh CBfi3n, 
npoTexaiomee xax HeoóbiHHaa HyKJiea3Haa peaKuna, 
KaTajiH3npyeMaa SHA0HyKnea30H. 

• Ha BTopoM sTane nponcxoAHT oópa30BaHne cba3h, 
Tpeóyiomee npncyTCTBHa ATO. 3Ty peaKu,Hio Ha3biBaiOT 
jiHrapoBaHneM, a (J)epMeHT, ee ocynj,ecTBaaioiiJ,HH,— 
PHK-jiHra3oň. 


3HflOHyK/iea3a cn^aiícMHra 
pacno3HaeT tPHK 


KnKJHeBbie noH5iTM5i: 


• 3HAOHyK/iea3a pacmenjifleT npeAUJecTBeHHMK tPHK no o6omm 

KOH143M MHTpOHa. 

• 3HAOHyKnea3a Apowweií npeACTaBnfleT co6oíí reiepoTeipaMep 
C AByMfl (pOACTBeHHbIMM) KaTajlUTUMeCKUMM Cy6‘beAMHMAaMM. 

• fljia pacno3HaBaHM5i caííTOB pacmenAeHMfl 3HAOHyKnea3a 
Mcno/ib3yeT MexaHM3Mbi, no3Bo/iBK)iAne oueHrnb nono>KeHMe 
(JjepMema oTHocmenbHo onpeAeneHHoro ynacTKa tPHK. 

• HyK/iea3a apxeíí MMeeT 6onee npocryío cTpyKTypy m pacno3HaeT 
motmb «M3m6-cnnpajib-M3m6» b cy6cTpaTe. 

3a cneu,H(J)HHecKoe pacno3HaBaHne HHTpoHa otbctc- 
TBeHHa 3HAOHyioiea3a. OHa pacnj,enAaeT MOAeKyay npeA- 
mecTBeHHHKa no oóohm KOHuaM HHTpoHa. 3H,aoHyKjiea- 
3a Apo^íOKen npeACTaBAaeT coóoh reTepoTeTpaMepHbin 
6tJl OK. Ee aKTHBHOCTH npHBeACHbl Ha P M C. 26.28. Poac- 
TBeHHbie cyó'beAHHHu.bi Sen34 h Sen2 pacmenaaK)T npeA- 

UieCTBeHHHK B 3'- n 5'-CaHTaX COOTBeTCTBeHHO. Oj&btm- 
HHu,a Sen54 cnocoÓHa oóecnenHTb pacno3HaBaHne canTOB 
pacnj,enAeHHa nyTeM H3MepeHna paccToaHna ot hckoto- 
pon tohkh b cTpyKType tPHK. 3Ta TOHKa pacnoaaraeTca b 
H3rn6e 3peaoň L-o6pa3Hon CTpyKTypbi tPHK. Poab cy6b- 
eAHHHu,bi Sen 15 He BbiacHeHa, oamko ycTaHOBaeHO, hto 
KOAnpyioiij,HH ee reH hcoóxoahm HopMajibHOH acn3- 
HeAeaTe;ibHocTH Apoxcaceň. CnapHBaHne MOK^y nepBbiM 
ocHOBaHneM aHTHKOAOHOBOH neTJín n ocHOBaHneM, npeA- 
mecTByioiij,HM 3'-caňTy cnaaHCHHra, aBaaeTca ycnoBneM 
pacnj,enAeHna b 3'-caHTe. 

HHTepecHbie flaHHbie 06 sboaiouhm cnaaHCHHra tPHK 
moxcho noayHHTb, aHaaH 3 npya 3 HAOHyioiea 3 y apxen. 3 tot 
(J) epMeHT npeACTaBaaeT coóoh roMOAHMep hjih roMOTeT- 
paMep, b kotopom Kaa^aa cyô'btRumiu,^ HMeeT aKTHBHbin 
u,eHTp (HecMOTpa Ha to hto b TeTpaMepe (J}yHKu,HOHHpyiOT 
TOJibKo ABa H 3 hhx), KaTa;iH3Hpyioii],HH paciij,enAeHHe b co- 
OTBeTCTByioiij,Hx caňTax cnAancHHra. B cocTaBe cyô'bt^n- 
hhu, (J)epMeHTa apxen bhacahrdt noaieAOBaTejibHOcra, 
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PaciMeniieHMe u jinrnpoBaHMe 
tPHK npeACTaBiiaiOT co 6 om 
AB e OTAe/ibHbie peaxuMM 




0= napa HyK/ieoTMAOB amuKOflOH—nmpoH 


CnapuBaHMe 

OCHOBaHMÍÍ 

Ahtmkoaoh 


3'-caííT 
pa3pe3aHMB 


pa3pe3aHna 


Sen2- 

Senl5 


P H C, 26,23 PeaKLjw/i pacmen/ieHMa b 3'- m 5'-caiÍTax cn/iačicMHra 
npe-TPHKy 5. cerevisiae Kaia/iM3npyK)TCB pa3HbiMM cyô’beAMHmjaMM 
3HflOHyMea3bi. Eme oflHa cyô-beAMHmja OTBewaeT 3a onpeAe/ieHMe 
MecTonojio>KeHMfl caííTOB pa3pe3aHMB, oLjeHMBafl paccTOBHMB b 3pe- 
jioíí MO/ieKy/ie 


cxomit C ÍIOCJieAOBäTeJlbHOCTHMH aKTHBHblX L],eHTpOB 

cyó'beAHHHu, Sen34 h Sen2 ApoacaceH. OepMem apxeň pac- 
no3HaeT cboh cyócrpaT cnocoóoM, otahhhhm ot cnocoóa 
pa6o™ /jpoacaceBoro (J)epMeHTa. Bmccto H3MepeHna pac- 
cTOflHHA ot onpeAe^eHHbix nocjieAOBaTejibHocreH oh y3- 
HaeT cTpyKTypHyio ocoóeHHOCTb Mo;ieKy;ibi npeAinecTBeH- 
HHKa tPHK, Ha3BaHHyio mothbom «H3rn6-cnHpa;ib-H3rH6». 
Kax noKa3aHO Ha pí/iC. 26.29, pacmemieHne nponcxoAHT b 
oójiacra AByx H3rn6oB. 

3BOJnou I HOHHoe nponcxoacAeHne cnjiancnHra tPHK 
npeAiuecTBOBajio pa3AejieHHio apxeň h oyKapnoT. Ecjih oh 
B 03HHK B pe3yAbTaTe BCTpaHBaHHa HHTpOHOB B TPHK, 3TO 
COÓbITHe AOJDKHO 6bIJIO 6bITb OHCHb ApCBHHM. 


Ílpe-TPHK paciAenaBeTCH b o 6 jiacTM M 3 rn 6 a 



P M C. 26.29 ľlpn cruiaiícMHre tPHK apxeíí 3HAOHyK/iea3a pacmen/ia- 
eT xa>KAyK) Ljenb b o6jiac™ M3rn6a motmb3 «M3rM6-cnMpaAb-M3rn6» 


KjnoneBbie noHBTMfl: 


• B pe3y/ibTaie Bbipe3aHMB nmpoHa o6pa3yioTCfl ABe no/iOBMHbi 
MOJiexy/ibi tPHK, KOTopbie, coeAMHBBCb Apyr c ApyroM, 
cJjopMMpytoT 3pe/iyio CTpyxTypy 

• 3tm n oji o b mh bi MMeioT HeoóbiHHbie kohah: Ha 5'-KOHi4e — 
TMApoKCHJibHaB rpynna, a Ha 3'-KOHi4e — 2'-3' AmuiMMecKMÍí 
CfjOCCjDaT. 

• 5'-0H-rpynna c|)oc(|)opMJiMpyeTCfl nojiMHyKJieoTMAKMHa30íí, 
AMKJiMMecKaa 4>oc4)aTHaB rpynna noA a^mctbhgm 
c|)oc(|)OAM3CTepa3bi pacKpbiBaeTCB n o6pa3yeT 2'-c|)oc(|)aTHbm 
KOHei 4 n 3'-0H-rpynny, koham 3K30H0B coeAHHBiOTCB PHK- 
jinra3oŕí, a 2^-cJ)occJ)aT yAa/ifleTCB c|)oc(|)aTa30M. 


CyMMapHO Bce npoueccbi, cocTaBJíaiomHe peaiojHio crniaň- 
CHHra, npeACTaBAeHbi Ha pmc. 26.30. npoAyicraMH pac- 
menAeHHfl aBJíaiOTCa JIHHCHHblH HHTpOH H ABe nO/IOBHHbl 
MoaeKyjibi tPHK. 3th npoMeacyTOHHbie npoAyKTbi hmciot 
yHHKaAbHbie kohúti. Ha Kaac/joM 5'-KOHu,e pacnojiaraeTca 
THApoKCHAbHaa rpynna; Ha Kaac^oM 3'-KOHue — 2'-3 '-u,hk- 
jiHnecKHH (J)oc(J)aT. (Bce Apyrae H3BecTHbie (J)epMeHTbi 
cnAaňCHHra PHK pacmemiaioT (f>oc<f>aTHyio CBa3b c Apyroň 

CTOpOHbl.) 

OcHOBaHHfl AByx nojiOBHH tPHK cnapnBaiOTca c o6pa- 
30BaHneM TPHK-noAOÓHOň CTpyKTypbi. npn AOÓaBJíeHHH 
ATO ocymecTBJíaeTca BTopaa peaKu,na, b xo/je KOTopoň 
H3MeHaiOTca o6a HeoóbiHHbix kohua, o6pa30BaBiiiHeca noA 
AeHCTBneM 3HAOHyioiea3bi. 

U,HKJiHHecKaa (J)occJ)aTHaa rpynna OTKpbmaeTca c o6pa- 
30BaHneM 2'-cJ)oc(})aTHoro KOHu,a. 3Ta peaKu,na nponcxoAHT 
noA AeHCTBneM (})0C(J)0AH3CTepa3bi. npoAyKT peaKn,HH HMe- 
eT 2'-cJ)oc(J)aTHyio rpynny h 3 / -OH-rpynny. 

5'-OH-rpynna, o6pa30BaBinaaca noA AeHCTBneM HyK- 
Jiea3bi, AO^xcHa npeBpaTHTbca b 5'-(})oc(})aTHyio rpynny b 
pe3yjibTaTe (J)occJ)opHAHpoBaHHa. npn otom (J)opMnpyeT- 
ca caňT, b kotopom 3'-OH-rpynna h 5'-(})oc(J)aTHaa rpynna 
pacno;iaraiOTca pa^OM, KoBajieHTHaa u,eaocTHOCTb noan- 
HyKJieoTHAHon u,enn BOCCTaHaBJíHBaeTca anra30H. 

Bce TpH (J)epMeHTaTHBHbie aKTHBHOCTH — (J)OC$)0- 
AH3CTepa3Haa, noanHyioieoTHAKHHa3Haa h a^eHn^aT- 
CHHTa3Haa (oóecnennBaeT BbinoaHeHne anra3HOH (J)yH- 
ku,hh) — opraHH30BaHbi b pa3Hbie (J}yHKu,HOHaabHbie 
AOMeHbi Ha oahom h tom ace óeaxe. fleňcTBya nocaeAOBa- 
TeabHO, ohh ocymecTBaaioT coeAHHeHne AByx noaoBHH 
MOJieKyjibi tPHK. 

nocae cnaaHCHHra MOJieKyaa craHOBHTca HenpepbiB- 
hoh c 5 / -3'-({)oc(J)aTHOH CBa3bio b caHTe cnaaHCHHra, ho 
OHa TaKace co^epacHT 2'-cJ)oc(J)aTHyio rpynny — Mapxep ocy- 
mecTBJíeHna cnaaHCHHra. 3Ta anniHaa rpynna AoaacHa 6biTb 
yAaaeHa 4)occJ)aTa30H. 

2 / -3 / -u,HioiHHecKHH (f)OC(})aT B03HHKaeT npn cn/iaň- 
CHHre tPHK y pacreHHH h MJieKonHTaioiiJ,Hx. Bbmo ycTa- 
HOBJíeHO, hto MexaHH3M ero o6pa30BaHna y pacreHHH 
aHajiornneH TaKOBOMy y Apoacaceň, o^HaKO oTannaeTca y 
MJieKonnTaioiiJ,Hx. 


26.16 PacmeruieHne m aurupoBaHne tPHK npeACTaB/iaiOT coóoíí ABe oTAeabHbie peaKUnn 703 




















B cn/iaMCHHre tPHK BbiflejiaioTcraAHM pa3pe3aHna h /inrnpoBaHMH 



PUC. 25.30 CruiaiícMHr tPHK Tpe6yeTyMacTMA c()epMeHTOB c HyK/iea3Hoií m /iMra3Hoií aKTMBHocTbK). 
HyK/iea3a pacmeruiaeT MO/ieny/iy PHK Ha rpaHmje whtpoh-3K30h, npw 3 tom o6pa3yeTCB 2'-3 '-ljmk- 
jiMHecKMÍí c()occt)aT m KOHL^eBaB 5'-0H-rpynna. LlMK^MHecKMÍí c|)oc(|)aT pa3pbiBaeTCB c o6pa30BaHneM 
3'-0H- n 2'-4)occf)aTHOíí rpynnbi. 5'-0H-rpynna c|)oc(|)opmiMpyeTCfl. ľloaie BbicBo6o>KAeHMfl MHTpoHa 
ABa cJjparMeHTa MO/ieKy/ibi tPHK CBopaHMBatoTCB b TPHK-noAo6Hyio cipyKTypy, MMeiomyio cbo6oa- 
Hbie 3'-0H- n 5'-cf)oc(f)aTHOií rpynnbi Ha KOHLjax. 3 tot pa3pbiB ciuHBaeTCB JiMra3oŕí 


CruiaňcHHr npeAiuecTBeHHHKOB ApooceBOň tPHK mo- 
>KeT OCymeCTBJIflTbCfl TälOKe B 3KCTpäKTe, nOJiyneHHOM H3 
3apoAbimeBbix ny3bipbKOB (*mep) ooijhtob Xenopus. H3 
3Toro aieAyeT, hto peaKuna He HBJíaeTca BHAOcneu,H(J)HH- 
hoh. y Xenopus , no Bcen BepoaTHocTn, HMeioTca (J)epMeH- 
Tbi, cnocoÓHbie y3HäBäTb HHTpoHbi tPHK Apo)ocen. 

CnocoÓHOCTb k cnjiancnHry npoAyKTOB reHOB, ko- 
AnpyioiiJ,Hx tPHK, aBJíaeTca BbicoKOKOHcepBäTHBHoň n, 
no-BHAHMOMy, HMeeT HHoe nponcxo^eHne b cpaBHeHnn 
c APyrHMH peaKu,HaMH cnjiancHHra (HanpnMep, cmian- 
CHHra aAepHon npe-MPHK). PacmernieHne n o6pa30BaHne 
CBa3en npn auiancHHre tPHK KOHTpojinpyiOTCfl nocrce- 
AOBaTejibHOCTflMH, pacnoAOxceHHbiMH 3 a npeAeAaMH hht- 
poHa. B xo/je Apyrnx peaKu,™ cnjiancHHra ncnoAb3yeTca 
TpaHC3TepH(J}HKau,Ha, b xo/je KOTopon nepeHOC CBA3en 
nponcxoAHT HanpaMyio, a Bce noc;ieAOBaTe;ibHOCTH, He- 
oóxoAHMbie /yifl ocymecTBAeHna peaKu,HH, jiexcaT BHyTpn 
HHTpOHa. 


KacKafl peaKUMíi, 3 anycKaeMbix 
b oTBeT Ha HaKonjieHMe 6 e/iK 0 B, 
CBB33H c npoueccoM 
cn/iaiícMHra tPHK 


KAK)HeBbie noHBTMfl: 


• Irelp — 6e/iOK BHyipeHHeíí BAepHoíí MeMÔpaHbi, N-KOHLjeBOM 
AOMeH 3Toro 6ejwa o6pameH b npocBeT 3ľlP, a C-KOHLjeBoií 
AOMeH — BHyipb *Apa. 

• CBB3biBaHne HecBepHyBiuerocB 6e/iKa c N-TepMMHa/ibHbiM 
AOMeHOM 3anycKaeT peaKLjwo aBTo4)occ|)opMJiMpoBaHMfl, 

b pe3y^bTaie nero aKTMBi/ipyeTCB C-TepMMHajibHaa HyK/iea3a. 

• AKTMBMpoBaHHaB HyK/iea3a pacmeruifleT mPHK Hacl, 

npn 3TOM HHTpOH BblCB 06 o>KAaeTCfl, a 3K30Hbl JlMrMpylOTCfl 
TPHK-^nra30Íí. 

• Cn/iaíícMpoBaHHaB mPHK Hacl KOAnpyeTTpaHCKpnni4MOHHbm 
c()aKTop, aKTHBkipyioiAMM reHbi wanepOHOB, cnoco6cTByiomMx 
cjjo^AUHry 6e/iKOB. 
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704 ľJlABA 26 CruiaiícMHr m npoueccnHr PHK 

























p UC. 26.31 KacKafl peaKAMií, 3anycKaiomMxcfl b OTBeT Ha HaKoruie- 
h ne b npocBeie 3P He CBepHyBWMxcfl b npaBmibHyK) KOH(|)opMai4MK) 
6e/iKOB, o6ecneHMBaeTC5i a/ibTepHaTMBHbiM cruiaiícMHroM mPHK reHa 
HAC1, b pe3y/ibTaie KOToporo o6pa3yera TpaHCKpMrmMOHHbiií cf)aK- 
ľop, pacno3HaK)iuníí UPRE 


Hacl p, CBfl3biBaK)m™cfl c UPRE, o6pa3yeTca b otbct Ha 
HaKon^eHHe HecBepHyBiiiHxca 6e;iKOB. 3anycK npoAyKUHH 
Haclp npoHcxoAHT b pe3y;ibTaTe B3aHMOAeňcTBHa Irelp c 
mPHK Hacl. 

Bce cra/jHH npoijecca npHBeAeHbi HaPHC26.3i.B Hop- 
Ma^bHbix yaiOBHax, Kor^a hhhh Kacxa a He aKTHBHpoBaH, 
mPHK Hacl TpaHCJiHpyeTca b óejiOK, KOTopbíň óbicrpo ac- 
rpa^MpyeT. AKTHBHpoBaHHbíň Irelp BJinaeT Ha cmiaHCHHr 
mPHK Hacl TaKHM o6pa30M, hto b pe3y;ibTaTe TpaHCJiaij,HH 
stoh PHK o6pa3yeTca 6o;iee craÓHjibHbiH 6e;ioK, KOTopbiH 
OiyXCHT TpaHCKpHnUHOHHbIM CpaKTOpOM, aKTHBHpyiOIIl,HM 
reHbi c UPRE. 

B 3Ty peaKu,Hio BOBjíeneHbi HeoóbiHHbie KOMnoHeHTbi 
cn^aňcHHra. Irelp oóaaAaeT 3HAOHyiuiea3HOH aKTHBHOC- 
Tbio h ^eHCTByeT HanpaMyio Ha mPHK Hacl, pacmemiaa 
ee b o6;iacTH rpaHHu, cnaaňCHHra. 3aTeM kohúti o6pa- 
30BaBinHxca (J)parMeHTOB jiHrnpyiOTca TPHK-jinmoH, 
o6ecneHHBaioiiJ,eH cnaaňCHHr tPHK. 3H/j0Hymiea3Haa 
peaKu,Ha HanoMHHaeT peaKijHio pacmemieHHa tPHK bo 
B peMa cnaaňcHHra. 

I/je ace nponcxoAflT MOAH(J}HKau I HH mPHK Hacl? Irelp, 
BepoaTHO, aoKaaH3yeTca bo BHyTpeHHeň a^e phoh mcm( 5- 
paHe. N-KOHu,eBOH ceHCopHbíň aomch Mo;ieKy;ibi o6pa- 
nj,eH b npocBeT 3nP, a C-kohiicboh KHna3Ho/Hymiea3HbiH 
aomch — b aApo. Taxaa opHeHTaijHa ^aeT B03M0)KH0CTb 
6eaxy /jeňcTBOBaTb Ha mPHK Hacl HanpaMyio ao Toro, 
Kax OHa óy^eT TpaHcnoprapoBaHa b uHTonaa3My. KpoMe 
Toro, sto oóecneHHBaeT cboóoahmh Aocryn tPHK Jinra3bi 
k cyócTpaTy. HHKaKoro oneBHAHoro cxo/jcTBa MeacAy npn- 
poAoň Hyioiea3HOH aKTHBHoc™ Irelp h 3HAOHyiuiea3bi 
cnaaňcHHra tPHK He Haójno/jaeTca, b CBa3H c neM He acHO, 
KaKHM 0Ópa30M 3BOJlK)LI,HOHHpOBaJIH 3TH CneU,HaJIH3HpO- 
BaHHbie CHCTeMbi. 


HeoóbiHHaa CHCTeMa cnaaňcHHra, CBa3aHHaa co crniaň- 
CHHroM tPHK, onocpe^yeT otbct ApoaoiceBOH kjictkh Ha 
HaKonaeHHe HecBepHyBiiiHxca b npaBHJibHyio KOH(f>opMa- 
u,Hio 6e;iKOB. HaKonaeHHe Taxnx nojiHnenTHAOB b npocBe- 
Te 3HAonaa3MaTHnecKoro peTHKyayMa (3nP) 3anycxaeT 
KacxaA peaKu,HH, b xoAe KOTopbix aKTHBHpyeTca TpaHC- 
KpHnu,Ha reHOB manepoHOB, cnocoócTByiomHx cj)OJiAHHry 
óeaKOB b 3nP. npH stom CHraa;i AoaaceH 6biTb nepeAaH H3 
npocBeTa 3nP b aApo. 

AKTHBaTopoM AäHHoro npou,ecca oiyacHT óeaox Irelp. 
3to HHTerpaabHaa MeMópaHHaa npoTeHHKHHa3a (Ser/Thr), 
KOHu,eBbie AOMeHbi KOTopoň pacnoaoaceHbi c oóenx cto- 
poH MeMópaHbi 3nP. N-KOHu,eBOH AOMeH b npocBeTe 3nP 
pearnpyeT Ha noaBJíeHHe HecBepHyBiiiHxca óeaKOB, npeA- 
noaoacHTeabHO npn hx CBa3biBaHHH c ero BbicrynaiomHM 
3a npeAeabi MeMÓpaHbi mothbom. 3to npnBOAHT k arpera- 
u,hh MOHOMepoB, 3anycKy peaKijHH aBTO(})OC(j)op™HpoBa- 
HHa h aKTHBauHH C-KOHu,eBoro AOMeHa Ha Apyroň CTopo- 
He MeMópaHbi. 

ľeHbi, aKTHBHpyeMbie b pe3yabTaTe sToro KacxaAa, 
HMeiOT o6iij,hh npoMOTopHbiH saeMeHT — ojieMem otbc- 
Ta Ha pa3BepHyTbiň óeaoK. TpaHCKpHnu,HOHHbiH (J)aKTop 
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3 f -K 0 HUbl TpaHCKpMflTOB poli 
m polili o 6 pa 3 yioTCB b pe 3 y/ibTaTe 
TepMMHaUUM TpaHCKpiinitMM 


KaiOHeBbie noH5iTM5i: 


• PHK-noanMepa3a I TepMMHMpyeT TpaHCKpnni4MK), flocTMrafl 
18 -HyKaeoTMAHoŕi TepMMHaiopHoíí nocaeflOBaieabHOCTM. 

• PHK-no/iMMepa3a III TepMHHMpyeT TpaHCKpMn 141110. AOCTMraa 
noan(U) 4 -nocaeAOBaTeabHOCTH, pacnoao>KeHHOíí BHyipn 
G-C-6oraioro pemoHa. 


3'-KOHeu, MoaeKyjibi PHK MoaceT 6biTb o6pa30BaH AByMa 
cnocoóaMH. HeKOTopbie PHK-no;iHMepa3bi TepMHHHpy- 
IOT TpaHCKpHnU,HIO, AOCTHľHyB OnpeACJieHHOH (TepMH- 
HaTopHOH) nocaeAOBaTejibHOCTH b flHK, Kax noKa3aHO 
Ha phc. 26.32. /Via Apyrnx PHK-noaHMepa3 He xapax- 
TepHa A^CKpeTHaa TepMHHauna, h ohh npoAOJDKaiOT 
TpaHCKpHnu,Hio ao Tex nop, noxa S'-kohcu, He 6yAeT 
c(J)opMHpoBaH b pe3yabTaTe pacm,enaeHHa MoaeKyabi 
PHK 3HA0Hyiuiea30H. npHMep pa6o™ TaKoro (J)epMeHTa 
npHBeAeH Ha 


26.18 3'-KOHL4bi TpaHCKpunTOB poli m polili o6pa3ytOTca b pe3yabTaie TepMMHaunu TpaHCKpununn 705 



















3 '-K 0 Heu o6pa3yeTcn b pe3y/ibTaTe TepMHHauuM 


ľlpOMOTOp TepMMHaTOp 



PMC. 26.32 B c/iynae Kor^a 3'-KOHeu MO/ieKy/ibi o6pa3yeicfl b pe- 
3y/ibTaie TepMMHauMM, PHK-no/iMMepa3a n PHK-npoAyKT BbicBo6o>K- 
AaK)TCB M3 TpaHCKpununoHHoro KOMruieKca b onpeAe/ieHHOM ynacTKe 
nocjieAOBaTe/ibHocTM flHK (TepMUHaiope) 

flaHHbix o MexaHH3Max TepMHHau,HH syKapnoranec- 
khx PHK-no^HMepa 3 cymecTBeHHO MeHbine, nm mhhhx 
06 HHHu.naLi.HH TpaHCKpnnu,HH. PHK-no;iHMepa 3 aM I H III 
CBOHCTBeHHa ^HCKpeTHaa TepMHHaLjm (Kax h óaKTepnajib- 
hhm no^HMepa3aM), cnocoó TepMUHau,™, Hcno;ib3yeMbiH 
PHK-nojiHMepa 3 aon II, He BbiacHeH. 

PHK-no;iHMepa30H I CHHTe3npyeT TpaHCKpnnTbi 
reHOB ocHOBHbix pPHK. Mo;ieKy;ia npe/^mecTBeHHHKa 



Pil C. 26.33 B c/iynae KorAa 3'-KOHeu o6pa3yeicfl b pe3y/ibTaie pa3- 
pe3aHMfl MO/ieKy/ibi PHK-npoAyKTa, PHK-no/iMMepa3a npoAO/DKaei 
TpaHCKpunumo ao Tex nop, noKa 3HAOHyK/iea3a He pa3pe>KeT BHOBb 
cme3npoBaHHyK) PHK b onpeAe/ieHHOM caŇTe 


HMeeT óojibinoň pa3Mep h b jftjibmňuim noABepraera 
oóniHpHOMy npoueccHHry. TepMHHaum nponcxoAHT b 
came, pacnojioxceHHOM npnMepHO nepe3 1000 ocHOBa- 
hhh nooie ynacTKa, cooTBeTCTByiomero 3'-KOHu,y 3pe;iOH 
MOJieKyjibi pPHK. OopMHpoBaHne 3'-KOHu,a ocymecTBM- 
eTca nyTeM pacmernieHna MOJieKyjibi npeAiuecTBeHHHKa. 
TepMHHaLi,™ npoHexoAHT npn pacno3HaBaHnn BcnoMO- 
raTeAbHbiMH cj)aKTopaMH 18-HymieoTHAHOH TepMnmTop- 
HOH IIOCJieAOBaTeJIbHOCTH. 

PHK no;iHMepa30H III in vitro o6pa3yeT Mo;ieKy;ibi 
C TaKHMH xce 5'- H 3'-KOHU,aMH, HTO H y MOJieKyjI, CHH- 
Te3HpyeMbix in vivo . MexaHH3M peaKijHH TepMHHau,HH 
HanoMHHaeT TaKOBon Rím peaKijHH TepMHHau,HH, ocv- 
mecTBJíaeMoň 6aKTepna;ibHOH PHK-no;iHMepa30H b p- 
He3aBHCHMOM TepMnmTope (cm. pa3A. 11.21 «fl.Ba rana 
TepMHHaTopoB E. coli»). TepMHHau,Hfl, Kax npaBHjio, npo- 
HCXOAHT Ha BTOpOM U B nOCJieAOBaTCJIbHOCTH H3 HCTbl- 
pex ocTaTKOB U, OAHaKO oómpyxcnBaiOTCfl TpaHCKpnnTbi, 
3aKaHHHBaioiiJ,Heca TpeMa hjih Aaxce HerapbMa U. Tanaa 
reTeporeHHocrb CBoncTBeHHa Mo;ieKy;iaM, cHHTe3npo- 
BaHHbiM in vivo , AčMOHCTpHpya, hto AäHHaa ocoóeH- 

HOCTb BBJíaeTCB HHAHBHAyaJIbHbIM CBOHCTBOM Ka>KAOH 
OTAeJlbHOH peaKLl,HH TepMHHaU,HH. 

Kax h npoKapHOTHnecKHe TepMHHaTopbi, nooieAOBa- 
TejibHOCTb noAH(U) 4 bxoaht b cocTaB G-C-6oraToro pern- 
OHa. HecMOTpa Ha HajiHHne nocjieAOBaTejibHocreH c AByc- 
TopoHHen cHMMeTpneH, 3Ta ocoóeHHocTb He HMeeT jm 
TepMHHauHH HHKaKoro 3HaneHHa. Myraunn, Hapymaiomne 
CHMMeTpnio, He npenaTCTByiOT HOpMajibHOMy CHHTe3y PHK. 
B TepMHHau,HH He ynacTByiOT nooieAOBaTejibHOCTH, pacno- 
AoxceHHbie noaie nojiH(U) 4 -ynacTKa. Bce ohh MOiyr 6biTb 
3aMeHeHbI 6e3 KaKHX-JIHÓO nOCJieACTBHH pjw TepMHHaU,HH. 

CaMOH no ce6e nojiH(U) 4 -nocjieAOBaTejibHOCTn He- 
AOCTaTOHHo rjm TepMHHau,HH, o neM cBHAejibCTByeT 
HaJIHHHe nOBTOpOB H3 HeTbipeX OCHOBaHHH U BHyTpn 
TpaHCKpHnU,HOHHOH eAHHHU,bl. (OAHaKO BHyTpeHHHX 
noBTopoB U 5 o6;iaAaiomHx óoAbineH TepMHHnpyiomeň 
cnocoÓHOCTbio, neM U 4 He oÓHapy^KHBaeTca, b to BpeMa 
Kax TepMHHaTopbi U 5 BCTpenaiOTca name.) npHHu,HnH- 
a^bHbiM ftBimercn pacno3HaBaHne U 4 nocjieAOBaTeAbHOc- 
th b cocTaBe G-C pernom. 

Kax xce ocynj,ecTBAaeTca peaKijm TepMHHau,HH? B ee 
ocHOBe He MoryT AexcaTb CAaóbie B3aHMOACHCTBm rU-dA 
b PHK-flHK rHópHAHOM pernoHe Ha KOHu,e TpaHCKpnnTa, 
nocKOAbKy name Bcero TpaHCKpHónpyioTca TOAbKo nep- 
Bbie ABa ocHOBaHm U. Bo3moxcho, G-C-6oraTbiH ynac- 
tok oóecneHHBaeT 3aMeAJieHne xoAa (fiepMema, OAHaKO 
BpaA jih oh BBJíaeTca aHa^oroM mnnjibKH, ynacTByioiAeH 
B npOKapHOTHHeCKOH TpaHCKpHnU,HH. KaKHMH MexaHH3- 
MaMH oóecneHHBaeTca CTOJib cneu,H(J)HHHaa peaKqH5i 
(J)epMeHTa Ha Taxyio KopoTKyio uocntp,OB2irtJibHocrb, He 
BbiacHeHO. B npoTHBonoAoxcHOCTb npou,eccy HHHu,HaAHH 
TpaHCKpnnuHH, KOTopbiH PHK nojiHMepa3a III He mo^cct 
OCyiAeCTBABTb CaMOCTOBTeJIbHO, CnOCOÓHOCTb TepMHHH- 
poBaTb TpaHCKpHnu,Hio, no Bcen bhahmocth, aBAaera 
CBOHCTBOM caMoro (J)epMeHTa. 


706 ľJlABA 26 CnAaíícMHr m npoueccnHr PHK 
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3 f -KOH 4 bi mPHK o 6 pa 3 yiOTC 5 i 
b pe 3 yjibTaie pacmeruieHHB 
M nOilMaAeHMlIMpOBaHMB 
nepBMHHoro TpaHcxpMnia 


KníOHeBbie noHflTMíi: 


• noc-neflOBaie^bHocTb AAUAAA BB/iBeTCB MapxepoM 3'-KOHua, 
o6pa3yiomerocB b pe3y/ibTaie pacmermeHMfl Mo/ieKy/ibi mPHK c 
noc-neAyiomMM nojiMaAeHwinpoBaHMeM. 

• Peax i\m nponcxoAHT npn ynacT m 6e/iKOBoro KOMrmeKca, 

B COCTaB KOTOporO BXOAflT (|)aKTOp CneUM(()MHHOCTM. 
3HAOHyK^ea3a n nojin(A)-nojiMMepa3a. 

• OaKTop cneuM(()MHHocTM m 3HAOHyK/iea3a pacmermaioT 

PHK b ynacTKe, pacnojioweHHOM nocne nocneAOBaTe/ibHocTM 
AAUAAA. 

• OaKTop cneunct)MMHocTM m nojin(A)-nojiMMepa3a AoOaB/iaiOT 
npuMepHO 200 ociaTKOB A k c|)opMMpyeMOMy 3'-KOHuy. 

• A-U-Ooraiaa nocneAOBaTe/ibHocTb Ha 3'-KOHue mPHK 
KOHTpO/lHpyeT npoueccbl ľlO/lM- M AGaAGHM/UipOBaHMB B 
umorma3Me 3 m6pmohob Xenopus. 


3'-kohoj mPHK o6pa3yeTca b pe3y;ibTaTe pa3pe3aHna chh- 
TC3HpycMOH ijenn PHK, 3a KOTopbiM cjie/iyeT nojiHaACHHJiH- 
pOBaHHC H0B006pa30BaHH0r0 3'-KOHĽía. npHCOeAHHeHHK) 
noAH(A) k HAcpHOH PHK moxcct noMemaTb aHa^or #e30K- 
CHäACH03HHTpH(J)0C(J)0pH0H KHOIOTbl — 3'-AC30KCHaAe- 
H03HH, H3BeCTHbIH TaiOKC UOJX II23B2IIHCM KOp^HI^CIIHH. 
HecMOTpa Ha to hto KopAHijenHH He npemmľTByeT chhtc- 
3y hacphoh PHK, ero AOÔaBjíeHHe HapyniaeT bhxoa mPHK 
b u,HTonjia3My. 3to CBHAeTejibCTByeT o neoôxodimocmu 
nojiHaACHHJiHpoBaHHa /yw o6pa30BaHHa 3pe;iOH mPHK H3 
hacphoh npe-PHK. 

npoyecc o6pa30BaHHH 3'-KOHija npeACTaBjíeH Ha 
p n c. 26.34. npH AOCTHxceHHH PHK-no;iHMepa30H b xo/je 
TpaHCKpnnuHH cama, eooTBeTCTByiomero 3'-KOHijyTpaHc- 
KpnnTa, h y3HaBaHHH noejieAOBaTejibHOCTeH-MHiueHeH 
/yiH achctbhh 3HAOHymiea3bi npoHexoAHT pacmen;ieHHe 
CHHTe3npyeMOH MOJieKyjibi PHK h nojiHaACHHjinpoBaHHe 
ee 3'-KOHya. H pa3pe3aHHe PHK, h nojiHaACHHjinpoBaHHe 
ocymecTBjíaiOTCH eAHHbiM KOMnjieKcoM npoyeccHHra. 
nojiHaACHHjinpoBaHHe CTaÓHjiH3HpyeT MOJieKyjiy mPHK, 
3amnmafl ee ot AerpaAaijHH c 3'-KOHija. K 3TOMy BpeMeHH 
5 '-kohoj MOJieKyjibi yxce cTa6H;iH3HpoBaH b pe3y;ibTaTe 
KsnHpoBaHHH. nocjie pa3pe3aHHH CHHTe3npyeMOH yenn 
PHK-noAHMepa3a npoAOJDKaeT TpaHCKpnnijHK), o6pa30- 
BaBIUHHCH npH 3TOM 5'-KOHeU, OCTaeTCfl He3amnmeHHbIM. 

Pa3pe3aHHe TpaHCKpnnTa kocbchho 3anycKaeT Mexa- 
HH3M TepMHHayHH TpaHCKpHni],HH PHK-no;iHMepa30H II. 
9K30Hymiea3a CBH3biBaeTca c 5 '-kohijom MOJieKyjibi PHK, 
CHHTe3 KOTopoň npoAOJDKaeTca h nocjie pa3pe3aHHH. Oep- 
Mem AerpaAHpyeT PHK óbicTpee, neM OHa CHHTe3HpyeTca, 
AO Tex nop, nona He aoidhht PHK-noAHMepa3y. BcnoMo- 
raTeAbHbie 6 cakh, CBH3biBaioiAHecH c KapóoKCH-TepMHHajib- 
hhm AOMeHOM noAHMepa3bi, cnocoócTByioT oT/jejieHnio 
PHK-noAHMepa3bi ot J\ HK h TepMHHau,HH TpaHCKpnnijHH. 
B ľjcjiom MexaHH3M npoyecca HanoMHHaeT TaKOBOH jyw 
p-3aBHCHMOH TepMHHatl,HH, CBOHCTBCHHOH ÓaKTepHJIbHOH 
PHK-no;iHMepa3e (cm. pa3A. 11.22 «Kax paóoTaeT p-(J)aK- 


Top?»). 3 to o6T)HCHHeT, noneMy MecTa jioKajiH3auHH caňTOB 
TepMHHayHH PHK-noAHMepa3bi II He onpeAejiaioTCH oaho- 
3HanHO, a Moryr BapbHpoBaTb BHyrpH npoTíDKeHHoro pe- 
rHOHa, pacnoAOxceHHoro noc^e caňTa, cooTBeTCTByiomero 
3'-KOHyy mPHK. 

OóiAeň nepTOH Bcex mPHK bhciiihx synapnoT (xpoMe 
Apoxocen) HBjíaeTca Hajinnue BbicoKOKOHcepBaTHBHOH noc- 
jieAOBaTejibHOCTH AAUAAA b yqacTKe, pacnojioxceHHOM Ha 
11-30 HyKJieoTHAOB AeBee cama nojiHaAeHHJiHpoBaHHH. 
flcneyHH hjih MyTayHH b rencaMepe AAUAAA npenaTCTBy- 
K)T o6pa30BaHHio nojiHaAeHHjinpoBaHHoro 3’-KOHya. H /yia 
pa3pe3aHHfl yenn PHK, h /y m ee nojiHaAeHHJinpoBaHHH He- 
oóxoahm cneij,H(J)HHecKHH CHma^. 

noAyneHHe chctcmh nojiHaAeHHjinpoBaHHH in vitro 
oóAernaeT H3yneHHe Bcex sthx npoyeccoB. CTpyKTypa h 
(J)yHKij,HH KOMnjieKca, ocyiyecTBAHioiAero 3'-npoyeccHHr, 
npOHJIJIIOCTpHpOBaHbl Ha P M C. 26.3 5. OopMHpOBaHHe 
KoppeKraoro 3'-KOHua TpeóyeT ynacTra 3H,oiOHyKjiea- 
3w, cocToaiAeH H3 flByx cy6T)eAHHHy — CFI h CFII — h 
ocymecTBjunomeH pacmemieHHe PHK. Chhtc3 noAH(A)- 
ynacTKa oeymecTBjífleTCH nojiH(A)-nojiHMepa3oň 
(PAP). KoMnoHenm cnei^u0mnocmu (CPSF) pacno3- 
HaeT nocjieAOBaTejibHocTb AAUAAA h HanpaBjíaeT Bce 
ocTaAbHbie aKTHBHOCTH. OaKTop cTHMyjinpoBaHHH, CstF, 
CBH3biBaeTca c G-U-6oraTbiM pernoHOM, pacnoAoxceHHbiM 
nocAe caňTa pacmenjieHHH. 

OaKTop CneiJ,H(J)HHHOCTH COCTOHT H3 HCTbipeX 
cy6T)eAHHHy, CBH3biBaioiAHxcH c nocjieAOBaTejibHocTbK) 
AAUAAA. Ka^aa HHAHBHAyajibHaa cy6T)eAHHHya npeA- 
CTaBjíaeT coóoh óeaoK c PHK-CBH3biBaioiAHM mothbom, 
OÓaaAaiOIAHH CnOCOÓHOCTbK) HeeneiJ,H(J)HHHO CBH3bIBaTb- 


3 -KOHeii o€pa3yeTCfl b pe3y/ibTaTe pa3pe3aHHB PHK-npoAyKTa 


3/iOHraunfi 



v/ 


5'-K3n 


\ 

Pa3pe3aHne 

3HflOHyK/iea3a 


mPHK CTa6n^M3MpyeTCfl b De3ynbTaie noiinafleHM^npoBaHMB 



3K30HyK/iea3a 

flerpaflauMB 

flo/iMafleHM/iMpoBaHMe 


5'-K3ľl 


AAUAAA 


PMC. 26.34 nocaeAOBaieabHocTb AAUAAA flBJíaeTCfl cwrHaaoM /yiB 
pacmenaeHMB MOJiexy/ibi PHK. ľlpn 3tom o6pa3yeTCB 3'-KOHeu, koto- 
pbiií BnocaeflCTBMM noanaAeHnanpyeTCB 
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KoMn/teKC, ocymecTBflsioiMMM npoMeccwHr 3 -KOHuia 


3' CPSF 
AAUAAA 


CFI1 

CstF , y. 


PAP 


ťPaKTOp C HyKJiea3HOM aKTMBHOCTbKD (pOpMMpyeT 3'-KOHei4 
CFII 

AAUAAA 

5 

■ \ í'af 


no/iM(A)-no^MMepa3a (PAP) floóaBjífleT k 3'-KOH4y ocraTKM A 
PAP 

AAUAAA AAAAAAAA-3 

CstF 


riO/lM(A)-CBB3bJBaK)lUMÍÍ 6e/iOK (PABP) 
CBB3biBaeTCfl c ysacTKOM nojin(A) 

PABP 

AAUAAA AAAARÁAAAAAAAA-3' 

CstF J J J 


KoNirmeKC fluccounupyeT nocne npMcoeflMHeHMB 
K3'-KOH4y -200 OCT3TKOB A 


AAUAAA 


PABP 

/TA/\AAaAAAAAAAA-3' 


P M L. 26.35 KoMimeKC, oiBenajomMíí 3a npoueccMHr 3'-KOHua, o6;ia- 
flaeT HeCKOJlbKMMM aKTMBHOCTBMM. EeJIKM CPSF M CstF COCTOflT M3 He- 
CKO/ibKMx cyó-beflMHMu; ApyrMe KOMnoHembi bb^bkjtcb MOHOMepaMM. 
Oómaa Macca KOMnneKca cociaB/ifleT npMMepHo 900 Kfla 


ch c PHK. Cneti,H(J)HMecKHH AAUAAA-CBH3biBaiomHH caňT 
(J)opMHpyeTCH b pe3yHbTaTe 6ejiOK-6ejiKOBbix B3anMO- 
AChctbhh MtyKffy cy6T>eAHHHijaMH. CPSF npoMHO cbh3h- 
BacTCH c nocjieAOBaTejibHOCTbio AAUAAA TOJibKo b tom 
cjiynae, ecnn (J)aKTop CstF Taioxe npncyTCTByeT b G-U- 
óoraTOM ynacTKe. 

Kan peaiojHH pacmemieHHH, TaK h peaKn,HH nojinaAe- 
HHJiHpoBaHHH TpeôyioT yqacTHH (J)aicropa cneijHcJwHHOc™. 
Oh cymecTByeT b KOMiweKce c 3HAOHyioiea30H h nojin(A)- 
nojiHMepa30H, nosTOMy npoijeccbi pacmemieHHH h nojina- 
AeHHJIHpOBaHHH TCCHO CBH3aHbI. 

JX Byx KOMnoHCHTOB KOMnneKca — (J)aKTopoB CFI h CFII 
((J)aKTopbi pacmemieHHH I h II) — BMecre c (J)aicropoM cne- 

ĽI,H(j)HHHOCTH HCOÓXOAHMO H /(OCTaTOHHO JJJUl OCymeCTBJíe- 
HHH 3HAOHymiea3HOH peaKL(HH. 

IloHH(A)-noHHMepa3a xapaKTepn3yeTcn HecneijH(})H- 
HeCKOH KaTaJIHTHHeCKOH aKTHBHOCTblO. OflHaKO B KOM- 
mieKce c aPYBhmh KOMnoHCHTaMH OHa ocymecTBJíneT 


peaKijmo, cneti,H(J)HHHyK) pjm PHK, coAepxcamyio b cbocm 
cocraBe nocjie/tOBaTejibHOCTb AAUAAA. PeaKu,HH n oji n- 
a/jeHHjiHpoBaHHH npoHcxojtHT b aB e CTa/tHH. CHanajia k 
3'-KOHijy npHcoeAHHHeTCH KopoTKan (nopn^Ka 10 ocho- 
BaHHň) nocjieAOBaTejibHOCTb ojinro(A). 3Ta CTa^HH 3aBH- 
cht HCKjiiOHHTejibHo ot AAUAAA-nocjieAOBaTejibHOCTn. 
paóoTa PHK-nojiHMepa3bi HanpaBjíneTCH (JmTopoM cne- 
ĽI,H(j)HHHOCTH. Bo BpCMH BTOpOH CTa/tHH KOHIjeBaH nOCJie- 

AOBaTejibHocTb ojinro(A) yBejiHHHBaeTCH a o -200 Hymieo- 
thaob. 3Ta peaKti,HH TpeéyeT ynacTHH Apyroro c{)aKTopa 
CTHMyjinpoBaHHH, KOTopbiH pacno3HaeT ojinro(A) h, ko- 
opAHHHpyn paóoTy PHK-nojiHMepa3bi, oóecnenHBaeT ee 
yAJiHHeHne c 3'-KOHija. 

Be3 ynacTHH AonojiHHTejibHbix (JjaKTopoB MexaHH3M 
paóoTbi nojiH(A)-nojiHMepa3bi AeMOHcrpnpyeT pa30Bbin 
xapaKTep, (JjepMeHT no OAHOMy AOôaBJíneT k 3'-KOHAy 
ocHOBaHHH A, AnccoĽíHHpyH nocjie KaxcAoro Ao6aB/ieH- 
Horo HymieoTHAa ot CHHTe3npyeMon ijenn PHK. OAHa- 
ko b npncyTCTBHH CPSF n PABP (nojin(A)-CBH3biBaiomHH 
óejioK) xapaKTep CHHTe3a uenn ojinro(A) cmchhctch Ha 
npoi^cccHBHbin (HenpepbiBHbin). PABP — OejioK c MOJie- 
KyjinpHOH Maccon 33 nfla, crtxuoutrpmtcKu CBH3biBaio- 
iahhch c ijenbio ojinro(A). .QjiHHa KOHijeBoro (jjpameHTa 
ojinro(A) KOHTpojinpyeTCH PABP h cocTaBjíneT, Kax npa- 
bhjio, nopHAKa 200 HymieoTHAOB. TaKon npeAeJi mojkct 

o6T)HCHHTbCH CBH3bIBaHHCM KpHTHHeCKOľO HHCJia MOJICKyJI 

PABP c nojin(A). PABP CBH3biBaeTCH c (J)aKTopoM hhhah- 
auHH TpaHCJiHUHH eIF4G, (JjopMnpyn 3aKpbiTyio neTHio, b 
KOT opyio 3aionoHeHbi o6a KOHĽía mPHK (cm. pne. 8.20 b 
pa3A- 8.9 «y SyKapHOT MHOXCeCTBO ({)aKTOpOB HHHAHaAHH 
o6T)eAHHeHbi b KOMnjieKc»). 

nojiHaACHHjinpoBaHHe b 3HaHHTejibHon Mepe onpe- 
AejineT (J)yHKti,HH mPHK. Oho moxcct BjiHHTb Ha CTaÔHJib- 
HOCTb MOJieKyjIbl H Ha npoijecc HHHĽI,HaĽI,HH TpaHCJIHAHH 
(cm. pa3A- 7.10 «3'-KOHetí nojmaACHHjiHpoBaH»). Y hcko- 
Topbix OpraHH3MOB BO BpCMH SMÓpHOHaJIbHOľO pa3BH- 
thh nocjieAOBaTejibHOCTb nojin(A) ynacTByeT b KOHTpojie 
TpaHCJiHti,HH. nojiHaACHHjiHpoBaHHan mPHK b stom cjiy- 
nae aKTHBnpyeT TpaHCJiHi^Hio, AcaACHHjiHpoBaHHan — 
HHrnóHpyeT. nojiHaACHHjinpoBaHHe mPHK b ĽíHTonjia3- 
Me smóphohob Xenopus 3aBHCHT ot cneuH(J)HHecKoro 
t(WC-aKTHBHoro sjieMeHTa (CPE) Ha 3'-KOHije MoneKyjihi. 
3 thm sjieMeHTOM hbjihctch Apyran AU-nocjieAOBaTejib- 
HOCTb - UUUUUAU. 

B SMópnoHax Xenopus oÓHapyxceHO no KpaňHeň 
Mepe ABa t(wc-aKTHBHbix sjieMeHTa, cnocoÓHbix 3anycTHTb 
AeaACHHjinpoBaHHe. SMÓpnoHajibHbin sjieMem AeaAe- 
HHjinpoBaHHH — sto 17-HyioieoTHAHaH nocjieAOBaTejib- 
HocTb. ARE sjieMeHTbi npeACTaBjíniOT coóon AU-6oraTbie 
nocjieAOBaTejibHocTH h, Kax npaBHjio, coAepxcaT TaHAeM- 
Hbie noBTopbi AUUUA. B AerpaAaijHK) mPHK BOBjíeneHa 
nojiH(A)-cnetíH(J)HHHaH PHKa3a (PARN). He BcerAa Aca- 
AeHHjinpoBaHHe 3anycKaeTcn c noMombio cneijH(})HHHbix 
sjieMeHTOB; b HeKOTopbix cjiynanx (BmnonaH npoi^eccbi 
HopMajibHOH AcrpaAaiíHH mPHK b pe3yjibTaTe CTapeHnn), 
nocjieAOBaTejibHOCTb nojin(A) óyzjeT AcrpaAnpoBaTb j\o 
Tex nop, noxa He 6yAeT cneiínajibHbiM oópa30M craón- 
JIH3HpOBaHa. 
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26.20 


PactiieruieHMe m cjjopMMpoBaHMe 
3'-KOHiia mPHK maoHOB 
npOMCxoAflT npii yqacTMM 
Ma/ibix PHK 


K/iiOHeBbie noHBTMB: 


• mPHK tmctohob He nojinaAeHminpoBaHbi; mx 3'-KOHeu 
o6pa3yera b pe3y/ibTaTe peaKUMM pacmermeHMa, 3aBMCBmeŕí ot 
cipyKTypbi mPHK. 

• YcnoBMeM ocymecTB/ieHMB peaKUMM pacmermeHMa BB/ifleTca 
cBB3biBaHne SLBP c crpyKTypoŕí Turia CTeBe/ib-neT/ia Ha mPHK 
m cnapMBaHwe U7 mbPHK c npwieraioiiuiM k 3toíí cipyKType 
oflHouenoHeHHbiM pemoHOM. 



HeKOTopbie mPHK He nojiHa/jeHHjiHpoBaHbi. MexaHH3M 
(J)OpMHpOBaHHH HX 3'"KOHIJOB OTJIHHaeTCa OT KOOp/JHHH- 
poBaHHbix peaKu,HH pacmenjieHHa/nojiHafleHHjiHpoBa- 
hhb. HaH6o;iee apKHMH npeACTaBHTejiaMH TaKHx mPHK 
HBJMIOTCfl mPHK ľHCTOHOBblX ÓeJIKOB, CHHTe3HpyiOmHeCH 

bo BpeMH peruíHKai^HH J\ HK. npoijecc (j)opMHpoBaHHa 

3'-K0H40B 3aBHCHT OT BTOpHHHOH CTpyKTypbl 3THX PHK. 
B 3'-KOHijeBOH nacTH Mo/ieKyjibi Haxo/jHTca bhcokokoh- 
cepBaTHBHaa cTpyKTypa rana CTe6e;ib-neT;ia, cTe6e;ib 
KOTopoň o6pa30BaH rnecTbK), a neTJia — neTbipbMa HyK- 
aeoTHflaMH. PacmemieHHe npoHcxoAHT HerapbMa-naTbio 
ocHOBaHHHMH npaBee CTpyKTypbl rana CTe6e;ib-neT;ia. 
Jpw ocymecTBJíeHHa stoh peaKijHH TpeôyeTca ynacTne 
AByx (JiaKTopoB: 6eaKa, CBa3biBaiomero CTpyKTypy CTe- 
6eab-neTaa (SLBP), h U7 MaPHK, cnapHBaiomeHca c ny- 
pHH-6oraTbiM ynacTKOM (histone downstream element 
hjih HDE), pacnojioaceHHon npnMepHO Ha 10 HymieoTH- 
AOB npaBee cama pacmenjieHHa. 

MyraijHH, npenaTCTByioiitHe (J)opMHpoBaHHio AByxije- 
noneMHoro cTe6.ua CTpyKTypbl CTe6e;ib-neT;ia, HapymaiOT 
h npouecc (J)opMHpoBaHHa 3'-KOHija PHK. BTopHHHbie My- 
TaU,HH, BOCCTaHaBJIHBaiOmHe enOCOÓHOCTb K oépa30BaHHK) 
AynjieKCHon CTpyKTypbl (npn stom He o6a3aTe;ibHO BOCCTa- 
HaBAHBaioiitHe ncxo/tHyio noeaeAOBaTeabHOCTb), B03Bpa- 
maiOT H enOCOÓHOCTb K 0Ópa30BaHHK) 3'-KOHlía. TaKHM 06- 
pa30M, ocoôan emopmuaH cmpymiypa mpaem e npou,ecce 
ôójibiuyK) pojib, neM onpedejiennm HyKJieomudHaH nocjie- 
doeamejibHocmb. SLBP cBa3breaeTca co cTpyKTypoň cTeôe;ib- 
neTJia, nocae nero B3aHMOAencTByeT c U7 MaPHn, ynpon- 
Haa ee B3aHMO/tencTBHe c npaBee pacnojioaceHHbiM caňTOM 
CBa3biBaHHa U7 MaPHK. U7 MaPHn -MaPHn Heóojibiuoro 
pa3Mepa, cocToamaa H3 63-HyKjieoTHAHOH MaPHK h He- 
CKoabKHx óeaKOB (KpoMe Sm-6eaKOB; cm. pa3A. 26.5 «MaPHK 
ynacTByioT b enaaHCHHre»). 

PeaKu,Ha MOK/ty MaPHK racTOHa H3 h U7 MaPHK H3o6- 
paaceHa Ha p ne ?f 6. YnacTKn, KOTopbie eooTBeTCTByioT 
umnabKe h HDE (B3aHMOAencTByiomeMy c U7 MaPHK), koh- 
cepBaTHBHbi /yia H3 mPHK HecKOJibKnx bhaob. Ha 5'-KOHije 
U7 MaPHK pacnoaoaceHa noc;ieAOBaTe;ibHOCTb, CBa3biBaio- 
utaaca c KOHcepBaTHBHon noc;ieAOBaTe;ibHOCTbK) thctoho- 
boh mPHK. npoijeccHHr 3'-KOHija noAaBJíaeTca MyTaijHaMH 
b HDE, npenaTCTByioiitHMH cnapHBaHHio c U7 MaPHK. Kom- 
neHcaTopHbie MyTau,HH b U7 MaPHK, BoecTaHaBjíHBaiomHe 


mL 26.36 OopMMpoBaHMe 3'-KOHua mPHK rMCTOHa H3 3aBMcm ot 
KOHcepBaTMBHoií wnwibKM m nocneAOBaTejibHocTH, B3anMOAeiícTBy- 
lomeíi c U7 mbPHK 


KOMnaeMeHTapHOCTb, BoccTaHaBJíHBaiOT h npoijeccHHr. 3 to 
CB n/teTeabCTByeT o tom, hto U7 MaPHK ocyntecTBJíaeT cboio 
(J) yHKijHK), CBa3biBaaeb c thctohoboh mPHK. nocaeAOBa- 
TeabHOCTb HDE pa3AHHaeTca y pa3Hbix rncTOHOBbix mPHK, 
no3TOMy CBa3bmaHHe c MaPHK caMo no ce6e He oóaa/taeT 
AOCTaTOHHOH CTaÓHJIbHOCTbK), HO TpeÓyeT B3aHMOAeHCTBHa 

c SLBP. 

PacntenaeHHe c o6pa30BaHHeM 3'-KOHi^a nponcxoAHT 
Ha CTporo onpeAeaeHHOM paccToaHHH ot caňTa, y3Ha- 
BaeMoro U7 MaPHK. 3 to no3BOJiaeT npeAnoaoaoiTb, hto 
M aPHK ynacTByeT b pacno3HaBaHHH MecTa pacmemieHHa. 
Oaicrop(bi), HanpaMyio oTBeTCTBeHHbie 3a pacmemieHHe, 
noxa He ycTaHOBjíeHbi. 


26.21 


pPHK o6pa3yioTCfl 
b pe 3 yiibTaie paciAenjieHim 


K/noHeBbie noHBTMB: 


• Boa bujne m Ma/ibie pPHK o6pa3yiOTCfl b pe3yabTaTe 
pacmenaeHMB oómero npeAiaecTBeHHMKa. 


Bce ocHOBHbie pPHK CHHTe3HpyioTca kuk nacTb oahoto o 6- 
mero nepBHHHoro TpaHCKpnnTa, b pe3yabTaTe npoueccHHra 
KOToporo o6pa3yioTca 3peabie npoAyKTbi. npeAiuecTBeHHHK 
co/tepacHT b CBoeM cocTaBe nocaeAOBaTeabHocTH 18S, 5.8S 
h 28S pPHK. Y BbiciiiHx synapnoT npe/tinecTBeHHHK, nojiy- 
HHBUIHH CBOe Ha3BaHHe B COOTBeTCTBHH C K03(j)(})HlJHeHT0M 

ceAHMeHTauHH, Ha3bmaeTca 45S PHK. Y hh3iuhx synapnoT 
oh MeHbrne (y/tpoaacen — 35S). 

3peabie pPHK BbiCBOóoacaaiOTca H3 cocTaBa npeAiuecT- 
BeHHHKa b pe3yabTaTe KOMÓHHai^HH peaKUHH pacmenjieHHa 
h noApaBHHBaHHa. Ha npHBe/teH ochobhoh Me- 

XaHH3M, CBOHCTBeHHblH ApOXOCaM. HopaflOK COÓbITHH MO- 
aceT pa3AHHaTbca, oAHaxo ocHOBHbie peaKi^HH cBoncTBeHHbi 
BceM syKapnoTaM. Boabmaa nacTb 5'-kohlíob aBaaeTca npa- 
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Bce pPHK o6pa3yiOTCfl b peay/ibTaTe pacmen/ieHMH 
o6mero npeAuiecTBeHHMKa 



P M C. 26.37 Bce 3pe/ibie 3yKapnoTMHecKne pPHK o6pa3yK)TCfl b 
pe3yjibTaie pa3pe3aHMfl m riOApaBHMBaHMfl kohljob nepBMHHoro 
TpaHCKpMma 

MbiM pe3y^bTaTOM peaiojHH pacmernieHHa. 3'-KOHijbi o6pa- 
3yK)Tca b pe3y;ibTaTe pacmemieHHfl, 3 a kotophm cne/iyeT 
peaKuna 3'-5'-noflpaBHHBaHHa. 

B npoueccHHre pPHK 3aAeňcTBOBaHbi MHorae pn6o- 
HyKjiea3bi, b tom HHOie h 3K30C0Ma, npeAcraBjíaiomaa co- 
6 oh KOMruícKc HCCKOJibKHx 3K30Hyioiea3, TaioKe oóecnenH- 


Baiou^Hx Aerpa^auMio mPHK (cm. pa3A. 7.13 «B Aerpa,o;aijHK) 

MPHK BOBJíeHCHbl (J)epMeHTbI C pa3JIHHHbIMH aKTHBHOCTH- 
mh»). MyTauHH b 0 TAe;ibHbix (J)epMeHTax oóhhho He npe- 
miTCTByiOT npoijeccHHry. 3 to 03HanaeT, hto hx aKTHBHOCTb 
H36biTOHHa h /yia o6pa30BaHHB 3pe^bix Mo;ieKyji pPHK 
MOiyr HCno;ib30BaTbCfl pa3JIHHHbie KOMÓHHaiJ.HH peaKu,HH 
pacmenneHna. 

TpaHCKpHnijHOHHafl eAHHHija pPHK Bcer/ja cymecTByeT 
b BH/je óojibiuoro KOJinnecTBa reHOMHbix kofihh. 3th koiihh 
opraHH30BaHbi b TaHAeMHbie noBTopbi (cm. pa3fl. 6.9 «Mho- 
xcecTBeHHbie reHbi pPHK coxpaHaiOT nocroflHCTBO CBoeri 
noaieAOBaTe^bHOCTH»). 

5S pPHK TpaHCKpHÓHpyeTCfl c OTAejibHoro reHa PHK- 
no^HMepa30H III. ľeHbi 5S pPHK opraHH30BaHbi b miacrepbi, 
OAHaKo OTAejieHbi ot reHOB ochobhhx pPHK. (Y Apo^aceň 
5S reH accouHHpoBaH c KaacAOH TpaHCKpnmjHOHHOH ew~ 
HHu,eH ochobhhx pPHK, OAHaKo TpaHCKpHÓHpyeTca He3a- 

BHCHMO.) 

B stom 3aionoHaeTCH pa3HHija MOK^y opraHH3auHeň 
npeAinecTBeHHHKa y syKapnoT h y óaKTep™. nooieflo- 
BaTe^bHocTb, cooTBeTCTByiomafl 5.8S pPHK, (J)opMHpyeT 
5 '-kohoj ôojibiuoH (23S) pPHK, npoijeccHHra Meayjy sth- 
mh nocjie/i,OBaTejibHOCTHMH He npoHcxoAHT. KpoMe Toro, 
Kax noKa3aHo Ha pmc. 26.38, npe/uiiecTBeHHHK coAep>KHT 
noc^eAOBaTe^bHOCTb 5S PHK h oahoh wm AByx tPHK. y E. 
coli ceMb mm onepoHOB pacnpeAe;ieHbi no BceMy reHOMy; 
neTbipe rm jioKyca MOK/jy nocjieAOBaTejibHocraMH 16S h 
23S PHK coaepxcaT reH oahoh tPHK, Tpn Apyrnx cojxtp- 
xcaT b stom pernoHe ABa reHa tPHK. flono/iHHTejibHbie 
reHbi tPHK MOiyr pacnojiaraTbca Me>KAy nooieAOBaTe;ib- 
HOCTbio 5S PHK h 3'-kohijom MoaeKyabi. TaKHM o6pa30M, 
xoa peaKu,HH npoiíeccHHra, oóecnenHBaiomHx o6pa30Ba- 
HHe 3peabIX npOAyKTOB, 3aBHCHT OT COCTaBa KOHKpeTHOrO 
rm JioKyca. 

npn npoijeccHHre Kax npo-, Tax h syKapnoTmecKHx 
pPHK pnóocoMajibHbie 601 kh (bo3mo)kho, h Apyrne 6e;iKH) 
CBH3bIBaiOTCa C npeAUieCTBeHHHKOM TaKHM 0Ópa30M, HTO 
cyôcTpaTOM jym npou,eccHHra CTaHOBHTca He CBOÔOAHaa 
PHK, a pnóoHyKneonpoTeHHOBbiH KOMmieKc. 



PMC. 26.38 rrn onepoH E. coli coflepwMT reHbi pPHK m tPHK. ToHHaa flauHa TpaHCKpMma 33 bmcmtot 
T oro, K3K0M MMeHHO npOMOTOp (P) M TepMMHaTOp (t) 3afleŕíCTBOBaHbl. Ka>KAblíí PHK-npOflyKT BblCBO- 
6o>KAaeTCfl m nepBMHHoro TpaHCKpMma b pe3y/ibTaTe pa3pe3aHM5i b onpeAe/ieHHbix caíÍTax 
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Majibie PH K yqacreyiOT 
b npoijecciiHre pPHK 


snoPHK B3aMMOAeHCTByeT c yqacTKOM pPHK - 
MMiueHbio aha noc/ieAyioiuero MeTM/iMpoB3HMfi 


KjnoneBbie noHBTMB: 


• C/D-rpynna snoPHK HeoóxoflMMa A<na MeTM/inpoBaHHfl pn6o3bi 

b 2'-no;io>KeHMM. 

• H/ACA-rpynna snoPHK Heo6xoflHNia npeBpameHMB ypMAMHa 

b nceBAoypMAMH. 

• B Ka>KAOM c/iynae snoPHK cnapMBaeTCB c 
noc/ieAOBaie/ibHocTbio pPHK, coAepwameií ocHOBaHMB- 
MMUJeHM. npw 3TOM (|)OpMMpyeTCB CTpyKTypa, BB/lBIOLAdBCB 
cyócTpaTOM Aiifl MOAncj3HKaunn. 


ľlpoueccHHr h MOAH(f)HKaijHfl pPHK TpeóyiOT ynacTna Ma- 
Jibix PHK, Ha3BaHHbix snoPHK (Maabie HApbiuiKOBbie PHK). 
B reHOMe ApoxoKen (S. cerevisiaé) oÓHapyxceHbi 71 snoPHK. 
OHH aCCOUHHpOBaHbl C ÓeJIKOM (J)H6pHAAapHHOM, BBJíaiO- 
OAHHM H3 OCHOBHblX KOMnOHCHTOB H/JpblIUKa (pe- 
THOH BApa, B KOTOpOM npOHCXOAHT TpaHCKpHniJHa reHOB 
pPHK). HeKOTopbie snoPHK yqacTByioT b pacmemieHHH 
npeAinecTBeHHHKa pPHK; npnMcpoM MoaceT cjiyxcnTb U3 
snoPHK, HeoóxoAHMaa /yin nepBon peaKijHH pacmenjieHHa 
npeAmecTBeHHHKa pPHK y ApoxoKen h Xenopus. Mbi He 3Ha- 
eM, KaKyio poAb snoPHK nrpaeT b pacmemieHHH. Bo3mo>k- 
ho, OHa oóecneHHBaeT cj)opMHpoBaHHe ocoóoh btophhhoh 
CT pyKTypbi pPHK, y3HaBaeMon 3HAOHyKJiea30H. 

JX Be rpynnbi snoPHK oóeenenHBaiOT MOAH(j)HKaijHK) oe- 
HOBaHHH pPHK. HAeHbi KaxcAOH H3 3 thx rpynn onpeAejia- 

lOTCfl no KOpOTKOH KOHCepBaTHBHOH nOCJieAOBaTCJIbHOCTH 
h o6m,HM nepTaM btophhhoh CTpyKTypbi. 

C/D-rpynna snoPHK HeoóxoAHMa ajib MeTHjinpoBa- 
HHfl 2'-0-aTOMa pn603bl. B KOHCepBaTHBHblX nOJIO^COHH- 
ax pPHK no3BOHOHHbix BCTpenaeTca 6o;iee 100 2'-0-Me- 
THJibHbix rpynn. C/D-rpynna no;iyHH;ia CBoe Ha3BaHne 
ÓAarOAapH AByM KOpOTKHM KOHCepBaTHBHbIM MOTHBaM, 

Ha3BaHHbiM caňTaMH C h D. KaxcAaa snoPHK paAOM c 
D canTOM coAepxcHT nocjieAOBaTejibHOCTb, KOMmieMeH- 
TapHyio MeTHJinpyeMbiM pernoHaM 18S h;ih 28S pPHK. 
YTpaTa KaKon-AHÓo snoPHK bcact k HapymeHHio mcth- 
AHpoBaHHa b tom ynacTKe pPHK, KOTopoMy OHa 6buia 
KOMnAeMeHTapHa. 

Ha ;. t i noKa3aHO, KaK snoPHK cnapnBaeTca c 
pPHK, (J)opMHpya AynJieKCHbin pernoH, pacno3HaBaeMbiH 
KaK cyócTpaT jym MeTHJinpoBaHHa. MeTrninpoBaHHe npo- 
HCXOAHT BHyTpn OÔAaCTH KOMHJieMeHTapHOCTH, B03M0AC- 
Hoe noAoxceHne HyKjieoTHAa-MHnieHH orpaHnneHo naTbio 
ocHOBaHHHMH Ha 5'-KOHije D caňTa. no Bcen bhahmocth, 
cneu,H(J)HHHOCTb peaKu,HH MeTHJinpoBaHHH onpeAeAaeTca 
KaxcAOH KOHKpeTHOH snoPHK; k HacToaiAeMy MOMeHTy oxa- 
paKTepn30BaH0 nopaAKa 40 snoPHK. MeTH;ia3a(bi) noKa He 
0XapaKTepH30BaHbI; OAHa H3 B03M0XCH0CTCH COCTOHT B TOM, 
hto nacTHHHO MeTHAa3Haa aKTHBHOCTb oóecneHHBaeTca ca- 
moh snoPHK. 

flpyraa rpynna snoPHK ynacTByeT b CHHTe3e neeBAO- 
ypnAHHa. B ApoxoKeBbix pPHK oÓHapyacHO 43 i^-ocTaTKa, 
b pPHK no3BOHOHHbix — nopaAKa 100. Chhtc 3 nceBAO- 
ypnAHHa oóecneHHBaeTca peaKijnen, npeACTaBJíeHHon Ha 
-fc'ľ /6 CBH3b MOKAy aTOMOM N1 ypHAHAOBOH KHCJIOTbl 


snoPHK 



P H L, 2 ó ,39 snoPHK B3anMOAeňcTByeT c TeM perwoHOM mPHK, koto- 
pblíí BnOCJieACTBMM MeTMBMpyeTCB 


h pn6o30H pa3pyniaeTca, ocHOBaHne pa3BopaHHBaeTca, h 
(J)opMHpyeTCH CBH3b Me*Ay aTOMOM C5 h caxapoM. 

06pa30BaHne nceBAoypHAHHa b pPHK nponcxoAHT 
npn ynacTHH snoPHK rpynnbi H/ACA, HaAHnne KOTopoň xa- 
paicrepHO aab npnMepHo 20 snoPHK. CBoe Ha3BaHne rpyn- 
na noJiyHHjia ÔAaroAapa TpnmieTy ACA, pacnoAoxceHHOMy 
b Tpex HyKJieoTHAax ot 3'-KOHĽía MOJieKyjibi, h nacTHHHo 
KOHCepBaTHBHOH nOCJieAOBaTCAbHOCTH (H-eaHTy), Haxo- 
AauieHca Me)KAy AByMa cTpyKTypaMH rana CTeôeab-neTAa. 
Bce 20 snoPHK BHyTpn CTeóaa Kaa(AOH H3 sthx cTpyKTyp 
HMeiOT nocAeAOBaTeAbHOCTb, KOMrnieMeHTapHyio pPHK. 


nceBAoypMAMH n6pa3yeTCfl M3 ypMAMHa 

0 

0 

n 

II 

^ 9 ^ 

nceBAoypMAMH- ^ £ v 

HN 3 * 5 CH 

CMHT33a HN 3 d -t N H 

1 II 

S- 2 1 6 CH 

| 

-► > fil 

,A c s > 

1 

1 

ypMAMH 

1 

nceBAoypMAMH (\p) 


P’/C. 26,40 nceBAoypMAMH o6pa3yeTCB M3 ypMAMHa b pe3y^bTaie 
3aMemeHMB cbb3m Nl-caxap Ha cBB3b C5-caxap n noBopoia ocHOBa- 
h m OTHocme/ibHo caxapHoro ociaTKa 
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snoPHK coAepwHT b cboôm cocraBe KOHcepBaTHBHbie MOTHBbi 



PUC. 26.41 H/ACA snoPHK coAepwm b CBoeM cociaBe ABe ko- 
poTKwe KOHcepBaTHBHbie nocneAOBaTe/ibHocTM n ABe wrm/ieHHbie 
cTpyKTypbi. B cre6jie k3>kaom m sthx cipyKTyp MMeiOTCfl pernoHbi, 
KOMnjieMemapHbie pPHK. ílceBAoypMAHH o6pa3yeTCfl b pe3yjibTaie 
npeo6pa30BaHMÍí HecnapeHHoro ypMAMHa, pacno/io>KeHHoro b kom- 
n^eMeHTapHoíí snoPHK o6jiacrn pPHK 

Ha phc. 26.4i H3o6pa^ceHa CTpyKTypa, o6pa3yiomaflCfl npn 
cnapHBaHHH snoPHK h pPHK. BHyTpn KancAoro pernom 
KOMruieMeHTapHOCTH ecTb ABa HecnapeHHbix ocHOBaHna, 
OAHHM H3 KOTOpblX flBJIfleTCfl ypHAHH, npeBpaTHBIUHHCH B 
nceBAoypHAHH. 

H/ACA snoPHK aeeoijHHpoBaHbi c HApbiuiKOBbiM 6tn- 
kom Garlp, HeoóxoAHMbiM pjm (jiopMHpoBaHHa neeB- 
AoypHAHHa. ToHHaa (j}yHKU,Ha SToro 6e;iKa He H3BecTHa. 
OnncaHHbie neeBAoypHAHH-CHHTa3bi aBjunoTca 6e;iKaMH, 
(J)yHKu,HOHHpyioiiiHMH 6e3 ynacTna PHK-Kocpaicropa. Chh- 
Ta3a, ynacTByiomafl b snoPHK-onoepeAOBaHHOM chhtc3C 
nceBAoypHAHHa, He onpeAejieHa. 

YnacTHe U7 maPHK b (JiopMHpoBaHHH 3'-KOHija MOJieicyji 
pPHK, a Tanúce po;ib snoPHK b npoijeccHHre h MOAH(j)HKa- 
IJHH pPHK COľ^aCyiOTCH C AäHHblMH, KOTOpbie Mbl npHBOAHM 
b rn. 27 «KaTa^HTHHecKaa PHK». MHorne, a bo3mo>kho, h Bce 
coôbiTHH npoueccHHra PHK 3aBneaT ot PHK-PHKobmx B3a- 
HMOAeHCTBHH. OÔIIJHM CBOHCTBOM BCeX PHK, BXOAfilIJHX B 
cocTaB nacTHij,, aBJíaeTca cnocoÔHOCTb enapHBaTbca c KopoT- 
koh nocjieAOBaTejibHocTbio b cocTaBe cyôcTpaTHon PHK 


26.23 


CnjiancHHr npeACTaBJíaeT coóoh yAaaeHne hhtpohob h co- 
eAHHeHHe sk30hob b Mo;ieKy;iy 3pejion mPHK. no yejiOBH- 
bm, KOTopbie TpeôyiOTca pjm npoTeKaHna peaxijHH in vitro, 
a Taioice oópa3yiomHMCfl b xoAe peaiojHH npoMOKyroHHbiM 
npoAyKTaM, Bce peaKijHH cnjiancHHra mo>kho pa3AeJMTb no 


KpaHHeH Mepe Ha neTbipe Tnna: crniancMHr AAepHbix hht- 
poHOB, hhtpohob rpynnbi I, hhtpohob rpynnbi II, hhtpohob 
tPHK. KaxcAaa peaKijna npeACTaBJíaeT coóoh H3MeHeHne 
opraHH3au,HH MOJieKyjibi PHK h nosTOMy HBjíaeTca ^wc-ax- 
THBHblM COÓbITHeM. 

GruiancHHr npe-MPHK nponexoAHT no npeAnoHTHTCJib- 
HOMy, OAHaxo He o6a3aTeabHOMy MexaHH3My. OcymecT- 
BjieHHe peaKu,HH TpeóyeT ynacTna /ininb oneHb kopotkhx 
KOHcepBaTHBHbix noejieAOBaTejibHOCTen; ocTajibHaa nacTb 
nooieAOBaTejibHOCTH HHTpoHa b oóecneneHHH cnjiancHHra 
ynacTHa He npHHHMaeT. Bce 5'- h 3'-eanTbi cnjiancHHra, no- 
BHAHMOMy, (J)yHKIJ,HOHaJIbHO SKBHBaJICHTHbl. YmcTByioiAHe 
b cmiaHCHHre nocjieAOBaTeiibHOCTH orpaHHHHBaiOT kohiih 
HHTpoHa h onncbiBaiOTCH npaBHJiOM GU-AG. CanT pa3BeT- 
BjieHHa, npeACTaBjíeHHbiH noejieAOBaTejibHOCTbio UACUAAC 
y ApoxoKen h MeHee KOHcepBaTHHon nocjieAOBaTe/ibHocTbio 
y ivuieKonHTaioiAHx, Tanúce npHHHMaeT ynacTne b oeymecT- 
BjieHHH peaKu,HH. 5'-canT craaHCHHra 3aAencTBOBaH b c{)op- 
MHpOBaHHH CTpyKTypbl THna JiaCCO, C nOMOIIlbK) KOTOporo 
Hepe3 5'-2'-CBH3b COCAHHfllOTCfl GU-KOHeil HHTpoHa H OCHO- 
BaHne A b nojioxceHHH 6 caňTa pa3BeTBjieHHH. nočné SToro 
3'-OH kohoi 3K30Ha aTaxyeT 3'-canT eraaHCHHra, npn stom 
npOHCXOAHT CUIHBaHHe 3K30H0B H BblCBOÓO^KACHHe HHTpOH2 
b BH^e Aacco. 06e peaKH,HH no xhmhhcckoh npnpoAe hbjui- 
IOTCH peaKU,H5IMH TpaHC3TepH(J)HKailHH, B KOTOpblX HHCJIO 
CBH3CH OCTaeTCH nOCTOHHHbIM. HeKOTOpbie CTaAHH peaKAHH 
nponcxoAHT npn yqacTHH ATO, TpeóyeMOH, bo3mo>kho, jm 
oóecneHeHHfl KOHcjiopMauHOHHbix H3MeHeHHH PHK h/hjih 
óe^KOBbix KOMnoHemoB. OopMnpoBaHne Aacco oóecneHH- 
BaeT y3HaBaHne 3'-canTa cnAancHHra. npn ajibTepHaTHBHOM 
cnAancHHre óeAKOBbie (JiaKTopbi ah6o cTHMynnpyiOT ncnoAb- 
30BaHHe HOBblX BapnaHTOB CUIHBKH 3K30H0B, AHÓO ÓJIOKHpy- 
IOT HCn0JIb30BaHHe OÓblHHblX BapnaHTOB. 

CnAancHHr npe-MPHK nponcxoAHT npn yqacTHH 
cn^aHcocoMbi — óojibinon nacTHiibi, coónpaioiAeH b cbocm 
cocTaBe KOHceHcycHbie noejieAOBaTejibHOCTH b aKTHBHyio 
KOH(J)opMaiiHio. Hauie Bcero cnAancocoMa (JiopMnpyeTca 
b xo/je npoiiecca, noAyHHBniero Ha3BaHne pacno3HaBaHne 
hhtpohob, 3aionoHaK)iAeroca b pacno3HaBaHHH 5'-canTa 
cnAancHHra, cama pa3BeTBjieHHH 3'-canTa cmiaHCHHra. 
AnbTepHaTHBHbiM BapnaHTOM hbjihctch pacno3HaBaHne 
3K30 hob, npn stom npoHcxoAHT pacno3HaBaHne 5'-can- 
tob cyôcTpaTHoro HHTpoHa h cjieAyiomero 3a hhm HHTpo¬ 
Ha. Cóopxa cnAancocoMbi npoxoAHT HecKOJibKO CTa^nn ot 
KOM jieKca E (KOMn^eKca, onpeAeAHioiAero Bbipe3aHne a^h- 
Horo HHTpoHa), coAepxcaiiiero b cbocm cocTaBe U1 MaPHn h 
(J iaicropbi enAancHHra, k A h B KOMnueKcaM, o6pa3yioiAHMca 
npn npneoeAHHeHHH AonojiHHTejibHbix KOMnoHeHTOB. 

CnAaneocoMa coctoht h3 Ul, U2, U4/U6 h U5 MaPHn h 
AonojiHHTejibHbix (JiaKTopoB cnAancHHra. B cocTaBe Ul, U2 
H U5 BblAeJIHIOT eAHHCTBeHHyiO MHPHK H HeCKOJIbKO ÓeJIKOB; 
U4/U6 MaPHn npeACTaBAeHa AByrn MaPHK h óenKaMH. Pha 
óejiKOB BCTpeHaeTca b cocTaBe Bcex MaPHn. MaPHn paeno3- 
HaiOT KOHceHcycHbie noc;ieAOBaTe;ibHOCTH. Ul MaPHn ena- 
pHBaeTca e 5'-eanTOM enAancHHra, U2 MaPHn — e eanTOM 
pa3BeTBjieHHH, a U5 MaPHn AencTByeT Ha 5'-eaHT. noe^e oe- 
BoóoxcAeHHH H3 KOMnjieKca U4/U6 U6 MaPHK B3aHMOAene- 
TByeT e U2; b pe3y/ibTaTe SToro B3aHMOAencTBHH (JiopMHpy- 
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CTCH KäTäJIHTHHeCKHH IjeHTp CmiaHCHHra. AilbTepHaTHBHblH 
Haôop mhPHEÍ oóecneHHBaeT Bbino;iHeHHe aHa;iorHHHbix 
4)yHKu,HH npn cn^aňcHHre U12-3aBHCHMbix hhtpohob. Mo- 
;ieKy;ibi maPHK, bo 3 mo>kho, nrpaiOT KaTajíHTHHecKyio po;ib b 
crniancHHre h Apyrnx peaKUHax npoijeccHHra. 

B HApbmiKe ABe rpynnbi snoPHK cnapHBaiOTOi c tcmh 
caňTaMH pPHK, KOTopbie b AaJibHeHineM 6yAyT noABepraTb- 
ca MOAHcJjHKauHH. MHuieHbio jyiH CBH3biBaHHB co snoPHK 
rpynnbi C/D HBjunoTCH canTbi MeTHJinpoBaHHfl, a /ym cbh- 
3 biBaHHB co snoPHK rpynnbi ACA — canTbi npeBpameHHH 
ypnAHHa b nceBAoypnAHH. 

Cn^ancHHr bb^hctch, ok npaBHjio, BHyTpHMOJieKyjiflp- 
hoh peaKunen. O^HaKo HeKOTopbiM opraHH 3 MaM (Tpn- 
naHocoMbi, HeMaTOAbi) cbohctbchch mpanc-cujimcmr 
(MOKMOJieKyjinpHbiH cnjiancHHr). Tpauc-cnnmcmir npeA- 
CTaB^aeT coóoh B3aHMOACHCTBne Ma^oň CJI PHK n npe- 
mPHK. CJI PHK HanoMHHacT U1 mhPHK h coBMeiyaeT b 
ce6e ee c^yrnoj™ h (j)yHKLtHio npeAOCTaBjíeHHH 3 K 30 Ha /yia 
cmiaHCHHra. Y HepBen oÓHapyxceHo ABa THna CJI PHK: oahh 
Hcno;ib 3 yeTCfl b cmiaHCHHre c ynacTHeM 5'-Komja mPHK, 
Apyroň — c ynacTHeM BHyrpeHHHx cárom 

fljia hhtpohob rpynnbi II, xax h pjín hacphhx hhtpohob, 
xapaKTepHO o 6 pa 30 BaHHe .rcacco b KanecTBe npoMOKyTOH- 
Horo npoAyKTa. Hx otjihhhtcjibhoh ocoóeHHOCTbio flBJíaeT- 
ch cnocoÓHOCTb k aBTOKaTajiH 3 y. CnjiancHHr sthx hhtpohob 
aieAyeT npaBHJiy GT-AG, OAHaKo npn stom (J)opMHpyeTCH 
cneuH(J)HHecKaH BTopn^Haa crpyiaypa, yAepxcHBaiomafl pe- 
aKU,HOHHbie canTbi b cooTBeTCTByiomeM no^oxceHHH. 

Cn^ancHHr ApoxoKeBOH tPHK nponcxoAHT b pe3y;ib- 
TaTe OTAe;ibHbix 3HAOHymiea3 HOH h jinra3HOH peaKijHH. 
3HAOHyiuiea3a pacno3HaeT BTopHHHyio (hjih TpeTHHHyio) 
CTpyKTypy npeAmecTBeHHHKa h pa3pe3aeT ero MOJieicyjiy no 
oóohm KOHyaM HHTpoHa. Jlpe nojiOBHHbi Mo;ieKy;ibi tPHK, 
o6pa30BaBuiHecB b pe3y;ibTaTe Bbipe3aHHH HHTpoHa, ciuh- 
BaiOTCfl B npHCyTCTBHH ATO. 

CnocoÓHOCTb PHK-no;iHMepa3bi II TepMHHHpoBaTb 
c bok) paóoTy He onncaHa, 3'-KOHu,bi ee TpaHCKpnnTOB 06 - 
pa 3 yioTCB b pe 3 y^bTaTe pacmemieHHfl CHHTe 3 npyeMOH 
ijenn PHK. noc;ieAOBaTe;ibHOCTb AAUAAA, pacno;io>KeHHafl 
Ha 11-30 ocHOBaHHH jieBee canTa pacmenjieHHH, flBjmeTCfl 
CHmajiOM aab ocymecTBjíeHHfl peaKynn pacmemieHHfl h 
nojiHaACHHJiHpoBaHHH. 3 HAOHyKjiea 3 a h no;iH(A)-no;iHMe- 
pa3a accou,HHpoBaHbi b oahh kommckc c (J)aKTopaMH, o 6 ec- 
neHHBaiomHMH noATBep^KACHHe cneuH(J)HHH0CTH CHma^a 
AAUAAA. TpaHCKpnnijHfl TepMHHHpyeTCH nocne coôbiTHH 
pacmemieHHfl, KorAa 3 K 30 HyKjiea 3 a, CBH 3 aHHan c 5'-kohijom 
CHHT e 3 HpycMOH ijenH PHK, AoroHneT PHK-no;iHMepa 3 y. 
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KaTa/ummecKafl PH K 


KPATKOE COflEP)KAHME T/lABbl 


27.2 


BBeAeHne 

HHTpoHbi rpynnbi I caMoycrpaHAiOTCfl no Mexam/i3My 

TpaHC3Tepn(J)nKaAnn 

• fl/ifl aBTOKaia/íHTHHecKoro cn/iaŕícMHra in vitro 
MmpoHaM rpynnbi IipeóyiOTCfl OAHOBa/ieHTHbiM k 3 tmoh, 
flByxBajieHTHbiM k 3 tmoh m HyK/ieoTMfl ryaHMH. 

• Becb cn/iaŕícMHr orpaHMHMBaeTCfl flByMB peaKijMflMM 
TpaHC3TepM(J)MKai4MM M OÓXOflMTCB 6e3 AOnOJlHMTe/lbHblX 
3aipaT 3Heprnn. 

• B Hana/ie nepBoŕí peaKijMM TpaHC3Tepncj3M Kalinu 
3 '- 0 H-KOHeu KO(J)aKTopa aiaKyeT 5 '-KOHeij HmpoHa. 

• B Hana/ie BTopoŕí peaKijMM TpaHC 3 TepM(t)MKa 4 MM 
CBoóoAHbiŕí 3 '- 0 H KOHe^ o 6 pa 30 BaBUJMMCB y nepBoro 
3 K 30 H 3 b pe 3 y/ibTaie nepBoíí peaKijMM, aiaKyeT dbiK 
Me>KAy 3 TMM 3 K 30 H 0 M M BTOpbIM MHTpOHOM. 

• B pe 3 y/ibTaie BTopoŕí peaKijMM mhtpoh BbicBoóowAaeTca 
K 3 K /umeŕÍHaB Mo/ieKy/ia; OHa 3 aMbiKaeTCfl b Ko/ibijo 
noc/ie Toro, KaK ee 3 '- 0 H-KOHeij aiaKyeT OAHy M 3 (Aeyx 
B 03 M 0 >KHblx) BHyTpeHHMX MOKHyKJieOTMAHblX CBfl 3 eM. 

• BHyipeHHBA CBB3b G 414 -A 16 MoweT 6bHb aiaKOBaHa 
ApyrMMM Mo/ieKy/iaMM; noc/ieAyiomafl peaKUMfl 
KBa/iMíJwLjMpyeTCfl KaK mpaHC-cnnawcuHv. 

MmpoHbi rpynnbi I MMejOT xapaKTepHyjo BTopnHHyio 

cipyKTypy 

• Bo BTopMHHoíí cipyKType MmpoHOB rpynnbi I ecTb 
AeBBTb AByxuenoneHHbix ynacTKOB. 

• KaTa/lMTMHeCKafl aKTMBHOCTb MHTpOHa 33 K/lK)HeHa B 
flApe, coAepwameM AByxLjenoneHHbie ynacTKM P 3 , P 4 , P6 
M P 7 . 

• YnacTKH P 4 m P 7 o 6 pa 30 BaHbi napaMM KOMn/ieMemapHbix 
KOHcepBaTMBHbix noaieAOBaie/ibHocTeM. 

• ľlocjieAOBaTejibHocTb, cMewHaa c P 7 , KOMn/ieMeHTapHa 
3 '-KOH 4 eBOMy cerMemy nmpoHa, coAepwameMy 

« pea KTM B H bl íí» G. 

Pn 6 o 3 MMbi npoBB/iíuoT pa 3 /wHHbie Kaia^ninnecKne 

aKTMBHOCTn 

• y MmpoHa rpynnbi I mo>kho noMeHBTb cneuMíJwHHocTb 
k cyócipaiy; Ana aioro HeKOTopwe 3 /ieMeHTbi ero 
nocjieAOBaTe/ibHocTM HaAO 3 aMeHmb a/ibiepHaTMBHbiMM. 

• PeaKi \m cn/iaŕícMHra mmciot ciaHAapmyK) KrnnemKy 
(J)epMeHTaTMBHblX peaKL^MM. 

• Hana^bHbiM 3 TanoM sbojiioljmm KaTa/imMHecKMx 
aKTMBHocieM PHK Mor/iM 6 bHb peaKLiMM, 3 aTparnBaBUJMe 
CBB 3 M 2 '- 0 H. 


27.7 


27.9 


HeKOTopbie MHTpoHbi rpynnbi I KOAnpyiOT 
3HAOHyK^ea3bi, noAAepwnBaiOLAne 
nx MOÓn^bHOCTb 

• MoÓMJlbHbie MHTpOHbl CnOCOÓHbl BHeAPflTbCJI 
B HOBbie CaíÍTbl. 

• MoómibHbie MmpoHbi rpynnbi I KOAwpyiOT 
3HAOHyK/iea3bi, HeoôxoAMMbie ajib mx 
BH eApeHMB. 

• BHeApeHMe MmpoHa b caMT-MMiueHb npoMcxoAMT 
no BceM npaBM/iaM pen/iMKaTMBHoíí 
TpaHCn03M4MM. 

H HTpoHbi rpynnbi II MoryT KOAnpoBaib 
no^n(J)yHKAnoHa-nbHbie 6ejiKn 

• MHTpoHbi rpynnbi II cnocoÓHbi k aBTOKaia/iMTMHecKOMy 
cnnaŕícMHry in vitro; b yc/iOBUflx in vivo mm oóbNHo 
coAeŕícTByiOT 6e/iKM, KOTopbie KOAMpyeT caM mhtpoh. 

• EAMHCTBeHHaíl HaXOAfllMaBCB B MHTpOHe OTKpbITaB 
paMKa CHMTblB3HMfl AaeT 6e/10K C aKTMBHOCTflMM 
oópaTHOM TpaHCKpMnTa3bi, Maiypa3bi m 3HAOHyK/iea3bi; 
T3K>Ke B 3TOM 6e/lKe ecTb flHK-CBB3blBaiOlHMM MOTMB. 

• OópaTHaa TpaHCKpMnT33a CMHTe3MpyeTflHK-KonMio 
MHTpoHa Ha MaipML^e PHK; 3Ta KonMB bcagt ce6a 
nOAOÓHO KOnMBM peTpon030HOB. 

• Bhocb HaApe3bi no oóeMM ijenflM flHK, 3HAOHyKnea3a 
ľOTOBMT CaMT-MMUJeHb K BHeApeHMK) MHTpOHa. 

HeKOTOpbIM aBTOKaTa/IMTMHeCKMM MHTpOHaM 
TpeôyeTCB Maiypa3a 

• Maiypaaa, KOAMpyeMaB cbmmm mhtpohom, noMoraeT 
eMy npMHBTb KaTa/IMTMHeCKM aKTMBHyK) BTOpMHHyiO M 
TpeTMHHyio cTpyKTypy. 

Kaia^MTMHecKaB aKTMBHOCTb PHKa3bi P 
oôecneHMBaeTCB PHK 

• OepMeHT pM6oHyKnea3a P npeACTaBnBeT coóom 
pMÓOHyK/ieonpoTeMH, Kaia/iMTMHecKyio aKTMBHOCTb 
KOToporo cneAyeT othcctm Ha cneT PHK. 

BnpoMAbi oô^aAaKDT Kaia/iMTMHecKOM 
aKTMBHOCTbK) 

• BMpoMAbi m BMpycoMAbi o6pa3yiOT MonoTKOo6pa3Hbie 
cTpyKTypbi, cnocoÓHbie k aBTopacmenneHMio. 

• ľl0X0>KMe CTpyKTypbl B03HMKaK)T npM B33MMOAGMCTBMM 
4enM-cy6cTpaTa c KOMn/ieMeHTapHOM 4enbK)- 
(JjepMeHTOM, KOTopaB ee pa3pe3aeT. 

• Ľlenb-cJjepMeHL BBeAGHHaB b K/ieTKy, Mo>KeT o6pa30Baib 
napy c noAxoAflmeŕí 4enbio-MMiiJeHbio m 3aTeM 
pa3pe3aTb 3Ty MMiueHb. 





mini PeflaKTupoBaHne PHK Kacaeica KOHKpeTHbix 
a30TMCTblX OCHOBaHMÍÍ 

• B He3pe/ibix mPHK ano/innonpoTeMHa B m peiiemopoB 
r/iyTaMaia npoMcxoAm caMT-cnei4H(J)MHHoe 
Ae3aMMHMpoBaHMe; KaTajiM3npyeMoe amtmamh- m 
aAeH03MH-Ae3aMMHa3aMM; peaKAMM npMBOAflT k 
M 3MeHeHMK) cMbic/ia KOAMpyHDiAeŕí oó/iacm. 

umu PeAaKTupoBaHne TpaHCKpunTOB HanpaBjíaeTCfl 

cneunaAbHbiMM Ma/ibiMM Mo/ieKy/iaMu PHK 

• B MMTOXOHAPMflX TpMnaHOCOM MMeeT MeCTO 
3KCTeHCMBHoe peAaKTMpoBaHMe PHK: TpaHCKpnnTbi 
KOHKpembix reHOB npeiepneBaHDT m h o ro hm c/i e h h bi e 
BCT3BKM M AeJieLJMM ypMAMHOB. 

• flBe Mo/iexy/ibi, TpaHCKpMm m HaBOAflinaa PHK, 
B3aMMOAeŕíCTByK)T CBOMMM KOMľl/ieMeHTapHblMM 
ynacTKaMu; 3tm ynacrKM pacno/iaraiOTCfl no o6e CTopoHbi 
ot nocneAOBaienbHocTM-MmueHM peAaKTMpoBaHMfl. 

• Maipm^eŕí ahb Ao6aB/ieHMB (pewe, yAaneHMfl) ypMAMHOB 

c/iy>KMT HaBOAflinan PHK. 


• Kaia/iM3 peAaKTMpoBaHMB ocymecTB/ifleicfl 
6e/iKOBbiM KOMn/ieKCOM, KOTopbiíí oó/iaAaeT 
aKTMBHOCTflMM 3HAOHyKJiea3bl, TepMMHa/lbHOM 
ypMAnn-TpaHC(t)epa3bi m PHK-/iMra3bi. 

IŕkMirk CnAaíícMHr 6e/iKa — aBTOKaTajinTUHecKaa 

peaKLjMfl 

• YnacTOK nonMnenTMAa, o6o3HaHaeMbm 
KaK MHTeMH, MO>KeT KaTa/iM3MpoBaTb CBOÍÍ 
coócTBeHHbiíí bwxoa M3 cocTaBa óe/wa; npw stom 
(JjnaHKMpytoiAMe ynacTKM, 3KcreMHbi, cMbiKatOTca 
Apyr c APyroM; 3to co6bune M3Becmo KaK cnnaŕícMHr 
6e/iK a. 

• KaTa/iM3aTopoM cnnaŕícMHra ôe/wa c/iywm 
MHTeMH. 

• y ÓOJlblilMHCTBa MHTeMHOB eCTb ABe He33BMCMMblX 
3 ktmbhoctm: KpoMe ynacTHB b cnnaŕícMHre 6e/iKa 
MHOme MHTeMHbl npOBBJlfllOT Ce6fl K3K XOMMHľ- 
3HAOHyKnea3bi. 

hímsi Pe3K)Nie 


27.1 


BBeAeHMe 


CorjiacHO TpaAHijHOHHbiM npeACTaBjíeHHHM, jno6aa 3H3H- 
MaTH^ecKaa axTHBHOCTb (to ecTb cnocoÓHOCTb k KaTajiH3y 
ÓHOXHMHHecKHx peaKijHH) Bcer/ja npHnHCbiBajiacb óejiKaM. 
flojiroe BpeMH cnHTajiocb, hto TOJibKO 6ejixn, b MHorooópa- 
3HH CBOefí npOCTpaHCTBeHHOH CTpyKTypbl H B CHJiy CBOefí 
pa3HOCTOpOHHeH XHMHHeCKOH npHpO/Jbl OÓJiaAaiOT oco- 
óeHHofí ruiacTHHHOCTbio h cjiyxcaT MaTepnajiOM, m koto- 
poro sbojiiouha «co3,aaeT» aicraBHbie ueHTpbi jyin KaTajiH3a 
ÔHOXHMHHCCKHX peaXIJHH. 0/JHaKO HOBeHIUHe HCCJieAOBa- 
hha, b tom HHCJie H3yneHHe MexaHH3MOB npoueccHHra PHK, 
npHBejiH k nepecMOTpy stoh tohxh 3peHHH: OKa3a;iocb, hto 
/jejio oóctoht He Tax KaTeropHHHO h BMecre c TeM He Tax 
npocTO. 

B COBpeMeHHOH ÓHOJIOľHH TepMHH pIl6o3HM CTaJI 
oóuj.eynoTpeÓHTejibHbiM: hm o6o3HanaiOT MOJiexyjiy PHK 
co CBOHCTBaMH KaTajiH3aTopa. PeaxuHH in vivo , Be/jOMbix 
pn6o3HMaMH, onncaHO yxce AOBOJibHO MHoro. B pa/je oiy- 
naeB TaKHC peaxijHH He Bbixo/jaT 3a npe/je/ibi oahoh mo- 
jiexyjibi PHK, KOTopaa, TaKHM o6pa30M, caMa C03AaeT ce6e 
yCJIOBHB /yiH H3MeHeHHB CBoen CTpyKTypbl. 3to Tax Ha3bl- 
BaeMbie BHyTpHMOJiexyjiapHbie, hjih aBTOxaTajíHTHHecxHe, 
peaKUHH; HX KaTaJIH3 CBOAHTOí K OAHOMy-eAHHCTBeHHO- 
My aKTy, b kotopom MO^exyjia-KaTa;iH3aTop MeHaeT cbok) 
COÓCTBeHHyiO CymHOCTb. 

B KanecTBe npHMepa moxcho npHBecra hhtpohm 
rpynn I h II, KOTopbie oóJiaAaiOT cnocoÓHOCTbio k Bbipe3a- 
hhk) caMHx ce6a H3 MOJiexyjibi (npe,amecTBeHHHKa mPHK), 
b xoTopoH ohh coAepxcaTca. Hcnojib3ya HHTpoHbi rpynnbi 
I B C03AaHHH HCKyCCTBeHHblX KOHCTpyKUHH, y^ajioch no- 
jiynHTb MOJiexy/ibi PHK, oóJiaAaiouj.He eu^e HecxojibXHMH 


KaTaJIHTHHeCKHMH aXTHBHOCTBMH, npOH3BOAHbIMH OT HC- 
XOAHOH aKTHBHOCTH. 

OepMem pH6oHyx^ea3a P npeACTaBjíaeT coóoh Hyxne- 
onpoTenH, b kotopom co/jepxcHTCfl Bcero OAHa Mo^exyjia 
PHK. Hmchho 3Ta MOJiexyjia oóJiaAaeT xaTajíHTHHecxHMH 
CBOHCTBaMH, HeoóxoAHMbiMH fíjm pacuj.enjieHHB cyócTpaTa, 
tPHK; ocTajibHaa, óejiKOBaa, nacTb <f>epMeHTa jiHinb ycnjiH- 
BaeT 3Ty cnocoÓHOCTb (cKopee Bcero, 3a cneT no/yjepxcaHHfl 
onTHMajibHOH CTpyKTypbl xaTajíHTHHecxoH PHK). 

06o6maa xapaxrepHCTHKH ^Byx peaxij,HH (npHBeACHHbix 
b xanecTBe npHMepoB), moxcho yTBepx^aTb, hto cymecTBy- 
K)T PHK, cnocoÓHbie npoBOAHTb BHyTpHMOJiexyjiapHbie hjih 
MexcMOJiexyjiapHbie peaxii,HH in vitro c o6pa30BaHHeM hjih 
pacnj,enjieHHeM (jDOC^OAHS^HpHbix Bce xce, hccmot- 

pa Ha to hto cneuH^HHHOCTb peaxu,HH h ochobhoh xaTajiH3 
b TaxHX cjiynaax oôecneHHBaiOTCfl PHK, pjm 3(J)(J)exTHBHoro 
TeneHHH peaxu,HH in vivo MoxceT 6biTb ncxjiiOHHTejibHO Ba)K- 
Ha no/wepxcxa óejixoB, accouHHpoBaHHbix c stoh PHK 

Ha/jo cxa3aTb, hto cnjiancHHr npe/jiuecTBeHHHxa 
mPHK — 3TO JIHIHb OAHH H3 HeCKOJIbKHX CnOCOÓOB BHe- 
CeHHfl H3MeHeHHH B CTpyKTypy 3TOH HH(J)OpMaU,HOHHOH 
MOJiexyjibi. Tax, cynj,ecTByeT cnocoó, pe,o;aKTHpoBaHHe 
PHK, npH KOTOpOM npOHCXOAHT H3MeHeHHe a30THCTbIX 
ocHOBaHHH (hjih AOÔaBJíeHHe pHÓOHyxjieoTHAOB) no xoh- 
xpeTHbiM nojioxceHHBM npe/jmecTBeHHHxa. floóaBjíeHHe 
eAHHHHHbix pHÓOHyxjieoTHAOB (naHj,e Bcero ypn^nHOB) 
xapaKTepHO npoueccHHra TpaHcxpnnTOB mhtoxoha- 
pnajibHbix reHOB y HexoTopbix hh3ihhx syxapHOT. noAOÓ- 
ho cnjiaňCHHry, Taxne AOÓaBjíeHHa (BCTaBxn) npoHCxoAUT 
C pa3pbIBOM H BOCCOeAHHeHHeM MeXCHyKJieOTHAHblX CBÍI- 
3en; xpoMe Toro, Rím hhx HyxceH npnTox umpopMaUfUU (b 
BH/je MaTpnubi, hjih o6pa3ua, hoboh, pe3yjibTHpyioiij 1 eH, 
nocjieAOBaTejibHOCTH). 


718 ľJlABA 27 KaTa/iMTMHecKafl PHK 





27.2 


MmpoHbi rpynnbi I 
caMoyapaH}iioTai no MexaHM 3 My 
TpaHC 3 TepM(j)MKaUMM 


K/noHeBbie noHBTM^: 


• fl/ifl aBTOKaia/imuHecKoro cn/iaňcnHra in vitro nmpoHaM 
rpynnbi I TpeóytOTCfl OAHOBa/ieHTHbin KamoH, AByxBa/ieHTHbin 
K3TMOH H HyKJieOTMfl ryaHMH. 

• Becb cn/iaiícnHr orpaHMHMBaera AByMfl peaKUMBMM 
TpaHC3TepMc()MKauMM n oóxoautcb 6e3 AonojiHmeJibHbix 3aipaT 
3Heprnn. 

• B Hana/ie nepBoň peaKijnn TpaHC3Tepncf)HKai4Hn 3'-0H-KOHeu 
KO(J)aKTopa aiaKyeT 5'-KOHeu nmpoHa. 

• B Hana/ie btopoh peaKAnn TpaHC3Tepncj3MKainmi cBOÓOAHbiíí 
3'-0H-KOHeu, o6pa30BaBUJMÍícB y nepBoro 3K30Ha b pe3y/ibiaTe 
nepBoň peaKijnn, aiaKyeT CTbiK Me>KAy 3 thm 3K30hom n BTopbiM 
MHTpOHOM. 

• B pe3y/ibTaie btopoh peaKijnn hhtpoh BbiCBOÓowAaeTCfl KaK 
/íMHeŕíHaB Mo/ieKy/ia; oHa 3aMbiKaeTCfl b KOJibLjo noc/ie Toro, 

KaK ee 3'-0H-KOHeA aiaKyeT oAHy n3 (Aeyx B03M0>KHbix) 
BHyTpeHHMX Me>KHyK/ieOTMAHblX CBB3eň. 

• BHyipeHHBB CBB3b G 414 -A 16 Mo>KeT 6biTb aiaKOBaHa APyruMM 
MOJieKy/iaMM; noc/ieAyioiAafl peaKuna KBajin(J)HAnpyeTCfl KaK 
mpaHC-cnnaucmr. 


HmpoHbi rpynnbi I moxcho BcrperaTb b pa3Hbix reHOMax. 
Y HH3UIHX syrapnoT (TaKHx Kax HH(J)y3opHa Tetmhymena 
thermophila hjih n/iecHeBbin rp uôPhysarum polycephalum ) 
ohh ecTb b a/jepHbix reHax pHÔocoMajibHon PHK. B mhto- 
xoHApnajibHbix reHax rpnóoB TaKHx hhtpohob nonaAaeTca 
OCOÓeHHO MHOrO; HX MOXCHO BCTpeTHTb y HeKOTOpblX 6aK- 
TepHH h Aaxce b Tpex reHax (jiara T4. 

Bce HmpoHbi stoh rpynnbi yMeiOT, Bbipaxcaacb tphbh- 
ajibHO, Bbipe3aTb caMHx ce6a H3 PHK. 3tot npouecc H3Bec- 
TeH KaK aBTOKaTajíHTHHecKHH cnjiaHCHHr, aBTociuiaHciinr 
CnocoÔHOCTb c aBTOKaTajíHTHHecKOMy auiaHCHHry ecTb h y 
hhtpohob rpynnbi II, KOTopbiM nocBaiij.eH pa3A. 26.11 «Ab- 
TOcmiaHCHHr hhtpohob rpynnbi II nponcxOAHT npn noMO- 
lu,h jiaccoa». 

ABTOKaTaJIHTHHeCKHH OUiaHCHHr 6bUI OTKpbIT y TpaHC- 
KpnnTOB reHOB pPHK T. thermophila. ľeHbi oóenx óojibuiHx 
pPHK stoh HH(j)y3opHH HMeiOT THnoByio opraHH3auHio; 06 a 
reHa 3KcnpeccHpyiOTca b cocraBe oahoh óojibinoH TpaHC- 
KpnnUHOHHOH eAHHHUbl. npOAyKT TpaHCKpHnUHH, 35S PHK, 
npeAcraBJíaeT coôoh MOJieKyjiy-npeAinecTBeHHHK, 5'-KOHije- 
Baa oôjiacTb KOToporo coAepxcnT nooieAOBaTeabHOCTb MeHb- 
inen pPHK; ot Hee, b 3'-kohcu, hact nooieAOBaTeabHOCTb 
óojibinen (26S) pPHK. B HeKOTopbix noABHAax T. thermophila 
nocjieAOBaTe^bHOCTb 26S pPHK, b reHe h nepBHHHOM TpaHc- 
KpnnTe, npepBaHa oahhm kopotkhm hhtpohom. 

Bo BpeMa HHKyôauHH in vitro npeAuiecTBeHHHK, 33S 
PHK, npeTepneBaeT caMonpoH3BOJibHbin cnjiaHCHHr. npn 
stom b peaKUHOHHOH cpeAe HaHHHaeT HaKaruiHBaTbca ko- 

POTKHH Bbipe3aHHbIH HHTpOH. CHanaJia OH HMeeT BHA JIH- 
HeňHoro (JiparMeHTa atihhoh 400 ocHOBaHHH, 3aTeM stot 
( f)parMeHT nepexoAHT b KO/ibijeByK) cjiopMy. CxeMa coómthh 
npHBeAeHaHa . 

Jpín caMonpomeojibHOzo cnjiaúcunza e cpede KpOMe 
comoú PHK dojiMHbi npucymcmeoeambJíuuib odno- u deyx- 
eajienmHbie Kamuonu, a maKJtce KOtfiaKmop nymeomud 


npn cn/iancMHre yAa^fleicn mhtpoh 

3k30h 1 Hhtpoh 3k3oh 2 

• #\#\/\/\/\ j\/\ 

TpaHCKpnnunyi J 

re/ib- 3 ^eKTpo(j)ope 3 
^ 35SPHK —m 

Cn^aňcnHr 

i f 

LlnK^n 3 aunyi 

> 

l 

O 

Hhtpoh AnK^nnecKoň-- 

dpyKTypbi 

Hhtpoh ^nHeňHoň- 

dpyKTypbi 


P H C. 27.1 Cn/iaŕícMHr npeAwecTBeHHMKa 35S pPHK Tetrohymeno 
MoweT 6bHb oueHeH c noMoujbK) re/ib-3JieKTpo4)ope3a. 06 yAa/ieHHH 
nmpoHa cBMAeie/ibCTByei noBB/ieHne Ha re/ie óbicrpo ABnwymencfl 
jierKoň no^ocbi. Mhtpoh, mmcmdiamm AMK/iHHecKyio cipyKTypy, npn 
3^eKTpo(J)ope3e ABnweTca MeA/ieHHee, hto n AeMOHdpnpyei Ha/in- 
nne no^ocbi, pacno^o>KeHHoň Bbime 


zyanun (pHÔOHyKJieOTHAbl C APyrHM a30THCTbIM OCHOBaHH- 
eM, He G, He Moiyr cjiyxcHTb KOcJiaKTopaMH stoh peaKu,HH). 
Hhcjio (JioccJiaTOB, KOTopbie ecTb y ryaH03HHHymieoTHAa, 
3H2Htum He HMeeT: ITO, TflO, TMÓ h A^xce npocTO ryaHo- 
3HH B npHHllHne OAHHaKOBO xoporno nOAXOAAT AA^I 3TOH 
peaKiiHH (KOTopaa He TpeóyeT 3aTpaT SHepran). OneHb 
BaxcHbiM TpeôoBaHHeM k ryaH03HHHyiuieoTHAy HBAaeTca Ha- 
jiHHHe y Hero cboóoahoh 3'-OH rpynnbi. 

3a cyAbóoH ryaH03HHHyioieoTHAa moxcho npoaieAHTb 
npn noMoiAH paAHoaKTHBHoro MeneHHa. nooie 3aBepme- 
hhb cnjiaHCHHra MeTKa oÓHapyxcHBaeTca b Bbipe3aHHOM 
JIHHeHHOM (JiparMeHTe HHTpOHa: ÓblBIIIHH KO(J)aKTOp (OCTa- 
tok G) npHKperuieH k ero 5'-KOHijy nocpeACTBOM oóhhhoh 
(J)OC(J)OAH 3(J)HpHOH CBB3H. 

Ha P M c. 27.2 H3o6paxceHbi Tpn peaKijHH nepeHoca, H3 
KOTopbix coctoht aBTOKaTajíHTHHecKHH cn^aHCHHr. B nep- 
boh peaKUHH ynacTByeT ryaH03HHHyKJieoTHA: oh npeAOCTaB- 
/meT cbok) CBOÓOAHyio 3'-OH rpynny, KOTopaa aTaKyeT 3'- 
KOHeil HHTpOHa. B 3TOH peaKl^HH 06pa3yeTCB CBB3b MeXCAy 
HHTpOHOM H OCTaTKOM G (ÓblBIĽHM KO(J)aKTOpOM); CBOÓOA" 
Haa 3 , -OH-rpynna B03HHKaeT npn stom Ha KOHi^e nepBoro 
SK30Ha. Btopoh nepeHOC noxoxc Ha nepBbiH: CBOÓOAHaa 
3'-OH rpynna nepBoro 3K30Ha aTaKyeT btopoh 3K30H. no 
Bceň bhahmocth, nepBbie ABa nepeHoca conpiDKeHbi Apyr c 
ApyroM, nocKO/ibKy HHKaKHX cboóoahhx 3K30hob b npnpo- 
Ae He HaóJiioAaeTca. Ha caMOM ACJie, nepBbie ABa nepeHoca 
moxcho paccMaTpHBaTb KaK OAHy peaKUHio jľuzupoeanm 

3K30H0B C BblCBOÓOXCACHHeM HHTpOHa. Tenepb HHTpOH 
HMeeT cTaTyc cboóoahoh MOJieKyjibi, KOTopaa AOJDKHa 6biTb 
nepeBeAeHa b KOJibijeByK) (JiopMy. Jpm 3Toro HyxcHa TpeTba 
peaKuna nepeHoca. 


27.2 MHipoHbi rpynnbi I caMoycipaHatOTca no MexaHM 3 My TpaHC 3 Tepn(})nKaunn 719 

















ABTocruiaHCMHr npowcxoAMT nocpeflCTBOM peanuiMM 3Tepuc|>MKai4HM 



PMC. 27.2 ABTocn^aŕícMHr pea/iM3yeTCfl c noMoiubto peaKUMŕí 3Tepn({) m Kalinu, b KOTopbix oÓMeH cbb- 
3BMM npOMCXOAMT HaľipflMyK). CBfl3M, C>6pa3yK)lHMeCfl Ha Ka>KflOM CTaflMM, o6o3HaHeHbl 3aTeMHeHHbl- 
mm ynacTKaMM 


MexaHH3M y Bcex Tpex peaKijHH o/jhh h tot )tce — 
TpaHC3TepH(J)HKauHa, npn kotopoh o/jhh (JjoccjjaTHbiH 
s<f>Hp nepeBO/jHTCfl b Apyroň (JjoccjjaTHbiH 3(j)Hp 6e3 Ka- 
Koro-Jinóo npoMOKyroHHoro niApojiH3a. 06 mch cbb3bmh 
npoHexoAHT HanpaMyio; bcb SHeprna npn stom coxpaHaeTca, 
nosTOMy peaKijHtf He TpeóyeT /jonojiHHTejibHoro rHApojiH3a 
MaKpospraMecKHx CBa3efí (hh ATO, hh HO He pacxo/iyioT- 
ch). Eoih TaK, B03HHKaeT Bonpoc: noneMy npn hoctobhhom 
SH epreTHHecKOM noTeHijHajie CHCTeMbi bmccto Toro, HToóbi 
ycraHOBHTbca paBHOBecHio Me^ay npo/iyKTOM h HecruiaH- 
cnpoBaHHbiM npeAiuecTBeHHHKOM, peaKu,Ha crwaHCHHra 
HeH3MeHHO AOXOAHT Jip KOHUa? Rai O B TOM, 4T0 B (j)H3HO- 
jiormecKHx yoiOBnax KOHueHTpauna KoejmTopa (ITO) ro- 
pa3/jo Bbirne, neM KOHijeHTpaijHfl cyócrpaTa (PHK); sto no/j- 
TajiKHBaeT Becb npouecc Bnepe/j, a H3MeHeHna bo btophhhoh 
crpyicrype PHK npnAaioT peaKu,H5iM HeoóparaMOCTb. 

CymecTBOBaHne CHCTeMbi in vitro, r/je HeT ócjikob, a 
cnjiaňcHHr, TeM He MeHee, ycneniHO h/jct, /jaeT nojiHoe 
npaeo npu3namb 3a PHK cnocoômcmb k cwiaúcumy ca- 
mou ceôn. Bo BpeMH cmiaHCHHra MOJieKyjia PHK npHHHMaeT 
COBepUieHHO OCOÔyiO BTOpHHHyiO h TpeTHHHyio CTpyKTy- 


pbl, B KOTOpblX (jDyHKUHOHaJIbHO 3HaHHMbie XHMHHCCKHe 
rpynnbi cÓJiH^ceHbi. Tax (JjopMHpyeTca caňT CBB3biBaHna 
ryaH03HH HyKneora/ja; hmchho sto CBB3biBaHHe 3anycKaer 
peaKUHH pa3pbma h BOceoe/jHHeHHfl xhmhhcckhx CBH3eH, 
noKa3aHHbie Ha pne. 27.2. no pe3y/ibTaTaM sKcnepHMeHTOB 
in vitro cmiaHCHHr, 6e3yc;iOBHO, mo>kho KBajincjjHijHpoBaTb 
KaK cbohctbo caMOH PHK; TeM He MeHee b ycjiOBHax in vivo 
Bce peaKUHH npoxo/yiT npn ynacraH ócjikob, cTaÓHJiH3Hpy- 
ioiijhx CTpyKTypy PHK. 

CnocoÓHOCTb PHK k ynacraio b peaKijHflx nepeHoea, H3 
KOTopbix coctoht cmiaHCHHr, 3anHcaHa b caMoň HyKJieo- 
THAHOH nOCJieAOBaTe/IbHOCTH HHTpOHa. nOSTOMy Bbipe3aH- 
HblH JIHHCHHblH HHTpOH npO/JOJDKaeT ÓbITb peaKIJHOHHOC- 
nOCOÓHblM; 3TO nOKa3aHO Ha PMC. 27.3. 

Bbipe3aHHbiH jiHHeňHbiH HHTpoH MO^ceT nepeňTH B 
KOJibueByio (JjopMy noejie aTaKH 3'-KOHijeBoro ocTaTKa G 
(npomueonojioMHOZo óbiBiueMy KocjjaKTopy, HaxoAflme- 
Myca Ha 5'-KOHije) no o/jHOMy H3 AByx BHyTpeHHHx no- 
JIO^CeHHH B03Jie 3'-KOHUa. npH STOM O/JHa H3 BHyTpeHHHX 
Me^CHyioieoTHAHbix CBB3eH pBeTca, h HOBbiH 5 / -KOHeu ne- 
peHOCHTca Ha aTaKOBaBinHH 3'-OH-KOHeu HHTpoHa. Haine 
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Bbipe3aHHblM MMTpOH o6/l \ 4 <JCT Kaia/IH MeCKHMM ‘KTMBHOCTHMM 



PUC. 27.3 Bbipe3aHHbiŕí mpoH Mo>KeT (J)opMMpoBaTb uMK/iHHecKyio 
crpyKTypy, Mcno/ib3yfl B3aMMOfleíícTBMB c 5'-kohljom ABa BHyT- 
peHHMx caŕÍTa. JlmneŕÍHaB crpyKTypa w-upoHa BocciaHaB/uiBaeTCB b 
pe3y/ibTaie peaKAMM c boaoíí v\m o/iMroHyK/ieoTMAaMM 

Bcero b stom nep6UHHOM3aMUKanuu ynacTByiOT pHÓOHyx- 
jieoTHAbi G 414 h A 16 ; peaiojHfl MOK^y hhmh H3o6paxceHa Ha 
pne. 27.2 KaK Tperaň nepeHOC. UHor/ja tot xce G 414 bmccto 
A 16 aTaxyeT U 20 . B juoôom oiynae, nepBHHHoe 3aMbiKaHHe 
po^aeT KOJibueBOH hhtpoh, a Tanúce xopotxhh jihhch- 
Hbíň (J^parMem, cooTBeTCTByioiij.HH 5'-xoHijeBOMy cerMeH- 
Ty Bbipe3aHHoro jiHHeHHoro HHTpoHa. Jpmm KopoTKoro 
(J)parMeHTa cocraBJíaeT 15 ocHOBaHHH (hjih 19 ocHOBa- 
hhh, eaiH aTana npHuuiacb Ha U 20 ). Ha 5'-xoHije 3Toro 
(J)parMeHTa HaxoAHTca ryaH03HHHyxjieoTH/j, oiyxcHBiiiHH 
KocJ)aKTopoM b nepBOM nepeHOce. 

flajiee, b ycjiOBmx in vitro, xojibijo (jiioôoh h3 myx Bapn- 
aHTOB) moxcct caMonpoH3BO/ibHO pa30MKHyTbca nepe3 npn- 

U,CJlbHbIH THAPOJIH3 TOH CaMOH CBA3H, XOTOpOH OHO nepe/J 
3thm 6buio 3aMKHyro (G 414 -A 16 ah6o G 4H -U 20 ).PcwtbiKaHue 
xo;ibija, 3aMKHyroro no A 16 , /jaeT peaxu,HOHHOcnoco6Hyio jih- 
HenHyio MOJieKyjiy, xoTopaa MOxceT coBepuíHTb emopmnoe 
3aMbimnue ; jyw 3Toro Hyxona aTaxa G 414 Ha U 20 . 


KoHenHbiM npoAyxTOM caMonpon3BOJibHbix peaxu,HH, 
npoHCxoAHmnx c hhtpohom noejie ero BbixoAa H3 cocra- 
Ba npeAiuecTBeHHHKa, flB/iaeTCfl PHK L-19 — sto /iHHeHHaa 
Mo;iexy/ia, no/iyneHHafl b pe3y/ibTaTe pa3MbixaHHa 6o/iee 
KopoTKon KOJibueBOH (j)opMbi. OHa oóJiaAaeT coóctbchhoh 
3H3HMaTHHecKOH aKTHBHOCTbio, no3BOJwx)meH en KaTa- 
jiH3HpoBaTb Hapam,HBaHHe xopotxhx ojiHroHymieoTHAOB. 
(3Ta axTHBHOCTb HHKax He noMeneHa Ha pncyHxax k STOMy 
pa3/i;ejiy, ho cm. pne. 27.8.) 

PeaxuHOHHaa cnocoÓHOCTb Bbipe3aHHoro HHTpoHa 
npeBoexoAHT npocToe yMeHHe noBopanHBaTb BcnaTb peax- 
UHio 3aMbixaHHa. floóaBjíeHne b peaxu,HOHHyio cpe/iy o/ih- 
roHyiuieoTH^a UUU npoBOUHpyeT BCxpbiTHe nepBHHHoro 
KOJibua. UUU, noxoxcHH Ha 3'-xoHijeBOH xpaň mrmaAua- 
THHJieHHHKa, OT/jejmeMOľO npH nepBHMHOM 3aMbIKaHHH, 
CTaHOBHTca 5'-KOHueBbiM xpaeM jiHHeHHon MOJiexyjibi. 3 to 
yxce MeMMOJieKyjinpnaR peaxijna, npn xoTopon j\Bt pa3Hbie 
MOJiexyjibi PHK oó'be/jHHaioTCfl b cocTaBe o/jhoh MO/ieKy/ibi. 

Ha npHMepe cepHH peaxuHH npe/uuecTBeHHHKa pPHK 
T. thermophila ôbuio noxa3aHO, hto aBTOxaTajíHTmecxaa 
aKTHBHOCTb PHK npOHCTCKaeT H3 CnOCOÓHOCTH HeXOTOpblX 
MOJiexyji PHK k o6pa30BaHHio axraBHoro ijempa CBH3biBa- 
HHa xo(f>axTopa, a Taxxce k peopraHH3aijHH h cójihxcchhk) 
peaxniHOHHOcnocoÓHbix rpynn b xoH(j)opMauHH, noAxo- 
AHiiie h jyw HapymeHHH h BOCCTaHOBJíeHna ijejiocmocm 
MOJiexyji. Apyrne hhtpohm rpynnbi I, xoTb ohh h He 6bi/iH 
H3yneHbi Tax xce xoporno, xax hhtpoh T. thermophila , no- 
BHAHMOMy, OÓJiaAaK)T nOXOXCHMH CBOHCTBaMH. TaXHM o6pa- 
3om, aBTOxaTajíHTHnecxHH crniancHHr in vitro nojiHOCTbK) 
oóecnenHBaeTca caMon PHK. Hacxojibxo xce axTyajibHO 
ynacTne ócaxob b stom coóhthh in vivól 

HHTepecHbie noATBepxcAeHHH ynacma óe^xoB b crnian- 
CHHre PHK 6bmH nojiyneHbi b paóoTax c MHTOxoHApHajib- 
hmmh CHCTeMaMH, r^e jyw cnjiaňcHHra hhtpohob rpynnbi 
I HyxcHbi (mp^wc-AencTByioiAHe) npoAyxTbi Apyrnx reHOB. 
Oahh yAHBHTejibHbin npHMep ynacma óejixoB b crniaňCHH- 
re CTa^ H3BecTeH H3 Ha6jix)AeHHH 3a MyTaHTaMH cytl8 rpn- 
6a Neurospora crassa\ b mhtoxohaphíix sthx MyraHTOB He 
npoxoAHT cnAancHHr hhtpohob rpynnbi I. BbiacHRJiocb, mto 
reH cytl8 xoAHpyeT He mto HHoe, xax MHTOxoHApnajibHyio 
THpo3RJi-TPHK-CHHTeTa3y. BepoaTHoe oó^acHeHne (J)eHO- 
ranHnecxoro 3(J)(J)exTa 3BynHT Tax: ycnex cmiaHCHHra 3aBH- 
CHT OT npHHflTHfl HHTpOHOM TaXOH XCe TpeTHMHOH CTpyXTy- 
pbi, xax y tPHK; hmchho Taxaa CTpyxTypa HeoóxoAHMa /yw 
xaTa^H3a TpaHC3TepH(J)HxauHH; aojdkho 6biTb, Taxaa CTpyx¬ 
Typa CTa6HJIH3HpyeTCfl THp03HJI-TPHK-CHHTeTa30H. 

Bo bchxom cjiynae, oneHb HHTepeceH caM (j^axT, hto 
TPHK-CHHT eTa3a HMeeT aBHoe OTHomeHHe x crniancHHry. 
3 tot npHMep roBopHT o tom, mto crniancHHr AOBOJibHO AOJiro 
3B0JIK)LI,H0HHp0BaJI XaX CHCTCMa peaXIJHH, OnOCpeAOBaHHblX 
MOJiexyjiaMH PHK, h jiHnib no3AHee hx 3aMeHHjiH PHK-cbh- 
3biBax)iAHe 6ejiXH, y xoTopbix npexcAe ôbníH xaxHe-TO Apyrne 
cj)yHxij l HH. Taxaa nonyjwpHaa HMHTauna, xax aBTOxaTajíHTH- 
necxHH crniancHHr in vitro , nepe^aer jiHnib ôHOXHMHnecxyx) 

Cym,HOCTb COÓblTHH. AXTHBHblH U,eHTp, ACHCTBHTCJIbHO, 3a- 

xjiaAbiBaeTca b crpyxrype caMon PHK; OAHaxo jyw 3(jxj)ex- 
THBHoro xaTa;iH3a in vivo axTHBHOMy ueHTpy HeoóxoAHMa 
noAAepxcxa uejioro xoMmiexTa pa3JiHHHbix óejixoB. 


27.2 1/lHTpoHbi rpynribi I caMoycipaHatoTca no MexaHM3My TpaHC3Tepnc()MKauMM 721 













27.3 


MHTpoHbi rpynnbi I 
MMeiOT xapaKTepHyio 
BTopMMHyio apyicrypy 


KmoneBbie noHama: 


• Bo BTOpMHHOM CTpyKType MHTPOHOB rpynnbl I eCTb AeBflTb 
AByxAenoneHHbix ynacTKOB. 

• KaTa^MTMHeCKaB aKTMBHOCTb MHTpOHa 33 KJlK)HeHa B BApe, 

coAep>KaiAeM AByxAenoneHHbie ynacTKM P3, P4, P6 m P7. 

• ynacTKH P4 m P7 o6pa30BaHbi napaMM KOMn/ieMemapHbix 
KOHcepBaTMBHbix noc/ieAOBaTe/ibHOcreŕí. 

• ľlocjieAOBaTejibHocTb, CMe>KHaa c P7, KOMn/ieMemapHa 
3 '-KOHueBOMy cerMeHTy w-upoHa, coAep>KaiAeMy 

«pea KTM B H bl íí » G. 


KaacAbin HHTpoH, oraocaiAHMca k rpynne I, MoaceT 6biTb 
0praHH30BäH BO BTOpHHHyiO CTpyKTypy C ACBBTbK) Afiyxue- 
noHeHHbiMH ynacTKaMH, o6o3HanaeMbiMH KaK PI, P2,... P9. 
MoAejib BTopHHHoň CTpyKTypbi HHTpoHa T. thermophila 
npeACTaBjíeHa Ha pmc. 27.4. H 3 AeBaTH AByxuenonenHbix 
ynacTKOB, oÓHapyacHBaeMbix-BO btopmhhom CTpyKType, ABa 
ynacTKa, P4 h P7, o6pa30BaHbi KOMnjieMeHTapHbiMH koh- 
CepBaTHBHblMH SJieMCHTaMH, KOTOpbie y Bcex HHTpOHOB 
stom rpynnbi npHMepHO OAMHaKOBbi. flBOHHaa cnnpaab 
P4 o6pa30BaHa KOMnjieMeHTapHbiMH sjieMeHTaMH P n Q; 
aHa^ornnHbiM o6pa30M, P7 o6pa30BaHa sjieMeHTaMH R n S. 
OcTa^bHbie AByxuenonenHbie ynacTKM btopmmhom crpyK- 
Typbi He HMeiOT BbipaaceHHoro cxoACTBa c aHaaorHHHbiMH 


CtpyKTypa mhtpohob rpynnbl I KOHcepeaTHBHa 



P U C. 27.4 1/lmpoHbi rpynnbl I MMeiOT cxowyio BTopM^Hyio cipyKTypy, 
(JjopMMpyeMyio AeBBTbio pemoHaMM cnapMBaHMa. PemoHbi P4 n P7 
KOHcepBaTMBHbi m o6pa30BaHbi nocneAOBaienbHOCTBMM P, Q, R m S. 
PI c()opMMpyeTCB b pe3y/ibTaie cnapMBaHMa Me>KAy kohuom jieBoro 
3K30H3 m BHľl (BHyipeHHeíí HanpaB/iBiomeií nocjieAOBaTe/ibHOCTbio) 
HHTpoHa; ynacTOK, pacno/ioweHHbiií Me>KAy P7 m P9, cnapuBaeTCB c 
3 '-kohljom MHTpOHa 


ynacTKaMn Apyrnx mhtpohob. Ananm MyrauHH no3BO/iaeT 
TOBOpMTb O HaJIHHHH y MHTpOHa (J)yHKUMOHaAbHO 3HanH- 
Moro BApa, b KOTopoe bxoaat P3, P4 h P 6 ; sto MMHHMa/ib- 
Haa 06 /iacrb HHTpoHa, cnocoÔHaa k BbinojiHeHHio KaTa- 
jm3a. Pa3Mepbi mhtpohob rpynnbl I oneHb BapMaôejibHbi; 
KOHcepBaTMBHbie ynacTKM HaxoAATca Ha 3HanHTe/ibHOM 
paCCTOBHMM OT KOHIJOB MHTpOHa (TO eCTb OT CTblKOB MC5K- 
Ay 3K30HaMM). 

HajiMMMe AByxuenonenHbix ynacTKOB bo btopmhhoh 
CTpyKType MHTpOHa noMoraeT npMBecra CTbiKM mok- 
Ay 3K30HaMM b KOH(J)opMauMio, ójiaronpMaTCTByioLnyK) 
cnaancMHry. YnacTOK PI coAepacHT Kpan nepBoro 3K3ona 
(KOTopbiM Ha cxeMax H3o6paaceH cjieBa ot HHTpoHa). ľloc- 
JieAOBaTeJIbHOCTb BHyTpM HHTpoHa, B3aHMOACHCTByK)IAyiO c 
KpaeM nepBoro 3K30Ha, Ha3biBaioT BHyrpeHHeH HaBOA^iAcn 
nocaeAOBaTeabHOCTbio (BHľl). Oaho Bpeivw cnMTajiocb, hto 
ynacTOK HHTpoHa, oieAyioiAMM cpa 3 y 3 a BHľl, o 6 a 3 aTe/ibH 0 
AOJlXCeH B3aMMOACMCTBOBaTb C KOMIUieMeHTapHblM KpaeM 
BTOpOľO 3K30Ha, TaK HTO BHľl CBOAMT BMeCTe ABa 3K30Ha, 
m cthk MeacAy hmmm 603HUKaem HMeHHO ôaaroAapa BHľl. 
(BnOCJieACTBMM OKa 3 aJIOCb, HTO B3aHMOACMCTBHe BHn CO 
BTOpbIM 3K30H0M MMeeT MCCTO He BO BCeX MHTpOHax STOH 

rpynnbl m hto pjw ycnexa crniancMHra oho He TaK yac m Baac- 
ho.) HaKOHeu, oamh oneHb kopotkhm BHyrpeHHMM cernem 
MHTpOHa, AAHHOM OT 2 OCHOBaHHM, paCnO/IOXCeHHblH Me)KAy 
ynacTKaMM P7 m P9, B3anMOACMCTByeT c cerMeHTOM, pacno- 
jioxceHHbiM HenocpeACTBeHHO nepeA G Ha 3'-KOHije HHTpoHa 
(y T. thermophila — nepeA G 414 ). 

HTOÓbl MHTpOH CTaJI PMÓ03MM0M, HyXCHO, HTOÔbl eľO 
ynacTKM B3aMMOACMCTBOBajin Apyr c ApyroM b tohhom co- 
OTBeTCTBMM C nepBMMHOM CTpyKTypOM MHTpOHa. H3MeHe- 
Hne pMÓOHymieoTMAHOM noc/ieAOBaTe/ibHOCTM umpom 
NioxceT noMemaTb cnjiaHCMHry. B OTAMnne ot (J)eHOTHna 
MyrauMM, mmcioiamx mccto b mmtoxohapmbx (rAe Hapy- 
meHMa cnjiancMHra aerKO npoaBaaioTca b yc/iOBnax in 
vivo), (J)eHOTnn MyraunM b MHTpoHe T. thermophila Jiya- 
ine Bcero npoaBJíaeTca b óaKTepnajibHOH cncTeMe. Ha 
ph c. 27.5 M3o6paxceHa MCKyccTBeHHaa reHHO-MHaceHep- 
Haa KOHCTpyKuna; 3a xoaom cnaancMHra TpaHCKpnnTOB 
3TOM KOHCTpyKUMM MOXCHO CJieAMTb, MCnOAb3ya KJieTKH E. 
coli b KanecTBe peaKUMOHHOM cpeAbi. ripn co3AaHMM stoh 
KOHCTpyKUMM HHTpOH, nOAAGXCaiAMM aBTOKaTaJIMTMMeCKO- 
My cnjiaHCMHry, 6 bui noMemeH b noaoaceHne, ôaaroAapa 
KOTopoMy oh npepbmaeT KOAnpyioiAyK) nocjieAOBaTeab- 
HOCTb p-rajiaKT03MAa3bi (no A^caTOMy KOAOHy). TaKHM 
o6pa30M, cMHTe3 p-raaaKT03MAa3bi m noaBJíeHne b KJieTKe 
E. coli ĽjBeTHoro npoAyKTa aKTMBHOCTM SToro (J)epMeHTa 
b a^hhom cjiynae CTaHOBMTca B03MoacHbiM TO/ibKO nocae 
cnjiaMCMHra, T.e. nocjie yAaaeHMa umpom m mPHK. 

KaK OKa3a;iocb, cmhtc3 p-ra;iaKT03MAa3bi b stom CMcre- 
Me MoaceT matm BecbMa mhtchcmbho; sto roBopMT o tom, hto 
cmiaMCMHr AOCTaTonHO He3aBMCMM ot bhcihhmx ycaoBHH 
(xoTb Mbi HMnero m He 3HaeM o bo3moxchom pojín óaicrepH- 
ajibHbix óejiKOB b ycnexe SToro cnjiancMHra, noaHOueHHbíň 
cmiancMHr b óeaaieTonHOM cucrme in vitro roBopMT o tom 
ace caMOM). 

Hcnojib3ya Ty ace CMCTeMy, moxcho npoBepaTb, KaK bhh- 
aioT Ha xoa cmiancMHra pa3JiMMHbie MyTaunn. Te MyraunH, 
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4to MeHínoT KOHceHcyc, oóiahh ajih Bcex hhtpohob rpynnbi 
I, h, KaK oieACTBHe, HapymaioT coBepmeHCTBO AByxijeno- 
HtHHblX ynaCTKOB, OÓblHHO npHBOAHT K nOJIHOH OCTaHOBKe 
cnjiaňCHHra. Hx scfxjjeKT moxcho KOMneHcnpoBaTb 3 a chct 
BBtRtmm /jpyrax MyrauHH, BOCcraHaBJíHBaiomHx KOMruie- 
MeHTapHOCTb OCHOBaHHH B BaXCHCHIIIHX «y3JiaX» BTOpHHHOH 
CTpyKTypbl HHTpOHa. 

B HHTpOHaX MHTOXOH/^pnaJIbHblX reHOB aHajioniHHbie 
MyTauHH xapaKTepH3yK)Tca noxoxcHMH (JjeHoranHHecKHMH 
scjxjjeicraMH. Myrauna b oahom KOHcepBaraBHOM ojieMeme 
HyKJieOTH/^HOH nOOieAOBaTeJIbHOCTH HHTpOHa MOXCeT ÓbITb 
KOMneHCHpoBaHa MyTaunen b KOMnjieMeHTapHOM sjieMeH- 
Te, B03Bpauj 1 aK)iij 1 eH HHTpoHy ero npaBHjibHyio BTopn^Hyio 
CTpyicrypy. Tax, jvryraijHH b KOHceHcyce R KOMneHCHpyioTca 
MyTauHaMH b KOHceHcyce S. 

Oóoómax cxa3aHHoe, moxcho yTBepxcAaTb, hto aBTO- 
cnjiafícHHr, npoBOAHMbin hhtpohom rpynnbi I, 3aBHCHT 
OT ero OCOÓOH BTOpHHHOH CTpyKTypbl, OCHOBaHHOH Ha 
B3aHMOAeHCTBHBX KOMrUieMCHTapHblX KOHCepBaTHBHblX 
3/ieMCHTOB. OCHOBHOH npHHIJHn, KOTOpblH 3fleCb MOXCHO 

c(J)opMy^HpoBaTb, 3ByHHT TaK: pHÓOHymieoraAHbie nooie- 
AOBaTe^bHOCTH BHyTpH HHTpOHa, flaJieKHe OT CTblKOB MCXC- 
Ay 3K30HaMH, ynacTByioT b o6pa30BaHHH xaTajíHTHHecKHx 
aKTHBHblX ueHTpOB, OpraHH3yK)IlJ 1 HX BCe peaKU,HH, H3 KOTO- 
pbix COCTOHT OUiaHCHHr. 


IIhtpoh Tetrahymena, BBeAeHHbiíí b £. coli, 
cnoco6eH Bbi3BaTb cn^aíícMHr 
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P H C. 2 7c5 BBefleHne HmpoHa Tetrahymena b KOAMpyiomyio noc/ie- 
flOBaie/ibHocTb reHa p-ra^aKT03Mfla3bi npuBOflm k bo3hmkhob6hmk) 
y E. coli cnocoÓHOCTM k ayTocnjiaiícMHry. CMHTe3 p-ra/iaKT03MAa- 
3 bi Mo>KeT 6biTb oueHeH c noMombio Ao6aB/ieHHfl b KyjibTypa/ibHyio 
cpefly KOMľlOHeHTOB, OKpaUJMBaiOlMMXCB (J)epMeHTOM B CMHMÍÍ 4BeT. 
ľloc^eAOBaTe^bHocTb bhocmtcb b E. coli 6aKTepMoc()aroM, noaTOMy 
npMcyTCTBMe cmhmx koaohmíí (coAepwamMx MH(J)Mi 4 MpoBaHHbie 6an- 
TepnM) CBMAGTe/ibCTByeT 06 yAanHOM cn/iaŕícMHre 


27.4 


Pu 603 MMbl ľipOflBJlfllOT 
pa3iiMMHbie KaiajiMTMMecKMe 
aKTMBHOCTM 


KnioHeBbie noHATMa: 


• y MHTpoHa rpynnbi I mowho noMeHBTb cneAMíJwHHocTb 
k cyódpaTy; ajia aioro HeKOTopbie 3/ieMeHTbi ero 
nocjieAOBaTe/ibHocTM HaAO 3aMeHMTb a/i bTepHaTM b h bi m m . 

• PeaKUMM cn^aŕícMHra MMetoT craHAapTHyK) KrnneTHKy 
(J)epMeHTaTMBHbix peaKUnŕí. 

• Hana/ibHbiM 3TanoM sboakdamm Kaia/imMHecKMx aKTMBHocieíí 
PHK Mor/in 6biTb peaKUMM. 3aTparnBaBWMe cbb3m 2'-0H. 


KaTajíHTHnecKaa aKTHBHOCTb hhtpohob nepBOH rpynnbi 
6 buia oTKpbiTa xax hx cnocoÓHOCTb k aBTOcruiaHCHHry. TeM 
He MeHee b ycjiOBnax in vitro Taxne hhtpohh Moryr npoxB- 
jmTb eme uejibin pnp xaTajíHTHHecKHx aKTHBHOcreH. Jlioóax 

H3 3THX aKTHBHOCTeH OÓCJiyXCHBaeT KaKOH-HHÔyAb BapnaHT 
peaKĽiHH TpaHC3TepH(J)HKaUHH. B 3TOM p2L3pa\t Mbl nonpo- 
6 yeM B3rjmHyTb Ha 3 th BapnaHTbi c no3HijHH hx cxoACTBa c 
peaxijHflMH crniancHHra. 

Jlioóaa KaTajíHTHHecKan aKTHBHOCTb HHTpOHa nepBOH 
rpynnbi onpeAejiaeTca ero cnocoÓHOCTbio k o6pa30BaHHio 
KaTaJIHTHHeCKH aKTHBHblX LjeHTpOB — (J)yHKI4HOHaJIbHbIX 
3KBHBaJieHTOB aKTHBHblX U,eHTpOB (J^epMCHTOB Óe^KOBOH 
npHpoAbi. Ha r h c 2 7 ,ó cHOBa H3o6paxceH cnjiancHHr (Ta 
xce cepna peaxuHH, hto h Ha pne. 27.2); Ha stot pa3 cnjian- 
CHHľ nOKa3aH C n03HU,HH 3arpy3KH aKTHBHblX UeHTpOB pn- 
Ó03HMa. 

OflHH H3 aKTHBHblX U,eHTpOB, TaK Ha3bIBaeMbIH caHT 
CBa3biBaHHa cyócTpaTa, o6pa30BaH abohhoh cnHpa^bio PI, 
b KOTopoH 3'-KOHeu nepBoro 3K30Ha npnxoAHTca Ha ynac- 
tok BHľl. Btopoh aKTHBHbiH ueHTp, caHT CBa3biBaHHH rya- 
H03HHa, o6pa30BaH Apyroň abohhoh cnHpa^bio, P7. CaHT 
CBB3bIBaHHH ryaH03HHa MOXCeT ÓbITb 3araT JIHÓO KO(J)aKTO- 
POM, JIHÓO «peaKTHBHbIM» 3'"KOHUeBbIM OCTaTKOM HHTpOHa, 
G (y T. thermophila sto G 414 ). B nepBOH peaxi^HH nepeHOca 
TaM HaxoAHTca KocJjaicrop ryaH03HHHyKjieoTHA, b nocjie/iy- 
ioiahx peaKĽiHax TaM HaxoAHTca G 414 . nepBbie ABe peaKi^HH 
poxc^aioT coeAHHeHHe Mexc^y 3K30HaMH. TpeTba peaKijna (y 
KOTopoH HeT oneBHAHoro ÓHOJiorHHecKoro CMbicjia) poxe- 
AaeT KOJibueBOH hhtpoh. 

CBX3biBaHHe cyócTpaTOB conpoBOxcAaeToi 3Ha^HTe^b- 
HblMH H3MeHeHHXMH B CTpyKType HHTpOHa. /],0 CBX3bIBaHHX 

3'-KOHeu ynacTKa BHn HaxoAHTca 6 jih3ko k P2 h P8 ; noc- 
jie CBX3biBaHHH, Kor^a BHn yxce ynacTByeT b oópa30BaHHH 
Abohhoh cnnpajiH PI, ero 5'-KOHeu OKa3biBaeTcx 6 jih3ko k 
KOHcepBaTHBHbiM pHÓOHyioieoTHAHbiM nojioxceHHHM Mexc^y 
P4 h P3. Xoa cnjiancHHra moxcho OTCJiexcHBaTb no KornaK- 
TaM, AereKrapyeMbiM bo btophhhoh CTpyKType HHTpOHa; 
3TH KOHTaKTbl OTMCHeHbl Ha PH C. 27.7. B TpeTHHHOH CTpyK¬ 
Type HHTpOHa ABe TOHKH, C KOTOpbIMH B aJIbTepHaTHBHOM 
pexcHMe KomaKTHpyeT ABOHHax cnnpajib PI, otctoxt Apyr 
ot Apyra Ha paccToxHHe 37 Ä; sto 03HanaeT, hto b npouecce 
paóoTbi pHÓ03HMa ABOHHäa cnnpajib PI He CTOHT Ha Mecre, 
ho coBepmaeT 3HanHTe^bHbie nepeMeiAeHna. 

PHK L-19 npeACTaBjíxeT coóoh npoAyKT pa3MbiKaHHa 
KOJibueBoro HHTpOHa (Ha pne. 27.3 3Ta peaKi^na H30ó- 
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B PHK-KaTajiM3e 3aAeäcTB0BaHH0 nsa cama 


KaTa/imMHecKaa PHK MMeeT ryaH 03 MH-cBfl 3 biBaiomMŕí caŕÍT 
m cy6cTpaT-cBfl3biBaiomMií caŕÍT 

G 414 

ľyaH03MH- 

CBfl 3 blBafOLI 4 HM caŕÍT — 

CyôcTpaT- 5' CUCUCU UUUACCU 

CB^3blBaKDIHHH caŕÍT - j 

GGGAGG I 

BK/iiOHaeT A 16 m U 20 


ľlepBbiŕí nepeHoc G-OH 3amiMaeT G-CBfl3biBaiomMÍí caŕŕr; 
5' 3K3oh 3aHMMaeT cy6cTpaT-CBB3biBa»oiuMŕí caŕÍT 


G 414 
G-OH 


5' CUCUCU 
GGGAGG 


G 414 


mm 


BTopoŕí nepeHoc G 414 HaxoflMTCB b G-CBfl3biBaiomeM caíŕre; 
5' 3K30H b cy6crpaT-cBfl3biBaiomeM caňTe 


c 


> 


5' íUCUCU 
GGGAGG 


GGGAGG 


+ 

CUCUCU 


TpeTMŕí nepeHoc G 414 HaxoflMTCB b G-CBfl3biBaiomeM caňTe; 
5'-KOHeu MHTpoHa b cy6cTpaT-CBfl3biBaiomeM caŕÍTe 


G ■? 

G UUUACCU 
GGGAGG 



GGGAGG 


G UUUACCU 


PMC. 27.6 Yfla^eHMe mhtpohob rpynnbi I M3 pPHK Tetrahymena npo- 
McxoflHT b pe3y/ibTaTe peanuMŕí MewAy OKKynaHTaMM ryaH03MH-CBfl- 
3biBaiomero caŕíia n cy6cTpaT-CBfl3biBaiomero caŕíia. /leBbiŕí 3K30H 
o6o3HaMeH po30BbiM ABeTOM, npaBbiŕí — nypnypHbiM 


paxceHa KaK nocjieAHaa m BHyTpHMOJiexyjiapHbix nepe- 
CTpoeK, cocTaBAaioiu.Hx cruiaňcHHr). HecMOTpa Ha cboh 
bha, PHK L-19 Bce eme BBJíaeTca ph6o3hmom (xota ee 

aKTHBHOCTb MOXCHO CHHTaTb OCTaTOHHOň nO OTHOIIieHHK) 
K nOJIHOBeCOH KaTaJIHTHHeCKOH aKTHBHOCTH, npOBBJíeH- 
hoh HHTaKTHbiM hhtpohom b peaxijHflx cruiaňcHHra). 3Ta 
ocTaTOHHaa aKTHBHOCTb onpe/i;ejiaeTca y L-19 

nocjieAOBaTejibHOcra BHľl, KOMnjieMeHTapHoň BHľl. B3a- 
HMOfleňcTBHe sthx nocjieAOBaTejibHOCTeH npoHCxoAHT b 
aKTHBHOM UeHTpe CBfl3bIBaHHfl CyÔCTpaTa; BTOpoň aXTHB- 
Hbíň uemp pn6o3HMa OTBeMaeT 3a CBfl3biBaHne xoHijeBoro 
G 414 hjih CBo6o/i;Horo ryaH03HHa b G-CBfl3biBax)meM caňTe 
(to ecTb oTBenaeT 3a aTaxy, c xoTopoň HaHHHaeTca Jno6aa 
peaxijHa TpaHCSTepHcfMxaijHH). 


Ha pmc. 27.8 noxa3aH MexaHH3M HapamHBaHHa ojihtc> 
HyKjieoTHAa C 5 po C 6 b HcnojiHeHHH PHK L-19. OjiHroHyx/ieo- 
th/j C 5 HaxoAHTca b caňTe CBB3biBaHna cyócrpaTa; b sto BpeMa 
b caňTe CBB3biBaHna ryaH03HHa Haxo/jHTCfl G 414 . H3 SToro hc- 
xopmro nojioxceHna 3 , -KOHu,eBOň ijhthahh C 5 nepeHOCHTca 
Ha G 414 ; 3aTeM oh nepeHOCHTca oôpaTHO, b caňT CBB3biBaHna 
cyócrpaTa, ho yxce Ha HOByio MOJiexyjiy C 5 . MHoroxpaTHoe 
noBTopeHHe SToň peaKijHH npHBO/jHT k HaKoruieHHio b pe- 
axuHOHHoň cpe/je Bce 6o/iee ppmmux ojihfouhthahhob C n . 
YMacrae L-19 b SToň peaxijHH, 6e3yoiOBHO, moxcho Ha3BaTb 
xaTajiH30M, nocKOJibxy caMa L-19 npn stom coBepmeHHO He 
MeHaeTca h moxcct 6ecnepe6oňHO no/mepxcHBaTb cepnio H3 
MHOxcecTBa ljhkjiob. TaxnM o6pa30M, PHK L-19 o/i;HO3HaHH0 
KBajiH(J)HUHpyeTca xax ph6o3hm, o6jiaAaioiij 1 Hň aKTHBHOCTbio 
HyKjieoTHAHJi-TpaHC(J)epa3bi. 

Eme HecKOJibxo peaxunň, no/wep>XHBaeMbix ph6o3h- 
MaMH, npe/jcraBjíeHO Ha pmc. 27 . 9 . Ph6o3hm moxcct Bec- 
th ce6a xax SH/i;opH6oHyKnea3a, cneuH(J)HHHaa k pn 6 o- 

HyioieoTHAHoň nocjie/jOBaTejibHOcra, KOMruieMeHTapHoň 
BHn. B npHBe/i;eHHOM npHMepe BHn CBB3biBaeT cerMeHT 
PHK, H/i;eHTHHHbiň xpaio nepBoro SK30Ha (Ha caMOM Aejie 
stot cerMeHT, CUCU, npHHa/yiexcHT cobccm /jpyroMy, 060 - 
coÓJieHHOMy, cyócTpaTy — /jpyroň MOJieKy/ie PHK). JJpsi 
STOň peaxuHH HyxceH xocjjaxTop ryaH03HHHyKJieoTH.il,; oh 
3aHHMaeT CBoň caňT h ony/ja aTaxyeT noaie/jOBaTejib- 
HOCTb CUCU (tohho Tax xce, xax oh aTaxyeT KOHeu, nep- 
Boro SK30Ha b caMOM Hanajie cn^aňcHHra). B pe3yjibTaie 
nocjieAOBaTejibHOCTb-MHineHb pacHj,enjiaeTca Ha 5'-koh- 
ueByio oójiacTb, c xpaeM CUCU xax y nepBoro sx30Ha, h 3'- 
xoHueByio oóJiacTb, c /joóaBjíeHHbiM G Ha 3'-xoHue. noMe- 
HflTb CneLI,H(})H L íHOCTb pHÓ03HMa MOXCHO nyTCM BHeceHM 



flpM CBA3blBaHMM pn603MMa C CyÓCTpaTOM 
M 3 MeHfleTCH ero crpyKiypa 


KoHTaKTbi, o6pa3yeMbie ao cBB3biBaHMB c cyócTpamM 


PMC. 27.7 ľlojioweHMe BHľl b TpeTMHHoŕí CTpyKType M3MeHfleľca 
KorAa npw cBfl3biBaHMM c cyócTpaTOM (JjopMMpyeTCfl PI 
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PeaKTMBHbiíí G-OH 3'-KOHeii KaTajiH3MpyeT peaiuiHM nepetioca 
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3' G-OH 

► 

5' pCcccc-oh r 

GGGAGG -5' 

v_ 


3' G-OH 



5'pCCCCC-OH 3' 
GGGAGG —5' 

V. 

HO-CCCC 


í 


i 8 - 

3' G 
d-OH 

GGGAGG - 

V_ 


3' G v 
|C-0H 

5' pCCCCC OH 3' 
GGGAGG —5' 

V_ 4 


HO-CCCCCCp 
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3' G-OH 


GGGAGG 
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C 5 cnapMBaera c BHľ! 
pBflOM c 5'-kohuom 
MoneKy/ibi PH K 


G-OH aiaKyeT 
CBfl3b CpC 


C nepeHocMTCfl k 3 -G; 
C 4 BbicBo6o>KAaeTCB 


CBB3biBaeTCB Apyroíí C 5 ; 
peaKLiMfl nepeHoca 
ocymecTB/iíieTCB 
B OÔpaTHOM 
HanpaBJíeHMM 


C 6 BblCBOÓOKflaeTCB, 
L-19 PHK 

BoccTaHaBJíMBaeTca 


PMC. 27.8 JlMHeiÍHafl PHK L-19 cnoco6Ha CBB3biBaTb C b cyócrpaT- 
CB5i3biBaK)ineM caŕÍTe; peaKTMBHbiŕí G-3'-0H-KOHeu pacno/iaraera b 
G-c ba 3 bi Ba to uje m caŕÍTe m Kaia/iM3MpyeT peaKUMM nepeHoca, b pe- 
3y/ibTaie KOTopbix M3 Aeyx C 5 o/iMroHyKJieoTMAOB o6pa3yiOTCfl C 4 m C 6 
o/uiroHyK/ieoTMAbi 


MyTaiiHH b ajieMeHT BHľl; phóo3hm óyAeT y3HaBaTb nocjie- 
AOBaTejibHOCTb, KOMiuieMeHTapHyio hoboh BepcHH BHľl. 

flpyroH KOMneTeHiineH pnóo3HMa flB/meTCfl Jinnipo- 
BaHHe (t. e. coe/jHHeHne kohuob) Aeyx MO/ieKyji PHK. flna 
BbinojiHeHHa stoh peaKUHH OAHa MOJieKyjia PHK co cbo- 
6 oahhm 3'-OH-kohuom AOJi^CHa 3aKpenHTbca b came cba- 
3biBaHHa cyócrpaTa (cneuHcjjHHHOCTb CBA3biBaHHfl moxcho 
MOAyjinpoBaTb KoppeKUHeň nocjieAOBaTejibHOcra BHn). 

Bo BTOpOM aKTHBHOM UeHTpe AOJDKHa )WTb BTOpaa MO- 
jieKyjia PHK, oóímTejibHO c G Ha 5'-KOHue (noTOMy hto 3a 
3 tot G ph6o3hm ee y/jep)KHBaeT). B more aTana cboóoa- 
Horo raApoKCHAa Ha (jjoccjjaTHyio CB«3b, HanpaBJíeHHaa H3 
nepBoro uempa bo BTopon, coeAHHaeT ABe MOJieKyjibi b 
o/jHy, c noTepen G, óbiBinero 5'-KOHueBoro ocTaTKa bto- 
poň MO/ieKyjibi. 

fle(J)OC({)opHAHpoBaHHe (TaK Ha3biBaeMaa (J)oc(J)aTa3Haa 
peaKuna) b Hcno/iHeHHH pHÓ03HMa He aBjíaeTca npaMOH 
HMHTauHen KaKOH-jiHÓo H3 peaKUHH cnjiancHHra, ho Toxce 
MOXCCT HMeTb MeCTO. JlflSl 3TOH peaKUHH OJIHľOHymieOTHA, 


KOMruieMeHTapHbiH BHn h oKaHHHBaiomHHca Ha 3'-(jx)c- 
(J)aT, AOJDKeH óbiTb aTaKOBaH G 414 . B pe3yjibTaTe aTann (jjoc- 
(j)aT nepeHOCHTca Ha G 414 h ocraB/weT ojiHroHymieoTHA co 
cboóoahhm 3'-OH-kohuom. noaie Toro KaK stot ojinro- 
HyioieoTHA noKHHeT caHT CBa3bmaHHa cyócrpaTa, (jjoccjjaT 
MoxceT 6biTb nepeHeceH oóparao, H3 cama CBA3biBaHHfl 
ryaH03HHa b caHT CBfl3biBaHHa cyócrpaTa, jihóo Ha Apyron 
ojiHroHymieoTHA (hto 3KBHBa;ieHTHO oóparaoMy xoAy pe¬ 
aKUHH), jihóo Ha BOAy (hto 3KBHBa;ieHTH0 Bbixo/iy Heopra- 
HH^ecKoro (JjoccJjaTa, kotopmm Bcema 3aBepmaeTca ucmun- 
noe AecjjoccjDopHJiHpoBaHHe). 

PeaKUHH, r^e KaTajiH3aTopoM cjiyxcnT PHK, moxcho, 
noAOÓHO KJiaccHHecKHM (JjepMeHTaTHBHbiM npoueccaM, 
onncaTb b TepMHHax KHHeTHKH MHxasjiHca-MeHTeH. Oc- 
HOBHbie xapaicrepHCTHKH peaKUHH CBeAeHbi b Taójinuy Ha 
P M C. 27.10. JJj Ifl Bcex peaKUHH, B KOTOpblX yMaCTByiOT PH- 
Ó03HMbI, XapaKTepHbl HH3KHe 3HaneHHH /C M ; 3TO ľOBOpHT o 
cneuH(J)HHHOCTH KaTajíHTHHecKHx PHK k cbohm cyócrpa- 
TaM. HH3Kne 3HaneHHH BajiOBbix noKa3aTe^eň OTpaxcaioT 
HH3KyiO 3(J)(J)eKTHBHOCTb KaTaJIH3a. B ueJlOM KaTaJIHTHHeC- 
Kne MOJieKyjibi PHK BeflyT ceóa KaK imaccHHecKHe $epMeH- 
th, xoTfl no cpaBHeHHio c óejiKaMH ohh Bce AeJiaioT oneHb 
Me/yieHHO (óe/iKH, b óojibuiHHCTBe cbocm, coBepmaioT ot 
10 3 ao 10 6 aKTOB KaTa;iH3a b MHHyTy). 


KaTaiiH3 onocpeAOBaH peaKAMAMM TpaHC3TepM(j)MKai4H 


noc^eAOBaTe/ibHocTb-cneunc|DHHHayi 3HAopn6oHyK^ea3a 
3' 
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P MC. 27.9 KaTajiMTMHecKaa peaKAM5i cynacTMeM pn6o3MMa ocymecT- 
B/iBeTCB c noMoiAbK) peaKAMŕí TpaHC3Tepn4)MKaAMM Me>KAy rpynnaMM, 
pacno/io>KeHHbiMM b cy6cipaT-CBB3biBaK)iAeM caŕÍTe n rpynnaMM, pac- 
no/io>KeHHbiMM b G-CBfl3biBaK>meM caŕÍTe 


27.4 PM6o3MMbl npOBBABHDT p33AMHHbie KaTaAMTMHeCKMe aKTMBHOCTM 725 









































PHK-KaTajui3 BBJíaeToi 3H3HManmecKMM 


OepMeHT 

CyócrpaT 

(NM) 

Hmcjio 

OÓOpOTOB 

(b mmh) 

19 OCHOBaHMÍÍ 
BMpyCHOM PHK 

24-HyK/ieo- 
TMAH3B PHK 

0,0006 

0,5 

Hhtpoh L-19 

cccccc 

0,04 

1,7 

PHKPHKasbi P 

npe-TPHK 

0,00003 

0,4 

PHKaaa P 

npe-TPHK 

0,00003 

29 

PHKa3a TI 

GpA 

0,05 

5 700 

P-ra^aKT03MAa3a 

/iaKT03a 

4,0 

12 500 


PHC. 27.10 PeaKUMfl, KaTa/iM3npyeMafl PHK, onMCbiBaeTCfl jem we 
napaMeipaMM, hto m peaKAMfl, KaTa/iM3npyeMafl 6e/iKaMM, oTJiMHaacb 
To/ibKo b tom, hto npoTeKaeT MeAneHHee. K M xapaKTepn3yeT TaKyto 
KOHi^eHTpauMK) cyócrpaTa, npw KOTopoŕí CKopocTb peaKUMM aoctm- 
raeT no/iOBMHbi CBoero MaKCMMyMa; sto Be/iUHrnna oópaTHaa acfxjDMH- 
hoctm c()epMeHTa k cyócTpaTy. Hmcjio oóopotob 0 Tpa>KaeT hmc/io mo- 
/ieKy/i cyócTpaTa, nepepaóoTaHHbix oahmm KaTa/uiTMHecKMM caŕÍTOM b 
eAMHMuy BpeMeHM 


OÓHapyxceHne Toro (jmTa, hto KaTa/íHTHHecKHe 
PHK MoryT peryjiupoBaTbca ot B3anMOACHCTBHH c He- 
óojibuiHMH jiHraHAaMH, nepeBepHyjio HOByio crpaHH- 
uy B npeACTaBJíeHHBX 06 aKTHBHOCTH PHÓ03HM0B (CM. 

pa3A. 13.7 «PeryjiflijHfl TpaHCJiaiinn c noMombio Majibix 
MOJieKyji PHK»). O/jhh m BapnamoB TaKOň peryjiaunn 
(riboswitch) H 3 o 6 paxceH Ha p hc. 27 . 11 . CyTb ero b c;ie- 
Ayiouj.eM: Heóojibmaa MOJieKyjia, MeiaóojiHT GlcN 6 P, cbh- 
3biBaeTca c ph6o3hmom h noóyxciaeT ero k BHyTpHMO/ie- 
KyjiapHOH peaKiiHH pacmenjieHHa PHK (to ecTb jinraHA 
3acTaBJiaeT ph6o3hm coBepuíHTb aBTOKaTajiHranecKoe 
pacuj.enjieHHe, npome roBopa, pa3pe3aTb caMoro ce 6 a). 
Tax ycTpoeHa caMoperynaunfl npo/jyKUHH GlcN 6 P no 
Tnny OTpnijaTe/ibHOH oépamoH cbb3h — Be/jb pn6o3HM 
ecTb He hto HHoe, Kax 5'-KOHijeBafl HeTpaHCJiHpyeMaa 06 - 
jiacTb mPHK, Ko/jupyiomafl mnoneBOH (J^epMeHT npoAyK- 
Uhh G1cN 6 P. ABTOKaTajíHTHHecKoe pacmemieHHe stoh 
mPHK npe/jOTBpamaeT ee TpaHC/mijHK). 

Tenepb 3a/jaAHM C e6e Bonpoc: KaKHM o 6 pa 30 M MOJie- 
Kyjie PHK y/jaeTCfl oóecnenHBaTb KaTajinranecKH aKTHB- 


GlcN 6 P fiB^fleTCfl /inraHAOM a- n* PHK-nepewiiOMaTejwi, m H3ktm b wpy iomero mPHK 



PHl. 2".11 Pm6o3mm pacno/ioweH BHyTpw 5'-HeTpaHc/inpyeMoro pemoHa mPHK, KOTopafl KOAMpy- 
eT t()epMeHT, ynacTByK)iAMM b o6pa30BaHMM r/iK)K03aMMH-6-(t)oc(t)aTa. KorAa r/iK)K03aMMH-6-(t)oc(t)aT 
CBB3biBaera c pm6o3mmom, tot oTUjen/ifleT 5'-KOHeu mPHK, npeAOTBpamaa TeM caMbiM Aa/ibHeŕíiijyK) 
npoAyKUMK) (J)epMeHTa 


726 D1ABA 27 Kaia/iMTM4ecKafl PHK 




























hhh u,eHTp? Akthbhmh u,eHTp mojkho npeAcraBHTb ce6e 
KaK nOBepXHOCTb, 06pa30BaHHyi0 aKTHBHbIMH XHMHHeC- 
khmh rpynnaMH, npeôbiBaiomHMH b (jDHKcnpoBaHHbix 
B3anMOOTHOiiieHH«x Apyr c ApyroM h c cyôcTpaTOM. B 
aKTHBHblX U,eHTpaX pa3JlHMHbIX ÓeJIKOB pOJIb aKTHBHblX 
rpynn nrpaiOT paAHKajibi aMHHOKHCJiOTHbix ocraTKOB; b 
CBoeň coBOKynHOCTH sth paAHKajibi oneHb pa3Hoo6pa3- 
Hbl, HMeiOT MHOľO n0J10)KHTeJlbH0 H OTpHU,aTeJIbHO 3ap«- 
>KeHHbix hohhhx rpynn, a TaiOKe rnApocJJoÔHbix rpynn, 
n npeACTaB^iOT co6oň óoraTeninnň MaTepnaji jxm co- 
3,aaHn« aKTnBHbix nempoB. Y PHK b KanecTBe aKTHBHbix 
ueHTpoB cjiyxcaT, no ôojibinen nacra, AOcrynHbie cone- 
TaHHfl a30TncTbix ocHOBaHnn. no/mep^KaHne sthx cone- 
TaHnn b onpeAC^eHHbix nonoyKtmwx MO>KeT ocymecT- 
BJiflTbCfl 3a cneT xcecTKOCTn btophhhoh (hjih TperanHon) 
CTpyKTypbi Mo;ieKy;ibi PHK. OKa3biBaeTCfl, Aa>Ke sthx or- 
paHnneHHbix B03M0>KH0CTeň AOcraTOHHO Rím co3AaHHfl 
úporná xhmhhcckh aKTHBHbix rpynn b KOH(J)nrypau,nn, 
KOTopaa oôecnennBaeT cpe^y flJifl H3MeHeHHfl narrep- 
Ha xhmhhcckhx CBfl3en y cyôcrpaTa. B3anMOAencTBne 
PHK-KaTa^n3aTopa c PHK-cyócrpaTOM Hen36e>KHO co- 
npoBo^aeTc^ B3anMOAeňcTBneM nx KOMnneMeHTapHbix 
ynacTKOB, oôecnennBaiomHM peaKu,noHHoe OKpyxceHne. 
OneHb Ba>KHyio pojib b PHK-KaTajin3e nrpaiOT AByxBajieH- 
THbie KaTHOHbl (OÔblHHO 3TO Mg 2+ ), OHM npHCyTCTByiOT B 
aKTHBHOM u,eHTpe n KOopAHHnpyiOT n (JjHKcnpyiOT no- 
3hu,hh pa3JinnHbix aKTHBHbix xhmhhcckhx rpynn. flByx- 
Ba;ieHTHbie KaTnoHbi npnHHMaiOT ocoôeHHoe ynacrae b 
SHflOHyK^eOJIHTHHeCKOH aKTHBHOCTH pn603HM0B HeKO- 

Topbix BnpyconAOB (cm. pa3A. 27.9 «BnponAbi oÓJiaAaiOT 

KaTa^nranecKon aKTnBHOCTbio»). 

OTKpbiTne y PHK KaTajíHTnnecKOH aKTHBHOCTH ^ajio 
MOiijHbiH tojihok pa3BnTnio Teopnn 3bojiiou,hh. flBHbiH 
pacKOJi reHeTnnecKoro annapaTa (bo Bcex KOMnoHeH- 
Tax KOToporo npncyTCTByeT HyKjienHOBaa KHCJiOTa, ho 
npn stom Becb KaTajiH3 otboahtoi óejiKaM) 03aAanHBaji 
nccjieAOBaTejien bo Bce BpeMeHa. Bcer^a Ka3ajiocb Majio- 
Bepo^THbiM, HTo6bi b caMbix nepBbix penjiHu,HpyiomHxai 
cncTeMax (t. e. >KHBbix cncTeMax) Morjin OAHOBpeMeHHO 
npncyTCTBOBaTb n óejiKH, n HyKJienHOBbie khcjiotm. Ho 
npeAno^o>KnM, hto nepBbie >KHBbie cncTeMbi coAep>Ka- 
jih OAHy Jimiib caMopenjiHu,npyiomyioai HyKjienHOByio 
KHCJIOTy, OÔ^a^aBIliyK) KaTaJIHTHHeCKHMH aKTHBHOCTfl- 
MH — OneHb npnMHTHBHblMH, HO BnOJIHe AOCTaTOHHbIMH 
jxm Toro, HToôbi pa3pbiBaTb n ycraHaBjíHBaTb (J)oc(J)oah3- 
(J)npHbie cba3h. Ecjih npeAnojio>KHTb, hto ynacTne CBA3eH 
2'-OH b peaKu,Hflx cn^aHCHHra y coBpeMeHHbix opraHH3MOB 
flBJIfleTCfl OTľO^OCKOM npHMHTHBHOrO ApeBHerO KaTaJIH3a, 
npnAeTCfl npn3HaTb, hto, Bepo^THee Bcero, nepBOH reHe- 
TnnecKon MaTpnu,en Ha 3eM.ne c^y^craa He flHK, a PHK. (Y 
flHK oTcyTCTByeT 2'-OH-rpynna.) npoAOji^aa sto paccyxc- 
AeHne, moxcho npeAcraBHTb, hto 6e^KH CMor^n 3aBoeBaTb 
ce6e MecTo b ^khbhx cncTeMax ójiaro/japa CBoen cnocoô- 
hocth k CTa6ran3au,HH CTpyKTypbi PHK. nocTeneHHO 6tn- 
kh, ójiaro/japa cBoeň HenpeB30HAeHH0H CTpyKTypHOH miac- 
thhhocth, 4)aKTHHecKH MOHono^H3npoBajiH KaTajiH3, h yxce 
Ha stoh ocHOBe crpoHJicfl cjio^KHeniiiHH annapaT sxcnpec- 
CHH reHOB COBpeMeHHblX ^CHBblX OpraHH3MOB. 


27.5 


HeKOTopbie MHTpoHbi rpynnbi I 
KOflMpyioT 3HflOHyK/iea3bi, 
noflflepwMBaioiMMe 
MX MoélUlbHOCTb 


K/noMeBbie noHmua: 


• MoÓHJlbHbie MHTpOHbl CnOCOÓHbl BHeAP^TbCíl B HOBbie CaMTbl. 

• MoómibHbie MmpoHbi rpynnbi I KOflMpyKDT 3HflOHyKJiea3bi, 
HeOÓXOflMMbie AJ1B MX BHeApeHM^l. 

• BHeApeHMe MmpoHa b caíÍT-MMiueHb npoMCxoAm no BceM 
npaBM/iaM pen/iMKaTMBHOM TpaHcno3Mi4MM. 


HeKOTopbie HHTpoHbi rpynn I n II co^ep^KaT OTKpbiTbie 
paMKH CHHTbIBaHHfl, KOTOpbie TpaHCAHpyiOTC^ KaK (J}yHKU,H- 
OHa^bHbie 6eAKH. 3Kcnpeccn« reHemnecKoro MaTepnajia, 
coAep>Kameroai b Taícnx HHTpoHax, npH^aeT hm Moôwib- 
Hocmb. 3to 3HannT, hto npn noAAep^KKe npoAyKTa SKcnpec- 
chh flHK-BepcHfl HHTpoHa (opnrHHajibHaa reHOMHa^ Konna 
hjih oôpaTHaa mnm c TpaHCKpnnTa) mo^kct BcrponTbc^ b 
HOBbiH caHT reHOMHOH flHK. HmpoHbi rpynn I h II pacnpo- 
CTpaHeHbi npe3BbinaHHO ninpoKO; ohh npeACTaBjíeHbi bo 
Bcex u,apcTBax »cHBbix opraHH3MOB. nepeMemeHne nmpo- 
hob rpynnbi I onocpe^OBaHO flHK; nepeMemeHHe hhtpohob 
rpynnbi II onocpe^OBaHO PHK. 

CaM cjDaKT MOÔHJibHOCTH hhtpohob 6bm BnepBbie ycra- 
HOBJíeH b reHeTnnecKHx SKcnepnMeHTax. OÓHappcnjiocb, 
hto b HeKOTopbix AOKycax ajuiejiH pa3JiHnaiOTc« HajiHnneM 
HJIH OTCyTCTBHCM HHTpOHa. OCOÔCHHO HaCTO TaKOH no- 
JIHMOp(J)H3M M05KH0 BCTpeTHTb B MHTOXOHAprWX rpHÔOB. 
HajiHnne no;iHMop({)H3Ma b npeAejiax oahoh kjictkh coot- 
BeTCTByeT npeAnoAO^ceHHio o tom, hto sth HHTpoHbi no- 
nejíHTomcH KaK BCTaBKH reHeTHnecKoro MaTepnajia BHyrpb 
reHa. MexaHH3M hx no^BjíeHrw MO)KeT 6biTb npnoTKpbiT 
aHajiH30M peKOMÔHHauHH, 3aTparnBaiomeH reH ôojibiiiHx 
pPHK B MHTOXOHAPH5IX THÓpHAHblX ApOXC^CeBblX KJieTOK. 

B reHe ôojibmnx pPHK ecTb hhtpoh rpynnbi I, Hecy- 
mHH KOAnpyiomyio nocjieAOBaTejibHocTb. Ý HeKOTopbix 
uiTaMMOB Apo^ceH (co + ) stot HHTpoH npncyTCTByeT, a 
y HeKOTopbix (co _ ) oh .OTcyTCTByeT. CKpem,HBaHH5i AByx 
pa3Hbix uiTaMMOB, Ha «3biKe reHeTHKH, nompnu: Bce 
noTOMCTBO oôJiaAaeT reHOTHnoM co + . Jlim oô^CHeHn^i no- 
jiapHOCTH npome Bcero npeAnojio>KHTb, hto co + nrpaeT b 
CKpemHBaHHH pojib AOHopa reHeranecKoro MaTepnajia, 
a čo - — pojib peu,HnneHTa; b pe3yjibTaTe b reHOMe or y 
rnôpnAOB o) + xo) _ B03HHKaeT HOBaa mnm HHTpoHa, h Bce 
noTOMCTBO oôpeTaeT reHOTnn co + . 

nojmpHocTb HacjieAOBaHH^ mo^kct 6biTb HapymeHa 
MyTaU,H5IMH B MHTOXOHApnaJIbHOM reHOMe OAHOrO H3 po- 
AHTejibCKHx uiTaMMOB. TaKHe MyTau,HH HopMajiH3yiOT cer- 
perau,Hio reHOTnnoB; b pe3yjibTaTe noTOMCTBO co^ep^cnT 
paBHbie nponopunn kjictok co + h co - . AHajiH3 HymieoTHAHbix 
nojio>KeHHH, Ha KOTopbie npnxojm , cn TaKne Myraunn, oô^- 
^CHĺieT npnpoAy nojiapHOCTH. Myraunn b niTaMMe co - B03- 
HHKaiOT ÓJIH3KO K CaHTy BHeApeHHfl HHTpoHa. MyTan,HH B 
niTaMMe co + npnxoAHTc^ Ha OTKpbiTyio paMKy cnnTbiBaHHfl, 
KOTopa^i coAep>KHTC5i b HHTpoHe, h npenflTCTByiOT ee skc- 
npeccnn. Ha ocHOBaHnn AäHHoro aHajiH3a 6biJia nocrpoeHa 


27.5 HeKOTopbie MmpoHbi rpynn bi I KOAupyiOT 3HflOHyKnea3bi, noAflep>KMBaK)iAMe mx MOĎMAbHOCTb 727 





Mhtpoh KOAMpyeT 3HAOHyK/iea3y, KOTopaa HHHAHHpyeT ero nepeHOC 

3k30h Mhtpoh 3k30h 

■ 

■ 

CaííT-MMLjjeHb 


t 

PHK 


1 

3HAOHyKaea3a 

pacmenaeHMe 
^ caííTa-MmijeHM 

— 1 


Mhtpoh penaminpyeTca 
n BcrpaMBaeTca 
b MecTO pa3pbma 

T 

*JSkJM\/\0kJíÁ 1 




P M C. 27.12 Mhtpoh KOflHpyeT 3HAOHymiea3y, KOTopaa bhocmt pa3- 
pbiB b AByxuenoMeMHyK) MO/ieKy/iy flHK. ľloc/ieAOBaTe/ibHOCTb mht- 
poHa Ayn/niAMpyeTCíi m BcrpaMBaeTca b Niecro pa3pbiBa 


mo flejib, H3o6pa^ceHHa« Ha p M c. 27 . 12 : óejiOK, KOflnpyeMbiH 
HHTpOHOM B IUTaMMe C0 + , y3HaeT CaHT BHeApeHHfl HHTpOHa 
b MTflHK iiiTaMMa čo - ; b pe3y;ibTaTe y noTOMCTBa nponcxo- 
Aht sKcnaHcna HHTpoHa, HaÔAiOAaeMaa KaK nojwpHOCTb 
CKpeniHBaHHa b no;ib3y co + . 

KaKHM ACHCTBHeM flOJDKCH OÔJiaflaTb 6e;iOK, npOAyKT 
HHTpoHa co? Oh (J)yHKu,HOHHpyeT KaK 3HROHyKjiea3a: y3naem 
KOHKpemnyH) noaiedoeamejibnocmb-MUiuenb enympu žena 
co - u enocum e nee deyxi^enoHeHHbiupa3pue (b (J)opMe flByx 
HaApe30B). IlocjieAOBaTejibHOCTb-MHmeHb HMeeT pa3Mep 
18 nH h coAep>KHT caHT BHeApeHHa HHTpoHa. 3HflOHyiuie- 
a3a HaApe3aeT nocneflOBaTejibHOCTb-MHiiieHb no oôenM u,e- 
naM flHK; KaiKflbiH Haflpe3 otctoht ot carrra BHeflpeHHfl Ha 
ABa HyioieoTHAa, b HanpaBjíeHHH 3'. flBa Haflpe3a, pa3HeceH- 
Hbie Ha paccToaHne 4 nH, SKBHBajieHTHbi flByxu,enoneHHOMy 
pa3pbiBy b flHK. B stot pa3pbiB c oôenx CTopoH BbicTynaiOT 
neTbipexHymieoTHAHbie OflHOu,enoneHHbie ynacTKH. 

Taxne npnueAbHbie Haflpe3bi, npHBOAflmne k pa3pbiBaM 
c «ji nnKHMH» KpaaMH, oôbiHHO conpoBO>KAaiOT nepeMeme- 
HHfl TpaHCn030H0B (MOÔHJIbHblX SJieMCHTOB reHOMa; CM. 
m. 21 «TpaHcno30Hbi»). B a^hhom oiynae pa3pbiB b flHK 
HHHu,HnpyeT npou,ecc KOHBepcnn reHa (npou,ecc 3aMeHbi 
nocjieAOBaTejibHOCTn co“ AyôJíHKaTOM nocneflOBaTejibHOCTH 
co + ). 3tot npou,ecc moikho miaccH(J)HijHpoBaTb KaK pa3HO- 
BHAHOCTb penjinKaTHBHon TpaHcno3HU,HH, KOTopaa nponc- 
xoaht 6e3 BbixoAa 3a npeflejibi ypoBHa flHK. BHeflpeHne HH¬ 
TpoHa b MníiieHb, y3HaBaeMyio 3Hfl0Hyiuiea30H, aHHyjinpyeT 
ee cneu,H(J)HHHOCTb n npnflaeT BceMy reHy ycTOHHHBOCTb k 
stoh 3HAOHyKnea3e, t. e. craÔHJibHOCTb. 

MHorne HHTpoHbi rpynnbi I KOflnpyiOT 3HflOHymiea3bi, 
oôecnennBaiomHe hm MOÓHJibHOCTb. H3 bcctho yace He- 
CKOJibKo ceMencTB TaKHx 3 HAOHymiea 3 , ho y Bcex y hhx 
ecTb oflHa oômaa nepTa: paflOM c aKTHBHbiM ijempoM pac- 
nojiaraeTca aMHHOKHCJioTHbíň mothb LAGLIDADG. HepeflKo 
ÓbIBaeT, HTO nOXO)KHe HHTpOHbl KOAHpyiOT pa3JIHHaiOmHeCfl 


3HAOHyioiea3bi. MexaHH3Mbi BHeflpeHHa pa3Hbix hhtpohob 
OTjiHnaiOTca ACTajiaMH; HanpnMep, 3HflOHymiea3a, KOflnpy- 
eMaa hhtpohom td (J)ara T4, poxeT nocneflOBaTejibHOCTb- 
MHiiieHb, pacnojio>KeHHyK) Ha 24 nH Bbirne caňTa BHeflpeHHa 
HHTpoHa (T.e. KOHBepcna cTapTyeT ony/ja). 3flecb mo>kho 
AOÔaBHTb, HTO nOXO)KHe nOCJieAOBaTeJlbHOCTH-MHIlieHH 
ecTb y HHTenHOB (cerMeHTOB nojinnenTHfla, nofljie>KamHx 
aBTOKaTajíHTHnecKOMy cnjiancHHry). fle.no b tom, hto hcko- 
Topbie HHTenHbi «no coBMecTHTejibCTBy» paôoTaiOT shao- 
Hyioiea3aMH (cm. pa3A. 27.12 «Cn;iaHCHHr 6e;iKa — aBTOKa- 
TajíHTHnecKHH npou,ecc»). 

MHoroo6pa3ne 3HflOHyK/iea3, KOAnpyeMbix HHTpoHaMH 
rpynnbi I, 03HanaeT, hto hx mhuichh He noxo>KH MOKfly co- 
6oh. 3to oahh h3 caMbix npoTíDKeHHbix h, cjieAOBaTejibHO, 
OAHH H3 CaMblX CneilH(J)HHHbIX MHIlieHeň, KOTOpbie H3BeC- 
THbi ajia 3HAOHymiea3; hx pa3Mepbi cocraBjíaioT ot 14 ao 
40 nH. BbicoKaa cneu,H(J)HHHOCTb y3HaBaHna rapaHTnpyeT, 
hto HHTpoH 6yAeT BCTpoeH b npeAHa3HaneHHyio jyin Hero 
MHiiieHb h hh b Kaxoe Apyroe mccto reHOMa. 3tot 3(J)(J)eKT 
H3BecTeH KaK xoMHHr hhtpohob; oôecneneHHeM AaHHoro 
3({)({)eKTa cny)KHT cneu,H(J)HHHOCTb 3HAOHyioiea3, H3Becrabix 
KaK xoMHHr-3HAOHyioiea3bi. 

Hhtpohm, C0Aep>KaiAHe KOAnpyioiAHe nocAeAOBaTeAb- 
hocth jyin 3HAOHyKjiea3, ôbuin oÔHapy^ceHbi y MHO>KecTBa 
ôaKTepnH h HH3IHHX syKapHOT. 3to noAKpenAaeT npeACTaB- 
JieHHe O TOM, HTO HHTpOHbl, KOTOpbie COAep>KaT KOAHpyiO- 
mne nocjieAOBaTejibHOCTH, B03HHKajiH KaK He3aBHCHMbie 
3JieMeHTbi reHOMa. 


27.6 


HHTpOHbl rpynnbi II 

MOiyr KOAMpOBaTb 
no/iM(|)yHKAMOHaiibHbie 6e/iKM 


K/noMeBbie noHama: 


• MHTpoHbi rpynnbi II cnocoÓHbi k aBTOKaiaamimecKOMy 
cnaaŇCMHry in vitro ; b ycaoBMax in vivo mm oóbNHO 
coAeMCTByKDT 6eaKM, KOTOpbie KOAMpyeT caM mhtpoh. 

• EAMHCTBeHHaa HaxoA^iAaaca b MmpoHe OTKpbuaa paMKa 
CMMTbIBaHMa A36T 6eaOK C aKTMBHOCTaMM OÓpaTHOM 
TpaHCKpMma3bi, Maiypa3bi m 3HAOHyKaea3bi; TaK>Ke b 3tom 
óeaxe ecTb flHK-CBa3biBaK)iAMM motmb. 

• OópaTHaa TpaHCKpMma3a cMHTe3MpyeiflHK-KonMK) MmpoHa 
Ha MaipMAe PHK; 3Ta Konna BeAeT ce6a noAOÓHo KonnaM 
peipono30HOB. 

• BHoca HaApe3bi no oóeMM AenaM flHK, 3HAOHymiea3a totobmi 
CaíÍT-MMllJeHb K BHeApeHMK) MHTpOHa. 


CaMbie H 3 yneHHbie MOÔHAbHbie hhtpohh rpynnbi II koah- 
pyiOT no oflHOMy-eflHHCTBeHHOMy 6 eAKy; OTKpbiTaa paMKa 
CHHTbiBaHHa HaxoflHTca 3a npefleAaMH KaTajíHTHnecKoro 
aflpa HHTpoHa. B óe^Ke, THnnnHOM npoflyKTe TpaHCJiau,HH 
3TOH paMKH, ecTb HeCKOJlbKO flOMCHOB C CaMOCTOaTeAbHbl- 
MH (J)yHKU,HaMH. OflHH H3 flOMCHOB, 06pa30BaHHbIH N-KOH- 
u,eBOH nacTbio noAHnenTHfla, HMeeT aKTHBHOCTb oOparaon 
TpaHCKpnnTa3bi. AKTHBHOCTb u,eHTpa^bHoro AOMeHa Ha- 
npaBAeHa Ha npnflaHHe HHTpoHy KaTajíHTnnecKH aKTHBHOH 
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CTpyKTypbi (sto TaK Ha3biBaeMaa aKTHBHOCTb MaTypa3bi; o 
Hen cm. pa3fl. 27.7 «HeKOTopbiM KaTajíHTnnecKHM HmpoHaM 
TpeôyeTca MaTypa3a»). KpoMe Toro, b stom 6e;iKe ecTb flHK- 
CBfl3bIBaiOmHH MOTHB, 2 TaiOKe C-KOHU,eBOH flOMCH C aKTHB- 
HOCTbio 3HAOHymiea3bi. 

3HflOHyioiea3a HHHiiHHpyeT peaxijHio TpaHcno3Hu,HH; 
OHa urpaeT b xoMHHre Ty >Ke po;ib, hto h aHajiornnHbie sh- 
AOHyKnea3bi hhtpohob rpynribi I (cm. pa3fl. 27.5 «HeKOTopbie 
HHTpoHbi rpynnbi I KOflnpyiOT 3HflOHymiea3bi, noflflepacHBa- 
lomne hx Mo6mibHOCTb»). Oôparaaa TpaHCKpnnTa3a chh- 
Te3npyeT flHK-Konnio HmpoHa, no/yie)KamyK) BHeflpeHHio 
b cboh caHT (no BceM npaBraaM xoMHHra). HHorfla shao- 
Hyioiea3a Bce-Taxn poxeT MnrneHn, noxo>KHe Ha HCTHHHyio 
MníiieHb, ho He HAeHTHHHbie en, h HaxoflamHeoi b flpyroM 
MecTe. 3to npnBOflHT k omnôoHHOMy BHeflpeHHio HHTpoHa 
b HecooTBeTCTByiomHe nocjieAOBaTejibHocTH; b Taxnx aiy- 
naax noBefleHHe HHTpoHa HanoMHHaeT noBefleHHe 6o;ib- 
iiiHHCTBa TpaHcno30HOB, /yia KOTopbix xapaKTepHa 6o;iee 
HH3Kaa CneU,H(jDHHHOCTb BHeApeHHfl. 

Ha P M c. 27.13 H3o6pa^ceHO coôbrrae TpaHcno3Hu,HH 
HHTpoHa rpynnbi II. CHanajia 3HflOHyioiea3a bhocht flByx- 
u,enoHeHHbiH pa3pbiB b caHT-MHineHb. Ha/jo CKa3aTb, hto b 
A aHHOM cjiynae aKTHBHOCTb 3HflOHymiea3bi aBJíaeTca njio- 
AOM coBMecTHbix ycHJiHH cooTBeTCTByiomero AOMeHa 6e^xa 


h PHK HHTpoHa. floMeH óejnca nepepe3aeT aHTHCMbícnoByio 
u,enb flHK, a PHK HHTpoHa (jmTHnecKH nepepe3aeT cmhc- 
jiOByio u,enb. 3th flBa Ha,ape3a noflroTaBJíHBaiOT caňT-MH- 
IlieHb K BHeApeHHK) HHTpoHa. 

PHK-nocjieAOBaTejibHOCTb HHTpoHa ciiyxcHT MaTpnijeH 
AJiH CHHTe3a KflHK. Hohth Bce ôeJiKOBbie npoflyKTbi hhtpo¬ 
hob rpynnbi II oôJiaflaiOT aKTHBHOCTbio oOparaon TpaHC- 
KpnnTa3bi, cneiiH(J)HnHOH k nocneflOBaTeJibHOCTH HHTpoHa. 
Uocnt Toro kuk o6paraafl TpaHCKpnnTa3a CHHTe3npyeT ko- 
nHIO HHTpOHa, BHeApeHHe MOXCHO CHHTaTb COCTOflBIHHMCfl: 
Tenepb hhtpoh, b cjx)pMe flByxu,enoneHHOH flHK, 3aHHMaeT 
Ha/yie^caniHH caHT reHOMa. 

MexaHH 3 M BHeApeHna MOÔHJibHbix hhtpohob rpynnbi 
II HanoMHHaeT TpaHcno 3 HijHio peTpoBnpycoB, rfle npoMe- 
xcyTOHHbiM npo/iyKTOM o 6 fl 3 aTe;ibHO BbicTynaeT PHK (cm. 
pa 3 fl. 22.2 «)KH 3 HeHHbiH ijhioi peTpoBnpyca BKJnonaeT b 
ce 6 a craflHH, noflOÔHbie TpaHcno 3 Hu,HH»). PerpoTpaHcno- 
3 HiiHa hhtpohob rpynnbi II 6 o;ibiiie Bcero HanoMHHaeT peT- 
p 0 TpaHCn 03 HIlHI 0 peTpon 030 HOB, y KOTOpblX OTCyTCTByiOT 
flKR Ohh o 6 pa 3 yiOT CBOôoflHyio 3 '-OH-rpynny, c KOTopon, 
nocjie BHeceHHa Haflpe 3 a b canT-MHineHb, CTapTyeT chh- 
Te 3 flHK (cm. pne. 22.20 k pa 3 fl. 22.12 «LINES HcnoJib 3 yeT 
coôcTBeHHyio 3 HAOHyioiea 3 y, htoôh co 3 flaTb 3 aTpaBOHHbiň 
KOHeu, jyw CHHTe 3 a flHK»). 


OópaTHan TpaHCKpHma3a oóecneMMBaeT KoimpoBaHMe PHK um-poHa h BcrpaMBaHiie 
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27.7 


KoAupyioiiuie nooieAOBaTe/ibHOCTM Moiyr BcrpaMBaTbca 
b HHTpoHbi, cnocoÓHbie k ayTOcruiaMCMHry 


HeKOTOpbIM aBTOKaTa/IMTMWeCKMM 
MHTpoHaM Tpe6yeTCB Maiypa3a 


KmoMeBbie noHATMa: 


• Maiypa3a, KOAMpyeMaa caMMM mhtpohom, noMoraeT eMy 
ľipMHATb KaTa/lUTUMeCKM aKTMBHyK) BTOpMHHyK) M TpGTMHHyiO 
CTpyKTypy. 

KaK H3BecTHO, HHTpoHbi rpynn I h II cnocoÔHbi k aBTOKaTa- 
jíHTunecKOMy cmiaHCHHry in vitro. Ho b (J)H3HO^ornHecKHx 
ycnoBHflx hm TpeôyeTca no/mep>KKa óchkob. Hhtpohh o6e- 
hx rpynn MoryT KOAnpoBaTb 6e;iOK, kotophh HMeeT aKTHB- 
HOCTb MaTypa3w n noMoraeT CBoeMy HHTpoHy b npoBeAe- 
hhh peaKUHH cnnancHHra. 

ÄKTHBHOCTb MaTypa3bi npHHa/yie>KHT onpeflejieHHon 
nacTH no^nnenTHAa, npo/iyKTa TpaHCJiflijHH OTKpbiTon paM- 
KH CHHTbIBaHHfl, KOTOpyK) CO/jep^KHT HHTpOH. ÄKTHBHOCTb 
MaTypa3bi oÔHapyaceHa y MHornx xoMHHr-SH,a,OHyioiea3 
(cm. pa3A. 27.5 «HeKOTopbie hhtpohh rpynnbi I KOAnpy- 

K)T SHAOHyiuiea3bi, noAAep>KHBaioiijHe hx Mo6n;ibHOCTb»). 
O He3aBHCHMOCTH aKTHBHOCTeH SH,a,OHyiuiea3bi h MaTypa- 
3bi, coneTaeMbix b oahom 6e;iKe, CBH^eTejibCTByioT AaHHbie 
aHajiH3a MyTau,HH. 

CorjiacHO AaHHbiM crpyKTypHbix nccneAOBaHHH, aKTHB- 
hocth 3HAOHymiea3bi h MaTypa3bi oôecnennBaioTai pa3- 
hhmh ynacTKaMH o,o,Horo 6e;iKa, npnneM Ka^biH H3 hhx 
H aXOAHTC^ B OT^e^bHOM flOMCHe. AKTHBHblH IjeHTp SHflOHyK- 
jiea3bi oÔJia/jaeT cpo^CTBOM KflHK, b to Bpem KaK aKTHBHbiH 
ijemp MaTypa3bi CBA3biBaeT hhtpoh b PHK. Ha P n c. 27. u 
H3o6pa>KeHa CTpyKTypa TaKoro 6e;iKa b KOMmieKce c J \HK 
Ha pncyHKe bhaho, hto b aomchc co CBOHCTBaMH shao- 
HyKjiea3bi (hmchho stot aomch CBA3biBaeT flHK) mo>kho 
B biHJieHHTb napa^^ejibHbie a-cnnpa™, coflep^Kamne otjih- 
HHTeJibHbiH mothb LAGLIDADG, npeAmecTByioiijHH aKTHB- 
HOMy u,eHTpy SH,a,OHyioiea3bi. Ak™bhhh u,eHTp MaTypa3bi 


CaHTbb OTBeMaioiAHe 3a MaTypa3Hyio h 3HAOHyttnea3Hv » 
3KTMBH0CTH 6ejwa, OTAe/ieHbi Apyr ot Apyra 
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P tri C. 27.1 q CnOCOÓHblíí K XOMMHry MHTpOH KOflMpyeT 3HflOHyKJiea- 
3y ceMeíícTBa LAGLIDADG, oó/iaAatomyK) Maiypa3H0íí aKTMBHocTbio. 
ľlocAeAOBaTe/ibHOCTb LAGLIDADG bxoamt b cociaB Aeyx a-cnMpa/ieíí, 
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peACTBeHHOíí 6/im3octm ot flHK-Ayn/ieKca. AKTMBHbiíí uemp Maiypa- 
3bi npeACTaB/iíieT coóoŕí apniHMHOBbm ociaTOK, pacnoJioweHHbiM Ha 
noBepxHocTM 6e/iKa 
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Hhtpoh HeceT 
nocneAOBaTe/ibHOCTH 
MaTypa3bi 
h 3HA0HyK/iea3bi 


PHC. 27.15 Hhtpoh, KOAMpytomMÍí cnocoÔHyK) k aBTOcn/iaííCHHry 
PHK, nepBOHaMa/ibHo cymecTByeT b BHAe He3aBMCMMOíí nocneAOBa- 
Te/ibHOCTH. B pe3y/ibTaTe BcrpaMBaHMa noc/ieAOBaTe/ibHOCTM 3 hao- 
HyK/iea3bi o6pa3yera hhtpoh, cnocoÓHbm k XOMMHry h oó/iaAaiomMM 
MOÓM/ibHocTbK). ľloc/ieAyK)iAee BCTpaHBaHMe nocneAOBaTe/ibHocTM 
MaTypa3bi ycH/iMBaeT cnocoÓHOCTb HHTpoHa CBopaMHBaTbca b aKTMB¬ 
HyK) CTpyKTypy, o6ecneMMBaK)myK) 3(J)cJ)eKTHBHbiM cn/iancMHr 


HaxoAnTc^ b ApyroM AOMeHe; oh (JiaKTnnecKn bhxoaht Ha 
noBepxHOCTb ócjikoboh rjioôyAbi. 

Hhtpoh, KOAnpyioiiiHH MaTypa3y, He Bcer^a cnocoôeH 
Bbipe3aTb ce6« H3 TpaHCKpnnTa 6e3 noMonin stoh MaTypa- 
3bi; no cym, OHa nBimercn (JiaKTopoM cnAaňcnHra, cneun- 
(Jdhhhhm k nocjieAOBaTeJibHOCTH, KOTopaa ero KOAnpyeT. 
3 tot (JiaKTop coACHCTByeT npaBHJibHOMy (JiojiAHHry KaTajin- 
THHeCKOH CepAUeBHHbl HHTpoHa. 

ConeTaHne b oahom 6eAKe AByx aKTHBHOCTen, shao- 
Hymiea3bi n MaTypa3bi, mo^kct yKa3bmaTb Ha nyTb, npoň- 
AeHHblH HHTpOHOM B npOIjeCCe 3BOAK)U,HH. Ha F H C. 2 7,15 
noKa3aHO, hto npoo6pa30M HHTpoHa c^e^yeT cnnTaTb He- 
3aBHCHMbIH, aBTOKaTaJIHTHHeCKH CnAaHCHpyeMblH 3JieMeHT. 
no3AHee b 3bojiioij,hh 3TOMy 3JieMeHTy AOCTajiacb BCTaBKa, 
KOAnpyiom,aa 3HAOHyKJiea3y. BcTaBKa npnAajia HHTpoHy 
MOÔnjibHOCTb, ho BnojiHe MOľ^a HapyníHTb cnocoÔHoab 
PHK-HHTpOHa CaMOCTO^TeJIbHO npHHHMaTb KaTaJIHTHHeCKH 
aKTHBHyio CTpyKTypy. npn stom hhtpoh jxoimm 6bi n ncnbi- 
TaTb AäBjíeHne OTÓopa Ha npeAMeT onTHMH3au,HH (JiojiAHHra 


730 ľJlABA 27 KaTaAHTHHecKaB PHK 




















cujiaMH cneijHajibHbix 6e;iK0B. OôpeTeHne nocneAOBaTejib- 
hocth, KOAHpyiomeň MaTypa3y, BepHyjio HHTpoHy ero nep- 
BOHanajibHyK) He3aBHCHMOCTb. 

HeKOTopbie hhtpohh rpynnbi II He HecyT b ce6e HH(J)op- 
MaiJHH 06 aKTHBHOCTH MaTypa3bI, HO MOiyr n0JIb30BaTbCfl 
6eJiKaMH — npo/i,yKTaMH SKcnpeccHH Apyrnx reHOB — c no- 
xoxcen aKTHBHOCTbio. 3to yKa3biBaeT Ha B03M0>KHbiH nyTb 
3bojiioľi,hh (J)aKTopoB ocHOBHoro annapaTa cmiaHCHHra. 
B CBoeM nepBOHanajibHOM BHAe (J)aKTop cmiaHCHHra Mor 
6bITb MaTypa30H, CneiJH(})HHHOH K KOHKpeTHOMy HHTpOHy. 
Co BpeMeHeM nocneAOBaTe;ibHOCTb, KOAHpyiomaa MaTypa- 
3y, 6buia npHBHeceHa 3a rpaHHU,bi CBoero HHTpoHa, noTOM 
cneu,H(J)HHHOCTb (J)epMeHTa pacnpocrpaHHjiacb h Ha Apy- 
rne HHTpoHbi. Me)KAy nponnM, Majiaa nRtpmn PHK (maPHK; 
snPHK) Bnojme MO)KeT 6biTb oahhm h3 npoAyKTOB sbojiio- 
U.HH KaTaJIHTHHeCKOrO «Apa HHTpoHa. 


27.8 


KaTailMTMHeCKail aKTHBHOCTb 

PHKa3bi P oóecneMMBaeTCíi PHK 


KmoMeBbie noHama: 


• OepMeHT pn6oHyK/iea3a P npeACTaBJíaeT coóoíí 
pn6oHyKJieonpoTenH, KaTa/imimecKyK) aKTHBHOCTb Koioporo 
c/ieAyeT oTHecin Ha cweT PHK. 


OAHOH H3 nepBblX AeMOHCTpaiJHH pa3HOCTOpOHHHX B03- 
MOxcHOCTeH PHK nocjiyaouio pacKpbiTne MexaHH3Ma 
AeHCTBH^ pn6oHyKAea3bi P. 3 tot (J)epMeHT npnHa/yie^cHT 
6aKTepn«M E.colv, ero moxcho oxapaKTepn30BaTb KaK sh- 
AOHyioiea3y, ocynj,ecTBjunouj,yK) npoijeccHHr tPHK. Ph- 
6oHyKnea3y P (hjih PHKa3y P) moxcho pa3Ae;iHTb Ha ABa 
KOMnoHema: MOJieKyjiy PHK pa3MepoM 375 ocHOBaHHH 
h nojinnenTHA Maccon 20 Kfla. B nepBbix 3KcnepHMeHTax 
no H3yneHHio aKTHBHOCTH 3Toro (J)epMeHTa in vitro 6buin 
BbiópaHbi Taxne yaiOBHfl, npn KOTopbix pjm pacmemieHHfl 
tPHK 0Ka3a^ncb HeoôxoAHMbiMH o6a KOMnoHema. Bnoc- 
jieACTBHH oÔHapy^cHAOCb, hto npn Apyrnx ycnoBHax (c 
yBejinneHneM KOHu.eHTpau.HH Mg 2+ ) Ha^nnne ôeJiKOBoro 
KOMnoHeHTa He npHHu,HnnajibHO. KamanmamopOM peaK- 
upu cjiyMum imemo PHK. 3Ty PHK, caMy no ce6e, moacho 
H a3BaTb (J)epMeHTOM; xa^KAa^ Mo;ieKy;ia «({)epMeHTa» KaTa- 
jiH3npyeT pacmemieHHe MHO>KecTBa MOJieKyji cyôcrpaTa. 
HecMOTpa Ha to hto KaTajiHranecKaa aKTHBHOCTb PHKa3bi 
P coBepmeHHO abho 3aioiiOHeHa b PHK, mnmut óejiKOBO- 
ro KOMnoHeHTa oneHb CHJibHO ycKopaeT xoa peaKijnn (cm. 
TaôJinuy Ha pne. 27.10). 

OepMeHT PHKa3a P nnmercn npoAyKTOM SKcnpeccnn 
AByx reHOB, KOAnpyiomHX, cooTBeTCTBeHHO, KaTa^nranec- 
Kyio PHK n óejiKOBbin KOMnoHeHT 3Toro (jDepMema. Myra- 
nm b jiioôom h3 sthx reHOB mo^kct HHaKTHBnpoBaTb PHKa3y 
P B yCJIOBHflX in VÍVO, TaK HTO AAfl eCTeCTBeHHOH aKTHBHOCTH 
(J)epMeHT aojdkch coAep>KaTb o6a KOMnoHeHTa. 

CnepBa cnnTajiocb, hto KaTajiHranecKaa aKTHBHOCTb 
PHKa3bi P o6ecnenHBaeTc« óejiKOM, a PHK nrpaeT Kaxyio-HH- 
6yAb noAHHHeHHyio po;ib. Cxa^ceM, noMoraeT b CBA3biBaHHH 


cyôcTpaTa (noTOMy hto b Hen ecTb HecKOJibKO kopotkhx cer- 
MeHTOB, KOMmieMeHTapHbix HecKOJibKHM OTKpbiTbiM cemeH- 
TaM tPHK). KaK no3AHee BbracHHJiocb, pacnpeAejieHHe pojien 
MOKAy óejiKOM h PHK b AaHHOM cnynae pobho oôparaoe! 


27.9 


BupoMAbi o6jiaflaiOT 
KaTailMTMHeCKOÍÍ aKTMBHOCTbK) 


KmoMeBbie noHBTMB: 


• BMpOMAbl M BMpyCOHAbl 06 pa 3 yt 0 T M 0 J 10 TK 006 pa 3 Hbie 
CTpyKTypbi, cnocoÓHbie k aBTopacmen^eHHK). 

• ľlOXO)KMe CTpyKTypbl B 03 HMKaK)T npn B 33 HMOAGHCTBHH 
Aemi-cyócTpaTa c KOMn/ieMeHTapHoíí i 4 enbK)-(J)epMeHTOM, 
KOTopa^i ee pa 3 pe 3 aei. 

• Llenb-ctjepMeHT, BBeAeHHaa b K/ieTKy, Mo>KeT o 6 pa 30 Baib napy c 
noAXOAíUAeŕí AenbKD-MmueHbK) n 3 aieM pa 3 pe 3 aTb 3 Ty MHiueHb. 


Em,e oahh npHMep cnocoÔHOCTH PHK k npoHBJíeHHio Ka- 
TaJIHTHHeCKOH aKTHBHOCTH ACMOHCTpnpyiOT HeÓOAbUIHe 
MOAeKyjIbl, KOTOpbie MO)KHO BCTpeTHTb B KjieTKax pacTeHHH. 
lÍMtn pa3MepbI ~350 OCHOBaHHH, OHH KBaJIH(J)HLíHpyK)TCH 
KaK aBTOKaTajíHTHnecKHe 3HAOHyioiea3bi. Ha 6a3e sthx mo- 
jieKyji mo5kho C03AaBaTb reHHO-HH>KeHepHbie KOHcrpyKu,HH, 
HTOÔbl npOAyUHpOBaTb KaTaJIHTHHeCKH aKTHBHbie MOJieKy- 

jibi PHK, noAOÔHbie HHTpoHy rpynnbi I T. thermophila. , aK¬ 
THBHOCTb KOTopbix pacnpocTpaH«eTc« Ha npoH3BOJibHbie 
cyôcTpaTbi 

HeôoAbiiiHe aBTOKaTajíHTHnecKHe PHK pacTHTe;ibHoro 
npoHCxo^AeHH^ mo>kho pa3AejiHTb Ha ABe rpynnbr. Bnpo- 

HAOB H BHpyCOHAOB. BHpOHA^MH Ha3bIBaiOT HH(J)eKU,HOH- 
HO-cnocoÔHbie Mo;ieKy;ibi PHK, KOTopbie He Hy^aiOTc^ b 
HHKancHAau,HH b KaKyio 6bi to hh 6buio óejiKOByio oôojioh- 
Ky. BHpyCOHAW nOXO)KH Ha BHpOHAbI, ho, b OTJIHHHe ot 
nepBbix, BnpycoHAbi He MoryT caMOCTO^TeAbHO 3apa>KaTb 
HOBbie KJieTKH — hm Hy^cHa noMOiAb BnpycoB-napa3HTOB 
pacTeHHH, KOTopbie ynaKOBbiBaiOT hx b cboh KancnAbi 
BMecTe c KonnflMH coôcTBeHHbix reHOMOB. BnpycoHAbi He 
cnocoÔHbi penAHU,HpoBaTbc« He3aBHCHMO — hm Tpeôy- 
eTCB noAAep>KKa BnpycoB; HHorAa BHpycoHAbi Ha3biBaiOT 
CaTeJUIHTHMMH PHK. 

BnpoHAbi h BnpycoHAbi penjiHu,HpyiOTC« no rany «Ka- 
rameroc^ KOAbua» (cm. pne. 16.6). H,enb PHK BnpyconAa, 
ynaKOBaHHaa b BnpycHyio nacrai^y, pacu,eHHBaeTC« KaK 
(+)-u,enb. KoMnAeMeHTapHa^ u,enb, npoAyKT penjiHKau,HH 
PHK, — sto, cooTBeTCTBeHHO, (-)-u,enb. B KneTKax pacTeHHH 
M05KH0 OÔHapy^CHTb MyjlbTHMepbl OÔeHX U,eneH; MOHOMe- 
pbi (+) h (-) npeACTaBA^iOT coôoh Hape3Ky u,enen penjin- 
u,HpoBaHHoro MaTepna^a, KOTopbin cxoaht c «KaT«iAero- 
cfl KOJibua» HenpepbiBHOH BepeHHu,eH reHOMHbix Konnn. 
KoAbueBbie MOHOMepbi (+)-uenn B03HHKai0T ot 3aMbiKaHHfl 
(n HrnpoBaHrw) kohuob JiHHeHHbix MOHOMepoB. 

B ycAOBH^x in vitro (+)- h (-)-u,enn bhpohaob h Bnpyco- 
haob cnocoÔHbi k caMopacmenjieHHio. PeaKi^n^ noAAep™- 
BaeTc« AByxBa^eHTHbiMH KaTHOHaMH MeTajuiOB; npoAyKTbi 
peaKu,HH HMeiOT xapaKTepHbiH Haôop kohu,ob: 5'-OH-ko- 
HeU, H KOHeU, 2'-3', 3aMKHyTbIH (})OC(})OAH3(})HpHOH CBfl3bIO. 
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HeKOTopbie H3 paccMaTpnBaeMbix PHK totobh c xo/jy npo- 
BecTH peaKu,Hio in vitro b (J)H3Ho;iorHHecKHx yaiOBHflx. 
flpyruM pa3HOBHAHOCT«M TaKnx PHK TpeôyeTca npeABa- 
puTe^bHoe miaBjíeHHe, noTOMy hto b o6hhhom b H^e sth 
Mo;ieKy;ibi He ro/jaTca pjín KaTajiH3a (/yia npnHaTna HyacHOH 
KOH(J)opMaunH hm HeoóxoflHMO npoňTH uhkji .aeHaTypa- 
Uhh h peHaTypaynH). 

Htoóm pa3pe3aTb caMoro ce6a, bhpoh/j hjih BnpycoHA 
AOJDKeH o6pa30BaTb BTopnHHyio CTpyKTypy THna «mojio- 
tok», H3o6pa>KeHHyK) b BepxHeH nacTH P M c. 2 7 . 1 6. CTpyx- 
Typa oxBaTbiBaeT He bcio MOJieKyny PHK, ho Jiniiib OKpec- 
THOCTb CaHTa, B KOTOpblH BHOCHTCa pa3pe3. JlflR KaTa;iH3a 
AOCTaTOHHO Hanmm o^Horo «MOJiOTKa». OcrajibHaa nacTb 
Mo;ieKy;ibi no/yieacnT Bbipe3aHHio; b stom cjiynae Maiiaa 
PHK /ienco cioiaflbiBaeTca 6e3 npeABapnTejibHOH ^eHaTy- 
pau,HH h cnoHTaHHO caMopacmemiaeTca. 3to roBopnT o 
tom, hto ocrajibHbie ynacTKH MOJieKyjibi MoryT TopM03HTb 
peaxijHio. 

AKTHBHblH U,eHTp PHK BHpOHflOB H BHpyCOH£OB OÔpa- 

30 BaH noc^eAOBaTe^bHOCTbio H 3 58 pHÓOHyKJieoTH/joB. B 
«MO^OTKe» ecrb Tpn ninH^bKH;* ohh HMeiOT Bcer^a oahh h 
T e ace pa3Mepbi h 3aHHMaiOT oahh h Te ace nojioaceHna. B 
«MOJIOTKe» HaCHHTblBaeTCfl 13 KOHCepBaTHBHblX pHÔOHyK- 
JieOTHAOB; HX nOJIO)KeHHfl COCpeAOTOHeHbl B U,eHTpaJIbHOH 
Hacra «MO^OTKa». Ejiaroflapa ocoóoMy coneTaHHio KOHcep- 


CipyKTypbi Twna «mojiotok» 

OTBeMaiOT 3 a cnocoéHocTb k caMopacmermeHMio 


B COCTaB KOHCeHCyCHblX BTOpMMHblX CTpyKTyp TMna «M0J10T0K» 
BxoflBT Tpn perwoHa, 4)opMnpyK)iMnx crpyKTypbi Tuná 
CTeóenb-nemB, m KOHcepBaTMBHbie ocHOBaHMfl 
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PMC. 27.16 BuponAHbie m BupycoMAHbie caŇTbi caNiopacmeruiemifl 
coAepwaT KOHceHcycHbie noc/ieAOBaTe/ibHocTM m c})opMMpyK)T bto- 
puMHyio CTpyKTypy Tuná «mojiotok» b pe 3 y/ibTaie BHyTpMMOJieKyjifip- 
Horo cnapMBaHMíi. TaKMe cipyKTypbi MoryT 6biTb TaK>Ke o 6 pa 30 BaHbi 
b pe 3 y/ibTaie cnapMBamifl Me>KAy cyócrpaTHOíí ueribio m «c})epMeHTa- 
tmbhoíí» ueribto 


BaTHBHblX a30THCTbIX OCHOBaHHH UeHTpaJIbHOH HaCTH C 
AByxyenoHeHHbiMH ynacTKaMH mnraeK «mojiotok» oôpeTa- 
eT CBOK) KaTaJIHTHHeCKyiO aKTHBHOCTb. 

JllOÔOnbITHO, HTO aKTHBHblH «MOJIOTOK» TaiOKe MOTKCT 
ÔbITb C(J)OpMHpOBaH H3 flByX OT/jeJIbHblX MOJieKyjI PHK: Ka)K- 
Aaa MOJieKyjia o6pa3yeT cboio CTopoHy «MOJioTKa>>. npHMep 
TaKoro «MOJiOTKa» npnBeAeH b hh^khch nacra pne. 27 . 16 ; b 
flaHHOM c^y^ae «moaotok» nojryneH ot rH6pHAH3au,HH 19 - 
HJieHHHKa C 24-HJieHHHKOM. ľHÔpHA yCneilIHO HMHTHpyeT 
CTpyKTypy «MOJioTKa» (HecMOTpa Ha OTcyTCTBne neTe^b I h 
III Ha KOHyax cooTBeTCTByiomHx mnraeK). Jljín Toro HToôbi 
noimia peaKu,bw, AOCTaTOHHO npocTo AOÔaBHTb 19 -hjichhhk 
k 24-HAeHHHKy; pa3pe3, nojiyneHHbiH b pe3y;ibTaTe peax- 
U.HH, 6yfleT TOHHO COOTBeTCTBOBaTb CBOeMy eCTeCTBeHHOMy 
nojio>KeHHio. 

B KaTaJIHTHHeCKH aKTHBHOM THÔpHAe flByX MOJieKy^ 
24-HAeHHHK, oneBHAHO, HrpaeT pojib cyócTpaTa, b to Bpe- 
Ma KaK 19-HAeHHHK nrpaeT pojib, coôctbchho, (J)epMeHTa. 
CMeiiiHBaHHe HeôoAbiiioro KOAnnecTBa 19-HJieHHHKa (cf>ep- 
MeHTa) C H3ÔbITKOM 24-HJieHHHKa (CyÔCTpaTa) npHBOAHT K 
pa3pe3aHHio Bcex MOJieKyji 24-njieHHHKa. 3 to roBopnT 0 
TOM, HTO B3aHMOAeHCTBHe CyÔCTpaTOB C (J)epMeHTOM HOCHT 
UHKJIHHeCKHH XapaKTep; Kä2K,AbIH UHKJI COCTOHT H3 (J)Op- 
MHpOBaHH^ «M0J10TKa», BHeCeHH^ pa3pe3a H AHCCOUHaUHH 
19-HAeHHHKa c (J)parMeHTaMH pa3pe3aHHoro 24-njieHHHKa. 
CoBepmeHHO ohcbhaho, hto b xo^e peaKynn (J)epMeHT He 
pacxoAyeTc^, t. e. 3/jecb mh HMeeM /jeno c hcthhhmm Ka- 
TajiH30M. K TOMy xce no BceM cbohm xapaKTepncraxaM 3Ta 
peaKynn noxo>Ka Ha Apyrae peaKynn, r^e KaTajiH3aTopoM 
BbiCTynaeT PHK (cm. TaÔJinuy Ha pne. 27.10). GieAOBaTejib- 
HO, 19-HAeHHHK C nOJIHbIM npaBOM MO)KeT 6bITb npHHHCJieH 
K pHÔ03HMaM C 3HAOHyKJiea3HOH aKTHBHOCTbK). 

AHa^H3 KpHCTajuiHnecKOH cTpyKTypbi noKa3aji Hajimne 
y «MOJiOTKa» V-o6pa3HOH npocTpaHCTBeHHOH crpyKTypbi. 
AKTHBHblH UeHTp npHXOAHTC^ Ha KpyTOH H3ľH6 B CTpyKTy- 
pe «M0J10TKa»; 3TO CXeMaTHHHO H306pa>KeH0 Ha PMC. 27.17. 
Hoh Mg 2+ , Haxo/ymj,HHC« b aKTHBHOM uempe, nrpaeT hc- 
KJlIOHHTeJlbHO Ba^CHyiO pojlb: OH CB«3aH C UHTHAHHOM MH- 
rneHH H UHTHAHHOM y OCHOBaHHfl UinHJlbKH I (H, B03M0XCH0, 
eiu,e c coce^HnM ypuaHHOM). Hoh Mg 2+ BbiTecH^eT npoTOH 
H3 2 '-OH uHTHAHHa MHiueHH h 3aTeM oTKpbiTo aTaKyeT n a- 
ÔHJIbHyiO (J)OC(J)OAH3(J)HpHyK) CBfl3b. MyTaUHH B pHÔOHyK- 
AeOTHAHOH nOCJieAOBaTejIbHOCTH MOJlOTKa, CneUH(J)HHeCKH 
HapymaioniHe peaKynio b ee nepexoAHOH cTa^HH, MoryT 
npHxoAHTbCfl h Ha aKTHBHblH ueHTp, h Ha Apyrae nacTH 

«M 0 J 10 TKa > >. 3TO TOBOpHT O TOM, 4T0, B03M0)KH0, CaMOH pe- 

aKUHH Bcer/ía npeAiuecTByiOT KaKne-To mMmtmvi bo bto- 

PHHHOH H TpeTHHHOH CTpyKType «M0J10TKa». 

SuaoHyKJieojíHTHnecKoe pacnienAeHHe PHK b ncnoji- 
HeHHH Apyroň PHK, pn6o3HMa, oneHb noxo>Ke Ha pecTpHK- 
UHIO (CBOeH CneUH(J)HHHOCTbIO; TOJIbKO MHIlieHbK) B A,aHHOM 
cjiynae cny)KHT He flHK, a PHK). B TeopHH mo>kho npn/iy- 
MaTb MHO^CeCTBO pa3J!HHHbIX COHeTaHHH H3 flByX MOJieKyjI 
PHK, KOTopbie 6yAyT o6pa30BbiBaTb Apyr c /jpyroM «mojio- 
tok», TaK hto ORm H3 hhx 6y^eT HrpaTb poAb (J)epMeHTa, 
a Apyra« — po;ib cyôcTpaTa. JJlj ib MHornx coneTaHHH TaKoe 
pacnpe,aeAeHHe po^en noflTBepacfleHO npaKTHKOH. Ec^h 
BB eCTH TaKOH (J)epMeHT B )KHByiO KJieTKy, peaKUHK) MO)KHO 
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PUC. 27.17 Pm6o3mm Tuná «mojiotok» c})opMMpyeT V-o6pa3HyK) 
npocTpaHCTBeHHyK) crpyKTypy, b kotopoíí cieóe/ib 2 pacnojiaraeica 
Hafl CTeó/ieM 3. Kaia/imuMecKMÍí uemp pacno/io>KeH Niewfly cre6- 
jiamm 2, 3 m 1. Oh coflepwm hoh MarH m, MHnunnpyK)mMM peaKumo 
rnApojni3a 


AeTeKTupoBäTb in vivo (npn ycAOBnn, hto b KneTKe ecTb 
noflxoAHiijafl MHiiieHb). C tohkh 3peHna pa3pa6oTKH hobhx 
MeTOAOB HCCAeAOBaHHfl, 3TO OTKpbIBaeT mupOKHH CneKTp 
B03M0)KH0CTeH, nOCKOAbKy pn603HM, noMemeHHbiH nOA 
KOHTpojib peryAnpyeMoro npoMOTopa, moxcho ncnoAb30- 
BaTb, no/íoÓHO aHTOCMbicjiOBbiM PHK, pjm npnij,eAbHoro 
BblKAIOHeHHfl SKCnpeCCHH H3ÔpaHHbIX reHOB B 3a/liaHHbIX 
yCAOBHAX. 


27.10 


PeAaKmpoBaHMe PHK 
Kacaerat KOHKpeTHbix 
a30TMCTblX 0CH0B3HMM 


K/iiOMeBbie 


• B He3pe/ibix mPHK anojiMnoripoTeMHa B n peuemopoB 
r/iyiaMaTa npoiicxoAm caííT-cneLAi(j)MMHoe AexaMMHMpoBamie; 
KaTa/iM3npyeMoe umtmahh- m aA6H03MH-A63aMMHa3aMn; 
peaKumí npMBOAflT k M3MeHeHmo CMbícna KOAMpytomeií 
o6/iacTM. 


flOAroe BpeMB CHHTaJIOCb, HTO ÍIOCJieAOBaTeJlbHOCTb mPHK 
BcerAa flBAfleTCfl tohhhm OToôpaaceHneM nocjieAOBaTejib- 
hocth reHOMHOH flHK. U,eHTpajibHa« Aoma MOJieKyjmpHOH 
ôhojioi™ noApa3yMeBaeT TOHHyio OAHOHanpaBJíeHHyio 
nepeAany reHeranecKOH HH(J)opMai],HH MOK/iy KOMnoHeH- 
TaMH annapÔTa sKcnpeccnH: HenpepbiBHaa HyKAeoTHAHaa 
nocjieAOBaTejibHOCTb flHK TpaHCKpHÔnpyeTai b HenpepbiB- 


Hyio nocAeAOBaTejibHOCTb mPHK, KOTopaa, b cboio onepeAb, 
TpaHCAHpyera b óejioK. OTKpbiTne npepbiBHCTbix reHOB (h, 
KaK cjieACTBue, noTpeÓHOCTb b cneu,HajibHOM MexaHH 3 Me 
yAajieHH^ hhtpohob) AOÔaBHAO b caMyio cepeAHHy stoh hh- 
(J)opMau,HOHHOH AecTHHu,bi enje OAHy cTyneHb. OKa 3 ajiocb, 
hto b oneHb MHorax cAynaax pa 3 po 3 HeHHbie KOAnpyiomHe 
nocjieAOBaTejibHOCTH, B 3 ATbie np^MO H 3 reHOMa, He MoryT 
TpaHCAnpoBaTbc^ b óeiioK a o Tex nop, noxa He óyayT co- 
CTbiKOBaHbi. TeM He MeHee npou,ecc ctmkobkh (cnjiaHCHHr 
PHK) HHKaK He MeHaeT HHTepnpeTau,Hio reHeranecKOH 
HHCjlOpMaUHH, 3 anncaHHOH B J) HK; OH npOCTO AOBOAHT re- 
HeranecKyio HH(J}opMau,Hio ao coctohhhh, noAAaiomerocfl 
HHTepnpeTau.HH (t. e. TpaHCAflu,HH b 6 caok). 

3anAaHHpOBaHHbie H3MeHCHHfl B HH(j)OpMai],HOHHOM 
coAep>KaHHH reHOMHbix nocjieAOBaTejibHOCTeH nponcxo- 
AAT KpaHHe peAKO, B HCKAIOHHTCAbHblX OÓCTOHTeJIbCTBaX. 
CaMbIM flpKHM npHMepOM CAyTKHT B03HHKH0BeHHe B AHM- 
(J)oij,HTax 3Bepeň h nTnu, hobhx reHOMHbix nocAeAOBaTeAb- 
HOCTeH, KOAHpyiOIAHX HMMyHOrAOÔyAHHbl (06 STOM MOTKHO 

npoHHTaTb b ta. 23 «KaK (J)opMHpyeTCA MHoroo6pa3ne aH- 
THTeA»). Kax pe3yAbTaT npou,ecca peKOHcrpyKu,HH reHa, ko- 
AnpyioiAero HMMyHorAoéyAHH, b reHOMHOH flHK OTAeAbHO 
B3ATOH KAeTKH B03HHKaeT HOBaA HH({)OpMaiJ,HA. AMUHOKUC- 

jiomnan noaiedoeamejibHocmb Kompemnozo nomnenmu- 
da umememcn e pe3yjibmame coMammecKOU Mymaiyuu. 
TeM He MeHee Bce TpaHCKpnnTbi HMMyHOľAOÔyAHHOB abaa- 
IOTCA aÔCOAIOTHO AOCTOBepHbIMH MaTpHHHbIMH KOnHHMH 
reHOMHOH flHK; HH O KaKOM peAaKTHpOBaHHH 3THX KOľlHH 

3 Aecb penn He hact. 

PeAaKTnpoBaHHe PHK — sto umenenue e umpopManp- 
ohhom codepjtcamu KodupyTOiupx nocjiedoeamejibHocmeu 
na ypoene mpanacpunmoe (mPHK mu MOJieKyji-npediuec- 
meennuKoe mPHK). Roi o b tom, hto b HeKOTopbix CAyqaax 
KOAHpyioiAaA nocAeAOBaTeAbHOCTb PHK OTAHHaeTca ot CBoe- 
ro sKBHBaAeHTa b reHOMHOH flHK. HacKOAbKo h 3 bcctho, b 
XOA e 3BOAIOUHH nOAOÔHbie CHTyailHH CKAaAbIBaAHCb ABaTKAbl. 
Bo-nepBbix, b HeKOTopbix KAeTKax MAeKonnTaioiAHx, b TpaHC- 
KpnnTax OTAeAbHO B3ATbix reHOB, npoHexoAAT o6a3aTeAbHbie 
TOHeHHbie 3aMeHbI KOHKpeTHblX a30THCTbIX OCHOBaHHH PHK 
( 1-2 3aMeHbi Ha TpaHCKpnnT), npHBOAAmne K H3MeHeHHio b 
aMHHOKHCAOTHOH nocAeAOBaTeAbHOCTH KOAnpyeMoro 6eAKa. 
Bo-BTOpbIX, B MHTOXOHAPHAX napa3HTHHeCKHX npOCTeHIlIHX 

Trypanosoma c TpaHCKpnnTaMH npoHexoAAT oneHb oôcto- 
ATeAbHbie H3MeHeHHA, KacaiomnecA oómnpHbix ynacTKOB b 
TpaHCKpnnTax HecKOAbKnx reHOB. 

Ha P M c. 27.18 AaHbi cxeMbi nocAeAOBaTeAbHOCTeH, ko- 
AnpyioiAHX 6eAOK anoAHnonpoTeHH B (apoB) b KAeTKax 
AByX pa3AHHHbIX TKaHeH MbHIIH (KHIlieHHHKa H neMeHH). 
Jpm apoB b reHOMe mhiiih ecTb OAHH-eAHHCTBeHHbiH reH, 
BO Bcex TKaHAX OAHH H TOT 7K£; eľO KOAHpyiOIAafl OÓAaCTb 
COCTOHT H3 4363 KOAOHOB. TpaHCKpHniJ,HA STOľO TeHa AaeT 
mPHK, bo Bcex TKaHAx OHa OAHoro pa3Mepa. B KAeTKax ne- 
neHH OHa TpaHCAHpyeTCA b 6 caok Maccon 312 Kfla; aMHHO- 
KHCAOTHaa nocAeAOBaTeAbHOCTb sToro 6eAKa cooTBeTCTBy- 
eT noAHopa3MepHOH KOAnpyiomeH oďatcth reHa. 

B KAeTKax KHiiieHHHKa fíčno oôctoht HHane. TaM chhtc- 
3 npyeTCA yKoponeHHaa BepcnA apoB, Maccoň Bcero -250 Kfla; 
OHa cooTBeTCTByeT N-kohucboh nacTH noAHopa 3 MepHoro 
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3 aMexa KOAOHa CAA Ha koaoh UAA b mPHK 


ľeH anojinnonpoTenHa B 
BK/IKDHaeT B Ce6fl 29 3K30H0B 


ft * M * -t i * * 

. i » gg 

CAA 

Koaoh b no/io>KeHMM 2153 

1 

KOAwpyeT r/iyTaMMH 

1 

CAA 

H3MeHeHwe ^ AA 


mPHK mieTOK neneHM 
KOflwpyeT óe/ioK, 
C0CT05UMMÍÍ 

m 4563 aMMHOKMCJiOTHbix 
OCTaTKOB 


I 


JnQrCr 

mPHK K/ieTOK KmueHHMKa 
C0Aep>Km koaoh UAA, 
KOTOpblií TepMMHMpyeT 
CMHTe3 noc/ie 2153 

aMMHOKMCJlOTHblX OCTaTKOB 


PMC. 27.18 K/ieTKM KmueMHMKa n K/ieTKM neMeHM xapaKTepn 3 yiOTCfl 
OAUHaKOBOíí HyKAeoTMAHOíí nocAeAOBaTeAbHocTbK) reHa apoB. Oa- 
HaKO b pe 3 yAbTaTe 3 aNieHbi ocHOBaHMB n o 6 pa 30 BaHMfl TepMMHMpy- 
lomero KOAOHa mPHK b K/ieTKax KmueMHMKa OTAMHaera ot mPHK b 
K/ ieTKax neweHH 


6eAKa. YKopanuBaHne npoAyKTa TpaHC^au,HH mPHK apoB 
flBJweTca pe3y;ibTaTOM peAaKTnpoBaHHa, cneuH(J)HHHoro jjjm 
KneTOK KHiiieHHHKa. B nojio)KeHHH 2153 mPHK apoB nponc- 
xoaht 3aMeHa C Ha U; b pe3y;ibTaTe koaoh CAA, cooTBeTCTBy- 
ioiahh rjnoTaMHHy, npeBpamaeTca b cron-KOAOH oxpa. 

OTnero npoHCxoAHT 3Ta 3aMeHa? (HecoMHeHHO, OHa 
npoHexoAHT HMeHHO Ha ypoBHe PHK, nocKOJibKy b reHO- 
Me HeT HHKaKMX aJIbTepHaTHBHblX reHOB HJIH 3K30H0B, h 
narrepH crniancHHra bo Bcex KneTKax To^ce OAHHaKOBbin.) 
npnxoAHTca npH3HaTb, hto 3aMeHa bhochtca HenocpeAC- 
TBeHHO b TpaHCKpnnT Ha oahoh h 3 craAHH npoueccHHra. 

Eme oahh noxoxcHH cjiynaH CBA3aH c SKcnpeccneH pe- 
uenTopoB rjnoTaMaTa b M03re Kpbicbi. Hoxoxchm o6pa30M, 
peAaKTnpoBaHHe no OAHOMy H3 nojio>KeHHH PHK MemieT 
OAHH H3 KOAOHOB, HTO BeAOT K BKJIIOHeHHIO B nOJIHIienTHA 
BMecTo OAHoro H3 rjiyraMHHOB aprHHHHa. C tohkh 3peHna 
(J)yHKU,HH, 3aMeHa aMHHOKHCJlOTbl BJIHaeT Ha npOBOAHMOCTb 
HOHHoro KaHajia (npncoBOKynjieHHoro k coôctbchho pe- 
u,enTopHOH nacTH stoto 6e;iKa) h, TaKHM o6pa30M, CHJibHO 
BjinaeT Ha cnocoÔHOCTb AaHHoro peu,enTopa k ynacmio b 
nepeAane HepBHoro HMnyjibca. B ApyroM nojio>KeHHH Toro 
>Ke noAHnenTHAa aprHHHH motkct 6biTb 3aMeHeH Ha itihijhh, 
onaTb >Ke, nocpeACTBOM peAaKTnpoBaHHa TpaHCKpnnTOB Ha 
oahoh H3 craAHH npoijeccHHra. 

Kax BbiniflAflT peaKu,HH peAaKTnpoBaHHa PHK? B 
TpaHCKpnnTax apoB hact 3aMeHa C 2 i 53 Ha U; b TpaHC- 
KpnnTax peu,enTopa rciyTaMaTa o6e nonpaBKH npeACTaB- 
jiaioT co6oh 3aMeHbi A Ha I (hho3hh). Kaarnaa 3aMeHa — 
sto pe3yAbTaT peaKu,HH de3OMUHUp06anue , b kotopoh 


a30THCToe ocHOBaHne HyioieoTHAa TepaeT aMHHorpynny 
KaTaAH3aTopaMH AC3aMHHHpoBaHHfl BbicTynaioT cneu,H- 
aAbHbie (J)epMeHTbi, uhthahh- h aACH03HH-AC3aMHHa- 
3bl, COOTBeTCTBeHHO. 3TOT THn peAaKTHpOBaHHa TpaHC- 
KpnnTOB ocoôeHHO xapaKTepeH pa3JiHHHbix otacjiob 
H epBHOH CHCTeMbI MJieKOIIHTaiOmHX. (HHTepeCHO, HTO 
y Drosophila melanogaster To>Ke ecTb noTeHu,HajibHbie 
MHIlieHH AHT03HH-AC3aMHHa3bI; HX H3BCCTHO 16, H BCe 
ohh HaxoA^Tca b reHax, 3aAencTBOBaHHbix b nepeAane 
HepBHoro HMnyAbca.) Bo MHornx cjiynaax peAaKTnpoBa- 
HHe oôecnenHBaeT 3aMeHy aMHHOKHCJlOTbl b nojio>KeHHH 
npe3BbinaHHOH (J)yHKu,HOHajibHOH 3HanHMOcm 

HeM oôycjiOBjíeHa BbicoKaa cneu,H(j)HHHOCTb peAaKTH- 
poBaHna? Cneu,H(J)HHHOCTH (J)epMeHTOB, ocymecTBAaioiAHx 
Ae3aMHHHpoBaHne, 3Aecb abho He AOcraTOHHO. (HanpnMep, 
caMaa H3yneHHaa H3 Ae3aMHHa3, aAeH03HH-Ae3aMHHa3a, 6y- 
AeT paôoTaTb c jhoômm ocHOBaHneM A npn ycnoBHH, hto 
oho coAep^cHTca b AByxi^enoneHHOM ynacTKe btophhhoh 
CT pyKTypbi PHK.) nosTOMy (J)epMeHTbi, KOTopbie ocyrnecr- 
BJIfllOT peAaKTnpoBaHHe, XOTb H nOXOXCH Ha AC3aMHHa3bI 
oômero npo(J)Hjm, hmciot cneu,HajibHbie aomchm (hjih ao- 
nojiHHTejibHbie cyô'beAHHHu.bi), ycnjiHBaiomHe hx cneuH- 
(J)HHHOCTb. HanpnMep, y KOMn^eKca, peAaKTHpyiomero PHK 
apoB, KaTanHTHHecKaa cyô'beAHHHu.a noxo>Ka Ha óaKTepn- 
a^bHyio 4HTHAHH-Ae3aMHHa3y, ho, b otjihhhc ot Hee, 3Ta 
cyô'beAHHHu.a HMeeT AonojiHHTejibHbiH PHK-CBa3biBaioiAHH 
mothb, KOTopbíň noMoraeT BceMy KOMnAeKcy y3HaBaTb koh- 
KpeTHyio MHiiieHb peAaKTnpoBaHHa. To ^ce caMoe b HepBHOH 
TKaHH: pjift KaacAoň MHineHH b TpaHCKpnnTax peu,enTopoB 
rjiyraMaTa h cepoTOHHHa cymecTByeT CBoa ocoóaa pa3H0- 
BHAHOCTb aAeH03HH-Ae3aMHHa3bi, paôoTaiomaa c bmcokoh 

CneU,H(J)HMHOCTbIO. 

KaKOBa npnpoAa cneu,H(J)HHHOCTH? HeKOTopbie KOMn- 
jieKCbi peAaKTnpoBaHHa MoryT pacno3HaBaTb onpeAejieH- 
Hbie pernoHbi bo btophhhoh CTpyKType PHK (sthm ohh 
noxo>KH Ha (J)epMeHTbi, MOAH(J}Hu,HpyioiAHe tPHK). flpyrne 
KOMnjieKCbi peAaKTnpoBaHHa pacno3HaioT KOHKperayio 
HyioieoTHAHyio nocjieAOBaTejibHOCTb. Tax, 3KcnepHMeHTbi 
noKa3aAH, hto jyvi rpaMOTHoro peAaKTnpoBaHHa PHK no 
rany apoB b ycjiOBHax in vitro AOCTaTOHHO Ha xmm y can- 


SaneHa ochob3hhm npoHexoAHT c ysacTMeM Ae 3 aMMHa 3 bi 



PMC. 27.19 H 3 MeHeHne mPHK npowcxoAMT npn agmctbhm AeaMMHa- 
3 bi Ha aAeHMH, pacnojioweHHbiíí b ywacTKe, rAe PHK o 6 pa 3 yeT HenoA- 
HocTbio cnapeHHbiíí Ayn/ieKc 
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Ta-MHiiieHH PHK Heóojibinoro cemeHTa (pa3MepoM ~26 
ocHOBaHHň). Ha p M c. 27.19 H3o6pa>KeHa Apyraa CHTyaura: 
TaM noKa3aHO, hto j\m ycneiiiHoro pe^aKTupoBaHHfl PHK 
peuenTopa GluR-B aojdkho 6biTb BbinojiHeHO ycnoBne 
B3anMOAeňcTBH« peAaKTHpyeMoro cerMema c KOMnjie- 
MCHTapHbiM cerMeHTOM HH>Ke^e)Kamero HrnpoHa. B AaH- 
hom cjiynae pjm cneu,H(J)HHHoro y3HaBaHH« KOMnjieKcoM 
peAamipoBaHHfl cBoen MHiiieHH b PHK oneHb Ba>KeH naT- 
TepH HecnapeHHbix ocHOBaHHH BHyTpn AByxu,enoHeHHoro 
y^acTKa, o6pa3yiomeroai ot B3aHM0,aeHCTBHfl AByx KOMn- 
^eMeHTapHbix cenvieHTOB. TaKHM o6pa30M, Ka^biH kom- 
ruieKC pe^aKTupoBaHM^i npeA'bflBjíaeT cboh TpeôoBaHHfl k 
noTeHij,Ha;ibHbiM cyôcrpaTaM; >KecTKOCTb sthx TpeôoBa- 
HHH CJiyXCHT 3a^OľOM BblCOKOH CneiJ,H(})HHHOCTH TOHeHHO- 
ro pe^aKTupoBaHna TpaHCKpnnTOB. 


27.11 


PeAaKTMpoBaHMe TpaHCKpnnTOB 
HanpaB/ifieTCB cneunajibHbiMM 
Ma/l bl M M PHK 


KmcmeBbie noHATMa: 


• B MMTOXOHApMflXTpMriaHOCOM MMeeT MeCTO 3 KCTeHCMBHOe 
peflaKTupoBaHMe PHK: TpaHCKpnnTbi KOHKpembix reHOB 
npeiepneBaiOT MHoroMMcneHHbie bct 3 bkm n fle/ieumí 
ypMflMHOB. 

• flBe MOJieKy/ibb TpaHCKpMm m HaBOAflmaa PHK, 

B3aMMOA6MCTByiOT CBOHMM KOMľlJieMeHTapHblMM yMaCTK3MM; 

3 tm yMacTKM pacno/iaraiOTCfl no o6e CTopoHbi ot 
noc/ieAOBaie/ibHocTM-MmueHM peflaKTnpoBaHna. 

• MaTpni4eň ajia Ao6aB/ieHMfl (pe>Ke,yAaJieHHfl) ypn^MHOB 
cny>Km HaBOAíuuafl PHK. 

• KaTa/Hi3 peAaKTMpoBaHM^i ocymecTBjíaeTCfl 6e/iKOBbiM 
KOMn/ieKCOM, KOTopbiíí oó/iaAaeT aKTMBHOCTBMn 3HAOHyK/iea3bi, 
TepMMHa/ibHoíí ypnAHJi-TpaHC(})epa3bi m PHK-/nira3bi. 


CoBepmeHHO hhoh Tun peAamipoBaHHfl PHK HMeeT MecTo 
b MHToxoH/jpHtfx npocreHiiiero Trypanosoma. nepBbiH c;iy- 

Haň, KOTOpblH 6bUI OTKpbIT, 3TO aMHHOKHCJIOTHafl U0CJltJ\0~ 


BaTeJlbHOCTb CyÔ'beflHHHUbI II U,HTOXpOMOKCH£a3bI, KOTOpaa 
cooTBeTCTByeT KOflnpyiomeH oÔJiacTH reHa coxII, b cepe/jHHe 
KOTOpOH np0H30meJI CRBHY OTKpbITOH paMKH CHHTbIBaHHfl. 
nocAeflOBaTe;ibHOcra reHa h óejixa (HyKneoTHAHaa h aMH- 
HOKHCJlOTHaa COOTBeTCTBeHHO) npHBeAeHbl Ha PHC. 27.20. B 
AaHHOM oiynae, y pa3Hbix bh/job TpnnaHOcoM, npoHCxo/jHT 
«BHoe oTCTynjieHHe ot TpaflHíjHOHHoro ajiropnTMa HHTep- 
npeTau,HH reHeTHnecKOH HH(jx)pMau,HH. KaxoBa >xe npnpo/ía 
3Toro H3MeHeHrw? Kax paôoTaeT stot reH? 

no cpaBHeHHio co CBoeň reHOMHOň MaTpnueH, 3pejiaa 
mPHK coxII co^ep^CHT neTbipe /jono;iHHTe;ibHbix pn6o- 
HyioieoTHAa. 3to ypH/j,HHbi, BcraBJíeHHbie b KOflnpyiomyK) 
nocjieAOBaTejibHOCTb no Mecry CABnra otkphtoh paMKH 
CHHTbIBaHHfl. (nOCKOJIbKy HHKaKOľO ApyTOrO reHa C TaKOH 
nocjieAOBaTeJibHOCTbio b MHToxoHApnajibHOM reHOMe HeT, 
npHXOAHTCfl npn3HaTb, hto AonojiHHTejibHbie pnóoHyKJieo- 
THAHbie nonoyKmm B03HHKai0T bo Bpera TpaHCKpHnu,HH 
jihóo nocne Hee.) 

TaKOH Tnn peAaKTHpoBaHH^ PHK 6b\n 3acJ)HKCHpoBaH 
juw U£Ji oro p«Aa MHTOxoHApnajibHbix reHOB Trypanosoma ; 
3anacTyio pe/jaKTHpoBaHHe 3aioiiOHaeTC« He TOJibKo b j\ oóaB- 
JieHHH, HO H B yAaJieHHH ypHAHHOB. P M C. 27.21 nOCBÍILHeH 

3KCTpeMaiibHOMy cjiyHaio peAaKTnpoBaHHB TpaHCKpHnTOB 
reHa coxIII Trypanosoma brucei. 

KaK hh yAHBHTejibHO, mPHK coxIII ôojibiiie neM Hanojio- 
BHHy coctoht H3 ypHAHHOB, KOTopbix HeT b reHe. CpaBHe- 
HHe mPHK c ee reHOMHOH MaTpnueH noKa3a^o, hto y hhx 
nem hu odnozo oôtuezo cemenma npomnjtceHHocmbK) 6o- 
nee ceMU nymeomudoel 3aTO b mPHK coxIII HacHHTbiBaeTca 

MHO^CeCTBO BCTaBOK H3 OflHHX ypHAHHOB; HHCJ10 ypHAHHOB 
B 3THX BCTaBKaX AOXOAHT A O CeMH. Y napaMHKCOBHpyCOB, 
SV5 h Bnpyca Kopn, oÓHapyxceHbi aHa^orHHHbie pacxo^e- 
nm nocjieAOBaTejibHOCTH mPHK co CBoen flHK-MaTpHU,eH 
(TOJibKo b TpaHCKpnnT AOÓaBjíaioTai He U, a G). 

KaKOB MexaHH3M B03HHKH0BCH™ CneUH(J)HHHbIX 
BCTaBOK ypHAHHOB? HecMOTp^ Ha Ka>KyiAyioc« 6ecnop«- 
AOHHOCTb, Rím Ka^CAoro reHa naTTepH BCTaBOK h ACJieu,HH 
Bcer^a oahh h tot >Ke. ]\ j\b Ka^oro peAaKTnpyeMoro 
reHa cyuiecTByeT cneu,HaAbHa« MOAeKyjia, TaK Ha3biBae- 
MaH HaBOAHiu,aH PHK. OHa coacp>kht nocAeAOBaTeAb- 


BcraBKa ypMAHHa (jjopMwpyeT npaBH/ibHyio paMKy CMMTbiBaHH/i b Mo/ieicy/ie mPHK 
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PUC. 27.20 mPHK reHa coxII ipnna hocom bi xapaKTepn3yeicfl cabhtom paMKH cMMTbiBaHHfl ot- 
HOCHTe/ibHO flHK; KoppeKTHaB paMKa CMMTbiBaHMfl cfiopMMpyeTCB b pe3y^bTaTe BcraBKM MeTbipex 
ypMAMHOB 
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mPHK reHa coxIII noflBepraeTCfl cyiuecTBeHHbiM M3MeHeHMiiM, BbtpawatOLUHMO? b yfla/ieHMM h/im BcraBKe ypMAMHa 


UAUAUGUUUUGUUGUUUAUUAUGUGAUUAUGGUUUUGUUUUUUAUUGGUAUUUUUUAGAUUUAUUUAAUUUGUUGAUA 


AAUACAUUUUAUUUGUUUGUUAAUUUUUUUGUUUUGUGUUUUGGUUUAGGUUUUUUUGUUGUUGUUGUUUUGUAUUAU 


P MC. 27.21 HacTMMHafl noc/ieAOBaTejibHOCTb mPHK reHa coxIIIT. brucei noKa 3 biBaeT Ha/iHMHe 6 o/ib- 
tuoro KOjumecTBaypMAMHOB, He KOAMpyeMbixflHK (oTMeMeHbi KpacHbiM LjBeTOM) hjih, HanpoTHB,yfla- 
jieHHbix m noaieAOBaTe/ibHOCTM PHK (oTMeneHbi xax T) 


HOCTb, KOMIIJieMeHTäpHyiO OKOHHäTeJlbHOH (OTpeAaKTH- 
poBäHHOH) BepcHH mPHK. Ha P M c. 27.22 npeflcraBjíeHa 
MOAeJib paôoTbi HaBOA^meň PHK jxím reHa umrapoMa b 
Apyroro napa 3 HTHHecKoro npocreHinero (H3 pofla Leish- 
mania). nocneflOBaTejibHOCTb b BepxHeň nacTH pncyrnca 

COOTBeTCTByeT OpHTHHaJlbHOH BepcHH TpaHCKpHíITa (ao 
peAaKTupoBaHHfl). npoôeAbi noKa3biBaioT, rAe hmchho, 
b npoijecce peAaKrapoBaHra, 6yAyT noflBjMTbCfl BcraB- 
kh. JIhr noAyneHHfl BajiHflHoň -PHK b 3Ty oÔJiacTb TpaHC- 
Kpurrra aoa>kho 6biTb BcraBAeHO, b o6meň cjioikhocth, 
BOCeMb ypHAHHOB. 

HaBOAAUiaa PHK h TpaHCKpuriT hmoot AOBOAbHO npo- 
TíDKeHHbíň ynacTOK KOMnAeMeHTapHocra; otot ynacroK 
nepeKpbiBaeT MHineHb peflaKrapoBaHna. Kax npaBHAO, 
KOMnAeMeHTapHOCTb pacnpocrpaHfleTCfl b 3'-KOHu,eBOM 
HanpaBAeHHH ot mhiuchu peflaKTupoBamifl ^a^bine, neM b 


3'-KOHiieBOM. B3aHMOAeňcTBHe HaBO/jamen PHK c Hepe^aK- 
rapoBaHHbiM TpaHCKpnnTOM ocTaBjíaeT npoôeAbi b Mecrax, 
rAe H36biTOHHbie A b HaBOAflmeň PHK He HaxoA^T ce6e kom- 
nAeMeHTapHbix napTHepoB. HaBOAamaa PHK cnyacHT MaTpn- 
Ileň; B COOTBeTCTBHH C HeH TpaHCKpHÍIT riOJiyHaeT BCTaBKH 
ypHAHHOB (KOMnAeMeHTapHblX H36bITOHHbIM aACH03HHaM 
HaBOAAmeH PHK). nocAe 3aBepmeHHA Bcex peaKu,™ pe/jaK- 
TnpoBaHHA HaBOAAmaa PHK OTflejiaeTCfl ot mPHK, KOTopaa 
Tenepb toahtca /yia TpaHCAAu,HH. 

PeAaKTnpoBaHHe (cneu,H(J)HKaij,HA OKomaTejibHOH 
BepcHH mPHK) MO)KeT npoTeKaTb AOBOAbHO caoxcho. B 
npHBeAeHHOM npnMepe b npoTOKeHHbiH ynacroK TpaHC- 
KpnnTa AOÓaBjmeToi, b oómeň cao^khocth, 39 ypHAHHOB. 
TaKoe (J)yHAaMeHTaAbHoe peAaKTHpoBaHne BbinojiHfleTca 
npn ynacTHH deyx mBop^m,ux PHK, KOTopbie nepeKpbmaiOT 
Apyr Apyra. CHanajia OAHa H3 hhx 3aHHMaeT 3'-KOHu,eByio 


HaBOAHiAa^ PHK cnapMBaeTC/i c eme He M3MeHeHHOM MO/ieKy/ioM mPHK h c/iyxcMT Maipnuen rjiu BCTpanBaHMfi ochob3hmm 

ľeHOM 
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PMC= 27.22 Eme He noABeprwaflCfl n3NieHeHHBM PHK cnapHBaeicfl c HaBOAflmeíí MOJieKyjioíí PHK b 
yMacTKax, orpaHHMHBaiOLAMX H3MeHfleMbiH pemoH. HaBOAflLAaa PHK c/iy>KHT Maipm^eíi a^ Bcrpan- 
BaHMíi ypHAHHOB. mPHK, o6pa3ytomaflCfl b pe3y/ibTaie BcrpaHBaHMfl ocHOBaHHÍí, KOMn/ieMeHTapHa 
HaBOA^men PHK 


736 ľJlABA 27 KaTaAMTMHecKaB PHK 














feHbi, KOAHpytoiMMe MOAM4)M4MpyeMyio b Aa/ibHeňiueM PHK, nepeMewaiOTCfi reHaMM KOAnpyK>mnMn HaBOAflutyio PHK 



! iľ -í TeHOM Leishmania coflepmm reHbi, KOAMpyioiijMe MOAM(J)Mi4MpyeMyK) b Aa/ibHeííiueM 
PHK. 3tm reHbi nepeMewaiOTCfl reHaMM, KOAnpyiomMMM HaBOAflmyio PHK, HeoóxoAMMyio aha o6pa- 
30BaHMB mPHK KoppeKTHoií noc/ieAOBaie/ibHocTM. Co3peBaHMe mPHK HeKOTopbix reHOB TpeóyeT 
ynacTMB HecKO/ibKMx HaBOAfliAMx PHK. B moamc^mkblimm mPHK reHa CyB, KOAMpyiomero ljmtoxpom b, 
ynacTByiOT HaBOAfliAMe PHK, KOAMpyeMbie AByMfl reHaMM - CyB-1 m CyB-2 


nacTb ynacTKa h, CAe;iaB CBoe Aejio, yxoAHT, npeAOCTaBJíaa 
BTopoň HaBOA^meň PHK 3aBepniHTb peAaKTHpOBaHHe oc- 
TaBineHca nacm 

OTKy/ja ace óepyTca HaBOAamne PHK? Ohh npeACTaBJía- 
k)t coóoh npoAyKTbi cneijHa^bHbix, He3aBHCHMbix TpaHC- 
KpHmjHOHHblX tj\ HHHIJ. Ha 2 7.2_. AaHa KapTa COOT- 

BeTCTByiomeH oóJiacTH mt^HK Leishmania. 3Ta o6;iacTb 
coAepxcHT «reH» LjHTOxpoMa b (KaBbíHKH HanoMHHaiOT, hto 
nocjieAOBaTcnbHOCTb reHa HyxcAaeTca b cepbe3HOH Aopa- 
6oTKe 3 a cneT pe^aKrapoBaHna PHK). Ta xce o6;iacTb coAep- 
>kht eme ABe TpaHCKpnnijHOHHbix eAHHHijbi, npoAyKTaMH 
KOTOpblX HBJIHIOTCH HaBOAAIAHe PHK. H3 pHCyHKa BHAHO: 
MaTpHi^bi AJifl CHHTe3a HaBOAAiAHx PHK nepeMOKaiOTca ko- 
AHpyiomen oÓJiacTbio caMoro «reHa». 

MyraijHH, ot KOTopbix CMbicji mPHK (T.e. aMHHOKHC- 
jiOTHaa nocjieAOBaTejibHOCTb npoAyKTa TpaHCJiaijHH) 
OKa3biBaeTca H3MeHeHHbiM 3a cneT HapymeHHH peAaKTH- 
poBaHHa, Moiyr HaxoAHTbca xa k b caMOM «reHe», Tax h b 
H aBOAAiAHx PHK. no bccm npaBHJiaM imaccHnecKOH reHe- 
THKH, KaXCAyiO H3 3THX MaTpHIJ CJieAyeT CHHTaTb COCTaB- 
hoh nacTbio «reHa». SKcnpeccHH AByx TpaHCKpnnijHOHHbix 
eAHHHIJ, AJIfl HaBOAAIAHX PHK npOHCXOAHT He3aBHCHMO; 
Kax cjieACTBHe, b mpanc-c oneTaHHHx ohh aojdkhm Aonoji- 
HBTb Apyr Apyra. AHa^H3Hpya bcio coBOKynHOCTb MyraijHH, 
moxcho ycTaHOBHTb HajiHHHe Tpex rpynn KOMnjieMeHTa- 
ijhh; KaxcAaa rpynna MyraijHH MapxnpyeT oAHy H3 TpaHC- 
KpnnuHOHHbix eAHHHij, HeoóxoAHMbix ajih npaBHAbHoro 
KOAHpOBaHHB aMHHOKHCJIOTHOH nOCJieAOBaTeJIbHOCTH OA- 
Horo noAHnenTHAa. 

XapaKTepHbie ocoóchhocth nacTHHHO oTpeAaKTHpo- 
BaHHbix nojiynpoAyKTOB npoijeccHHra roBopaT o tom, hto 
npoijecc peAaKTHpoBaHHa oxBaTbiBaeT He bcio MOJieicyjiy 
PHK cpa3y, ho nocTeneHHO, b HanpaBJíeHHH 3'-5'. B3an- 
MOAencTBya c HHTaKTHbiM, HepeAaKTnpoBaHHbiM, TpaHC- 
KpnnTOM, HaBOAanjHe PHK 3aAaiOT naTTepH ypHAHHOBbix 
BCTaBOK. 06pa30BaHHe sthx BCTaBOK KaTaaH3npyeTca 
CneiJHaJIH3HpOBaHHbIM KOMnJieKCOM, C KOHCTaHTOH ce- 

AHMeHTaijHH 20S. Komiuickc oóJiaAaeT aKTHBHOCTHMH sh- 
AOHymiea3H, TepMHHajibHOH ypHAHjrrpaHC(})epa3bi (hjih 


TYTa3bi), a Taioxe aKTHBHOCTbio PHK-jinra3bi. Bce 3 th ax- 
THBHOCTH H306paXCeHbI Ha P M C. 2 7.24. Komiuickc 3aHHMa- 
eTca peKpyTHHroM HaBOAflmnx PHK, to ecTb npHBJíeKaeT 
hx k CBH3biBaHHio eme He peAaKTHpOBaHHoro TpaHCKpnn- 
Ta, KOTopbiíí cjiyKm KOMnaeKcy cyócTpaTOM. Hto6h Ao6a- 
BHTb B TpaHCKpHnT (HAH yAa^HTb H3 HeľO) ypHAHHOBblíí 
ocTaTOK, KOMnaeKc Rojmen pa3pe3aTb TpaHCKpHnT b tom 
M ecTe, rAe oh ne B3aHMOAencTByeT c HaBOAanjeH PHK. noc- 
ae BHeceHHa pa3pe3a nponcxoAHT BCTaBKa (hah AeaeijHa) 
ypHAHHa. Bcmaexa (dejiei^m) cooôu^aem mpancKpunmy 
KOMUMMeumapnocmb k meodmufiä PHK e dannoM koh- 
KpemnoM Mečme. nocjieAyiomee JiHrnpoBaHHe BoecTaHaB- 
jiHBaeT ijeAocmocTb cyócTpaTa. 3aTeM Becb ijhkji peaxijHH 
peAaKTHpoBaHHa noBTopaeTca — jym cJieAyiomero no no- 
paAKy caHTa. 



PHĺ 27.24 MoAMc()MKauMB MPHKflB/iBeTCB pe3yjibTaTOM c/ieAyiomMx 
npoueccoB: pacmen/ieHMe PHK, yAa/ieHMe mjim Ao6aBjieHMe ociaT- 
KOB U, JlMTMpOBaHMe KOHAOB. PeaKIJMB KaTaJlM3MpyeTCB KOMnJieKCOM 
c|)epMeHTOB npM ynacTMM HanpaBjíBiomeM PHK 
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Hctohhhkom floóaBJíaeMbix ypHAHHOB c^pcaT mo- 
;ieKy;ibi ypHflHHTpH(})oc(})aTOB (YTO). CaMO AOÔaBJíeHHe 
oóecneHHBaeTca aKTHBHOCTbio TyTa3bi. (Bo3HHKHOBeHHe 
AejieijHH noKa He bhachcho, bo3mo>kho, ohh npoflyu,H- 
pyiOTca TYTa30H hjih KaKOH-TO ocoóoh 3K30Hyioiea30H.) 
Oaho BpeMa CHHTajiocb, hto ijenonKa (no;m)U, npHcyre- 
TByiomaa Ha KOHije HaBOAflmen PHK, MoxceT c^pcHTb atih 
peAaKTHpOBaHHB: JIHÓO KaK HCTOHHHK AOnOJIHHTCJIbHblX U, 
jihóo AJia HaKoraeHHe H36biTKa U. B AaJibneHineM STa rn- 
noTe3a He noATBepAHJiaeb; o6pa30BaHHe «xBOCTa» (no;iH)U 
ecTb He hto HHoe, Kax aóeppaHTHaa peaKijna, He HMeiomafl 
npaMoro OTHomeHHa k peAaKTHpOBaHHio. 

CynA no rany CTpyKTypbi, cbohctbchhoh nacTHHHO ot- 
peAaKTHpOBaHHbiM Mo;ieKy;iaM, ypHAHHbi coBepmeHHO toh- 
ho AOÓaBJunoTca no OAHOMy, a He rpynnaMH. npoqecc pe- 
AaKTHpOBaHHa BbirjiHAHT KaK noc;ieAOBaTe;ibHOCTb paóonnx 
ľjhkjiob. B KaacAOM nuKJit npoHcxoAHT AOÓaBjíeHne Hyioieo- 
THAa U; 3aTeM nponcxoAHT ero npoBepKa Ha KOMrweMeH- 
TapHOCTb MaTpnue (HaBOAfliijen PHK). LJ,hkji 3aBepmaeTca 
yAa^eHneM jihóo coxpaHeHHeM AOÔaBjíeHHoro U (no pe- 
3y^bTaTaM npoBepKn). ConiácHO stoh moacjih, OTpeAaKTH- 
poBaHHaa Bepcna TpaHCKpnnTa B03HHKaeT nocmenenno. 

PeAaKTnpoBaHne c AOÓaBjíeHHeM HymieoTHAOB G, cbohc- 
TBeHHoe BHpycaM, cKopee Bcero, nponcxoAHT no cxoahhm 
M exaHH3MaM, ho sto noKa He ycTaHOB/ieHO. 


CniiaííciiHr 6e/iKa — 
aBTOKaTajiMTMMecKafl peaKuna 


KmoHeBbie noHATMAi 


• YHacTOK nojiMnenTMAa, o6o3HaHaeMbiíí KaK mhtcmh, MomeT 
Kaia/iM3npoBaTb cbom coócTBeHHbiíí BbixoA M3 cociaBa 6e/iKa; 
npM 3 tom (Jj/iaHKupyiomMe ynacTKH, 3KcreMHbi, CMbiKaioTca Apyr 
c APyroM; 3 to coóbiTMe M3Becmo KaK crmaŕícMHr 6e/iKa. 

• Kaia/iM3aTopoM crmaiícMHra 6e/iKa c/iymm MmeMH. 

• y ÓOJlbLUMHCTBa MHTeMHOB eCTb ABe He33BMCMMblX aKTMBHOCTM: 
KpoMe yHacTMA b cn/iaíícMHre 6e/iKa, MHorMe MHTeMHbi 
npoíiBjííuoT ce6a KaK xoMMHr-3HAOHyKJiea3bi. 

no CBoeMy pe3yAbTaTy ciuiaňcHHr Gejiica nojmocTbio 
aHajiornneH crniancnHry PHK. AMHHOKHCJioTHaa nocjieAO- 
BaTejibHOCTb TOJibKo hto CHHTe3HpOBaHHoro nojinnenTHAa 
BBJíaeTca OToópaxceHHeM oTKpbiTon paMKH CHHTbiBaHHa 
3peAon mPHK Co3peBaa a o (JjyHKíjHOHajibHoro óejiKa, no- 
jinnenTHA MOxceT yrpanHBaTb OTAejibHbie ynacTKH stoh 
noejieAOBaTejibHOCTH. YAajieHHe sthx ynacTKOB h ecTb 
emiaHCHHr. 

YAa^aeMbie ynacTKH noJinnenTHAa Ha3bmaiOT mrre- 
HHaMH (inteins; ot cjiob «intron» h «protein»). OcTajib- 
Hbie ynacTKH nojinnenTHAa eocTaBJunoT 3pe;ibiH óejiOK; hx 
Ha3biBaioT 3KCT€HHaMH (exteins; ot cjiob «exon» h “pro- 
tein”). AnnapaT enjiancHHra óejiKa He HMeeT HHKaKoro 
OTHomeHHa k annapaTy enjiancHHra PHK. Ha p ml. 2 / 25 
noKa3aH nepBHHHbiH npOAyKT TpaHCJiaijHH mPHK, noJiH- 
nenTHA-npeAinecTBeHHHK, coAepxcamHH hhtchh, noAJie- 
xcaiAHH Bbipe3aHHio. Ha ceroAHaniHHH jxc Hb ócjikob 


H3BCCTHO okojio cothh npHMepOB emiaHCHHra, y eaMblX 
pa3Hbix opraHH3MOB. TnnHHHbiH npoAyKT TpaHCJuiijHH, 
KOTopbiH noA^excHT cmiaHCHHry, coAepxcHT oahh-cahhc- 
TBeHHblH HHTeHH. 

CaMblH nepBblH H3 H3BeCTHbIX HHTeHHOB 6b IJl OÓHapy- 
xceH b noAHnenTHAe-npeAiuecTBeHHHKe ^HK-nojiHMepaabi 
apxeóaKTepHH. B TpaHCKpnóHpyeMOH nac™ reHa, koah- 
pyiomero stot (pepMeHT, oÓHapy^cnAacb noc^eAOBaTejib- 
HOCTb, HHKaK He OToópaxceHHaa b 6eAKe, ho h He noxoacaa 
Ha HHTpOH. PaccJieAOBaHHe 3Toro CTpaHHoro oócToaTejib- 
ctb 3 noKa3a^o, hto OHHmeHHbiH noJinnenTHA, nepBHHHbíň 
npoAyKT TpaHCJiau.HH, cnocoôen eupe3amb coomeemcmey- 
TomuuyHacmoK b aBTOKaTajíHTHnecKOH MaHepe. Xotb hhtc- 
hh BeAeT KaTajiH3 peaKqHH Bnojme aBTOHOMHO, ee 3(f)(f)eK- 

THBHOCTb OHeHb CHJIbHO 3aBHCHT OT SKCTCHHOB. PeaKIJHfl He 
TpeóyeT 3Hepro3aTpaT h npeACTaBAaeT coóoh Haóop nepe- 
CTpoeK b narrepHe xhmhhcckhx CBa3en; Bce sto noKa3aH0 
Ha 27.26. 

B nepBOH peaKi^HH óejiKOBoro cnAancHHra OH- h^h 
SH-rpynna b paAHKa^e nepBOH aMHHOKHCJiOTbi HHTeHHa 
aTaKyeT nenTHAHyio CBB3b, coeAHHaioiAyK) sTy aMHHOKHC- 
jiOTy c nocjieAHen aMHHOKHCJiOTOH nepBoro sKCTeHHa. B 
pe3y;ibTaTe aTaKH nponcxoAHT nepeHoc SKCTeHHa c KOHue- 
boh aMHHorpynnbi HHTeHHa Ha paAHKaji. 06pa30BaBiunnca 
CTbiK BbinitfAHT KaK auHAbHaa CBB3b N-0 hjih N-S. 9Ta CBa3b 
noA^OKHT aTaKe co CTopoHbi OH- ah6o SH- rpynnbi Ha pa- 
AHKajie nepBOH aMHHOKHCJioTbi Tenepb jtkc BToporo sKCTe- 
HHa, KOTopaa npHBOAHT k TOMy, hto nepBbin skctchh nepe- 
HOCHTCfl Ha paAHKaJI N-KOH4eBOH aMHHOKHCJIOTbl BToporo 
SKCTeHHa. nocAe 3Toro C-kohucboh aenaparnH HHTeHHa 
qHioiH3yeTca, h KOHueBaa NH-rpynna BToporo SKCTeHHa 
aTaKyeT aqHAbHyio CBB3b Rjm 3aMeHbi ee Ha CTaHAapTHyio 
nenTHAHyio CBB3b. Ka^aa H3 nepenHCJieHHbix peaKi^nň mo- 


B pe 3 ynbTaTe cnnaiicMHra 6 enKOB 
npoMcxoAMT yAaneHiie MHTeMHOB 


3K<rrenH MHTeMH 3 kct6mh 



I YAa^eHMe 
í HHTeHHa 




P MC. 2 7.25 Be/iKOBbiM cn/iaíícMHr oóecneHMBaeT yAa/ieHMe m noc- 
/íeAOBaie/ibHocTM 6e/iKa MHTeMHOB m coeAMHeHMe 3KdeMHOB Me>Kfly 
coóoíí 
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CnnaiícMHr óe/iKOB onocpeAoeaH peaKijmiMM TpaHC3Tepnc|}MKai4Mn 



PH C. 27,26 06pa3OBaHMe HOBbix CBB3eíí npoMcxoflm b pe3yjibTaie cepmi peaiojMM TpaHC3Tepnc|)M- 
KauMM, b KOTopbix 3afleMCTBOBaHbi OH-rpynnbi cepMHa m/im TpeoHMHa mjim SH-rpynna uiicTeiiHa. B 
xofle cn/iaíícMHra 3KcrenHbi coeflMHfliOTCfl Niewfly coóoíí nenTMflHoíí c ba 3 b to, a w-uem-i, y KOToporo 
(fjopMMpyeTCíi Ko/ibueBoíí C-KOHeu, BbiCBoóomflaera 


xceT npoTeKaTb eaMonpoH3Bo;ibHO, ho b TaKOM oiynae OHa 
xapaKTepH3yeTca oneHb hh3koh CKopocTbio. fl/m Toro hto- 
6bl peaKIJHH npOTCKa^H KOOpflHHHpOBaHO H flOCTaTOHHO 
ÓblCTpO, HeOÓXOAHM KaTaJIH3aTOp — HHTeHH. 

y HHTeHHOB eCTb pH/j XapaKTepHblX OCOÓeHHOCTeH. 
B KOflnpyiomeH o6;iacTH reHa ohh Bbir/WAHT xax BcraBKH, 
He oToópaacaeMbie b aMHHOKHdOTHyio noc^e£OBaTe;ib- 
HOCTb nojiHnerrm^a, KOTopbie npn stom He eóHBaiOT paMKy 
TpaHC^mHH. Ha^mne y reHa xotb 6bi o/jHoro roMOJiora, 
He HMeiomero TaKOH BcraBKH, oóJiernaeT H^eHTH(})HKau 1 Hio 
HHTeHHOB. B JIIOÓOM HHTCHHe N-KOHIjeBOH aMHHOKHCJIOT- 
HbiH ocTaTOK — sto o6fl3aTe;ibHO jihóo eepHH, jihóo ijhc- 
TeHH (nocKo^bKy pa^HKajibi cepHHa h ijHCTeHHa oójia^a- 
Krr «peaKTHBHbiMH» rpynnaMH -XH). C-KOHu,eBOH ocTaTOK 
HHTeHHa — sto o6fl3aTe;ibHo acnaparHH. KaTajíHTHMec- 
xaa aKTHBHOCTb ranoBoro HHTeHHa oóecneHHBaeTca ero 
N-KOHIJCBOH HaCTbK) (pa3MepOM -150 aMHHOKHCJIOTHblX 
ocraTKOB) h C-KOHueBOH HacTbio (~50 ocTaTKOB). Czpzpyim 
HHTeHHa MOXCeT HMeTb CBOH COÓCTBeHHblH HaÓOp (})yHKIJHH. 


y MHOľHX HHTeHHOJB eCTb OflHO yflHBHTeJIbHOe CBOHC- 
tbo. Ohh oÓJiaflaioT sH/joHyioiea3HOH aKTHBHocTbio, 
cneuHc^HHHOH k onpeAe^eHHOH noc;ieAOBaTe;ibHOCTH- 
MHineHH b JlHK. BbicTynaii b po™ xoMHHr-SH/joHyioie- 
a3bi, HHTeHH y3HaeT b JX HK cboio MHineHb h Ha/jpe3aeT 
ee /ym BCTaBKH. (OyHKíjHH xoMHHr-SHflOHyioiea3 cm. Ha 
pne. 27.12 b pa3#. 27.5 «HeKOTopbie HHTpoHbi rpynnbi I 
KOflnpyiOT SHflOHyioiea3bi, no/wepxcHBaiomHe hx Mo6n;ib- 
H0CTb».) ynacTHe b emiaHCHHre 6e;iKa h BHeceHHe mjipz- 
30B B KOHKpeTHbie MHUieHH RHK — STO flBe He3aBHCHMbIX 
aKTHBHOCTH HHTeHHa. 

Ha^mne y HHTeHHa AByx CTOJib pa3Hbix aKTHBHocTen 
Ha caMOM rzrz Heo^omaHHo h (Ha ceroflHaiiiHHH AeHb) He 
oneHb xopomo 06'bacHHMO. Ha stot cneT 6buin BbiCKa3a- 
hh ^Be rHnoTe3bi. O^m m hhx niacHT, hto hcxoaho rez 
aKTHBHOCTH ÓbUIH B3aHMOCBfl3aHbI, a 32.TZM CTaJIH HC3aBH- 
CHMblMH; npn STOM HeKOTOpbie HHTeHHbl nOTep^JIH CBOIO 
SH/jOHyioiea3Hyio aKTHBHOCTb. BTopaa ranoTe3a ^e^aeT 
CTaBKy Ha HHBa3HK) SHAOHyKJiea3HOH aKTHBHOCTH B HHTCH- 
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Hbl, B03HHKIIIHe KaK (})yHKĽ(HOHaJIbHbie e/JHHHĽJbl CIUiaHCHH- 
ra óe^KOB. npHHHHa HHBa3HH noKa He Hanila 06 'bflCHeHHfl; 
TeM He MeHee BTopan rnnoTe3a xoporno corjiacyeTcn c ycTa- 
HOBJíeHHbiM (})aKTOM HHBa 3 HH xoMHHr- 3 H/jOHyKJiea 3 b flpy- 
rne THnbi KaTajíHTHnecKH aKTHBHbix e/jHHHu, (HanpHMep, B 
HHTpoHbi nepBOH rpynnbi). 


Pe3fOMe 

MojieKyjibi PHK, cnocoóHbie k KaTanH3y óhoxhmhhcckhx 
peaKIJHH, Ha3bIBaiOT pHÓ 03 HMaMH. ABTOKaTa^HTHHee- 
khh cmiaHCHHr PHK (aBTocruiaHCHHr) cbohctbchch ^ByM 
rpynnaM hhtpohob, niHpoKo npeflCTaBjíeHHbiM y hh 3 iiihx 
syKapHOT, a TaioKe y npoKapHOT h b mhtoxoh/jphax. Bce 
CTpyKTypHoe oóeeneneHHe, HeoóxoflHMoe pjm KaTanH3a, 
COAepXCHTCa B CaMOM HHTpOHe. TaKHM o6pa30M, bca hh- 
(})opMauHa, HeoóxoflHMan pjm peaiojHH emiaHCHHra, 3aKJiio- 
HeHa B pHÓOHyKJieOTH^HOH nO'C^eflOBaTe^bHOCTH HHTpOHa. 
OflHaKO b ycnoBHnx in vivo sth peaKijHH He H^yr 6e3 no/we- 
pxocH cneuna^bHbix 6e;iKOB. 

HmpoHbi ppyx rpynn, [ h II, CTaHOBnTcn 3(})(})eKTHBHbi- 
mh KaTajiH3aTopaMH 3a eneT o6pa30BaHHa ocoóoh btophh- 
HOH H TpeTHHHOH CTpyKTypbl PHK C ÓOJIblIIHM KOJIHHCCTBOM 
KOpOTKHX KOHCepBaTHBHblX flByXĽjeiIOHeHHblX ynaCTKOB. 
Hhtpohh nepBOH rpynnbi o6pa3yiOT b ce6e nofloóne ax- 
THBHoro ijempa, yzjepxcHBaiomero PHK cyócTpaT 3a eneT 
B3aHMOfleHCTBHH no npHHunny KOMmieMeHTapHocm 9;ie- 

MeHT pHÓOHyKJieOTHAHOH nOCJie/JOBaTeJIbHOCTH HHTpOHa, 
KOTOpbíň 3aHHMaeTca sthm y^epxcaHHeM, o6o3HaHaeTcn 
Kax BHn; Apyrne KOHcepBaTHBHbie sjieivieHTbi HHTpOHa, b 
coHeTaHHH flpyr c ^pyroM, o6pa3yiOT BTopoň KOMnoHeHT 
aKTHBHoro i^eHTpa, r^e npHcyTCTByeT caňT CBn3biBaHHn 
ryaH03HHa (pHÓOHyKJieoTH/ja G). CmiaHCHHr HanHHaeTcn 
peaKijnen TpaHC3TepH(})HKaijHH, b kotopoh ynacTByeT ko- 
(})aKTop — ryaH03HHHyKjieoTH/j,. 9Ta peaKijna He TpeóyeT 
npHTOKa SHepraH. Koc})aKTop ryaH03HHHyioieoTH£ pa3py- 
rnaeT (})OC(})OAH3(})HpHyiO CBfl3b Ha CTblKe 3K30Ha C HHTpO- 
hom; nocne 3Toro oh ocTaeTen npHKpemieHHbiM k 5'-KOHuy 
HHTpOHa. Bo BTopoň peaiojHH emiaHCHHra CBoóoflHbiH m r- 
POkchji, noaBHBiiiHHca Tenepb Ha 3'-KOHije nepBoro 3K30Ha, 
aTaKyeT cthk HHTpoHa co BTOpbiM 3 K 3 ohom h npeBpamaeT 
ero b CTbiK Menc/jy 3K30HaMH. HmpoH yxo^HT h 3aMbiKaeTcn 
b kojimjo, Tepna kohijcboh ynacTOK (~15 pH6oHyKJieoTH/j,OB 
BMeCTe C ryaH03HH0M, ÓblBIIIHM KO(})aKTOpOM). Pfl/J CXOXCHX 
peaKi^HH 3anycKaeTcn aTaKoň KOHijeBoro G-OH-ocTaTKa 
HHTpOHa Ha BHyTpeHHHe (})OC(})OAH3(})HpHbie CBA3H. B m- 
óopaTopHbix ycnoBHnx stot MexaHH3M Hcno;ib3yeTCfl pjm 
C03flaHHn MHOXCeCTBa pa3JIHHHbIX PHÓ03HM0B. B yenOBHnX 
in vitro TaKH e pn6o3HMbi Moryr BbicTynaTb KaTajiH3aTopaMH 
niHpoKoro cneKTpa peaiojHH (HanpHMep, pn6o3HM MoxceT 
BbicTynaTb b po;iH HyKJieoTH/j,Hn-TpaHC(})epa3bi). 

B MHToxoHApnnx HeKOTopbie hhtpohh rpynn I h II 
coflepxcaT OTKpbiTbie paMKH CHHTbiBaHHn. Bcjikh, Ko/jnpy- 
eMbie HHTpoHaMH nepBOH rpynnbi, oójiwiot aKTHBHoe- 
Tbio 3HAOHyioiea3: ohh BHOCflT Ha^pe3bi no oóeHM ijerniM 


caHTa-MHineHH b RHK. BHeceHne Ha^pe30B HHHijHHpyeT 
KOHBepcHio reHa c KonnpoBaHHeM HHTpoHa b BH/je BCTaB- 
KH B CaHT-MHIIieHb. EeJIKH, KOAHpyeMbie HHTpOHaMH BTO- 
poH rpynnbi, coneTaiOT b ce6e HecKonbKo aKTHBHOCTen. 
9TO 3 H£OHyKJiea 3 Hafl aKTHBHOCTb (KOTOpan HHHI^HHpyeT 
npouecc TpaHcno3HijHH), a TaKnce aKTHBHOCTb oópaTHon 
TpaHCKpnnTa3bi (oóecnenHBaioman KonnpoBaHHe HHTpoHa 
c PHK b reHOMHbiH caHT-MHineHb). nosTOMy CHHTaeTcn, hto 
ÓOJIblIIHHCTBO HHTpOHOB rpynn I H II B03HHKJ1H KaK BCTaBKH. 
BenKH, KOflnpyeMbie HHTpoHaMH oóenx rpynn, Moryr oójia- 
flaTb aKTHBHocTbio MaTypa3bi; 3Ta aKTHBHOCTb oneHb BaxcHa 
pjm emiaHCHHra. MaTypa3a CTa6HnH3HpyeT BTopHHHyio h 
TpeTHHHyiO CTpyKTypbl KaTaJIHTHHeCKH aKTHBHOrO HHTpoHa 
PHK; TeM caMbiM MaTypa3a oóecnenHBaeT ycTOHHHByio koh- 
(})HrypaaHK) aKTHBHbix ueHTpOB pn6o3HMa. 

CnoeoÓHOCTb k KaTanH3y óhoxhmhhcckhx peaKunň 
ecTb y MHornx PHK. OepMeHT PHKa3a P npeACTaBJíneT 
co 6 oh pnóoHyioieonpoTeHH; ero KaTajíHTHHecKan aKTHB¬ 
HOCTb oóeeneHHBaeTcn PHK-KOMnoHeHTOM, Tor^a KaK 6eji- 
KOBbiH KOMnoHeHT HrpaeT jiHiiib BcnoMoraTejibHyio pojib. 
TaKHM o6pa30M, PHKa3y P ene^yeT CHHTaTb, CKopee, pn- 
Ó03HM0M, HeM KJiaCCHHCCKHM (J)epMCHTOM ÓeJIKOBOH npH- 
poAbi. CnoeoÓHOCTb k aBTOKaTajíHTHnecKOMy paemenjie- 
HHK) CBOHCTBeHHa MHOľHM BHpyCHbIM PHK; OHH 06pa3yK)T 
oeoóyio BTOpHHHyio CTpyKTypy, KOTopan no onepTaHnaM 
HanoMHHaeT mo^otok. ŤaKHe «mojiotkh» Moiyr o6pa30Bbi- 
BaTben He TonbKo oahoh, ho h ^ByMn MoneKynaMH PHK; 
b stom cnynae HMeeT mccto pa3AeneHHe ponen: o^Ha H3 
MoneKyn nrpaeT ponb eyócTpaTa, Apyran — pn6o3HMa. 
PaemenneHHe eyócTpaTa mrct oneHb eneuH(J)HHHO k ero 
nOCneAOBaTenbHOCTH. Cnei^H(})HHHOCTb (KaK TOHHOCTb 
HaBO/íKH Ha KOHKpeTHyio MHineHb — HyioieoTHflHyK) noc- 
neAOBaTenbHOCTb) nBnneTcn xapaKTepHOH oeoóeHHOCTbio 
(})yHK4HH nioóoro pn6o3HMa. 

PeflaKTnpoBaHHe PHK npeACTaBnneT coóoh ocoôyio 
(})opMy npoueecHHra TpaHCKpnnTOB HeKOTopbix reHOB. Y 
MJieKonHTaiomHx h, bo3moxcho, y HeKOTopbix Apyrnx ym- 
bothhx peflaKrapoBaHHe H/j;eT KaK 3aMeHa OTflenbHbix a3o- 
THCTblX OCHOBaHHH B KOHKpeTHblX nOJIOXCCHHflX. PeaKi^HH 
Ae3aMHHHpoBaHHn nepeBOAHT C b U, A b I. Kanc/tyio TaKyio 
peam^HK) KOHTponnpyeT cneunanbHbiH KOMmieKC; ero KaTa- 
jíHTHHecKan cyó'beAHHHi^a noxoxca Ha oóbiHHyio uhth/íhh- 
hjih aAeH03HH/je3aMHHa3y, o^HaKo Beeb KOMnneKc oóJia^aeT 
oneHb y3KOH eneuH(J)HHHOCTbK) k KOHKpeTHOH nocneflOBa- 
TeJIbHOCTH-MHIIieHH. 

B MHToxoHflpnnx TpnnaHoeoM, a TaioKe y napaMHK- 
eoBHpyeoB, HMeeT MecTO Apyroň THn peAaKrnpoBaHHn, c 
AOÓaBjíeHHeM (pexce, y^aneHneM) MHoxcecTBa pHÓOHyiuieo 
th^ob (name Bcero, ypnaHHOB). Ocoóchho 3KCTeHCHBHoe 
peflaKTHpOBaHHe HaóniOAaeTcn b mhtoxoh/jphax TpnnaHO- 
com, r^e HeKOTopbie 3penbie mPHK HanonoBHHy coctobt h 3 
pHÓOHyKJieOTHAOB, BCTpOeHHblX He npn TpaHCKpHni^HH, a 
yxce b npoueeee peflaKTHpOBaHHn TpaHCKpnnTa. B flaHHOM 
cjiynae pjm pe/jaKTHpOBaHHn Hcnonb3yeTcn eneunanbHaa 
MaTpHi^a — TaK Ha3biBaeMan HaBOAnman PHK, Kpan KOTopoň 
KOMmieMeHTapHbi KpanM peAaKTHpyeMOH oónac™ TpaHC- 
KpnnTa. Peaio^Hio Be^eT uenbíň KOMnjieKc H3 (})epMeHTOB 
e HaóopoM aKTHBHOCTeH 3HAOHyioiea3bi, TepMHHanbHoň 
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ypHflH;i-TpaHC(})epa3bi, PHK-;iHra3bL KoMruieKc Hcno;ib3yeT 
CBOóoflHbie pHÓOHyiaieoTHflbi U b KanecTBe MaTepna^a /yia 
BCTaBOK (bo3mo)kho, tot xce KOMrmeKc BbiópacbiBaeT cbo- 
ôoAHbie U noaie y/ja^eHHH). 

Cn^aHCHHr 6e;iKa — sto ocoóoe HBJíeHHe, KOTopoe He 
HMecr npaMoro OTHOiueHHa k KaTa^HTmecKHM PHK. TeM 
He MeHee, mh paccMaTpHBaeM cnjiaňcHHr 6e;iKa b stoh nia- 
Be, nocKOJibKy sto aBTOKaTaji hthhcckhh npoyecc, aHa^o- 
THHHbiH cnjiaňcHHry PHK — no CMbic/iy, no oóiyeMy nnaHy 
MOJieKyjiapHbix nepecrpoeK, a TaioKe no SBOJnounoHHbiM 
napa^jiejiaM. noflOÓHO cn^ancHHry PHK, crniancnHr 6 ai - 
K2 He TpeóyeT npnTOKa SHeprnn. Hhtchh — sto ynacTOK 
aMHHOKHCJiOTHOH nocjieflOBaTejibHOCTH, Bbipe3aioiyeH 
caM ce6a H3 OKpy^ceHna (JmHKnpyioiAHx ynacTKOB — sk- 
CTeHHOB. MhOTHM HHTeHHaM CBOHCTBCHHa aKTHBHOCTb xo- 
MHHr-SHAOHyioiea3bi, cneyn(J)HHHOH k KOHKperaoMy caíny 
reHOMHon flHK; hh k KaKOMy cnjiancHHry sTa aKTHBHOCTb 
HHTenHa npaMoro OTHomeHna He HMeeT. 
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XpOMOCOMbl 


KPATKOE COflEPWAHME ITlABbl 


EB BBefleHne 

EB BMpycHbm reHOM ynaKOBdH b oóo/iOHKy 

• CipyKTypa KancMAa HaK/iaflbiBaeT orpaHMHeHMfl Ha 
fl/iHHy flHK, KOTopaB MomeT 6biTb BCTpoeHa b BMpycHyio 
HacTMuy. 

• HyKJieMHOBbie KMC/lOTbl BHyTpM KanCMflbl Hpe3BblH3MHO 
KOHfleHCMpOBaHHbl. 

• y HMTeBMflHbix PHK-BMpycoB KOHfleHcauMB PHK-reHOMa 
npoMCxoflm no Mepe cóopkm KancMAa Boxpyr Hero. 

• Y cc()epMHecKMx flHK-BMpycoB flHK yK/iaAbiBaeTca b 
3apaHee noAroTOB/ieHHbiíí óe/iKOBbiií (fjyr/iflp. 

BO BaKTepnaAbHbiM reHOM o6pa3yei HyK/ieoMA 

• BaKTepMa/ibHbiii HyK/ieoMA, KOTopbiíí no Macce Ha 80% 
COCTOMT M3 flHK, MO>KHO pa3pblX/lMTb, B 03 AeŇCTByfl Ha 

PHK m/im 6e/ioK. 

• Be/iKM, oTBeTCTBeHHbie 3a KOHAeHcauMio flHK, noxa He 
MAeHTM4)MAMpOBaHbl. 

EH BaKTepMa/ibHbm reHOM CBepxcrmpa/iM30BaH 

• B HyK/ieOMAe eCTb OKO/IO 100 H633BMCMMblX AOMeHOB c 
OTpMuaie/ibHOM CBepxcnMpa/iM3auMeM. 

• CpeAHflfl n/iOTHOCTb CBepxcnMpa/iM3auMM cocraB/ifleT 
npMMepHO 1 CBepxBMTOK Ha 100 nH. 

EQ B flHK ayKapMOT ecTb neuiM n AOMeHbi, 

npMKpenAeHHbie k KapKacy 

• B MHTepc()a3HOM xpoMaTMHe flHK oTpMLjaTe/ibHO 
CBepxcnMpa/iM30BaHa m pacnpeAe/ieHa no He3aBMCMMbiM 
AOMeHaM b ~85 toh. 

• Meiac()a3Hbie xpoMOCOMbi coAepmai óe/iKOBbiií Kapxac, k 
KOTopoMy npMKpen/ieHbi neT/iM cBepxcnMpa/iM30BaHHOM 

fl HK - 

t££l B MHTep4)a3e flHK KpenMTca k BAepHOMy 

M3TpMKCy OnpeAeAeHHbIMM HyK/ieOTMAHblMM 

nOCAeAOBaTeAbHOCTBMM 

• flHK npMKpen/ieHa k MaipMKcy onpeAe/ieHHbiMM 
noc/ieAOBaie/ibHOCTBMM, Ha3biBaeMbiMM MAR m/im SAR. 

• nocjieAOBaTe/ibHocTM MAR — 3to A-T-6oraibie 
perMOHbi, ho KOHceHcyca He MMeioT. 

EB XpoMaTMH noApa3AeABK)T Ha ayxpoMaTMH m 

reiepoxpoMaTMH 

• 06oco6/ieHHbie xpoMOCOMbi mo>kho Haó/noAaTb To/ibKO 
npM MMT03e. 

• Bo BpeMB MHTep(f)a3bi xpoMaTMH, no 6o/ibiueM nacTM, 
npe6biBaeT b c()opMe ayxpoMaTMHa, KOTopbiii ynaxoBaH 
ropa3AO MeHee n/iOTHO, neM MMTOTMnecKMe xpoMOCOMbi. 

• ynacTKM KOHCTMTyTMBHoro reiepoxpoMaTMHa ocTatora 
n/iOTHO ynaKOBaHHbiMM b npoAO/DKeHMe BceŇ 
MHTep4>a3bi 


|£ 8 šl y xpomocom npoBBABtoTCB no/iocaibie naTTepHbi 
OKpaUJMBdHMB 

• OnpeAe/ieHHbie MeTOAMKM OKpauiMBaHMfl npMAatOT 
xpoMocoMaM MCHepneHHocTb b BMAe cepMM G-no/ioc, 

M/IM ľMM 3 a-AMCKOB. 

• B no/iocax coAepmaHMe G-C HMwe, neM b npoMe>KyTKax 
Me>KAy HMMM. 

• ľeHbi cocpeAOToneHbi b G-C- 6 oraTbix CBeT/ibix 
npoMemyTKax. 

EB XpoMOCOMbi TMna /íaMnoBbix meTOK mmciot 
B bineT/IMBaHMH 

• y xpomocom TMna /íaMnoBbix meTOK caííTbi 3 KcnpeccMM 
reHOB Bbir/i/iA^T KaK neT/iM, BbinymeHHbie M 3 ocm 
X pOMOCOMbl. 

H«P 1 ľlO/lMTeHHbie XpOMOCOMbl BblľABA^ T n 0 / 10 C 3 TblMM 

• OKpaiueHHbie npenapaibi no/iMTeHHbix xpomocom 
AB yxpbi/ibix HacexoMbix HecyT cepMM no/ioc, KOTopbie 
MO)KHO MCnO/lb 30 BaTb KaK UMTO/lOrMHeCKyiO KapTy. 

w:mfc ľlOAMTeHHbie XpOMOCOMbl o 6 pa 3 yiOT «B 3 AyTMfl» B 
MecTax aKcnpeccMM reHOB 

• Ha oKpaiueHHbix npenapaiax no/iMTeHHbix xpomocom 
no/iocbi, rAe m/ia aKTMBHaB 3 KcnpeccMa reHOB, Bbir/iBA^T 
pa 3 AyTblMM (MMeiOT BMA «nyc|)OB»). 

Yxmn 3yKapMOTMHecKne xpoMOCOMbi c/iy>KaT K/ieľKe 

npMcnocoÓAeHMBMM A/ifl cerperauMM reHeTMHecKoro 
MaTepna/ia 

• ByKapMOTMHecKMe xpoMOCOMbi yAep/KMBaioTCB b 
B epeieHe Ae/ieHMa 6 /iaroAapa MMKpoipyóoHKaM, 
npMKpen/ieHHbiM k KMHeioxopaM, cjDopMMpyioiAMMCfl npM 
uempoMepax. 

• Bo MHorMx c/iyna/ix uempoMepbi coAepmaT 
reiepoxpoMaTMH, óoraTbiií noc/ieAOBaie/ibHOCTBMM 
caie/i/iMTHOM flHK. 

ŕislii fleHTpoMepbi coAepwaT noBTopaiomMecfl 
nocAeAOBaieAbHOCTM flHK 

• LleHTpoMepbi b xpoMOCOMax BbiauMx ayxapMOT 
coAepmaT 6 o/ibUJMe KO/iMnecTBa noBTopoB flHK. 

• OyHKLJMfl 3 TMX nOBTOpOB nOKa HeM 3 BeCTHa. 

»:iEi fleHTpoMepbi 5. cerevisiae HecyT KopoTKMe 
nocAeAOBaieAbHocTM flHK 

• ľloc/ieAOBaTe/ibHocTM CEN y S.cerevisiae 6 bi/iM 
MAeHTMc|)MUMpoBaHbi KaK npMAaioiAMe n/ia 3 MMAe 
cnocoÓHocTb k npaBM/ibHOÍí MMTOTMHecKOM cerperauMM. 

• ľloC/ieAOBaTe/lbHOCTM CEN COCTOflT M 3 KOpOTKMX 
KOHCepB 3 TMBHblX 3 /ieMeHTOB CDE-I M CDE-III, KOTopbie 
4 >/iaHKMpyiOT A-T- 6 oraTbiíí 3 /ieMeHT CDE-II. 


HMisk L{eHTpoMepa cBB 3 biBaercB c čeiiKOBbiM KOMnneKCOM 

• Ha CDE-II c|)opMMpyeTCfl cneunajiM3MpoBaHHbiíí 
Óe/lKOBblií KOMíl/ieKC, aJlbTepHaTMBHblií OÓblHHOÍÍ 
apyKType xpoMaTMHa. 

• C CDE-III CBfl3biBaeTCB óe/iKOBbm KOMruieKC CBF3. 

• Be/iKM, coeflMHíiiomMe 3 tm flea KOMrvieKca, MoryT 
oóecneHMBaTb mx CBA3b c MMKpoTpyóoHKaMM. 

ŕfclfgi Te/iONiepbi coflepwaT npocTbie noBTopatomMecfl 

nocAeAOBaieAbHOCTM flHK 

• Te/ioMepa HywHa AJifl CTa6n/ibHOCTM KOHLia xpoMocoMbi. 

• Te/iOMepHafl flHK coctomt m MHoroKpamoro npocToro 
noBTopa, oflHa M3 ueneií KOToporo MMeeT bma tflA/T)^. 

ÉSU Te/iONiepbi onenaTbiBatoT KOHUbi xpomocom 

• Be/iOK TRF2 KaiajiM3npyeT peaxumo, b xoAe KOTopoŇ 
3'-KOHueBOÍí noBTop G-xBOda 3aMemaeT roMo/iorMHHbiíí 
noBTop, BbuecHMB ero m Ayn/ieKca b Bbiiue/iemameŕí 
oó/iacTM Te/iOMepHOM flHK. 


ŕfeJifej Te/IOMepbl C\AHTe3V\p\/K)TCf\ 

pMÓOHyKJieonpoTeMHOBbiM 4)epMeHTOM 

• TejiOMepa3a ncncmb3yeT 3'-Kcmeu G-xBOCTa TejiOMepbi 
Kax 3aipaBKy AJifl CMHTe3a TaHAeMHbix noBTopoB 
TTGGGG. 

• PHK-KOMnoHeHTTe/iOMepa3bi oó/iaAaeT 
noc/ieAOBaie/ibHOCTbio, MAeHTMHHoíí C+A-6oraTbiM 
noBTopaM TejiOMepHoii flHK. 

• KaTa/iMTMHecKafl cyóbeAMHMua Te/iOMepa3bi - 
3 to oópaTHaíi TpaHCKpnnTa3a, ncnojib3yiomafl 
PHK-KOMnoHeHT Kax MaTpmjy ajia CMHTe3a 
G+T-6oraioíí nocjieflOBaTejibHOCTM Te/iOMepHoíí 

_ fl HK - 

ŕl:iM Te/iONiepbi npMHUMnuajibHO Ba>KHbi 

fl/lfl COXpaHHOCTM XpOMOCOM M BbDKMBaHMfl 
KAeTOHHblX AM HM M 
iľkäri*! Pe3ioMe 


28.1 


BBeAeHMe 


B tom, KaK opraHH30BaH reHeTHnecKHH MaTepnaji jiio6oh 
KJ ieTKH, BHfleH OÓIIJHH npHHĽJHn. 9 tot MaTepH3JI C^eCTBy- 
cr b BH/je KOMnaKTHOH Maccbi b npeflejiax orpaHHneHHoro 
oó'beMa. IlpH stom pa3Hoo6pa3Hbie aKTHBHocTH, TaKHe KaK 
pemíHKaijHfl h TpaHCKpnnijHfl, flOJDKHbi HMeTb mccto BHyT- 
pn oTBeAeHHoro eMy npocTpaHCTBa. OpraHH3aijHfl reHe- 
THHecKoro MaTepna^a flOJDKHa 6biTb npHcnocoóJieHa k ero 
nepexoflaM m HeaKTHBHoro cocTOflHHa b aKTHBHoe cocto- 
flHHe, h o6pa™o. 

KoHAeHCHpoBaHHoe cocToaHHe HyioieHHOBOH khcjio- 
th — sto pe3yAbTaT ee B3aHMOfleHCTBHa c 6ejiKaMH, koto- 
pbie, C XHMHHeCKOH TOHKH 3peHHfl, OÓJiaflaiOT OCHOBHbIMH 
CBOHCTBaMH. HOJIOXCHTeJIbHbie 3apflflbl STHX ÓeJIKOB Heň- 
TpajiH3yiOT 0TpHaaTe;ibHbie 3apaflbi HyioieHHOBOH khcjiotm. 
CTpyKTypa HymieonpoTeHHOBoro KOMmieKca onpenejifleTCfl 
B 3 aHMOAeHCTBHeM óejiKOB c fl HK (hjih PHK). 

Pa3MemeHHe fl HK b nacTHijax BHpycoB h (})aroB, KJieT- 
Kax óaKTepHH h aflpax syKapnoT HaTajiKHBaeTca Ha oómyio 


npoÓJieMy. Bo Bcex cjiynaax npoTaxceHHOCTb flHK, bo bcio 
ee MOJieKyjmpHyK) /yiHHy, BecbMa h BecbMa npeBoexoflHT 
pa3Mepbi KOMnapTMema, b kotopom OHa coflepJKHTca. flHK 
(hjih, y HeKOTopbix BHpycoB, PHK) flOJDKHa 6biTb Hpe3Bbinaň- 
ho miOTHO cnpeccoBaHa, htoóm noMecTHTbca b OTBefleHHoe 
en npocTpaHCTBO. Tokum oôpasoM, epa3pe3 c npueuHHUM 
npedcmaejienueM o flHK, KaK npomHMennoú deoúnou olú¬ 
panú, cmpyKmypHan de^opMat^m flHK (czuôanue , cma- 
dueanue) c ufijmo npudanm eu ôojiee KOMnaKmnoú <fiop- 
Mbi — smo CKopee npaewio, hcm uomonenue. 

HaCKOJIbKO BCJIHKO HeCOOTBeTCTBHe MCTKffy AJIHHOH 
HyioieHHOBOH KHCJioTbi h pa3MepoM 3aHHMaeMoro eio kom- 
napTMeHTa, moxcho cyAHTb H3 Taójinijbi Ha - z c.. . Y 6aK- 
Tepno(})aroB h BHpycoB syKapnoT reHOM, coctoht jih oh H3 
oaho- hjih AByxi^enoHeHHOH, flHK hjih PHK, 3(J)(J)eKTHBH0 
3anoAHaeT cboh KancHA (KOTopbíň MoxceT 6biTb na^OMKo- 
BHAHblM HJIH C(J)epHHeCKHM). 

Hto xce KaeaeTCH ôaKTepnH hah loieTOHHbix KOMnapT- 
MeHTOB syxapHOT, cTeneHb cxcaTHa flHK b hhx Tpy/jHO Bbi- 
HHCJIHTb TOHHO, nOCKOJIbKy flHK COAepXCHTCH B KOMnaKTHOH 
30He, 3aHHMaioiii,eH jinnib nacTb KOMnapTMema. ľeHeTHHec- 


B ycjiOBM5ix in vivo jifo6a;t reHOMKaa flH k oweHb KownaKTHa 


KoMnapTMeHT Ero (|)opMa Ero pa3Mepbi HyK^eMHOBa^ KMCJioia Ee AnuHa 


BTM 

(JjHJiaMem 

0,008 x 0,3 m km 

OAHa OAHouenoHeHHaa MOJieKy/ia PHK 

2 MKM = 6,4 TľlH 

Oar fd 

(JjHjiaMem 

0,006 x 0,85 m km 

OAHa oAHouenoHeHHaíi MOJieKy/ia flHK 

2 MKM = 6,0 TriH 

AAeHOBupyc 

MKOC 33 AP 

0,07 mkm b AnaMeipe 

OAHa AByuenoHeHHafl Mo^eKy^a flHK 

11 MKM = 35,0 TľlH 

0 arT 4 

MK 0 Ca 3 AP 

0,065 x 0,10 mkm 

OAHa AByuenoHeHHaa MO^eKy^a flHK 

55 MKM = 170,0 TľlH 

E. coli 

UM^MHAP 

1,7 x 0,65 mkm 

OAHa AByuenoneHHafl Mo^eKy^a flHK 

1,3 MM = 4,2 X 10 3 TľlH 

Mmtoxohapm^ 

(ne^oBeK) 

BbiTflHyTbiíí iuap 

3,0 x 0,5 MKM 

~10 OAMHaKOBbix AByuenoHeHHbix Mo^exy^ flHK 

50 MKM = 16,0 TľlH 

KneTOHHoe ^Apo 
(He^OBex) 

ma p 

6 mkm b AMaMeipe 

46 xpomocom M 3 AByuenoHeHHoŕi flHK 

1,8 M = 6 X 10 6 TľlH 


fl/iMHa MOJiexyjibi HyK/ieMHOBoíí kmcjioth bo mhoto pa3 óojibiae, neM pa3Mepbi KOMnapT- 
Mema, b KOTopbiŕí OHa 3ax^K)HeHa 
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khh MaTepnan moxcho yBHfleTb KaK HyKjieoHfl b óaKTepnax 
h KaK Maccy xpoMaraHa b aflpax syKapHOT bo BpeMa hh- 
TepcJ)a3bi (b nepnofl MOKfly KJieTonHbiMH flejieHHBMH). 

ľljIOTHOCTb flHK B STHX KOMÍiapTMCHTaX OHCHb BblCOKa. 

B óaicrepHH OHa eocTaBJíaeT okojio 10 mt/mji, b syKapno- 
THHecKOM aflpe — okojio 100 Mr/Mji, a b rojiOBKe (})ara T4 
— óojiee 500 Mr/Mji. TaKaa KOHijeHTpaijHfl flHK b pacTBope 
6bma 6bi 3KBHBajieHTHa rejiio orpoMHon bh3kocth. Oh3ho- 
JIOrHHeCKHH CMblCJI 3TOľO OÓCTOHTeJIbCTBa (HanpHMep, KaK 
3TO BJIHaeT Ha CnOCOÓHOCTb ÓeJIKOB HaXOflHTb CBOH CaHTbl 
CBa3biBaHHa Ha flHK) noKa He necjieflOBaH. 

YnaKOBKa xpoMaraHa OTjimaeTCfl rnóKocTbio; OHa Me- 
HaeTca no xofly syKapnoTHnecKoro KJieTonHoro ijHKJia. Bo 
B peMa flejieHna (MHT03a hjih Meňo3a) reHeTHnecKHH MaTe- 
pnaji CTaHOBHTca ynaKOBaHHbiM eme 6ojiee rniorao, TaK hto 

CTaHOBHTCH y3HaBaeMbI OTflCJIbHbie XpOMOCOMbl. 

06m.ee OKaTne fl HK MoxceT 6biTb BbipaxceHO KaK Koa<|>- 
4)Hii,HeHT ynaKOBKH, npeflCTaBjtfnomHH coóoh fljiHHy mo- 
jieKyjibi flHK, flejieHHyio Ha fljiHHy CTpyKTypHOH eflHHHijbi, 
KOTopaa ee eoflepxcHT. HanpHMep, caMaa Ma^eHbKaa H3 xpo- 
mocom nejiOBeKa eoflepxcHT npnMepHo 4,6 x 10 7 nH flHK 
(hto npnMepHo b 10 pa3 npeBbimaeT pa3Mep reHOMa 6aKTe- 
pnn E. coli). 9to eooTBeTCTByeT 14000 mkm (1,4 cm) aboh- 
hoh cnnpa^n flHK. B caMbin «KOHfleHCHpoBaHHbiH» momcht 
MHT03a 3Ta caMaa Ma^eHbKaa xpoMoeoMa HMeeT fljiHHy oko- 
JIO 2 MKM. TaKHM 0Ópa30M, K03(})(J)H4HeHT ynaKOBKH fl HK B 
xpoMoeoMe nejiOBeKa moxcct floxoflHTb flo 7000. 

/Via 6ojiee aMop(f>Hbix CTpyKTyp (óaKTepna^bHoro HyK- 
jieonfla h syKapHOTHnecKoro xpoMaTHHa) K03(})(})nijHeHTbi 
ynaKOBKH flHK He Moryr 6biTb ycTaHOBJíeHbi c TaKon toh- 
HOCTbK). npHHaTO CHHTaTb, HTO MHTOTHHeCKHe XpOMOCOMbl 
ynaKOBaHbi b 5-10 pa3 mioTHee, neM HHTepc})a3HbiH xpoMa- 
thh, TaK 4to xapaKTepHoe 3HaneHne KoscjjcVHijHeHTa yna¬ 
KOBKH nonaflaeT b HHTepBaji MOKfly 1000 h 2000. 

HaKOHeu, raaBHbiH Bonpoc, KOTopbiH noKa ocTaeTca 
6e3 OTBeTa, Kacacrca cnei^ucpmmcmu ynaKOBKH. noflHHHe- 
Ha ji h yioiaflKa flHK KompemnoMy naTTepHy, hjih hhahbh- 
AyajibHa /yia KaacflOH OTfleJibHo b3htoh Konnn reHOMa? KaK 
MeHaeTca naTTepH ynaKOBKH, Korfla KaKOH-HHóyflb cerMem 
flHK ynacTByeT b TpaHCKpnnijHH hjih pemíHKaijHH? 


BMpycHbiŕí reHOM 
ynaKOBaH b oóo/iOMKy 


K/iKweBbie rohatha: 


• CipyKTypa KancMfla HaK/iaflbiBaeT orpaHMHeHMB Ha fl/iMHy flHK, 
KOTopaB MO>KeT 6biTb BdpoeHa b BkipycHyio MacTkmy. 

• HyK/ieMHOBbie KMC/iOTbi BHyipM KancHfla Hpe3BbmaŇHO 
KOHfleHCMpOBaHHbl. 

• y HMTeBMflHbix PHK-BMpycoB KOHfleHcauMfl PHK-reHOMa 
npoMcxoflMT no Mepe c6opKM KancHfla Boxpyr Hero. 

• Y ccJjepMHecKMx flHK-BMpycoB flHK yK/iaflbiBaeTCfl b 3apaHee 
noAroTOBJíeHHbm óe/iKOBbiíí cpyT/i^p. 

C tohkh 3peHHa ynaKOBKH omdejibHO 63Rmoú MOJieKyjibi 
HyKJieHHOBOH KHCJIOTbl, MOKfly KJICTOHHblM TeHOMOM H BH- 


pycoM ecTb cym.ecTBeHHaa pa3HHua. Pa3Mep KJieTonHoro 
reHOMa He nocToaHeH; hhcjio h MecTonojioaceHne OTfle- 
jibHO B3aTbix nocjieflOBaTejibHocTen MoaceT 6 biTb H3MeHe- 
ho flynaHKaunaMH, Aejieu,HaMH h nepecTponKaMH B TaKOM 
cjiynae HeoóxoflHM HHBapnaHTHbiH mctoa ynaKOBKH flHK, 
HenyBCTBHTeJibHbiH k oónjeMy co^epacaHnio hjih pacnpefle- 
jieHHio noejieflOBaTejibHOCTeH. Hyac^bi BHpyca, HanpOTHB, 
onpefleJiaioTca flByMa orpaHHneHHaMH. Pa3Mep HyKjieHHO- 
boh KHCJiOTbi, npeflHa3HaneHHOH k ynaKOBKe, npedonpede- 
jien pa3MepoM BHpycHoro reHOMa; oh o6a3aH noMecTHTbea 
BHyTpn OÓOJIOHKH, COÓpaHHOH H3 ÔeJIKOB, KOflHpyeMblX re- 
HaMH Bnpyea. 

YcTpOHCTBO BHpycHOH nacTHH,bi mojkct noKa3aTbca 
npocTbiM, ho sto BnenaTJieHHe oÔMaHHHBO. Tchom — HyKJie- 
HHOBaa KHCJiOTa — HaxoflHTca BHyrpn KancHfla, npeflCTaB- 
JiaiOIflerO COÓOH CHMMeTpHHHyiO HJIH KBa3HCHMMeTpHHHyiO 
CTpyioypy, eoópaHHyio H3 ócjikobmx eyó'beflHHHu oahoh 
hjih flByx-Tpex pa3HOBHAHOCTen. K Kanen^y npnKpenjieHbi 
(HJIH BMOHTHpOBaHbl B HeľO) flpyTHe CTpyKTypbl; OHH eo6- 
paHbl H3 OCOÓblX ÓeJIKOB H HeOÓXOflHMbl AJia HH(f)H4HpOBa- 
HHa ôyflymero xo3aHHa. 

BnpycHaa nacTHua oóJiaflaeT oneHb fijiothoh CTpyicry- 
poň. BHyTpeHHHH o6T>eM KancHfla peflKo óbmacr ôojibine 
oóTeMa HyKJieHHOBOH khcjioth, KOTopyio oh flOJDKeH xpa- 
HHTb. 06hhho HyKjieHHOBaa KHCJiOTa 3aHHMaeT 6ojiee no- 
jiOBHHbi BHyTpeHHero oóTeMa KancHfla, a HepeflKo — h Beeb 
oó^eM. 

To yejiOBHe, hto Kanenfl o6a3aH 6 biTb eoópaH H3 6 eji- 
kob, KOflnpyeMbix BHpyeoM, b npeflejie 03HanaeT, hto 060 - 
jiOHKa óyfleT i^cjihkom cKOHCTpynpOBaHa H3 oflHOTnnHbix 
cyó'beflHHHu. CorjiacHo npaBHjiaM eóopKH HfleHTHHHbix 
eyó'beflHHHu b 3aMKHyTbie CTpyKTypbl, reoMeTpHnecKaa 
(})opMa KancHfla npn stom CBefleTca k oflHOMy H3 flByx Ba- 
pnaHTOB. B nepBOM ejiynae óejiKOBbie eyó'beflHHHUbi noe- 
jieflOBaTejibHO yioiaflbiBaioTca b cnnpaJieBHflHyio pemeTKy, 
o6pa3ya Kanenfl numeeudnoú , hjih najionKOBHflHOH, tyop- 
Mbi. Bo BTopOM ejiynae, oflHHaKOBbie eyó'beflHHHUbi Moryr 
coópaTbea b neeBfloecJjepHHecKyK) oóoJionKy — Tnn CTpyK¬ 
Typbl, yflOBJíeTBopaioiflHH onpeflejieHHio MHororpaHHHKa e 
HKocaaflpireecKOH CHMMeTpHeň. Kanenflbi HeKOTopbix 
BHpyeoB eoónpaiOTca H3 6 ojiee neM oflHoro Tnna 6 eJiK 0 - 
BblX eyÓ'beflHHHU,, HO, XOTfl 3TO H BHOCHT HeKOTOpbie yTOH- 
HeHHH B THnbl CTpyKTyp, KOTOpbie MOiyr ÓbITb C(J)OpMHpO- 
BaHbi, TeM He MeHee, Bce BnpycHbie Kanenflbi o6pa30BaHbi 
JIHÓO KBa3HKpHCTaJIJIHHeCKHMH (J)HJiaMeHTaMH, JIHÓO hko- 
easflpaMH. 

CyiflecTByeT flBa B03MO)KHbix BapnaHTa noepoeHHa Kan¬ 
cHfla: 

• Kanenfl MoxceT 6biTb eoópaH BOKpyr HyKJieHHOBOH khc- 
jioth, KOHfleHcnpya npn stom flHK hjih PHK 3 a eneT 
B3aHMOfleHCTBHa óejiKa h HyKJieHHOBOH khcjioth b npo- 
uecee eóopKH. 

• Kanenfl MoxceT 6 biTb CKOHCTpynpoBaH KaK nojiaa 060 - 
jiOHKa, KOTopyio flOJixcHa 3anojiHHTb HyKjieHHOBaa khc- 
jiOTa, KOHfleHCHpyaeb no Mepe CBoero Tyfla BxoxcfleHHa. 
Y oflHouenonenHbix PHK-BnpyeoB Kanenfl eoóHpaeTca 

BOKpyr reHOMa. npnmjHn eóopKH 3aKJii0HaeTca b tom, hto 
nojioMenue PHK enympu Kancuda HanpRMyno onpedem- 
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KancuA BMpyca TaóaMHOŇ mo33hkh MOHTMpyeľc* 
n p am o Ha reHOMHOM PH K 



PMC. 28.2 B nacTHue (BMpMOHe) BTM reHOMHafl PHK MfleT no cnM- 
pa/iM, noflAep>KMBaeMaH CTonKOÍí amckob m oflMHaKOBbix 6e/iKOBbix 
cyó-beflMHMU 


emcR ee C6R3ueanueM c ôejiKcmu oôojiohku . CaMbin H3Bec- 
THblH TOMy npHMep — STO BHpyC TaÓaHHOň M03aHKH (BTM; 
tobacco mosaic vírus, TMV). Cóopica HanHHaeTca Ha MecTe 
AByxuenoneHHOH mnn;ibKH, 3a^o^ceHHOH BHyrpH noaie- 
AOBaTe^bHOCTH PHK. H3 SToro ijempa 3apoxcAeHHa (HyK- 
jieaiiim, nucleation center) côopxa pacnpocTpaHaeTca b 
oôohx HanpaBJíeHHax BAOJib PHK, noica He aohact ao ee 
kohľjob. CóopoHHon eAHHHijeH Kancľa BBJíaeTca AByoion- 
HblH AHCK, B KOTOpOM Ka^C/JblK CJIOH COAepXCHT 17 OflHHaKO 
Bbix ôe^KOBbix cyó'be/i.HHHi^. J \hck — sto ijHjiHHApHHecKafl 
CTpyicrypa, KOTopaa npn B3aHMOAencTBHH c flHK npnoôpe- 
TaeT (J)opMy cnnpam CaMbin nepBbin ahck MeroieT cboio 
KOH(J)opMauHK), Kor/ja b ero OTBepcTHe bxoaht innnjibKa 
PHK. Ka^c/tbiň nocAeAyioiitHH mar cóopKH floóaBjmeT hobhh 
Ahck, KOTopbiH 3aTarHBaeT b CBoe itempa^Hioe OTBepcTHe 
hobhh 0Tpe30K PHK. B pe3y^bTaTe PHK OKa3biBaeTca yno- 
xceHHon b BHfle cnnpa^H Ha BHyTpeHHen CTopoHe ôcjikoboh 
oóojiohkh, Kax noKa3aHo Ha PMC. 28.2. 

CôopKa cc})epHHecKHx KancHAOB ^HK-BHpycoB nponc- 
xoaht no-ApyroMy; noApoÔHee Bcero sto onncaHO nm (})a- 
roB jiaMÓAa h T4. H 3 Heôojibinoro Haóopa 6e;iKOB coónpaeT- 
ca nycTon KancHA. 3amm e nezo exodum deyxn i enoHeHHuu 
zenoM eupyca , hto conpoBOxcAaeTca H3MeHeHHeM CTpyKTy- 
pbi KancHAa. 

Ha pmc. 28.3 noKa3aHa cóopxa BHpHOHa jiaMÓAa. KancHA 
3aKJiaAbmaeTca Kax óejiKOBaa cepAueBHHa, KOTopaa npeBpa- 
maeTca b no;iyio o6o;iOHKy 6oaee hctkoh (J)opMbi. B stot 
MOMeHT HaHHHaeTca ynaKOBKa ,HHK, h oôojionKa yBejiHHH- 
BaeTca b pa3Mepax, coxpaHaa npn stom cboio xapaKTepHyio 
(J)opMy. HaKOHeij, HanoJiHeHHaa ro;iOBKa 3anenaTbiBaeTca 
AoéaBaeHHeM XBOcra. 

flByxuenoHenHaa ^HK, tam ee paccMaTpmaTb Ha ko- 
POtkom ynacTKe, noAOÓHa AOBOJibHO xcecncoH na^xe. H Bce 


7 K e OHa AoaxcHa óbiTb Kax-TO cxcaTa b KOMnaKTHyio crpyicry- 
py, HToôbi noMecTHTbca b KancHA. KaKoro poAa AecJ)opMa- 
uym oóecnenHBaiOT yioiaAKy RBK b KancHA: paBHOMepHoe 
CKpyHHBaHHe hjih pe3Koe H3rn6aHHe? 

B yioiaAKe RHK b KancHA (J)ara 3aAeňcTBOBaHbi ABa rana 
peaKijHH: TpaHCJioKauna h KOHAeHcauna. 06e ohh SHepre- 

THHeCKH HeBblľOAHbl. 

TpaHCAOKauna — STO aKTHBHblH ATO-3aBHCHMbIH npo- 
ijecc, yBJíeKaiomHH ^HK BHyrpb Kancľa. MexaHH3M hc- 
nojib3yeTca mhotomm BHpycaMH, KOTopbie penaHUHpyioTca 
no rany <<KaTanteroca Ko;ibija» c o6pa30BaHneM aahhhhx 
«xboctob», coAepxcantHx MyabTHMepbi BnpycHoro reHOMa. 
JlyMine Bcero 3to onncaHO y (J)ara jiHMÔAa. Ero reHOM yna- 
KOBbiBaeTca b nycTon KancHA (J)epMeHTOM TepMHHa3oň. 
npoijecc noKa3aH Ha pmc. 28 . 4 . 


AH K 4>ara JisiMÓAa yioiaAbiBaeTai b 3apaHee noAroTOBiieHHbiH nancMA 


ľlpoKancMfl I - sto óe/iKOBafl 
ocHOBa óyAyniero KancMfla 


ripoKancMA I 


o 


ľlpoKancMfl II MeTKO 
o^opM^eH n nya 


n 


HaHMHaera ymiaflKa AHK 
b npoKancMA 


(£D 



no Mepe 3anojiHeHMB c|)aroBoíí 
AHK KancuA yBe^MMMBaeicfl 3pe^a« c|)aroBafl MacTMAa 




(bmpmoh) 


KancuA AOcmraeT CBoero 
OKOHMaiejibHoro pa3Mepa 



K KancMAy, HanojiHeHHOMy AHK, 
npMKpen^fleTCfl xboct 




PMC. 28.3 Co3peBaHMe cjDara abmóas npoxoAMT HecKOAbKO ciaAníí. 
ľlycTOM KancuA (npoKancMA) 3ano/iHBeTCB cjDaroBoíí flHK; npn 3tom 
oh MeHBeT cboio c()opMy m yBe/iMHMBaeľCfl b pa3Mepe. Ha c()oto 3a- 
nenaTAeHbi c()aroBbie nacTHUbi b HanaAe m b KOHAe nyTM co3peBa- 
hmb. BepxHee c()oto Bocnpon3BeA6HO no Cue, D. and Feiss, M. 1993. 
Proc. Natl. Acad. Sci. USA. 90: 9290-9294. ABTopcKMe npaBa 1993 
National Academy of Science, U.S.A. OoTorpac|)Mfl Aio6e3Ho npeAO- 
CTaBAeHa Michael G. Feiss, University of Iowa. Hmikhbb cjDOTorpacjDMA 
Aio6e3Ho npeAOCTaB/ieHa Róbert Duda, University of Pittsburgh 
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PUC. 28,4 BeilOK TepMMHa3a CBfl3blBaeTCfl C KOHKpeTHbIMM CaíÍTaMM 
b My^bTMMepe reHOMa JiBMÓfla - npOAyKTe penjiMKaunn no TMny «Ka- 
TBmerocB KO/ibua». TepMMHa3a OTpe3aeT eAMHMHHbiŕí (|)parMeHTflHK 
(nonHopa3MepHyio Koňmo reHOMa jiaMÓAa) n CBB3biBaeľCfl c nycľbiM 
KancMAOM. ľloaie 3Toro TepMMHa3a, Mcno/ib3yfl 3Heprmo rnApo/iM3a 
ATO, 3anojihmeT KancnA flHK 


O TepMHHä3e BHanaae y3Haan b cbh3h c ee pojibio b 
o6pa30BaHHH kohu,ob jinHeňHoň flHK c£>ara: OHa pa3pe3a- 
eT MyjibTHMep no caňTaM cos. (Ha3BaHne cos oTpaacaeT tot 
(J) aKT, hto AencTBne ^epMema nopoacAaeT jinnKne (cohe- 
sive) KOHu,bi, HMeiomne KOMnaeMeHTapHbie oAHon,enoneH- 
Hbíc BbicTynbi.) ľeHOM cj)ara KOAnpyeT Ase cyô'beAnHnijbi, 
BMecTe cocraBJíaiomne TepMHHa3y. O^Ha cyó'beAnHnu.a CBa- 
3bmaeTca c caňTOM cos; nocjie nero k Hen npncoeAnHaeTca 
Apyraa cyô'beAnHnu.a, pa3pe3aiomaa flHK. TepMHHa3a co- 
ônpaeTca b reTepoojinroMep b cocTaBe KOMmieKca, b koto- 
poM, KpoMe Hee, coctoht X03aňCKnň cjmTop HHTerpau,HH, 
AHMep, KOAnpyeMbin tchomom óaKTepnn. 3aTeM TepMHHa3a 
CBH3biBaeTca c nycTbiM KancnAOM n ncno;ib3yeT rnApojin3 
ATO, HToôbi nojiynHTb SHeprnio, HeoóxoAHMyio en wn 
TpaHCJioKau,HH (cMemeHna) BAOJib flHK. TpaHCJiOKau,na 
TepMHHa3bi 3anpaB;iaeT flHK b KancnA- 

B Apyrnx cjiynaax TpaHCJiOKau,na MoaceT oôecnenn- 
BaTbca CTpyKTypHbiM KOMnoHeHTOM 6aKTepno$ara. Y <J>29 
Bacillus subtilis motop, 3aroHaiomnň flHK b KancnA — sto 
CTpyKTypa, coeAnHaiomaa rojioBKy n xboct. OHa paôoTaeT 


KaK noBopoTHbin ABnraTeab c scj)cj)eKTOM jinHeňHoro ne- 
peMemeHna flHK BHyTpb KancnAa. Ko^a c£>ar nH(f>nLi,npyeT 
ôaKTepnio, tot ace motop ncno;ib3yeTca Rím Bbiôpoca flHK 
n3 KancnAa. 

O MexaHH3Me, 3acraBJiaiomeM flHK KOHACHcnpoBaTbca 
BHyrpn nycToro KancnAa, n3BecTHO Mam Bo BcaKOM cjiy- 
nae, KpoMe flHK KancnA coAepacnT «BHyTpeHHnc 6e;iKn». 
Bo3moxcho, OHn oôecnennBaiOT CBoero poAa KapKac, Ha 
kotopom KOHAeHcnpyeTca flHK (hto 6buio 6bi aHaaornn- 
HO HCn0Jlb30BaHHK) ÔeJIKOB B OÓOJlOHKe PHK-BnpyCOB 
pacreHnň). 

HacKOJibKO cneu,n$HHeH npou,ecc ynaKOBKn y BnpycoB? 
Ero 3aBHCHMOCTb OT KOHKpeTHblX nOCJieAOBaTCJlbHOCTeň 
naononeHa, nocKOJibKy MyTau,nn (Aejieu,nn, BCTaBKn nan 
3aMeHbi) b reHOMe Bnpyca npou,eccy cóopKn He MemaiOT. 
B3anMOAeňcTBne MeacAy KancnAOM n flHK nccjieAOBaan 
HanpaMyio — onpeAeaeHneM ynacTKOB flHK, KOTopbie mo- 
ryr 6biTb xnMnneacn CBa3aHbi c óejiKaMn KancnAa. Heoacn- 
AaHHO OKa3aaocb, hto Bce ynacrcn flHK B3anMOACňcTByiOT 
c KancnAOM ôojiee nan MeHee paBHOBepoaTHO. 3to MoaceT 
03HanaTb, hto, KorAa flHK bxoakt b KancnA, OHa KOHAeH¬ 
cnpyeTca coraacHO HeKOMy o6m,eMy npaBnay, n narrepH 
KOHAeHcau,nn He oôycaoBJíeH HHKaKHMn ocoôeHHbiMn noc- 
jieAOBaTejibHocTaMn. 

Pa3HOo6pa3Hbie MexaHH3Mbi côopKn BnpycHoň nac- 
THU,bi npnBOAaT k OAHOMy n TOMy ace cf>nHa^y: OAHHOHHoň 
MoaeKyjie flHK hjih PHK, ynaKOBaHHoň b KancnA. BnponeM, 
HeKOTopbie Bnpycbi nMeiOT reHOMbi, cocroamne n3 He- 
CKOJibKnx HymienHOBbix KnaiOT. PeoBnpyc coAepacnT j\c- 
caTb AByxu,enoneHHbix cerMeHTOB PHK. HTo6bi oôecnennTb 
KaacAoň nacTnu,e rapaHTnpoBaHHyio BbiôopKy n3 OAHoň ko- 
nnn KaacAoro o6pa3u,a (to ecTb nojiHbíň oô^eM reHeranec- 
Koň nH$opMau,nn), ncnoJib3yiOTca cneu,n$nnecKne copra- 
poBOHHbie nocjieAOBaTejibHocTn cerMeHTOB PHK. B 6o;iee 
npocTOM cjiynae, y (J)ara <J>6, b KancnA ynaKOBbmaeTca Tpn 
pa3JinnHbix cerMeHTa AByxu,enoHenHoň PHK. 3ra cerMeH- 
Tbi AOJiacHbi BoňTn TyAa b ocoôom «per;iaMeHTnpoBaHHOM>> 
nopaAKe: bxoa cerMema cpaôaTbmaeT Ha H3MeHeHne koh- 
$opMau,nn KancnAa, KOTopoe co3AaeT caň™ CBa3bmaHna 
co cjieAyioiAnM cerMeHTOM. 

HeKOTopbie Bnpycbi pacTeHnň cocToaT n3 HecKOJibKnx 
nacTnu,: nx reHOMbi cocToaT n3 cerMeHTOB, Kaa(Abiň n3 ko- 
Topbix ynaKOBaH b omdejibuuú KancnA. HanpnMep, y Bnpyca 
M03anicn aiouepHbi (BMJI) nerape pa3Hbix oAHOuenoneH- 
Hbix PHK He3aBncnMO ynaKOBbmaiOTca Kaa(Aaa b oTAejibHyio 
oôojioHKy n3 OAHnx n Tex ace ôeaKOBbix cyô'beAnHnu,. Ycnex 
nHcj)eKu,nn 3aBncnT ot nonaAaHna b imeTKy xoTa 6bi OAHoň 
nacTnu,bi KaacAoro Tnna. 

Herape Tnna nacTnu, BMJI nMeiOT pa3Hbie pa3Mepbi. 
Bo Bcex neTbipex cjiynaax oakh n tot ace Tnn éeaKOBbix 
cyô'beRmmu, KancnAa aoiaAbmaeTca b oTAejibHyio cjDopMy, 
xapaKTepHyio pjm KOHKpeTHoro Tnna PHK, KOTopyio oh 
ynaKOBbmaeT. 3to oôcToaTejibCTBO npeAcraBJíaeT coôoň ot- 
CTynaeHne ot CBoňcTBeHHoro BnpycaM HopMaTHBa ynaKOB- 
kh HyK/ieoTHAHon nocaeAOBaTejibHOCTn 3aAaHHoň ajihhh b 
KancnA cj)nKcnpoBaHHoň $opMbi. 

nyTb côopKn BnpycoB c KancnAOM eAnHCTBeHHO ay- 
TeHTnnHoň (J)opMbi MoaceT 6biTb HapymeH MyTau,naMn, 
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npHBOAfllIJHMH K 06 pa 30 BaHHK) aÓeppaHTHblX HaCTHU,- 
MOHCTpOB C ÓOJiee AJIHHHOH TOJIOBKOH, HeM B HOpMe. 3to 
03 HanaeT, hto, HecMOTpa Ha npncymyio óejinaM Kancn/ja 
cnocoÓHOCTb k cGopne b cTpyKTypy KOHKpeTHoro THna, 
TOHHbie pa 3 Mepbi h cj)opMa stoh CTpyKTypbi Moryr Bapb- 
npoBaTb. HeKOTopbie H 3 Taxnx MyTau,HH HaxoflaTca b re- 
Hax, KOflnpyiomHX (JjaKTOpbi cóopKH, HeoóxoflHMbie fljia 
CjX)pMHpOBaHHfl TOJIOBKH HaCTHU,bI. ľlpH STOM CaMH Cj)aK- 
Topbl CÓOpKH B COCTaB KanCHfla He BXOAflT, HO K2K BCnOMO- 
raTejibHbie 6 e;iKH orpaHHHHBaioT cóopoHHbie onunn j\jm 
cyó'beAHHHU, óejina Kancn/ja h HanpaBJíaioT npou,ecc c 6 op- 
kh Ha nyTb, eAHHCTBeHHO npneMjieMbiH m HopMajibHoň 
HacTHu,bi. BejiKH c noxoxcen $yHKu,HeH 3 afleHCTBOBaHbi 
npn ynaKOBKe xpoMaTHHa b syKapnoranecKOH mieTKe (cm. 
iti. 29 <<HymieocoMbi»). 


BaKTepna/ibHbiM reHOM 
oópa3yeT HyKJieoMA 


KniOHeBbie noHama: 


• EaKTepMa/ibHbm HymieoMA, KOTOpbiŕí no Macce Ha 80% coctomt 
M 3 flHK, mojkho pa3pbix/imb, B03AeŕícTBya Ha PH K min 6e/iOK. 

• Ee/iKM, OTBeTCTBeHHbie 3a KOHfleHcaumo flHK, noKa He 

MfleHTM(J)MUMpOBaHbl. 

Xoth y óaKTepHH h hct cTpyiayp c hctkoh MopcjDOJiorneH 
SyKapHOTHHeCKHX XpOMOCOM, HX reHOMbl, HeCOMHeHHO, 
CTpyKTypHO 0praHH30BaHHbl H HMeiOT BH R nJlOTHblX Te- 
jieu,. Ha sjieKTpoHHbix MHKpocj)OTorpacj)Hax reHeTnnec- 
khh MaTepnaji óaKTepnn moxcho yBn/jeTb xan AOcraTOHHO 
nJlOTHblH KOMOK (HJ1H CKOnJieHHe KOMKOB), 3aHHMaiO- 

ld,hh okojio TpeTH oó^eMa óaKTepnajibHOH kji ctkh. Ha 

PMC. 28.5 nOKa3aH TOHKHH Cpe3, TflC XOpOIUO pa3J!HHHM 
HyioieoHfl. 

ĽCJ1H KJieTKH E. coli nOflBeprHyTb JIH3HCy, TO $h 6- 
pnjuibi J \HK BbiCBOÓoxcAaiOTca b burc neTejib, npnKpen- 
jieHHbix k noBpexcAeHHoň oóojiohkc ioictkh. Kax moxc- 
ho BHfleTb Ha pmc. 28.6, J \HK b cocTaBe sthx neTejib He 
pacnpaBJíeHa b cboóoahwh flynjieKC, ho coxparaeT yna- 
KOBaHHoe cocToaHne BCJieflCTBHe CBoen accou,HaLi,HH c 
óejiKaMH. 

y E. coli 6buio oóHapyxceHo HecKOJibKo 6e;iKOB, ot- 
AajieHHO HanoMHHaioiij,Hx xpoMOCOMHbie óejiKH syxa- 
pnoT. nonpoóyeM nepenncjíHTb KpnTepnn, kotopwmh 
cjie^yeT pyKOBOflCTBOBaTbca, pernaa, MoxceT jih AaHHbin 
/] 1 HK-CBa3biBaK)iiJ,HH óeJiOK nrpaTb crpyKTypHyio pojib b 
H yioieoHfle. npexcAe Bcero, oh aojdkch npncyTCTBOBaTb 
B KOJIHHeCTBaX, KOTOpbie ÔbIJlH 6bl flOCTaTOHHbl flJlfl ero 
CBa3biBaHHa Ha BceM npoTJDKeHHH reHOMa. KpoMe toto, 
MyTau,HH b ero reHe aojdkhm npHBO/jHTb k KaKOMy-HH- 
6yflb CTpyKTypHOMy hjih $yHKu,HOHaJibHOMy HapymeHHio, 
KOTopoe yrpoxcajio 6bi BbDKHBaHHio reHOMa (HanpHMep, 
cerperau,HH no AonepHHM KjieTKaM), h STOMy reHeranec- 
KOMy KpnTepnio noxa hto He yflOBJíeTBopaeT hh oahh h 3 
ÓeJIKOB-KaHflHflaTOB. 



PMC. 28.5 Ha tohkom cpe3e HymieoMA Bbir/iaAMT KaK n/iOTHaa Macca b 
ueHTpe K/ieTKM. <J>oTorpac|)Ma /no6e3HO npeAOCTaBJíeHa the Molecular 
and Celí Biology Instructional Laboratory Program, University of 
California, Berkeley 


BejioK HU — sto AHMep, KOHAeHcnpyiomHH HK 
(bo3moxcho, nyreM ynaKOBKH b BH^e 6yc). HU noxoxc Ha 
X03AHCKHH cj)aKrop HHTerpau,HH, Hrpaiomnn CTpyKTypHyio 
pOJlb B CaHT-Cnen,H$HHHOH peKOM6HHan,HH. Hyjlb-MyTaU,HH 
b jiioóom H3 reHOB, KOAnpyioiiJ,Hx cyó'beAHHnu.bi HU ( hupA 
h hupB) HMeiOT cjiaóbin s$$eicr, o^Hano noTepa kactkoh 



PMC. 28.6 M3 JlM3MpOBaHHOM K/ieTKM E. COli «BblCKOHM/l» HyKJieOMA, 
noxo)KMŕí Ha nemu AaMHHoro BO/iOKHa. OoTorpacfíMfl © G. Murti/ 
Photo Researchers, Inc. 
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748 ľilABA 28 XpoMOCOMbi 












(j)yHKĽi,HH oóenx cyó'beflHHHu conpaaceHa c cjjeHOTnnoM 

HyBCTBHTeJlbHOCTH K HH3KHM TCMnepaTypaM H HeKOTOpbIM 
yMeHbiueHHeM CBepxcnnpajiH30BaHH0CTH J\ HK. 3th a aH- 
Hbie roBopaT b nojib3y o6m,ero 3HaneHna HU fljia koha£h- 
cau,HH HymieoHfla. 

BejioK Hl (H3BecTHbiň Taioxe KaK H-NS) CBa3breaeT,flHK 
(npeflnoHTHTejibHO — H3orayTbie nocjieAOBaTejibHOCTn). 
MyTau,HH b ero reHe hmciot pa3JinnHbie (jjeHOTHnnnecKHe 
npoaBJíeHHa ( osmZ , bglY, pilG), cjiobho npHHa^yiOKa pery- 
JIHTOpaM pa3J!HMHbIX ÓaKTepnaJIbHblX KJieTOHHblX CHCTeM. B 
TaKOM MH0r006pa3HH CjjeHOTHnOB, B03M0XCH0, CKa3bIBaeTCa 
BJinaHne Hl Ha JiOKajibHyioTonojiornio J\ HK, h nepe3 Hee — 
Ha SKcnpeccHio pa3JinnHbix reHOB b MaHepe, 3aBncamen ot 
KOHK peTHoro npoMOTopa. 

iioneMy ace cjjeHOTHnHnecKne AeJieu,HH b re- 

Hax óejiKOB HU h Hl cpaBHHTejibHO MarKH? Beflb ot oTcyrc- 
TBHfl óejixa, CTpyKTypnpyioiyero HymieoHA, moxcho 6buio 
6bi oxcH/i,aTb cepbe3HOH yrpo3bi jyw BbDKHBaHna óaKTepn- 
aJIbHOH KJieTKH? OflHO H3 OÓ'baCHCHHH COCTOHT B TOM, HTO 
b HopMajibHoň KíieTKe 3th óejiKH /jyóJinpyiOT flpyr A,pyra, h 
jiioóoh h3 hhx MoxceT BocnojiHHTb noTepio flpyroro. no- 
3TOMy, HToóbi Bcepbe3 HapyníHTb CTpyrcrypy HyKJieoHfla, 
HeoóxoflHMbi flejieu,HH bo ecex cooTBeTCTByiomHx rerax. 
Bo3moxcho, H/j,eHTH(J)HLi,HpoBaTb óejiKH, onpeAejiaiomHe 
rjiaBHbie CTpyKTypHbíc nep™, paBHO KaK h flejiocmocTb 
HyioieoHfla, em,e TOJibKo npeACTOHT. 

HymieoHA MoaceT 6biTb H30JinpoBaH b cjjopMe óbicrpo 
ceflHMeHTHpyioiij,ero KOMnjieKca, no Macce Ha -80% cocto- 
am,ero H3 J\ HK. (B aHajiornnHbix KOMmieKcax synapnoT 
MaccoBaa j\om flHK paBHa -50%; cm. pa3A. 28.4 «BaKTepn- 
ajibHbíň reHOM CBepxcnnpajiH30BaH».) Hymieon a KaK crpyK- 
Typy, moxcho pacnycTHTb oópaóoTKOH BeiyecTBaMH, ačh c- 
TByioiij,HMH Ha PHK hjih Ha óejioK. Bo3MoacHaa pojib óejiKOB 
b cTa6HjiH3au,HH HyioieoHfla KaK cTpyKTypbi oneBHAHa. Pojib 
PHK noxa He BbiacHeHa. 


BaKTepMa/ibHbiíí reHOM 
CBepxcnnpa/iM30BaH 


KniOHeBbie noHama: 


• B HyKaeoMAe ecTb okojio 100 He3aBMCMMbix aomchob c 
OT pMuaTe/ibHoií CBepxcnnpaan3auneŕí. 

• CpeAHaa naoTHOCTb cBepxcnnpaan3auMM cocraB/iaeT npMMepHO 
1 CBepXBMTOK Ha 100 ľlH. 

flHK OaKTepnajibHoro HymieoHfla, noMemeHHaa b ycjiOBna 
in vitro , Be^eT ce6a KaK 3aMKHyraa AByxu,enoneHHaa crpyK- 
Typa. TanoH bmboa moxcho c^ejiaTb Ha ocHOBaHHH ee B3an- 
MOAeHCTBna c ópoMHCTbiM sthahcm. Heóojibiuaa MOJieKyjia 
ÓpOMHCTOTO 3THAH5I HHTepKaJIHpyeT (BKJIHHHBaeTCa) MOK- 

Ay napaMH ocHOBaHHH c o6pa30BaHneM nojioMumejibHUx 
CBepXBHTKOB B 3aMKHyTbIX KOJIbU,eBbIX MOJieKyjiax Jl HK, TO 
ecTb b MOJieKyjiax, y KOTopbix o6e u,enn AynJieKca oó/ia^aiOT 
KOBaJieHTHOH U,eJ10CTHOCTbK). (Bo «BCKpbITbIX» KOJlbyeBblX 
MOJieKyjiax c HaApc30M no oahoh h3 yeneíi — xax n b jih- 


HeňHbix MOJieKyjiax — flHK MoxceT oTBeTHTb Ha nmepKajia- 
uhk) ópoMHCToro 3THAHa CBoôoAHbiM BpameHHeM, ocjiaó- 
jiaioiij,HM B03HHKiuee HanpjDKeHne.) 

B flHK, 3aMKHyTOH ot npnpoAbi n CBepxcnnpajiH30BaH- 
hoh ompuitamejibHO , HHTepKajiau,na ópoMHCToro 3thahb 
BHanajie ycrpaHaeT OTpnu,aTejibHbie CBepxBHTKH, a 3aTeM 
npHBOAHT K noaBJíeHHK) nOJlOXCHTeJlbHblX CBepXBHTKOB. Ko- 
JlHHeCTBO ÓpOMHCTOTO 3THAiHa, HeOÔXOAHMOe flJIH AOCTHXCe- 
Hna HyjieBOH CBepxcnnpajiH3aiiHH, cjiyxcnT Mepoň hcxoa- 
HOH nJlOTHOCTH OTpHljaTeJlbHblX CBepXBHTKOB. 

npn jiaóopaTopHOM BbiAejieHnn KOMnaKTHoro HyK- 
Jieonfla H3 OaKTepnajibHbix kjictok b ero flHK B03HHKaiOT 
HenaaHHbie OAHou,enoneHHbie pa3pbiBbi; Taícne xce pa3pw- 
Bbi moxcho nojiyHHTb npn noMoiyn oópaôoTKH 

HyioieoHAa flHKaaoH. Pa3pbiBbi sth, oah3ko, He otmch^iot 
noaBjíeHHfl nojioxcHTejibHbix CBepXBHTKOB JX HK HymieoHAa 
b oTBeT Ha oópaóoTKy ópoMHCTbiM 3THAneM. 3to 03Hana- 
eT, hto reHOMHaa RHK éaKTepnň, aojixcho óbiTb, CTpyKTy- 
pnpoBaHa b bh /je MHoronncjieHHbix He3aBncnMbix xpoMO- 
comhhx flOMeHOB, TaK hto ceepxcnupajiusoeaHHOcmbJíHK 
enympu KdMÔozo doMena ne Hapyiuaemcn co6umumu e 
dpyzux doMenax. 

TaKaa jioKaJibHaa aBTOHOMHOCTb no3BOJiaeT npnnn- 
caTb OaKTepnajibHoň xpoMOCOMe CTpyKTypy, cxeMaTHHHo 
H3o6paaceHHyio Ha P n c. 28.7. KaacAbin aomch coctoht H3 
neTJín jyň K, ocHOBaHne KOTopoň KaKHM-TO (Hen3BecT- 
hmm) cnocoóoM 3aKpenjieHO, hto He no3BOJiaeT Bpam,a- 
TejibHbiM coóbiTnaM pacnpocTpaHaTbca H3 o^Horo AOMeHa 
b Apyron. 

B paHHHx paóoTax pa3Mep AOMeHa ou,eHHBajin KaK 
-40 TnH flHK, ho cpaBHHTejibHO HeAaBHHH aHajiH3 noKa3aji, 
HTO pa3Mepbl AOMeHOB, B03MOXCHO, MeHbllie H paBHaiOTCa 


kaKTepuajibHaa AHK opraHM 30 BaHa b bmac aomchob 
c H63aBMCMMOM CBepxcnMpa/iH3auMeM 



PHC. 28.7 ľeHOMHaa flHK 6aKTepnn coctoht m 3 óoabujoro nncaa 
neTeab AByxuenoHeHHOH flHK (ynaKOBaHHOH KaK boaokho). Ka)KAaa 
neTaa cjDHKCHpOBaHa y ocHOBaHna h o6pa3yeT He3aBHCHMbiM CTpyK- 
TypHblH AOMeH 
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BejIKH «06y3AblBai0T» CBepXBMTKH 


flHK 

(AyruieKc) 



HaxoflflCb b Heo6y3flaHHoň KOHttJopMaunu, 
CBepxcnnpa/iM30BaHHafl flHK ncnbiTbiBaeT 
TopcuoHHoe Hanpflwehme 


flHK, npnHy>KAaeMafl 6e/iKaMM, 
He ncnbiTbiBaeT HanpíOKeHMfl 


PHC. 28.8 Heo6y3flaHHbiŕí CBepxBMTOK flHK co3AaeT Hanpfl)KeHMe, 
KOTopoe pacnpocTpaHBeTCB BAOJib MO/ieKy/ibi. Ec jim flHK o6pa3yeT 
CBepxBmoK «no npnHy)KAeHmo» 6e/iKa, HanpjuKeHMfl He B03HMKaeT 


~10 tíih. 3to cooTBeTCTByeT ~400 flOMeHaM Ha reHOME coli. 
ľpaHHUbi AOMeHOB, no Bceň bhahmocth, pacnpeflejieHbi Ha 
xpoMocoMe cjiynaHHbiM o6pa30M, BHe npHBA3KH k cneu,Ha- 
JIH3HpOBaHHbIM CaHTaM. 

CymecTBOBaHne oóocoóJieHHbix aomchob moxcct cno- 
coócTBOBaTb noAepxcaHHio pa3Hon creneHH CBepxcnnpa- 
jiH3aunn flHK pa3Hbix ynacTKOB reHOMa. 3 to cooôpaxceHHe 
3acTaBJiaeT BcnoMHHTb, hto npoMOTopbi OaKTepHH pyičpčpt- 
peHunaAbHbi no CBoeň nyBCTBHTejibHOCTH k CBepxcnnpa^n- 
3au,nn (cm. pa3A, 11.15 «CreneHb CBepxcnnpa^H3au,HH flHK 
BJinaeT Ha npou,ecc TpaHCKpnnu,HH»). 

Kax nona3aHO Ha pmc. 28.8, CBepxcnnpa^H3au,Ha re- 
HOMHOH flHK MOXCeT, B npHHU,Hne, npHHHTb OflHy H3 flByX 
cjjopM: 

• Ecjih CBepxcnnpaAH30BaHHaa flHK CBOóoflHa ot ócjikob, 
ee npocTpaHCTBeHHaa KOH$nrypau,Ha Heoôysdanna, a 
Hajinnne OTpHU,aTejibHbix cbcpxbhtkob nopoxcflaeT Top- 
cnoHHoe HanpaxceHne, cboóoaho nepeflaBaeMoe BflOJib 
flHK. HanpaxceHne moxcct 6biTb oaiaóJieHO pacnjieTa- 
HneM abohhoh cnnpa™, xax onncaHO b pa3 fl. 19.12 
«CBepxcnnpa^H3au,Ha 3aTparnBaeT cTpyKTypy flHK». 
flHK npeóbmaeT b flHHaMHnecKOM paBHOBecnn MOKfly 
cocToaHnaMH HanpaxceHna h pacnjieTaHHa. 

• Ecjih flHK CBa3aHa c óejixaMH, yflepxcHBaiomHMH ee b 
npunydumejibHoú npocrpaHCTBeHHOH KOH$opMau,HH, 
CBepxBHTKH npeflcraBJíeHbi TpaeKropnen, KOTopon 
flHK cjieflyeT, 6yflynn xcecTKO accounnpoBaHa c óejiKa- 
mh. SHeprna B3aHMOfleHCTBHa MOKfly 6eji KaMH n CBepx- 
cnnpajiH30BaHH0H flHK cTa6njiH3npyeT HyKJieHHOByio 
KncjioTy, n HHKaKoro HanpaxceHna BflOJib MOJieicyjibi He 
nepeflaeTca. 

HacKOJibKo Heo6y3AaHHbi in vivo cbcpxbhtkh reHOM- 
hoh flHK E colP Hhmmh cjiOBaMH, KaKne TopcnoHHbie Ha- 
npaxceHna, CBOHCTBeHHbie cboóoahoh flHK, ncnbiTbmaeT ee 
ABOHHaa cnnpajib? nonbiTKn H3MepnTb CBepxcnnpajiH30- 
BaHHOCTb in VitľO CTOJIKHyJIHCb C TpyflHOCTbK): HCB03M0)KH0 
BbiAejíHTb HyioieoHA Tax, htoów ócjikh, KOTopwe bjihaiot Ha 
KOH$nrypau,HK) flHK, npn stom He Tepajincb. C noMOiflbio 
pa3Hbix noflxoflOB 6buio ycraHOBJíeHO, hto flHK ncnbiTbiBa- 
eT TopcnoHHbiH cTpecc in vivo. 

OflHH H3 nOflXOflOB COCTOHT B H3MepeHHH SCjjCjjeKTa 


ot BHeceHna b flHK oflHou,enoHeHHbix pa3pbiBOB. Heo6y3- 
AaHHbie CBepxBHTKH npn stom cxoaat Ha HeT, a npnHyfln- 
TejibHbie ocTaioTca 6e3 H3MeHeHHH. ĽHeceHne oflHou,eno- 
nenHbix pa3pbiBOB cboaht Ha HeT ~50% cbcpxbhtkob. 3to 
roBopnT o tom, hto npHMepHO nojioBHHa oómero kojih- 
necTBa CBepxcnnpajiH3aunH nepeflaeTca BflOJib flHK xax 
HanpjDKeHne, a BTopaa nojioBHHa aócopónpyeTca nepe3 
CB5I3bIBaHHe ÓeJIKOB. 

B ApyroM noAxo^e ncnojib3yeTca cmnBaioiiJ,HH areHT 
ncopa^eH. 3to Bem,ecTBO npoaBJíaeT óojibiuee cpoactbo 
k flHK, Koryja Ta HaxoflHTca b topchohhom HanpaxceHnn. 
PeaKU,na ncopa^eHa c flHK E. coli b yc/iOBnax in vivo co- 
OTBeTCTByeT cpeAHeň njioTHOCTH b oahh OTpnu,aTeAbHbiH 
CBepxBHTOK Ha 200 nH (o = -0,05). 

Taioxe moxcho npoBepnTb kjictkh Ha cnocoÓHOCTb k 
o6pa30BaHHio ajibTepHaTHBHbix CTpyKTyp flHK, HanpnMep 
KpecTOBHAHbix nap mnnjieK b MecTax najiHHApoMOB. Hcxo- 
AH H3 H3MeHeHna nopa^xa 3auenjieHna, HeoóxoAHMoro jyw 
ocymecTBJíeHna Taxnx peanunn, moxcho Bbinnc^HTb hcxoa- 

HyK) nJlOTHOCTb CBepXBHTKOB. 3TOT MeTOA BblAaeT CpeAHIOK) 
njioTHOCTb CBepXBHTKOB o = -0,025, hjih o^hh oTpnua- 
TeJlbHblH CBepxBHTOK Ha 100 nH. 

TaKHM oópa30M, cbcpxbhtkh co3dmom TopcnoHHoe 
HanpaxceHHe in vivo. Ero cpeAHHH ypoBeHb MoxceT BapbH- 

pOBaTb, H TOHHO H3MepHTb pa3ÓpOC nJlOTHOCTCH KpaHHe 

TpyAHO. H Bce xce hcho, mto HanpaxceHna TaKoro ypoBHa 
XBaTaeT /yw 0Ka3aHHa om,yTHMbix bo3achctbhh Ha cTpyicry- 
py flHK — HanpnMep, coAeňcTBHa njiaBJíeHHio b oójiacrax 

OpH/yKHHOB HJIH npOMOTOpOB. 

MHorne BaxcHbie acneKTbi ycTpoňcTBa KOMnaKTHoro 
HyioieoHAa ocTaiOTca HepacxpbiTbiMH. no KaxoMy npnHyH- 
ny opraHH3yiOTca aomchm? JlexcaT jih oahh h Te xce nocne- 
AOBaTeJlbHOCTH — OTHOCHTeJlbHO pa3ÓHeHHa Ha AOMeHbl — 
b oahhx h Tex xce MecTonojioxceHHax? Moryr jih rpaHnybi 
AOmchob CABHraTbca? KaKHM oópa30M noAAep^HBaeTca ye- 
jiocTHOCTb AOMeHOB? Bhoxhmhhcckhh aHa^H3, caM no ceóe, 
He MoxceT A^Tb HcnepnbiBaioiij,Hx oTBeTOB Ha sth Bonpocbi; 
ecjiH oxaxceTca bo3moxchoh pa3paóoTKa noAXOAamnx ce- 
JieKTHBHblX MeTOAHK, TO CBOHCTBa CTpyKTypHblX MyTaHTOB 
nocjiyxcaT HaBOAKOH b MOJieKyjiapHOM aHa^H3e crpoeHHa 
HyioieoHAa. 


28.5 


B flHK 3y Kap mot 
ecrb neTiiM m AOMeHbi, 
npMKpen/ieHHbie k KapKacy 


K^iOHeBbie noH5iTM5i: 


• B MHTep(J)a3HOM xpOMaTMHe flHK oTpmiaTejibHo 
CBepxcnnpaAM30BaHa m pacnpeAeAeHa no He3aBMCMMbiM 
AOMeHaM b ~85 trh. 

• MeTacJ)a3Hbie xpoMocoMbi coAep>KaT óenKOBbiií KapKac, k 
KOT opoMy npMKpenAeHbi neniM cBepxcnnpajiM30BaHHOŕí flHK. 


B KOHTpaCTe C BbICOKOOpraHH30BaHHOH H neTKO Bocnpo- 
H3BOAHMOH yJlbTpaCTpyKTypOH MHTOTHHeCKHX XpOMOCOM, 


750 ľJlABA 28 XpoMocoMbi 










íleT/iH A H K 3aKpen/ieHbi Ha 6 e/iK 0 B 0 M Kapxace 



PMC. 28.9 ľlpenapaTbi xpoMOCOM, oóeAHeHHbie no rMCTOHaM, coctobt 
M3 óenKOBoro KapKaca, Ha kotopom 3aKpen/ieHbi nemu flHK. Boc- 
npon3BOAMTCB no Celí vol. 12, Paulson, J. R., and Laemmll U. K., The 
structure of histone . . . , pp. 817-828. ABTopcKMe npaBa 1977, c 
pa3peweHMfl Elsevier. <J>OTorpac|)Mfl mo6e3Ho npeAOcraB/ieHa Ulrich 
K. Laemmll University of Geneva, Switzerland 


hm, noAOÓHbie TeM, hto óbuin oÓHapyaceHbi b tchomhoh 
flHK óaKTepHň. ľleTJiH moxcho yBHAeTb, ecjín sKcrparapo- 

BaTb H3 MHTOTHHeCKHX XpOMOCOM ÓÓJlblIiyK) HaCTb ÓeJIKOB. 
KOMIUieKC, KOTOpblH npH STOM OCTaHCTCa, 6yj\Cľ COCTOHTb 

H3 flHK, accoijHHpoBaHHOH c 8% HcxoAHoro coAepxcaHHa 
óejiKOB. Ha ph c. 28.9 noKa3aHo, KaK xpoMocoMbi, oôeflHeH- 
Hbie óejiKaMH, npnHHMaiOT cjjopMy u,eHTpajibHoro KapKaca 
(scaffold), oKpyxceHHoro opeojioM fl HK. 

Kapxac MeTa$a3Hoň xpoMocoMbi coctoht h 3 njioTHO 
neperuieTeHHbix bojiokoh. Hhth flHK BbiÔHBaiOTca H3 Kap¬ 
Kaca b BHfle neTejib co cpeAHeň ajihhoh ot 10 ao 30 mkm (to 
ecTb ot 30 ao 90 juh). flHK moxcho pacmennTb, He HapyniHB 
u,ejiocTHocTH KapKaca, cocroamero m Haóopa cneu,Hajib- 
Hbix óejiKOB. no Bceň bhahmocth, neTJín flHK 3aaKopeHbi b 
u,eHTpajibHOM KapKacc H3 ôcjikob. 

Bhciiihhh bha KapKaca HanoMHHaeT MHTOTHHecKyio 
napy cecrpnHCKHx xpoMaraA. Oómhho cecrpHHCKHe Kap- 
Kacbi TecHO conpHKacaiOTca (xoTa HHorAa BbiniaAaT pa3Ae- 
JieHHblMH) H COeAHHeHbl Bcero JIHIIIb HeCKOJlbKHMH BOJIOK- 
HaMH. MoxceT jih TaKaa cTpyKTypa óbiTb oTBeTCTBeHHa 3a 
noAAcpxcaHHe cjjopMbi mhtothmcckhx xpomocom? Moxcer 
JIH KapKaC B03HHKaTb KaK epeAOTOHHe KOMnOHeHTOB HH- 
Tepcj)a3Horo xpoMaTHHa, kotopwmh cKpenjieHbi ocHOBaHHa 
ero neTejib? 


HHTep$a3Hbiň xpoMaTHH npeAcraBJíaeT coóoh cnyTaHHyio 
Maccy, 3aHHMaioiij,yK) 3HaHHTejibHyio nacTb oó^eMa kjictoh- 
hoto aApa. HeM KOHTpojinpyeTca pacnpeAejieHne HHTep- 
$a3Horo xpoMaTHHa BHyTpn aApa? 

KocBeHHbiM oópa30M, npnpoAa stoto pacnpeAejieHHa 
npHOTKpbmaeTca npn JiaóopaTopHOM BbmejieHHH reHOMa 
b BHAe eAHHoro KOMnaKTHoro Tejia. nojib3yacb toh ace Me- 
toahkoh, hto 6buia pa3paóoTaHa BbmejieHHa ôaKTepn- 
ajibHoro HymieoHAa (cm. pa3A. 28.4 «EaKrepHajibHbiH tchom 
CB epxcnHpajiH30BaH»), aApa moxcho noABeprHyTb jiH3Hcy b 
rpaAHeHTe caxapo3bi. 3Ta npou,eAypa BbicBoOoacAaeT tchom 
b TaKoň cjjopMe, hto ero moxcho 3aTeM oTAejíHTb u,eHTpHcj)y- 
rapoBaHMeM. BbiAejieHHbíň tchom Drosophila melanogaster 
MOXCeT ÓbITb BH3yaJIH3HpOBaH KaK KOMÍiaKTHO CJlOXCeHHaa 
HHTb (bojiokho, cjjHôpHJuia) AHaMeTpoM 10 hm, cocroamaa 
H3 fl HK, CBa3aHHOH C ÓeJIKaMH. 

CBepxcnHpaAH30BaHHOCTb syKapnoTHHecKOH reHOM- 
hoh flHK, H3MepeHHaa nyTeM oópaóoTKH ópoMHCTbiM 
STHAHeM, paBHaeTca npnMepHo OAHOMy oTpniiaTejibHOMy 
CBepxBHTKy Ha 200 nH. 3th cbcpxbhtkh Moryr óbiTb yópa- 
hh flHKaaoň (to ecTb bhccchhcm OAHOu,enoHeHHbix pa3- 
pblBOB), npHHCM J\ HK COXpaHHT CBOK) (f)OpMy (J)H6pHJIJIbI 

AHaMeTpoM 10 hm. 3to roBopHT o tom, hto CBepxcnnpa- 
jiH3auna — sto pe3yjibTaT npHHyAHTejibHoro pa3MemeHna 
BOJlOKHa B npOCTpaHCTBe. 

Jpm nojiHoň pejiaKcaiiHH cbcpxbhtkob TpeóyeTca BHe- 
ceHne oahoto HHKa Ha 83 TnH, KOTopbie, TaKHM o6pa30M, 
cooTBeTCTByiOT cpeAHeň pjnme 3aMKHyTOH J\ HK. 3aMKHy- 
rae ynacTKH Moryr npeACTaBaaTb coóoh neTjiH hjih aomc- 


28.6 


B MHTep(|)a3e AH K KpenmcH 
K flflepHOMy MdTpMKCy 
onpeAeiieHHbiMM 
HyK/ieOTMflHblMM 
noc/ieflOBaTe/ibHOCTflMM 


KmoneBbie noHBTHa: 


• flHK npMKpenneHa k MaipMKCy onpeAeneHHbiMM 
nocneAOBaTenbHOCTAMM, Ha3biBaeMbiMM MAR m/im SAR. 

• rioaieAOBaTejibHOCTM MAR — sto A-T-6oraibie perMOHbi, ho 
KOHceHcyca He mmciot. 


Bo3mo)kho jih, hto flHK npHKpenjiaeTca k KapKacaM xpo- 
MOCOM KaKHMH-TO OCOÓbIMH nOCJlCAOBaTCJlbHOCTaMH? Ha 
cpe3ax HHTep$a3Hbix aAep xpoMaTHH nacTo BbirjiaAHT 
npHKpenjieHHbiM k MaTpnKcy, h He pa3 BbicKa3biBa;iocb 
npeAnojioxceHHe, hto sto npHKpenjieHHe hcoóxoahmo 
AJ ia TpaHCKpHnu,HH hjih penjiHKau,HH. Caň™ flHK, npn- 
KpenjieHHbie k óejiKOBbiM cTpyKTypaM b HHTepcf>a3Hbix nj\- 
pax, Ha3bmaiOT MAR (matrix attachment regions; ynacTKH 
npHKpenjieHHa k MaTpnKcy), HHorAa hx Taxxce Ha3bmaiOT 
SAR (scaffold attachment regions; ynacTKH npHKpenjie- 
HHa k Kapxacy). Hto npeACTaBjíaeT coôoh CTpyKTypa, c 
KOTOpOH OHH COCAHHCHbl, He HCHO. MaCTHHHOe OCBOÔOaC- 
AeHHe aApa ot ôcjikob npHBOAHT k BbineTJiHBaHHio flHK 
H3 ocTaTOHHOH ôejiKOBOH CTpyKTypw. nonbiTKH COOT- 
Hec™ ôejiKH, oóHapyxcHBaeMbie b Taxnx npenapaTax, co 
CTpyKTypHbIMH SJieMeHTaMH HHTaKTHblX KJieTOK ycnexoM 
He yBeHHajiHCb. 


28.6 B MHTepc|)a3e flHK Kpenmca KaAepHOMy MaTpnKcy onpeAeaeHHbiMM HyKaeoTMAHbiMn nocaeAOBaTeabHOCTaMM 751 
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PMC. 28.10 ynacTKH flHK, accoijMMpOBaHHbie c óe/maMM BAepHoro 
MaTpMKCa, MO)KHO BblflBMTb, «Cpe3aB» C MaTpMKCa CBOÓOflHyiO flHK. 
OópaTHbiŕí 3KcnepMMeHTa^bHbiM noAxoA 3aK/iioHaeTCfl b MAeHTM(|)M- 
KaUHM T3KMX ynaCTKOB no MX BblCOKOMy CpOACTBy K OMMlAeHHOMy 

MaipMKcy in vitro 


KaKHe hmchho ynacTKH JX HK accoijHHpoBaHbi c MaT- 
Phkcom? 3KcnepHMeHTa;ibHbie noAxoAbi k OTBeTy Ha stot 
Bonpoc HJiAiocTpHpyeT pmc. 28.10. 06a noAXOfla HanHHa- 
lOTca c BbmejieHHfl cyMMapHoro aAepHoro SKcrpaKTa, co- 
Aepxcamero xpoMaTHH h aflepHbie ócakh. K cyMMapHOMy 
aAepHOMy SKCTpaKTy npnMeHaioT pa3AH4Hbie BapHaHTbi 
oópaóoTKH, Hau,ejieHHbie Ha HAeHTH(j)HKaĽi,HK) Ae30Kcnpn- 
óoHymieoTHAHbix nocjieAOBaTejibHocTen, KOTopbie jihóo 
OKa3a;iHCb npHKpenjieHHbiMH k MaTpnKcy Ha momcht ero 
BbiAejieHHa (in vivo), jihóo cnocoÓHbi npnKpenHTbca k 
HeMy (in vitro). 

HToóbi BbiHJieHHTb peajibHO cynj,ecTByioiij,He MAR, xpo- 
MaTHHOBbie neTJiH AeKOHAeHcnpyioT (pa3pbixAAioT) SKcrpa- 
KiiHeň ôejiKOB. ľlocjie y^a^eHna flHK-coAepxcamnx neTejib 
npn noMom,H oópaóoTKH 3HAOHymiea3aMH pecrpHKĽi,HH 
in vivo ocTaiOTca (npe3yMnTHBHbie) MAR, npnKpenneHHbie 
K MaTpHKCy. 

flpyroH noAxoA, KOMnjieMeHTapHbíň no CMbicAy, 3aKAio- 
naeTca b yAajieHHH H3 MaTpnxca eceu flHK (nocpeACTBOM 
oópaóoTKH flHKaaoH), nocjie nero jnoóbie OTflejibHO B3arae 
^parMeHTbi JX HK moxcho npoBepnTb Ha cnocoÓHOCTb k cba- 
3bIBaHHIO C MaTpHKCOM in VÍtľO. 

ľlo hA ee, nocjieAOBaTejibHocTH, accou,HnpoBaHHbie c 
MaTpnKcoM in vivo h in vitro — oahh h Te xce. KaK TOJib- 


ko oÓHapyxcHBaeTca noTeHiinajibHbiH MAR, pa3Mep ero 
MHHHMajibHoro ynacTKa, /jocTaTonHoro /yia accouHaunn c 
MaTpnKcoM in vitro , moxcct óbiTb onpeflejieH npn noMoujH 
Aejieu,HH. HaKOHeu,, Bce tot xce SKcnepnMeHT AaeT bo3mo>k- 
HOCTb HAeHTH$HU,HpOBaTb ÓCJ1KH, HaXOAHIB,HeCa B KOHTaK- 

Te c MAR. 

nocjieAOBaTejibHOCTH MAR, BonpeKH oxcn^aHnaM, He 
KOHCepBaTHBHbl. OÓblHHO ohh A-T-6oraTbi (~70%), ho koh- 
ceHcyca y hhx hct. HepeAKo b oKpecTHOCTax MAR moacho 
oÓHapyxcHTb pa3Hbie HHTepecHbie nocjieAOBaTejibHOCTH: 
HanpnMep, caň™ ^wc-peryjiau,HH TpaHCKpnnu,HH. Oóbia- 
ho MAR coflepacaT caňT y3HaBaHna /yia Tonon30Mepa3bi II, 
h BnoJiHe bo3moxcho, hto, noMHMO npnKpenAeHHA JX HK k 
MaTpnKcy, MAR CAyacaT h ApyrnM $yHKU,naM, nocKOJibKy co- 
AepxcaT caňTbi, no kotopwm hact BHeceHne H3MeHeHnn b 
Tonojiornio flHK. 

KaKOBa B3anM0CBa3b MexcAy KapKacaMH xpomocom 
A ejiamnxca kactok h MaTpnKcoM HHTep$a3Hbix aflep? 
npnKpenAeHbi ah k hhm oahh h tc xce nocAeAOBaTeAb- 
hocth ^HK? B pa^e CAynaeB c KapKacoB MeTa$a3Hbix 
xpoMOCOM yAaBaaocb coópaTb nocAeAOBaTeAbHocrn, 
HAeHTHHHbie HaXOAHBIUHMCa in vivo B KOHTaKTe C HH- 
Tepcf>a3HbiM MaTpnKcoM. OparMeHTbi JX HK, coAepxcamne 
nocAeAOBaTeAbHOCTH MAR, MoryT CBa3aTbca c KapKacoM 
MeTa$a3HOH xpomocomw, TaK 4to, noxoxce, eAHHbíň Tnn 
caňTOB npHKpenAeHna cymecTByeT. B HHTep$a3e TaKne 
caňTbi KpenaTca k aAepHOMy MaTpnKcy, a npn MHT03e — 
k KapKacaM xpomocom. 

HAepHblH MaTpHKC H KapKaCbl XpOMOCOM COCTOaT H3 
pa3Hbix óeAKOB, xoTa HeKOTopbie KOMnoHembi y hhx oó- 
m,ne. HeMaAOBaxcHbiH KOMnoHem Kapxaca, Tonon30Mepa3a 
II, BXOAHT H B COCTaB MaTpMKCa. 3TO TOBOpHT O TOM, 4T0 
KOHTpoAb TonoAornn JX HK — BaxcHaa cocTaBAaioiij,aa cj)yHK- 
u,hh oóenx CTpyKTyp. 


28.7 


XpOMamH noflpa3fle/iBK)T 
Ha ayxpoMaTMH 
m reiepoxpoMaTMH 


KjnoneBbie noHHTMa: 


• 06oco6aeHHbie xpomocomw mo>kho HaóaioAaTb ToabKo npn 
MMT03e 

• Bo BpeMa MHTepcl)a3bi xpoMaTHH, no óoabujeM nacTM, npeóbiBaeľ 
b (J)opMe ayxpoMaTMHa, KOTopbiíí ynaKOBaH ropa3AO MeHee 
naoTHo, neM MmoTMHecKMe xpoMocoMbi. 

• ynacTKU KOHCTMTyTMBHoro reTepoxpoMaTMHa ocraiOTCfl naoTHo 
ynaKOBaH h bi m m b npoAo/DKeHMe Bceŕí MHTepcl)a3bi. 


KaxcAaa xpoMocoMa co^epacnT o^Hy oneHb AHHHHyio mo- 
Aexyay JX HK. 3Ta AByxu,eno4e4Haa MOAeKyaa yAoxcem b 
(J)nópHAAy, KOTopaa HenpepbiBHa Ha bccm npocTpaHCTBe 
xpoMocoMbi. ľtoomoMy, zoeopn o cmpyKtnypax unmep- 
0 U 3 HOZO xpOMamuna u Mema 0 a 3 nux xpomocom, ne- 
oôxoôumo ym 3 amb, kcikum oôpa 30 M odna neuMoeepno 


752 MABA 28 XpoMOCOMbi 











P MC. 28.11 MMTOTMHecKaa napa cecTpMHCKMx xpoMaTMA coctomt m 
KOMľiaKTHO CJlOJKeHHOrO BOJlOKHa AHaMeTpOM ~30 HM. 0OTOrpa(l)M51 
jiio6e3Ho npeAOdaB^eHa Daniel L. HartL Harvard University 


djiunnm MOJiexyjia lJHK 0Ka3ueaemcn ynameannoú 
max, nmo MOMem 6umb ne mojibKO mpcmcxpuóupoea- 
na u peruiui^upoeana, ho u nodeepznyma ípuxjiuHecxím 
nepexodcm MeMdy ôojibiueu u Menbiueú ruiomnocniHMU 
ynaxoexu. 

XpoMOCOMbi syKapnoT oópeTaiOT MopcjiojiornnecKyio 
HHAHBHAyajibHocTb TOJibKo Ha KopoTKHH npoMeacyTOK 
BpeMeHH, Kor/ja ioieTKa neiíHTca. ToiibKo Tor^a Kaac/jyio 
H3 HHX MO)KHO yBHfleTb KaK KOMÍiaKTHyiO eAHHHijy. Ha 
p m c. 28.il ripeACTaBJíeHa sjieiapoHHaa MHKpocjioTorpa- 
cjraa napbi cecTpHHCKHx xpoMara/j Ha cTa^HH MeTa$a3bi. 
(CeCTpHHCKHe XpOMaTHAbI — 3TO AOHepHHe XpOMOCOMbI, 
npoAyKT npeAiuecTByioiij,ero MHT03y coóbiraa pemíHKa- 
u,hh; b MeTa$a3e MHT03a ohh Bce em,e coeuHHeHbi BMec- 
Te.) KaxcAaa xpoMara^a coctoht h3 BonoKHa AnaMeTpoM 
~30 hm, y3JioBaToro Ha bha. AHK xpomocom b 5-10 pa3 
ôojiee KOHAeHcnpoBaHa (rniorao ynaKOBaHa), neM RHK 
HHTep$a3Horo xpoMaTHHa. 

H Bce ace b npoAOJiaceHHe óojibiueH nacra acH3HeH- 
Horo UHioia syKapnoTHHecKOH KJieTKH ee reHeraqecKHH 
MaTepnaA BH3yanbHO pa3ópocaH no nppy, n b hcm Henb3a 
pa3AHHHTb OTfleAbHbie XpOMOCOMbl. Ot MHT03a RO MHTO- 
3a CTpyKTypa HHTep$a3Horo xpoMaTHHa He npeTepneBa- 
eT HHKaKHX BH/JHMblX H3MCHeHHH, B HaCTHOCTH, HHKaKHX 
B03Myiu,eHHH b nepno# penjiHKau,HH, Kor/ja kojihmcctbo 
xpoMaTHHa yABaHBaeTca. XpoMaTHH Ha bha bojiokhhc™h 
(^HÓ pHAAapHblH), HO pa30ÓpaTbCa B J\eT2UWX KOHCjlHrypa- 
uyiu BOAOKHa b npocTpaHCTBe Heneim ÍIo xpanHen Mepe, 
CaMO BOJIOKHO ((jlHÓpHJUia) TO ace, 4T0 H B MHTOTHHeCKHX 
XpOMOCOMaX. 


MnKpo({)OTorpa$Ha cpe3a nepe3 oóJiacTb aupa Ha 
P MC. 28.12 AeMOHCTpnpyeT, 4T0 XpoMaTHH MOXCeT ÓbITb no- 
Aene h Ha ABa rana: 

• BoAbiiiHHCTBO ynacraoB xpoMaTHHa ynaKOBaHbi ro- 
pa3AO MeHee rniorao, neM b MHToranecKOH xpomoco- 
Me. TaKoň MaTepnaa Ha3bmaioT ayxpOMaTHHOM. Oh 
BbirviaAHT pacceaHHbiM no aupy n 3aHHMaeT óojibmyio 
nacTb aAepHOH oójiacra Ha pne. 28.12. 

• HeKOTopbie ynacTKH xpoMaTHHa ynaKOBaHbi oneHb 
mioTHO — jx o cocToaHna, cpaBHHMoro c MHTOTnnec- 
koh xpomocomoh. TaKoň MaTepnan Ha3biBaioT reTe- 
poxpOMaTHHOM. B ero cocTaB BxouaT J\ HK u,eHTpo- 
Mep h HeKOTopbie Apyrne ynaeran reHOMa, KOTopbie 
3a Bce BpeMa KneTOHHoro u,nioia npeTepneBaioT otho- 
CHTeabHO Maabie KoaeóaHna KOHAeHCHpoBaHHoera. 
Ha pne. 28.12 reTepoxpoMaTHH npeAcraBJíeH cepnen 
oóocoôaeHHbix komkob. Hepe^Ko pa3Hooópa3Hbie 
ynacTKH reTepoxpoMaTHHa cannaioTca b rycTo oxpa- 
ĽiHBaeMbiH xpOMOi^eHTp (sto onncaHne othocht- 
ca k ynacTKaM, KOTopbie reTepoxpoMaranHbi Bcer/ja, 
4T0 Ha3bIBaeTCa, KOHCTHTyTHBHO; KpOMe KOHCTHTy- 
thbhoto reTepoxpoMaTHHa ecTbeme^aKyabTaTHBHbíň, 
KOTopbíň npeflCTaBAaeT coóoh ynaeran syxpoMaraHa, 
BpeMeHHo nepemeAiune b KOHAeHcnpoBaHHoe cocto- 
aHHe). 

npocTpaHCTBeHHo, syxpoMaTHH n reTepoxpoMaTHH He- 
npepbiBHO nepexoAHT oahh b ApyroH, h coeAHHeHna hmciot 
bha toto ace BoaoKHa. CyAa no BceMy, ABa rana xpoMaraHa 
OToópaacaiOT pa3Hbie CTeneHH KOHAeHcnpoBaHHOcra J\UK. 
Bhxoaht, mto reHeranecKHH MaTepnaa opraHH30BaH b Ma- 
Hepe, AonycKaiomeH He ToabKo no/mepacaHne ero b aAbTep- 
HaraBHbix cocToaHnax syxpoMaraHa h reTepoxpoMaTHHa 
Ha ynacTKax, pacnoaoaceHHbix 6 ok o 6ok, ho h u,HiuiH4ec- 
Kne H3MeHeHHa naoraoc™ ynaKOBKH syxpoMaraHa cooó- 
pa3HO HHTep$a3aM h AeaeHHaM. MoaeKyAapHaa npnpoAa 
3 thx cocToaHHH oócyacAaeTca b tji. 30 «KoHTpoab cTpyiay- 
pbi xpoMaraHa». 



PMC. 28.12 Ha tohkom cpe3e ^Apa^ OKpaujeHHoro no Oe/ibreHy, re- 
TepoxpoMaTMH BbirnBAUT Kax CKon/ieHMe KOMnaKTHbix 3aTeMHeHMM y 
BAPbiuiKa n aAepHoŕí MeMÓpaHbi. OoTorpacfíMB nio6e3Ho npeAOCTaB- 
neHa Edmund Puvion, Centre National de la Recherche Scientifique 
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CrpyKTypHoe cocroaHHe reHeTnnecKoro MaTepnajia 
KoppejiHpyeT c ero aKTHBHocrbio. IeTepoxpoMaTHH otjih- 
HaeTca ot syxpoMaTHHa cjie/iyiomHMH ocoóeHHOcniMH: 

• Oh nepMaHeHTHO KOHAeHcnpoBaH. 

• Ero J\ HK 3anacTyK) coctoht h 3 MHoronncjieHHbix noB- 
TopoB Heóojibiuoro nncjia HeTpaHCKpnónpyeMbix noc- 
jieAOBaTejibHocTen. 

• IlJioTHOCTb pacnojioxceHra reHOB Ha ynacTKax koh- 
CTHTyTHBHoro reTepoxpOMaTHHa, no cpaBHeHHio c 
syxpoMaTHHOM, oneHb cnjibHO CHHXceHa. ľeHbi, npn 
TpaHCJioKau,HH nonaBiune b reTepoxpoMaTHH hjih ero 
OKpeCTHOCTH, HaCTO CTaHOBflTCfl HeaKTHBHbIMH. 

• J \HK KOHCTHTyTHBHoro reTepoxpOMaTHHa pemiHijHpy- 
eTca b no 3 AHen S-$a 3 e; reHeTHnecKaa peKOM 6 HHau,na 
HMeeT b Hen mccto c noHHXceHHon nacroTOH — bo 3 - 
moxcho, H 3 - 3 a ee noBbimeHHOH KormcHcnpoBaHHocTH. 
/Via oTCJieacHBaHna H 3 MeHeHna cbohctb RHK h 

óeaKOBbix KOMnoHeHTOB xpoMaTHHa ncnoab3yeTca He- 
CKOJIbKO MOJieKyJiapHblX HHAHKaTOpOB (CM. pa3A. 31.3 
«Cynj,ecTBOBaHHe reTepoxpOMaTHHa oóycjioBjíeHO B3a- 
HMOAeHCTBHaMH THCTOHOB ‘ c ApyrnMH 6eJIKaMH»; Ha- 
npnMep, noHHaceHHaa au,eTHJinpoBaHHOCTb thctohob, 
noBbimeHHaa MeTHJiHpoBaHHOCTb o^Horo H3 hhx, rnnep- 
MeTHJinpOBaHHOCTb U,HTHAHHOBbIX OCHOBaHHH B /],HK). 
3 th H3MeHeHna Ha MOJieKyjiapHOM ypoBHe npnBOflaT k 
KOHAeHcau,HH reHeTHHecKoro MaTepnajia, KOTopaa o6yc- 
jiaBJíHBaeT ero HHaKTHBau.Hio. 

AKTHBHbie reHbi HaxoAHTca b syxpoMaraHe, ho b xaxc- 
Abin MOMeHT BpeMeHH jiHiiib Majiaa nacTb Bcex nocjieAOBa- 
TeabHOCTeň syxpoMaraHa no/yiexcHT TpaHCKpnnij.HH. Pac- 
noaoaceHne reHa b syxpoMaraHe neoôxoduMO, ho caMo no 
ce 6 e ne docmamowo /ym ero SKcnpeccHH. 


28.8 


Y XpOMOCOM npOflBilfllOTCfl 
no/iocaTbie narrepHbi OKpaiuMBaHUB 


K/noneBbie noHATnfl: 


• OnpefleaeHHbie mctoamku OKpawnBaHMa npnAaiOTxpoMocoMaM 
MCHepHeHHOCTb B BMAe CepMÍÍ G-ľlOJlOC, HJIH rMM3a-AMCKOB. 

• B nojiocax coAep)KaHMe G-C HMwe, neM b npoMe>KyTKax Me)KAy 

HMMM. 

• ľeHbi cocpeAOTOHeHbi b G-C-6oraTbix CBenibix npoMewyTKax. 


H 3 - 3 a AH$ 4 )y 3 Horo cocToaHna xpoMaraHa H 3 ynaTb cneyn- 
^HHHOCTb ero opraHH 3 au,HH npaMbiMH MeTo^aMn hcbo 3 - 
moxcho. Eo;iee nepcneKTHBHbin xoa — 3 aAaTbca BonpocoM: 
ynopa^oneHa jih crpyicrypa mhtothhcckhx xpomocom? 
3 a$HKCHpOBaHO JIH COOTBeTCTBHe KOHKpeTHOň reHOMHOH 
nocaeAOBaTejibHocTH ee MecTonojioaceHHio Ha xpoMocoMe, 
hjih, MoaceT 6 biTb, yiuia^Ka BOJioKHa — He Tanoe yac ynopa- 
AoneHHoe coóbrrae? 

Kaacqaa xpoMocoMa o6jia,aaeT CBoeo6pa3Hoň Bocnpo- 
H3BOAHMOH yjIbTpaCTpyKTypOH. ECJIH (J)HKCHpOBaHHbie H 
onpeAeaeHHbiM o6pa30M oópaóoTaHHbie xpoMocoMbi ok- 
pacHTb no lHM3a, b hhx npoaBaTca cepnn G-nojioc. Oxpa- 
ineHHbiH npenapaT AnmiOHAHoro Haóopa xpomocom nejio- 
Bena nona3aH Ha w 2 b. 3 . 


ľlocjie Toro xax 6 buia pa 3 pa 6 oTaHa STa MeTOAHKa, xpo- 
MocoMbi HaynnjiHCb pa 3 JinnaTb He TOJibKo no pa 3 MepaM n 
pacnojioaceHnaM itempoMep. MapKnpoBKa b BH^e G-noaoc 
no 3 Bo;iaeT HAeHTH$HU,HpoBaTb xpoMocoMbi no xapaKTep- 
hhm narrepHaM HcnepneHHOCTH. Tanon narrepH cjiyxcnT 
pa 3 MeTKOH, c noMOiybio KOTopoň moxcho ycTaHaBJíHBaTb 
$aKTbi TpaHCJioKau,nň MaTepnajia Meac/iy xpoMocoMaMH, 
no;ib 3 yacb b KanecTBe STaaoHa OKpameHHbiM npenapaTOM 
ncxoAHoro AnnjioHAHoro Haóopa. Ha p n c 28.14 cxeMaraa- 
ho H 3 o 6 paaceHa X-xpoMocoMa nejiOBeKa. Raxc^aa nojioca 
cooTBeTCTByeT KpynHOMy OTAejiy reHOMa, ~10 7 nH, r^e mo- 
ryr HaxoAHTbca cothh reHOB. 

MeTOAHKa oKpaniHBaHna xpomocom HMeeT rpoMaAHoe 
npaKTnnecKoe 3 HaneHne, ho MexaHH 3 M B 03 HHKH 0 BeHna 
HCHepneHHocTH nona ocTaeTca HepacKpbiTbiM. H 3 Becmo 
TOJibKo, hto HeoópaóoTaHHbie xpoMocoMbi oKpauiHBaiora 
óojiee hjih MeHee oahopoaho. 3 to 03 HanaeT, hto npoaBae- 
Hne narrepHa nojioc 3 aBncnT ot npeABapnTejibHon oópa- 
6 otkh. CnocoóoB TaxoH oôpaóoTKn h 3 bcctho HecKOJibKO. 
ÍIpeAnojiojKHTejibHo, npeABapnTejibHaa oópaóoTKa 3 KCTpa- 
rnpyeT H 3 npoMeacyTKOB Meac/iy nojiocaMn KOMnoHeHT, ko- 
Topbíň CBa 3 bmaeT xpacxy. H 3 - 3 a SToro caMo oKpamnBaHne 
ocTaBjíaeT npoMOKyTKH ójieAHbiMH. 

nojiocbi OTJinnaiOTca ot npoMOKyTKOB óojiee hh 3 - 
khm coflepacaHneM G-C. 3 to eAHHCTBeHHoe H3BecTHoe 
OTJiHnne, npnneM oneHb HHTepecHoe. Ecjih b óojibinoň 
xpoMocoMe, coflepacamen 10 8 nH //HK (100 MnH), Ha- 
CHHTbmaeTca 10 nojioc, sto 03HanaeT, hto OHa coctoht 
H3 ynacTKOB no 3 x 10 6 nH /],HK (3 MnH), nepeAyioiAHxcíi 
no G-C-cocTaBy. Kan noKa3biBaiOT pe3yjibTara rnópnAH- 
3au,HH xpomocom c mPHK, óojibiiiHHCTBo reHOB pacnojio- 
xceHo He b nojiocax, a b npoMe^cyTKax. Bce sto roBopHT 
o noAHHHeHHOCTH reHeTHHecKoro MaTepnajia KaKHM-TO 
AajibHOACHCTByiomHM $aKTopaM opraHH3au,HH, oóycjiOB- 


XpoMocoMbi OTiiHHaiOTCJi naTTepHaMM G-noiioc 



Ps^C 23.13 Ha cneuMa^bHO oKpaweHHbix npenapaiax Ka>KAyK) xpo- 
MOCOMy ran/iOMAHoro Haóopa mojkho MAGHTMcjDMUMpoBaTb no xapaK- 
TepHOMy naTTepHy MCHepHeHHOCTM. 0OTorpacl)M5i /no6e3HO npeflo- 
CTaB^eHa Lisa Shaffer, Washington State University-Spokane 
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B X-xpOMOCOMe HacMMTbiBaeľCfl MHoro G-no/ioc 



PH C. 28.14 B X-xpoMOCOMe nenosená, OKpaweHHOM no ľnM3a, neT- 
ko pa3/iMHMM xapaKTepHbiíí naTTepH nonepeHHOíí MCHepHeHHocTM. 
KopoTKoe n/ieno xpomocomn o6o3HaHaioT kbk p, a A/iMHHoe - kbk q. 
Kawfloe n/ieno xpoMOCOMbi noApa3Ae/iaiOT Ha KpynHbie o6/iac™ 
(no/iocbi n npoMewyTKM), KOTopbie, b cboio OHepepb, noApa3Ae/ifl- 
mcn Ha 6o/iee Me/iKne o6/iacTn. flaHHaa Kapia MMeeT HM3Koe pa3- 
peiueHMe. lipu 6o/iee bhcokom pa3peujeHMM HeKOTopbie M3 no/ioc 
He Bbir/iBAflT ue^bHbiMm HanpMMep, no/ioca p21 pe/imca Ha p21.1, 
p21.2 n p21.3 


jieHHbiM, OAHaKo, Ha ypoBHe HyioieoTHAHbix nocneAOBa- 

TejibHOCTeň. 

3 th HaóJiiOAeHHa noATBepxcAaiOTca aHajiH30M nojiHon 
HyioieoTHAHOH nocjieAOBaTejibHOCTH HejiOBenecKoro re- 

HOMa. H3 P H C. 28.15 OHCBHAHO CymeCTBOBaHHe OTHeTJlH- 
Bbix (J)jiyKTyaij,HH G-C-cocTaBa b reHOMe, noAeneHHOM Ha 
HeóojibiiiHe TpaHiiiH (cerMembi, 0Tpe3KH flHK). CpeAHHH 



PMC. 28.15 Ha kopotkmx OTpe3Kax reHOMa G-CcociaB MO>KeTcmibHO 
KO/ieóaTbca. KawAbiíí ctojiómk AnarpaMMbi cooTBeTCTByeT npoijeHT- 
HOMy coAep)KaHmo 20 trh (J)parMeHTOB c KOHKpeTHbiM 3HaneHMeM 
G-C-cocraBa 


noKa3aTe;ib b 41% G-C xapaKTepeH /yra tchomob MjieKonn- 
Taiomnx. Ha HeKOTopbix ynacTKax coAepxcaHne G-C Moxcer 
AOCTHraTb 65% hjih ébiTb noHnxceHHbiM a o 30%. Ecjih /yiHHy 
aHajiH3npyeMbix TpaHinen yBenHHHTb, pa36poc no G-C-co- 
CTaBy CHH3HTca. CpeAHaa AJiHHa ynacTKa c >43% G-C cocraB- 
naeT 200-250 TnH. H3 SToro acHo, hto nepeAOBaHne nojioc 
h npoMOKyTKOB ne OToópaxcaeT nepeAOBaHna roMoreHHbix 
ynacTKOB, pa3JiHnaioiij,Hxca no G-C-cocraBy, xoTa nojiocbi 
AeHCTBHTejibHo co^epacaT óojibinee hhcjio G-C-6eAHbix 
cerMemoB, neM npoMOKyTKH. IeHbi CKOHiieHTpnpoBaHbi Ha 
ynacTKax noBbimeHHoro co^epacaHna G-C. KaKHM o6pa30M 
pacnpeAejieHne co^epacaHna G-C BJinaeT Ha CTpyKTypy xpo- 
MocoMbi, em,e npeACTOHT noHaTb. 


28.9 


XpOMOCOMbl mňa 
/íaMnoBbix u^eTOK mmgiot 
BbineT/iMBaHMfl 


KniOHeBbie noHaTHa: 


• y xpomocom Tuná jiaMnoBbix u^tok caŕÍTbi 3Kcnpeccnn 
reHOB b bi r/iBAai KaK nemu, BbinymeHHbie M3 och 
X pOMOCOMbl. 


HcKJiiOMHTejibHO nojie3HO 6buio 6bi boohhio npoHaóniOAaTb 
3a OKcnpeccneH reHOB: crpyiaypHbie H3MeHeHna, corryrc- 
TByiomnc TpaHCKpHnu,Hn, CTajín 6bi aBHbiMH. Ho H3-3a yn- 
JIOTHeHHOCTH J\ HK B COCTaBe XpOMaTHHa, B COHeTaHHH co 
CJIOXCHOCTbK) HAeHTH$HKan,HH B HCH KOHKpeTHblX reHOB, 
BH3yaJIH3aU,HIO TpaHCKpnnU,HH HHAHBHAyaAbHblX aKTHBHblX 
reHOB npnxoAHTca npn3HaTb hcbo3moxchoh. 

H Bce xce b xch3hh HenoTopbix KaeTOK ôbreaiOT Heoóbin- 
Hbie CHTyaiiHH, Kor^a SKcnpeccnio reHOB moxcho ymdernb . 
MHor^a xpoMOCOMbi moxcho BCTpemTb b cjiopMe, agkoh- 
AeHCHpOBaHHOH HaCTOAbKO, HTO MOXCHO pa3J!HHHTb OT^e- 
jibHbie JioKycbi (hah rpynnbi AoxycoB). JlaTepaAbHaa a ncj> 
$epeHu,Hau,Ha CTpyKTypbi oneBHAHa y MHornx xpomocom 
npn nepBOM noaBAeHHH b Meňo3e. Ha stoh cTa^nn ohh 
H anoMHHaiOT hhth 6yc. «EycnHbi» — rycTo oKpauiHBae- 
Mbie rpaHyAbi — npaBHjibHo Ha3bmaTb xpOMOMepaMH. Bo 
BpeMa Meno3a reHbi SKcnpeccHpyioTca oneHb oiaóo, h Ha 
npaKTHKe, AAa HAeHTH^HKaUHH aKTHBHOCTeň HHAHBHAy- 
aAbHbix reHOB, TaxoH MaTepnaA 6ecnoAe3eH. HaononeHne, 
noAXOAanj.ee aha Taxoro poAa HCcaeAOBaHHH, npeACTaBna- 
k)t xpoMOCOMbi Tnna AaMnoBbix meTOK, Aynme Bcero 
H3yneHHbie y HeKOTopbix aM^HÔníi. 

XpoMOCOMbi rana naMnoBbix m,eTOK o6pa3yiOTca bo 
B peMa HeoôbinaHHO npoAonacHTeAbHoro Meno3a, koto- 
pbin MOXceT AJinTbca ao HecKOJibKHX MecaqeB! B npo- 
AonxceHHe SToro nepnoAa xpoMOCOMbi yAepacnBaiOTca b 
pacnyiAeHHon $opMe, hto moxcho HaóniOAaTb b cbcto- 
boh MHKpocKon. Ha 6onee no3AHeň cTaAnn Meňo3a xpo- 
MOCOMbl B03Bpanj,ai0TCa K CBOHM OÓblHHblM KOMnaKTHbIM 
pa3MepaM. 

XpoMOCOMbi Tnna AaMnoBbix meTOK — sto mchoth- 
necKne ÓHBaAeHTbi, KaxcAbíň H3 KOTopbix coctoht h 3 Anyx 
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PMC. 28.16 XpoMOCOMa Tuná JiaMnoBOM meTKM npeAcraB/iaeT coóoíí 
MeMOTHHecKMÍí ÓMBajieHT: ABe napbi cecrpMHCKMxxpoMaTMAyAepWM- 
BaioTca BMede M 3 - 3 a xna 3 M (o 6 o 3 HaHeHHbix cTpe/iKaMn). OoTorpa- 
/no 6 e 3 Ho npeAOCTaB^eHa Joseph G. GaU, Carnegie Institution 


nap cecTpHHCKHX xpoMara/c Ha pmc. 28.16 npnBeACH npn- 
Mep, B KOTOpOM napbl CecTpHHCKHX XpOMaTHA, b OCHOBHOM, 
pa 3 AeAHjiHCb, h yAepxcHBaioTCfl BMecTe jiniiib xna 3 MaMH. 
Kaxyjafl napa cecTpnHCKnx xpoMara# o 6 pa 3 yeT cepmo an- 
JIHíICOHAaJIbHblX XpOMOMepOB, ~l-2 M KM B AHaMeTpe, co- 
eAHHeHHblX OHCHb TOHKOH HHTblO. 3 Ta HHTb COflepXCHT ABa 

cecTpHHCKHX AymieKca flHK n HenpepbiBHO npoóeraeT bcio 
xpoMocoMy, nepe3 xpoMOMepbi. 

fln uhm xpoMOCOM rana jiaMnoBbix meTOK y TpnTOHa 
Notophthalmus viridescens KOJieÔjnoTca ot 400 j\o 800 mkm, 
no cpaBHeHHio c 15-20 mkm, HaôJiiOAaeMbiMH y hhx xce no3- 
AHee b Meňo3e. 3to 03HanaeT, hto xpoMOcoMbi rana jiaMno- 
bmx iyeTOK ynaKOBaHbi b ~30 pa3 6o;iee pbix^o, neM o6mh- 
Hbie MeňoranecKne. CyMMapHaa /y urna Haôopa xpomocom 
rana jiaMnoBbix meTOK paBHaeToi 5-6 mm n pacnpeAeAeHa 
no -5000 xpoMOMepoB. 


B oahom H 3 neTe/ib xpoMOcoMbi TMna jiaMnoBOM ujeTKM 

rpaHCM^MnuMfl 



P V\ L. / nemá xpoMOcoMbi Tuná JiaMnoBOM meTKM oKyTaHa pM- 
6 oHyK/ieonpoTeMHOBbiM MaTpMKCOM. BocnpoM 3 BeAeHO no GalL J. G., 
et al. Mol. Biol. Celí. December, 1999. 10: 4385-4402. <PoTorpac|)Ma 
jno 6 e 3 HO npeAOCTaBneHa Joseph G. GalL Carnegie Institution 


Ha3BaHne «xpoMocoMbi rana JiaMnoBbix m,eTOK» B3a- 
jiocb H3 onncaHna jiaTepaAbHbix neTeiib, KOTopbie Bbinann- 
BaiOTca H3 xpoMOMepoB no onpeAe;ieHHbiM nojioxceHnm 
(3 th neran AenaioT bcio xpoMocoMy noxoxcen Ha JiaMno- 
Byio iyeTKy, Hbme HCHe3HyBiiiHH npeflMeT oónxoAa.) neTjín 
BbimiHHBaiOTca napaMn, no oahoh ot Kaxyjon cecrpnHCKon 
xpoMaTHAbi n HenpepbiBHO npoAOJDKaiOT aKcnajibHyio HHTb 
xpoMOcoMbi. Ohh — He hto HHoe, KaK MaTepna^ xpoMoco- 
Mbi, BbinaneHHbiH H3 xpoMOMepa, b kotopom oh 6bui opra- 
HH30BaH óojiee KOMnaKrao. 

neran OKpyxceHbi MaTpnKCOM H3 pnóoHymieonpoTen- 
hob (PHn), r^e coAepxcaTca HOBOCHHTe3npoBaHHbie yenn 
PHK. Hepe^KO, no yBejinneHnio /yinHbi PHn, ornóaiomHX 
neTJiio, moxcho BbiHJieHHTb eAHHHu,y TpaHCKpnnu,HH. npn- 
Mep npHBeAeH Ha pmc. 28.17. 

TaKHM oópa30M, b bhac neran H3 xpomocomm Bbiny- 
m,eH cerMeHT flHK, KOTopbin aKTOBHO TpaHCKpnónpyeTCfl. B 
pime oiynaeB 6bmn HAeHTH$Hu,npoBaHbi neran, cooTBeTC- 
TBOBaBinne KOHKperabiM reHaM. B TaKoň cnTyaunn crpyK- 
Typa TpaHCKpnónpyeMoro reHa — n Bce, hto KacaeTca ero 
npoAyKTa — MoxceT craTb npeflMeTOM n3yneHna in situ. 


28.10 


nOJIMTeHHbie XpOMOCOMbl 
BbiraaA^T no/iocaTbiMM 


KmoneBbie noHaTMa: 


• OKpameHHbie npenapaTbi no/iMTeHHbix xpomocom AeyKpbmbix 
HaceKOMbix HecyT cepMM no/ioc, KOTopbie mo>kho ncno/ib 30 BaTb 
KaK AMToaorMHecKyio KapTy. 


MHTep$a3Hbie 5mpa b HeKOTopwx TKaHax jihhhhok AByKpbi- 
jibix Myx coAepxcaT xpoMOcoMbi, /yinHa n AnaMeTp KOTopbix, 
no cpaBHeHnio c oóbiHHbiM cocToaHneM, HaMHoro yBejinne- 
Hbi. B KanecTBe npnMepa Ha pmc. 28.18 npnBe/jeH npenapaT 
Haôopa xpomocom n3 cjnoHHoň xceAe3bi jihhhhkh D. mela- 
nogaster. Hx Ha3biBaioT nojíHTCHHbiMH xpoMocoMaMn. 

Kaxyjaa xpoMOCOMa nojíHTeHHoro Haóopa coctoht 
n 3 bhahmoh cepnn nonoc (óoiiee npaBniibHO, ho peAKO, 
aApecyeMbiM KaK xpoMOMepbi). noAOCbi pa 3 JinHHbi no nin- 
pnHe, KOTopaa MoxceT cocTaBJíaTb ot 0,05 ao 0,5 mkm. Ca- 
Myio y 3 Kyio nojiocy moxcho pa 3 JinHHTb TOJibKo b sjieicrpoH- 
Hbíň MHKpocKon. noAocbi (b hhx coflepacHTCfl óójibinaa 
nacTb Bceň Maccbi J\ HK) HHTeHcnBHO OKpaniHBaiOTca 
cooTBeTCTByiomHMH peaKTHBaMH. YnacTKn Mexc^y nojio- 
caMH oKpaiunBaioTca b óoiiee CBerabíň toh; nx Ha 3 biBaiOT 
npOMe»cyTKaMH. B Haóope xpomocom D . melanogaster 
HacHHTbiBaeTca -5000 noAoc. 

UeHTpoMepbi Bcex neTbipex xpomocom D. melanogas¬ 
ter cxoAflTca BMecTe n o6pa3yiOT xpoMoyeHTp, coctohiahh 
no óojibiueň nacra n3 reTepoxoMaraHa. (Y caMitOB b ero co- 
CTaB bxoaht Bca Y-xpoMOCOMa.) 3a BbineTOM xpoMoyeHTpa 
nojiynaeTca, hto 75% reHOMHoň flHK D. melanogaster op- 
raHH30BaHO b Bn/ie HepeAyioiiJ,nxc5i noiioc n npoMexcyTKOB. 
CyMMapHaa /yinHa xpomocom b rannonAHOM Haóope paBHa- 
eTCfl 2000 mkm, eain coAepxcaiyyioca b hhx J\ HK noiiHOCTbio 
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PMC. 28.18 ľlo^MTeHHbie xpoMOCOMbi D. melanogaster ripeflCTaB/ifl- 
iotcoóom cepmi nepeAyiomMxai no/ioc n npoMe>KyTKOB. OoTorpact)MB 
jno6e3HO npeflOCTaB/ieHa José Bonner, Indiana University 


pacnpaBHTb, OHa pacniHeTCfl Ha 40000 mkm. CooTHomeHHe 
Pjuíh AaeT K03(J)(J)HiiHeHT ynaKOBKH —20, hto HarjiHAHO no- 
ACHaeT, B CKOJIb ACKOHAeHCHpOBaHHOM COCTOflHHH npeôbl- 
BaeT reHeTHqecKHH iviaTepnaA nojíHTeHHbix xpomocom no 
epaBHeHHK) C HHTep(J)a3HbIM XpOMaTHHOM H MHTOTHneCKH- 
MH XpOMOCOMaMH (y KOTOpblX K03(J)(J)HllHeHTbI ynaKOBKH 
paBHÍHOTCa ~10 3 H ~10 4 COOTBOTCTBeHHO). 


rH6pMAM3ai4Hfl in situ noMoraer 
MAeHTM<t)H4HpOBaTb no/iocbi «no coAep>KaHMio» 



^ ľloflroTOB^eHHbie 

• 3aMopo3mb b cyxoM /íbfly tuie TK M Ha npefl- 

• ľlpOMblTb STMJlOBblM CľHipTOM MeTHOM CTeKJie 

• 3aK-nioHmb b arap-arap 

• fleHaTypnpoBaTb flHK 

• l/lHKy6npoBaTb c paflMoaKTMBHoíí npoóoií 
•OTMbiTb HecBB3aBiijyiocB npoóy 

• ľlpoBecTM aBTopaflnorpa(})mo 


1 



3aTeMHeHMB (})OT03MyjlbCMM 
COOTBeTCTByiOT CaiÍTaM 
rn6pMAM3aunM npoóbi co CBoeií 
reHOMHoŕí MmueHbio 


PMC. 28.19 lipu noMomM rn6pMAM3aunM in situ b no/iMTeHHbix xpo- 
MOCOMaX MO>KHO MA6HTM(J)MLlMpOBaTb ľlOJlOCbl, COflep^aiUMe KOHKpeT- 
Hbie reHbi 


KaK ycTpoeHbi sth rnraHTCKne xpoMOCOMbi? KaacAaa H3 
hhx — npoAyKT nocneflOBaTejibHbix penjíHKaiinn cnHan- 
cnpoBaHHOH AnnjioHAHOH napbi xpomocom. B cbocm pac- 
npaBJíeHHOM coctoahhh penjíHKH He pa3AejunoTCfl, a ocra- 
K)Tca CKpenjieHHbiMH. npeAnojioacHM, Ha crapTe npoijecca 
coAepxcaHne HK b CHHancnpoBaHHon nape xpomocom 
paBHaeTca 2C, rAe C -sto kojihmcctbo J\ HK b oahoh xpoMO- 
coMe. 3aTeM coAepxcaHne flHK yABanBaorca, 3aTeM — cHOBa, 
h TaK ao ACBaTH pa3 noAP^A- KaK MaKCHMyM, coAepxcaHne 
JX HK npn stom noBbimaeTca ao 1024C. Hhcjio yABoeHHH 3a- 
bhcht ot KOHKpeTHOH TKaHH jihhhhkh D. melanogaster , rj\t 
nponcxoAHT npoijecc. 

Ha npenapaTax noiíHTeHHbie xpoMOCOMbi BbirjraAflT 
COCTOaiAHMH H3 ÔOJIbHIOrO HHCJia npOAOJIbHO HAyiAHX 
napaiuiejibHbix bojiokoh, KOTopbie njiomo KOHAeHcnpo- 
BaHbi b 30Hax nojioc h ôoiiee pbixjio — b npoMOKyTKax. 
CyAfl no BceMy, Ka^KAoe bojiokho ((J)H6pHJuia) npeACTaB- 
jiaeT coôoh OAHHapHyio ranjionAHyio xpoMOCOMy (c co- 
AepxcaHneM flHK, paBHbiM C). CTeneHb nojíHTeHnn — sto 
HHCJIO OAHHapHblX XpOMOCOM B COCTaBe rnraHTCKOH 
XpOMOCOMbl. 

y Ka>KAOH jihhhh Drosophila — cboh naTTepH ncnep- 
neHHOCTH xpomocom. nocToaHHoe nnaio h jiHHeHHoe 
pacnojioxceHne noiioc BnepBbie 3aMera;iH b 1930-x roAax h 
cpa3y noHíuín, hto ohh o6pa3yiOT i^umojiozmecKyn) mpmy 
xpOMOCOM. XpOMOCOMHbie nepeCTpOHKH — ACneilHH, HH- 
Bepcnn, AynjíHKaijHH — npnBOAHT k H3MeHeHHHM b nopaAKe 
pacnojioxceHHíi noiioc. 



PMC. 28.20 ľlOJlOCbl 87A m 87C: npn óo/ibiuoM yBe/nmeiHmi bmaho, 
mto mx flHK cneunc()MMHO rn6pnAM3yeTCB c PHK, KOTopaa 6bma Bbi- 
Ae/ieHa M3 K/ieTOK, noABepraBLUMxca Ten/iOBOMy tuoKy. <t>OTorpac()Mfl 
jno6e3Ho npeAOCTaB^eHa José Bonner, Indiana University 
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JlHHeHHblH MäCCHB nOJIOC MOJKHO päCCMäTpHBäTb KaK 
OToôpa^ceHHe jiHHeňHoro MaccHBa reHOB. IeHeTmecKHe 
nepecTpoHKH, HaHeceHHbie Ha KapTy cijenjieHHfl npn 3 Ha- 
KOB MOryT ÔbITb COOTHeceHbl C H 3 MeHeHH«MH B UHTOJIOľH- 
qecKOH KapTe. B HAeajie, KOHKpeTHaa MyraijHfl MoaceT 6 biTb 
3 ane;ieHroBaHa b kohkpcthoh nojioce. CyMMapHoe hhjio 
reHOB D. melanogaster npeBbimaeT hhcjio nojioc, h b 6 ojib- 
niHHCTBe nojioc (ecjiH He bo Bcex) coAepjKHTca no HecKOJib- 
Ky reHOB. 

ri03HUHH, 3aHHMaeMbie KOHKpeTHbIMH TeHaMH Ha UHTO- 
jiornnecKOH KapTe, mojkho onpeACJíHTb HenocpeACTBeHHO. 
Jp\9i 3TOrO HCnOJIb3yK)TCH MeTOAHKH ra6pHA,H3aU,HH in 
situ ; hx oôoômeHHbiH npoTOKOJi npnBeAeH Ha pmc. 28.19. 
PaAHoaKTHBHaa npoóa, npeAcraBjmiomafl reH (qame Bcero 
MeneHaa KflHK) rn6pHAH3yeTca in situ c AeHaTypnpoBaH- 
HOH JX HK nOJIHTeHHblX XpOMOCOM. 1103H11HH reHOB, COOT- 
BeTCTByioiAHx npoóe, onpeAejunoT aBTopaAHorpac})HeH, no 
onTnnecKOMy HajioxceHHio 3acBeneHHbix 3epeH cj)0T03Myjib- 
chh Ha KOHKpeTHyio nojiocy (hjih nojiocbi). ľlpnMep noxa- 
3aH Ha PMC. 28.20. B HOBOM BeKe Ha CMeHy paAHOaKTHBHbIM 
npoôaM npnnníH (JmyopeciieHTHbie. HoBeHiiiHH Tnn MeTo- 
Ahk c hx Hcnojib30BaHneM no3BOJmeT HanpaMyio jioKajín- 
30BaTb KOHKperayio noejieAOBaTejibHOCTb b KOHKpemoH 
nojioce. 


28.11 


flOJIMTeHHbie XpOMOCOMbl 
o 6 pa 3 yiOT «B 3 flyTM«» 
b Meaax 3 Kcnpeccnn reHOB 


IOiK)HeBbie noHBTMB: 


• Ha OKpaiueHHbix npenapaiax nojiMTem-ibix xpomocom no/iocbi, 
rfle lu/ia aKTMBHaa 3Kcnpeccna reHOB, Bbir/i^A^T pa3flyTbiMM 
(kiMeioT bma «nyc()OB»). 


ľlojíHTeHHbie xpoMOCOMbi oÔJiaAaioT toh HHTpnryíomeH 
OCOÔeHHOCTbK), HTO HX TpaHCKpHniJHOHHO-aKTHBHbie 06- 
JiaCTH MOJKHO yBHACTb BOOHHIO. YnaCTKH XpOMOCOM, COOT- 
BeTCTByioiAHe oTAejibHbiM nojiocaM, Ha KaKon-To npoMe- 
5 KyTOK BpeMeHH nepexoAAT b pacnjieTeHHoe cocToaHHe. 
Ha rHCTOJiorHnecKHx npenapaTax Taxaa nojioca 
KaK ny(|) (B 3 AyTne), MaTepnaji KOToporo KaK 6bi BbiAaBjíeH 
H 3 xpoMOCOMbi nepneHAHKyjiapHO ee och. Ocoôo KpynHbie 
nycj)bi (hx Ha 3 biBai 0 T KOJibijaMH EajibônaHH) mojkho BHAeTb 
Ha pmc. 28 . 21 . Kaxxce ohh ycTpoeHbi? 

B MecTe nycj)a BOJiOKHa nojíHTeHHOH xpoMOCOMbi ne- 
peuuiH b pacnjieTeHHoe cocToaHne — no cpaBHeHHio c 
oóbinHbiM, ôojiee njiorao ynaKOBaHHbiM cocroflHHeM, HMe- 
lOIAHM BHA nOJIOCbl. npH 3 TOM C 3 MH BOJiOKHa COXpaHflIOT 
HenpepbiBHOCTb h cocraBjííiioT oaho qejioe c BOJiOKHaMH 
oceBoň nacTH xpoMOCOMbi. OôbinHO nycjjbi — sto npoH 3 - 
BOAHbie OTAejibHbix nojioc; ecjín ohh oneHb óojibmne, KaK 
KOJibiia BajibônaHH, to B 3 AyTne MoxceT 3 aKpbiBaTb oÔ 3 op 
coceAHHx nojioc. 

narrepH, o6pa3yeMbiň nycjiaMH Ha xpoMOCOMax, mo- 
xceT ôbiTb cooTHeceH c npocjjHJieM 3KcnpeccHH reHOB. B 


npoiiecce jiHHHHOHHoro pa3BHTHa Drosophila bo3hhk- 
HOBeHHe h perpecc nycj)OB noAnHHeHbi onpeAeneHHbiM 
TKaHeCneilH^HMHblM 3aKOHOMepHOCTflM. fljIH Ka>KAOH 
TKaHH B Ka^AblH MOMeHT BpeMeHH eCTb CBOH XapaKTep- 
HbiH narrepH nycj)OB. Bo3HHKHOBeHne nycjjOB HHAyunpy- 
eTCfl ropMOHOM 3KAH30H0M, KOHTpOJIHpyK)IU,HM pa3BHTHe 
Drosophila. HeKOTopbie nycjjbi HHAyunpyioTca skah30hom 
H enocpeACTBeHHO, Apyrne — KOCBeHHO, nepe3 npoAyKTbi 
ôojiee paHHHx nycjjOB. 

nycj) — sto Mecmo , zde udem cunme3 PHK. TpaAnun- 
OHHoe BHAeHne TaKOBO, hto nycj)bi B 03 HHKai 0 T KaK pe 3 yjib- 
TaT pejiaKcaiiHH xpoMOCOMbi, HeoóxoAHMon aa« CHHTe 3 a 
PHK. nycj) MOXceT OTpaxcaTb aKTHBHoe cocToaHne OAHoro 
eAHHCTBeHHoro reHa. «B 3 AyTbie» nojiocbi OTjinnaioTca ot 
OÔ blKHOBeHHblX nOJIOC TeM, HTO B HHX HaKanjIHBaiOTCfl 
AonojiHHTejibHbie ôejiKH, b nnaie KOTopbix — PHK-nojin- 
Mepa 3 a II h Apyrne ôejiKH, accoiinnpyeMbie c TpaHCKpnn- 
iineH. 

CBOHCTBa nOJIHTeHHblX xpOMOCOM H XpOMOCOM rana 
jiaMnoBbix meTOK HaBOA^T Ha Mbiaib: a^ Toro nToôbi 
ôbiTb TpaHCKpHÔnpoBaHHbiM, reHeTHHecKOMy MaTepnajiy 
npnxoAHTca BbixoAHTb H 3 CBoero oóbinHoro njiorao yna- 
KOBaHHoro cocTOAHHfl. Bce xce cjieAyeT HMeTb b BHAy, hto 
B onpoc, HacKOJibKO xoporno jiOKajibHoe paccpeAOToneHne 
MaTepnaiia b orpoMHon xpoMOCOMe HMHTnpyeT MOJieKy- 
jiapHbie coôbiTHfl b HHTepc{)a 3 HOM syxpoMaTHHe, ocTaeTca 
OTKpbITbIM. 

HMeeT jih ncnepneHHOCTb nojíHTeHHbix xpomocom Ka- 
KOH-TO (J)yHKU,HOHaJIbHbIH CMblCJI, TO eCTb, COOTBeTCTByeT JIH 

Ka^Aaa nojioca KaKOH-To reHeTnnecKOH eAHHHiie? Ectcct- 
BeHHO ôbuio 6 bi npeAnojioxcHTb, mto, HMea b pacnopíDKeHHH 
nOJIHOCTblO OTCeKBeHHpOBaHHblH reHOM MyXH, OTBeTHTb Ha 
stot Bonpoc AOBOJibHO jierKO. B caMOM Aejie, npoKapTnpoBaB 
npoMe>KyTKH Me^o,y nojiocaMH Ha nojiHopa 3 MepHoň noc- 



PMC. 28.21 B K/ieľKax c^kdhhwx >ne^e3 HacenoMoro C. tentansxpo- 
MOCOMa IV HMeeT TpM xo^bua Ba^bónaHM. BocnpoM3BefleHO no Celí, 
vol. 4, Daneholt B., et al., Transcription in polytene chromosomes 
..., pp. 1-9. Copyright 1975, c pa3peiueHMfl Elsevier. OoTorpacJjMfl 
^K)6e3HO npeflocTaB^eHa Bertil Daneholt Medical Nobel Inštitúte 


758 TJ1ABA 28 XpoMOCOMbi 









jieflOBaTejibHocTH reHOMa, moxcho, HaBepHoe, onpeAejíHTb, 
ecTb jih y nojioc KOHKpeTHaa tjx HHOo6pa3Haa cymHOCTb. Ha 
ceroAHauiHHH j\t Hb HHKaKoro naTTepHa reHOMHbix nooie- 
AOBaTejibHocTefí, KOTopbin yKa3biBaji 6bi Ha cjjyHKíjHOHajib- 
Hyio 3HaqnMOCTb nojioc, oÔHapyaceHO He 6buio. 


28.12 


ByKapMOTimecKMe xpoMocoMbi 
c/iy>KaT K/ieTKe npncnoco6jieHMflMM 
A/ifl cerperauMM 
reHenmecxoro Maiepna/ia 


KmoHeBbie noHaTMfl: 


• 3yKapnoTMHecKne xpoMocoMbi yflep>KMBaK)TCB b BepeTeHe 
Ae/ieHMA 6/iaroAapa MMKpoTpyéoHKaM, npMKpervieHHbiM k 
KMH eTOxopaM, c()opMMpyK)mMMca npn ueHTpoMepax. 

• Bo MHorMx c/iyHaax uem-poMepbi coAepwaT 
reTepoxpoMaTMH, 6oraľbiŕí nocneAOBaTe/ibHOCTAMM 
caie^MTHoŕí flHK. 


Bo BpeMB MHT 03 a CeCTpHHCKHe XpOMaTHAbI paCXOAATCa K 
npOTHBOnOJIO)KHbIM nOJIIOCaM KJieTKH. Hx ABHXCCHHe 3 aBH- 
CHT OT npHKpenjieHHa XpOMOCOMbI K MHKpOTpyÓOHKaM, 
KOTopbie ApyrHM cbohm KOHU.OM eooômaioTCfl c nojnoca- 
MH KJieTKH. (CHCTeMa MHKpOTpyÔOHeK — 3 TO KOMnOHeHT 
u,HTOCKejieTa; npn MHT 03 e MHKpoTpyóonKH peopraHH- 
3 yK)TCfl H COeAHHflIOT xpOMOCOMbl C nOJIIOCaMH KJieTKH.) 
U,HTonjia 3 MaTHqecKHe caHTbi, rAe yn,ep>KHBaioTCfl kohijm 
MHK poTpyóoneK, Ha3biBaioT u,eHTpaMH opraHH3auHH mhk- 
poTpyôoneK (U,OM). Ohh pacnojioxceHbi 6jih3ko k u,eHT- 
pnojiHM Ha nojiiocax, a Taioxe Ha xpoMoeoMax. 

p VI C, ľ í. P/ HJIJIIOCTpHpyeT pa 3 AeJieHHe CeCTpHHCKHX 
xpoMaTHA no Mepe Toro, KaK mhto3 nporpeccnpyeT ot 
MeTacJ)a 3 bi k TejiocJ)a 3 e. YnacroK xpoMocoMbi, oTBeTCTBeH- 
Hbin 3 a ee cerperau,Hio (pacnpeAejieHne no AonepHHM 
KjieTKaM) npn MHT 03 e h Meňo 3 e, Ha 3 biBaioT ijempoMe- 

pOH. MHKpOTpyÔOMKH THHyT UeHTpOMepbl CeCTpHHCKHX 


xpoMaTHA k npoTHBonojioxcHbiM nojnocaM. B npoTHBOBec 
STOH ABH^CyiAeH CHJie, ÔeJIKH KOre3HHbI, KOTOpbIMH «CKJie- 
eHbi» cecTpnHCKHe xpoMaTHAbi, npoAOJixcaioT yn,ep)KHBaTb 
hx BMecTe. Pa3A0JieHHe CeCTpHHCKHX xpoMaTHA HanHHa- 
eTca c ijempoMep, a 3aTeM ohh nojiHOCTbio ocBOÔoxcAa- 
iotch Apyr ot Apyra (nocKOJibKy Kore3HHbi AerpaAnpyiOT). 
U,eHTpoMepbi pacTarHBaiOTCfl k nojnocaM, yBJíexaa 3a co- 
6 oh xpoMocoMbi (ôbiBinne cecTpnHCKHe xpoMaTHAbi). Ta- 
khm o6pa30M, xpoMoeoMa pa6o r raeT KaK cBA3yiomee npn- 
cnocoÔJieHHe MeacAy ôojibuiHM mkcjiom coAepxcamHxca b 
H en reHOB h annapaTOM KjieTonHoro AeJieHna. XpoMoeoMa 
(aAanTop) KOopAHHHpyeT pacnpeAejieHne reHeranecKoro 
MaTepnajia c cjmTHnecKHM npocTpaHCTBeHHbiM pa3AeJie- 
HneM Benj,ecTBa KJieTKH. 

Y xpoMocoMbi ecTb oójiacTb, nepe3 KOTopyio cecrpHH- 
cKne xpoMaTHAbi yAep^KHBaioTCH BMecre ao Toro, KaK ot- 
AejiaTca Apyr ot Apyra h cTaHyT xpoMOCOMaMH. Ha (Jjoto 
pne. 28.11, rAe noKa3aHbi cecTpHHCKHe xpoMaTHAbi Ha mo- 
Mem MeTacJ)a3bi MHT03a, 3Ta oĎJiacTb BbirjiaAHT KaK npo- 
AOJibHaa nepeTOKKa, c kotopoh conpnKacaiOTCH Bce nerape 
njiena xpoMaTHA. 

UeHTpoMepa npnHijHnHajibHO BaxcHa cerperau,HH, 
06 stom CBHAeTejibCTByeT noBeAeHne xpomocom, noTep- 
neBUiHx pa3JiOMbi. nocjie pa3JiOMa no OAHOMy H3 njien, 
AHCTaJIbHblH OÓJIOMOK STOľO njiena, OTAeJIHBIIIHCb ot oc- 
TajibHOH xpoMocoMbi, o6pa3yeT aijempmeciam <J)par- 
MeHT. H3-3a OTcyTCTBHa ijeHTpoMepbi aueHTpnnecKHH 
(fjparMeHT He MoaceT 6 biTb npnKpenjieH k BepeTeHy AeJie- 
hhh, h b pe3yjibTaTe oh He nonaAaeT b cocraB hh OAHoro 
H3 AonepHHx flAep. 

B cBoeM ABHxceHHH xpoMocoMbi, b KanecTBe HaBnra- 
TopoB, nojiaraioTca Ha AHCKperabie ueHTpoMepbi, h ľ£h- 
TpoMepa b xpoMOcoMe moxcct 6 biTb mojibKo OAHa. KorAa, 
b pe 3 yjibTaTe TpaHCJiOKaijHH, o 6 pa 3 yioToi xpoMocoMbi c 
ôojiee neM oahoh ijempoMepoH, mhto3 npeBpamaeT hx b 
aôeppaHTHbie cTpyKTypbi. 3to nponcxoAHT H 3 - 3 a Toro, hto 
ABe ueHTpoMepbi, npnHaAJiexcaiAHe odnoií u mou we cecr- 
PHHCKOH XpOMaTHAe, MOľyT ÔbITb paCTHHyTbl K pa 3 HbIM no- 
jnocaM, h xpoMoeoMa npn stom pBeTca. Y HeKOTopbix bhaob 


flpM MMT03G UeHTpOMepbl XpOMOCOM paCXOflATCfl Bp03b - nO MMKpOTpyÓOHKaM 



B aHac()a3e MMT03a MMKpoTpyóoHKM, npMKpen^eHHbie k LiempoMepaM, TAHyT xpoMO- 
comw k npoTMBonojioiKHbiM no/iiocaM K/ieTKM. flo Haciyn^eHMu aHac()a3bi cearpMHCKMe xpoMaTMflbi 
yflep>KMBaK)TCB BMecTe óe^xaMM Kore3MHa. Ha n^K)CTpaunn ueHTpoMepa M3o6pa>KeHa nocepeflMHe 
xpoMocoMbi (MeTaueHTpMHecKOŇ). Ha caMOM fle/ie ueHTpoMepa MO>KeT HaxoflMTbCB b jiioóom Mecie 
Ha OCM XpOMOCOMbl, HanpMMep, paflOM C OflHMM M3 KOHLJOB (y aKpOUeHTpMHeCKMX XPOMOCOM) MJ1M Ha 
caMOM KOHue (y TeaoueHTpMnecKMx xpomocom) 
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PH C. 28.23 M 36 npaTejibHoe MHTeHCMBHoe OKpaiuMBaHMe uempoMep 
BO Bcex XpOMOCOMaX MO>KHO nOJiyHMTb C nOMOlUbK) rMCTO^OrMHeC- 
kom TexHMKM C-banding. OoTorpact)MB /no 6 e 3 HO npeflOcraBjíeHa Lisa 
Shaffer, Washington State University-Spokane 


opraHH 3 MOB iteHTpoMepbi «AH(J)(J)y 3 Hbie» h BeAyT ce6a cob- 
CeM HHbIM 0 Ôpa 30 M. riOKa TOJIbKO AHCKpeTHbie i^eHTpoMe- 
pbi ôbuiH npoaHa^H 3 HpoBaHbi Ha MOJieicyjiapHOM ypoBHe. 

Bo MHorax cjiynaax ynacTKH xpomocom no ôoxaM ot 
ueHTpoMepbi coAepxcaT MHoro caTejníHTHOH fl HK h, b oc- 
HOBHOM, COOTBeTCTByiOT rOTepOXpOMaTHHy. Bo BpeMfl 
MHT 03 a xpoMocoMa KOH/i,eHCHpoBaHa; ijempoMepHbiH 
rerepoxpoMaTHH b Hen He pa 3 JiHMHM. BH 3 ya^H 3 HpoBaTb 
ueHTpoMepHbiH reTepoxpoMaTHH mo>kho npn noMOiflH 
MeTOAHKH OKpaniHBaHHa, npoaBJíaiomeH b xpoMocoMax 
C-nojiocbi. Ha (J)OTorpacJ)HH npenapaTa, npHBeAeHHon Ha 
P H C. 28 . 23 , BCe IjeHTpOMepbl BHAHbl KaK ryCTO OKpameHHbie 
ynacTKH. XoTa Tax oôbinHO h ôbiBaeT, Bce xce BbiaBHTb reTe- 
pOXpOMaTHHOByiO OKpeCTHOCTb MO)KHO He y Ka^KAOH UeH- 
TpoMepbi, h, bo 3 mo)kho, 3 TOT reTepoxpoMaTHH He Tax yac 
cymecTBeH /Vi« cerperaijHH. 



UeHipoMepbi npMKpen/ieHbi k MMKpoTpy 6 om<aM 




Ee/iKM, CBA3aHHbie 
C MMKpOTpyÓOHKOÍÍ 


UeHTpoMepHbie 

6e/iKM 


- vv, 8.2 h ĽleHTpoMepa cooTBeTCTByei 3/ieMeHTy xpomocomhom 
flHK co cneuncJ)MHecKOM nocjieAOBaiejibHOCTbio: 3 tot a/ieMem cbb- 
3biBaeT onpefle^eHHbie 6enm f oc^opM/iaioiuMe ueHTpoMepy nan Mec- 
to Ha xpoMOCOMe, c KOTopbiM MoryT B3anMOfleiícTBOBaTb Apyrwe 6e/i- 
KM - CB513aHHbie C MMKpOTpyÓOHKaMM 


YnacTOK xpoMocoMbi oôpeTaeT CBOHCTBa qeHTpoMepbi 
b CHjiy Hznmm b HeM onpeAejieHHbix nocneAOBaTejibHOC- 
Ten JX HK (xoTa caMH nocjieflOBaTenbHOCTH onpeflejieHbi y 
AOBOJibHO y3Koro xpyra oó'beKTOB). U,eHTpoMepHaa flHK 
CBa3biBaeT cneijH(})HqecKHe ôejiKH, nopoacflaiomHe crpyK- 
Typy, KOTopaa npHKpemiaeT xpoMOCOMy k MHKOTpyóonKäM. 
3Ta CTpyKTypa — khhctoxop — bmitihaht xax TeMHO- 
OKpameHHbiH BOJiOKHHCTbiň o6i>eKT pa3MepoM -400 HM. 
KnHeToxop o6pa3yeT Ha xpoMOCOMe ijemp opraHH3au,HH 
MHKpoTpyôoneK. Ha P n c. 28.24 H3o6paxceHa cxeMa nepap- 
xHnecKH opraHH30BaHHon CTpyKTypbi, ocymecTBjíínomeň 
KOMMyHHKaUHK) Me>Kfly UeHTpOMepHOH flHK H MHKpOTpy- 
6 ohkoh. BejiKH, CB«3aHHbie c flHK ueHTpoMepbi, CBa3biBaioT 
Apyrwe 6enKH, KOTopbie, b cboio onepeflb, CBa3biBaiOTca c 
MHKpoTpyôoHKOH (cm. pa3A. 28.15 «U,eHTpoMepa CBa3brca- 
erca c ôejiKOBbiM KOMnjieKCOM»). 


28.13 


LJeHTpoMepbi coflepxoT 
noBTopaioiuMecA 
noc/ieAOBaie/ibHOCTii flHK 


KjiKjneBbie noHBTMfl: 


• ĽleHTpOMepbl B XpOMOCOMaX BblCLUMX 3yKapMOT COflep>KaT 
6ojibLune KO/iMHecTBa noBTopoB flHK. 

• (l>yHKUMfl 3TMX nOBTOpOB nOKa He M3BeCTHa. 


npoTaxceHHOCTb ynacTKa, Bbicrynaiomero b KanecTBe \\tn- 
TpOMepbl, y ÔOJIbUIHHCTBa xpOMOCOM AOBOJIbHO BeJlHKä. 
(KopoTKne AHCKpeTHbie ajieMeHTbi, nrpaioiflHe pojib \\tm- 
poMep y S. cerevisiae — sto, cxopee, HOunoneHHe.) B Tex 
oiynaax, xorfla ueHTpoMepHyio flHK moxcho OToacAecTBHTb 
co cneuH(J)HqecKHMH nocjieAOBaTejibHOCTaMH, sth nooie- 
AOBaTejibHOCTH oôbinHO coAep)KaT noBTopaioiAHeoi Hyx- 
JieOTHAHbie MOTHBbl. 

JXpoyiom S. cerevisiae — sto, noKa hto, eAHHCTBeHHbin 
cjiynaH, a^ih KOToporo ueHTpoMepHaa flHK 6 buia HAeHTH(J)H- 
UHpoBaHa no CBoeň cnocoÔHOcra npHAaBaTb cTaônjibHOCTb 
n^a3MHAaM. 3 tot noAxofl npnMeHíuín h k ApyroMy bhay 
A po^cen, Schizosaccharomyces pombe. Y S. pombe Bcero 

TpH XpOMOCOMbI; B Ka>KflOH H 3 HHX yflaAíUlH ÔOJIbUIHHCTBO 
nocjieAOBaTejibHOCTeň h otc ji okh Báji h craÓH/ibHOCTb no- 
jiyHHBineHca MHHHxpoMOCOMbi. TaKHM MeTOAOM nbiTa^ncb 
HfleHTH(J)HLl,HpOBaTb MHHHMaJIbHyiO TeHOMHyK) OÔJiaCTb, 
cnocoÔHyio c^yHKítHOHnpoBaTb b KanecTBe u,eHTpoMepHOH 
flHK OKa 3 aAOCb, hto uempoMepHaa flHK S. pombe coAep- 
xcHTca b npeflejiax ynacTKOB no 40-100 nH (b 3 aBHCHMOCTH 
OT KOHKpeTHOH XpOMOCOMbl), H HTO 3 TH ynaCTKH COCTOHT 
(Bcefleno hjih no ôojibmen nacra) H 3 noBTopoB flHK. KaKaii 
AOJifl ot Ka^cfloro H 3 sthx, AOBOJibHO npoTH^ceHHbix, ynac- 
tkob TpeôyeTca jym cerperaunn xpomocom npn MHT 03 e h 
M eňo 3 e, noxa He hcho. 

nonbiTKH ji 0 KajiH 30 BaTb u,eHTpoMepHyio flHK b reHOMe 
Drosophila noKa3ajin, hto ee noaieAOBaTejibHOCTH paccea- 
Hbi Ha óojibuiHx ynacTKax (ot 200 ao 600 toh). 3HannTeab- 
Haa npoTaxceHHOCTb TaKoro poAa ueHTpoMepHbix oóJiacTeň 
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reHOMa no3BOJiaeT npe/tnojiaraTb Hanmm b hhx HecKOJibKnx 
(J)yHKUHOHajibHO oôocoĎJieHHbix arjxejiOB (HanpHMep, noc- 
jieAOBaTe^bHocreH, HeoôxoflHMbix jijví cóopKH KHHeroxopa 
hjih nonapHoro CKperweHHa ceapnHCKHx xpoMaTH/t). 

Pa3Mepbi u,eHTpoMepHbix oôjiacren b reHOMax Myxn 
Drosophila h pacreHHa Arabidopsis cpaBHHMbi Apyr c flpy- 
roM. RHK Ka^Aoň H3 mrm xpomocom Arabidopsis coflepxcnT 
oĎJiacTb u,eHTpoMepbi, rpeKOMÔHHaijHfl oneHb CHjibHO 
noAaBjíeHa. 3Ta oóJiacTb 3aHHMaeT >500 tuh. B Hee coBep- 
rneHHO tohho yioiaAbiBaeTca bca ueHTpoMepHaa R HK, ho 
npaMbix CBeAeHHH o tom, Kaxaa j\om stoh oôjiac™ Tpeôy- 
eTca aa« HopMajibHoň <J)yHKijHH, noKa HeT. B flaHHOH oójiac- 
th ecTb SKcnpeccHpyeMbie reHbi, mto BcejiaeT HeKOTopbie 
coMHeHHa b ijeHTpoMepHOM npeAHa3HaHeHHH Bcen oôjiac- 
th. CepeAHHy oôjiacTH 3aHHMaioT noBTopbi no 180 nH; sto 
K ax pa3 Tnn CTpyKiypbi, b oômeM oiynae accou,HHpyeMbiH c 
ueHTpoMepaMH. B flaHHOM oiynae roBopnTb o flOMHHHpyio- 
IIJ,eM (J)yHKU,HOHaJIbHOM 3HaneHHH HMeHHO 3THX nOBTOpOB 
npexcAeBpeMeHHO. 

B reTepoxpoMaTHHe ijempoMep npnMaTOB npeoójiafla- 
eT a-caTejuíHTHaa R HK, npeflcraBJíínomafl coôon TamteMHbiH 
MaccHB noBTopínoiAHxca e/tHHHu, no 170 nH. Pa3JiHHHa MOKAy 
OTAeJIbHbIMH nOBTOpaMH AOBOJIbHO 3HaHHTeJIbHbI, XOTfl Te 
a-noBTopbi, hto HaxoAATca b uempoMepe, noxoacn /tpyr Ha 
Apyra cnjibHee, neM Ha noBTopbi Toro xce ceMencTBa H3 flpy- 
rnx oôJiacTeH xpoMOCOMbi. Acho, hto nocjieAOBaTejibHOCTH, 
oóecnennBaioiAHe (JjyHKunoHa^bHOCTb ueHTpoMepbi, Haxo- 
AaTca rAe-TO cpeAH ôjiokob a-caTeAJíHTHOH RHK\ cmu jih 
sto ójiokh a-noBTopoB hjih xce Apyrne reHOMHbie nocneflo- 
BaTejibHoc™, HaxoAAiAneca b hx OKpyaceHHH, Hen3BecTHO. 


L|eHTpoMepbi S. cerevisiae 
HecyT KopoTKue 
noc/ieflOBaie^bHOCTM AH K 


KnK)HeBbie noHflTMB: 


• noc^eflOBaie^bHOCTM CEN y S.cerevisiae 6bmn 
MAeHTMc()MUMpoBaHbi KaK npMAaiomMe njia3MMfle cnocoÓHOCTb k 
npaBM^bHOíí MHTOTunecKOM cerperauMM. 

• noc^eflOBaie^bHOCTM CEN coctoat M3 kopotkmx 
KOHC epBaTMBHblX 3/ieMeHTOB CDE-I M CDE-III. KOTOpbie 
cf)/iaHKMpyK)T A-T-6oraTbiíí 3/ieMem CDE-II. 


Ecjih u,eHTpoMepHaa nocjieAOBaTejibHOCTb RHK b caMOM 
Aejie OTBenaeT 3a cerperaunio, to jnoóaa MOJiexyjia RHK , 
Hecymaa Taxyio nocjieAOBaTejibHOCTb, AOJDKHa npn mie- 
TOMHOM ACJieHHH ABHľaTbCfl npaBHJIbHbIM 0Ôpa30M, TOľAa 
Kax RHK , He HMeiomaa b cbocm cocTaBe TaKOH nooieflo- 
BaTejibHOCTn, AOJixcHa ncnbiTbiBaTb npoĎJieMbi c cerpera- 
u,neH. Hmchho tzkum coo6pa)KeHHeM pyKOBOACTBOBajincb, 
nToôbi BbinjieHHTb uempoMepHbie nocjieAOBaTejibHOCTH 
RHK y ApoaoKeň S. cerevisiae. XpoMocoMbi ApoaoKeň He 

HMeiOT BbipaXCeHHblX KHHeTOXOpOB, npHCyiAHX BblCIIIHM 
syKapnoTaM, ho bo Bcex ocTajibHbix oraomeHrax hx cer- 
peraijHfl npn MHT03e h Meno3e npoTexaeT no TeM xce ca- 
MblM MexaHH3MaM. 

MeTOAaMH reHHOH HHXceHepnn H3roTaBjiHBaiOT /tpoxc- 
xceBbie njia3MHAbi, pemiHijHpyeMbie HanoAOÔne xpoMO- 
coMHbix nocjieAOBaTejibHocTeH (cm. pa3A. 15.8 «JlHu,eH- 
3npyioiAHe (J)aKTopbi AepxcaT noA KompojieM noBTopHyio 
penjíHKauHio tchomob 3yKapnoT»). OAHaxo npn MHT03e h 
M eňo3e Taxne njia3MHAbi BbiKa3biBaioT HecraônjibHOCTb h 
óojibniHHCTBOM íoieTOK TepaioTca, nocKOJibKy cerpernpyioT 
HeynopaAoneHHO. UeHTpoMepHbie ynacTKH xpomocomhoh 
RHK ôbuiH HAeHTH(J)HqHpoBaHbi KaK nocjieAOBaTejibHOCTH, 
npnAaioiAHe njia3MHAaM cTaónjibHocTb. 

OparMem CEN (centromeric DNA regions fragment; 
(f>parMeHT ynacTKOB u,eHTpoMepHOH RHK) onpeACAaeTca 
KaK MHHHMajibHaa OĎJiacTb, KOTopaa MOXceT npnAaTb pen- 
jinunpyeMOH njia3MHAe MHTOTnnecKyio cTaônjibHOCTb. 

OparMemoM CEN oahoh h3 xpomocom, mo^ío, 6e3o 
BCHKHX HBHblX nOCJieACTBHH, 3aMeHHTb U,eHTpOMepy Apyron 
xpOMOCOMbl. 3TO TOBOpHT O B3aHM03aMeHaeM0CTH U,eHTpO- 

Mep. Onu ucnojib3yK>mcn npocmo dm npuKperuienm xpo- 
mocom k eepemeny dejienm u ne uzpaiom numKou pánu e 
co3danuu pa3Jimuú MeMdy xpOMOcoMOMU. 

riocjieAOBaTejibHOCTH CEN yMemaioTca Ha OTpe3Ke 
AAhhoh 120 nH. Ohh ynaKOBaHbi b BHAe cTpyKTypbi, yc- 
tohmhboh k Hyioiea3aM, h CBa3biBaiOT (nepe3 óejiKn) pobho 
OAH y MHKpOTpyÓOMKy. HTOÓbl HAeHTH(f)HlJHpOBaTb ÔeJIKH, 
c KOTopbiMH cB«3aHa u,eHTpoMepHaa RHK , a Taoce ôejiKH, 
coeAHHaioiAHe xpoMOCOMy c BepeTeHOM ROiemín, cjieAyeT 
03HaKOMHTbca c u,eHTpoMepon S. cerevisiae b AeTajiax. 

KaK noKa3aHO Ha pmc. 28.25, b cocTaBe CENuomio Bbi- 
AejíHTb Tpn oTAejibHbix sjieMeHTa (noejieAOBaTejibHOCTH): 

• 3jieMem CDE-I (celí cycle-dependent element; 3aBHCH- 
MbiH ot joieTonHoro unioia sjieMem) — sto KOHcep- 
BaTHBHaa nocjieAOBaTejibHOCTb 9 nH (c mhhophhmh 


28.14 


AeHTpoMepHaa AHK5. cerevisiae coa^pkcht /yiMHHyio A-T- 6 oraTy»o noc/ieAOBaie/ibHoab 
B o 6 paM/ieHHH KOpOTKHX KOHCepBaTMBHblX yMaCTKOB 


TCACATGATGATATTTGATTTTATTATATTTTTAAAAAAAGTAAAAAATAAAAAGTAGTTTATTTTTAAAAAATAAAATTTAAAATATTTCACAAAATGATTTCCGAA 

AGTGTACTACTATAAACTAAAATAATATAAAAATTTTTTTCATTTTTTATTTTTCATCAAATAAAAATTTTTTATTTTAAATTTTATAAAGTGTTTTACTAAAGGCTT 

CDE-I CDE-II 80-90 n h, >90% A + T CDE III 


Pš'lC. 2B.. 1 ' 3^eMeHT CEN coflep>KMT fl/iMHHyK) A-T-6oraTyK) noc^eflOBaie^bHOCTb b oópaM^eHMM 
KOpOTKHX KOHCepBaTMBHblX yMaCTKOB. 3 tOT BbIBOfl Cfle^aH Ha 0CH0B3HMM OUeHKM CXOflCTBa Me>KAy 

nacTBMM HyK^eoTMflHbix noc^eflOBaTe^bHOCTeŕí ueHTpoMepHoŕí flHK y Apo>K>KeM 
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BapHau,HflMH), pacnojio)KeHHaa no jieBOMy xpaio Bcex 
ueHTpoMep. 

• 3jieMeHT CDE-II , c A-T-6oraTon nocneflOBaTejibHoc- 
Tbio ot 80 £0 90 nH, oÔHapyacHBaeTCfl bo Bcex ijempo- 
Mepax; ero (JjyHKu.HOHa^bHOCTb onpeflejiaeTCfl CKopee 

AAHHOH, HOKeJIH TOMHblM HyKJieOTHAHblM MOTHBOM. 

Pi3-3a cneuH({)HqecKoro cocTaBa ocHOBaHnn (H3ÔbiTKa 
A n T) b CDE-II MoryT B03HHKaTb xapaKTepHbie ncKa^ce- 
hha ABycnnpa^bHon cTpyKTypbi flHK. Cbohm crpoeHH- 
eM CDE-II HanoMHHaeT HeKOTopbie caTC/uinTHbie flHK, 
COCTOamne H3 KOpOTKHX TaHfleMHblX noBTopoB (cm. 
pa3A. 6.12 «CaTejuiHTHaa flHK qjieHHCTOHornx coctoht 
H3 OneHb KOpOTKHX HAeHTHqHblX nOBTOpOB»). 

• 3;ieMeHT CDE-III, BbicoKOKOHcepBaTHBHaa nocneAO- 
BaTejibHOCTb H3 11 nH, pacnojioxceHHaa Ha npaBOM 
xpaio Bcex ueHTpoMep. ľlo o6e ctopohh ot 3Toro 
ajieMeHTa HaxoflflTca MeHee KOHcepBaTHBHbie nooie- 
AOBaTejibHOcra, ho, CKopee Bcero, Toxce cymecTBeH- 
Hbie /yifl (J)yHKUHOHajibHOCTH ueHTpoMepbi. ( CDE-III 
MOXceT OKa3aTbca A™HHee, qeM 11 nH, ecjín cj)jiaH- 
KHpyiomne nocjieAOBaTejibHOCTH AencTBHTejibHO cy- 
LU,eCTBeHHbI H COCTaBJIfllOT C SJieMeHTOM OAHO (J)yHK- 

u,noHajibHoe qejioe.) 

MyTaunn b CDE-I hjih CDE-II CHnxcaiOT cj)yHKD,HOHajib- 
HOCTb ijempoMepbi, ho He HHaKTHBnpyioT ee. TonenHbie 
MyTaunn no ijempa^bHOMy CCG b CDE-III, HanpoTHB, noji- 
HOCTbio HHaKTHBnpyioT ijempoMepy. 


28.15 


IjeHipoMepa CBa3biBaeTca 

C ÓeilKOBbIM KOMÍUieKCOM 


KnKjneBbie noHama: 


• Ha CDE-II c(DopMMpyeTca cneuuaan3npoBaHHbm 6e/iKOBbm 
KOMnaeKC, a/ibTepHaTMBHbm oóbNHOM arpyKType xpoMaTMHa. 

• C CDE-III CBa3biBaeica 6e/iKOBbm KONin/ienc CBF3. 

• Ee/iKM, coeAMHaK)iune 3 tm flea KONin/ienca, MoryT oóecneHMBaTb 
HX CBa3b C MMKpOTpyÓOMKaMM. 


EejiKH, HeoôxoAHMbie ajia (J)yHKijHOHHpoBaHHfl nocjie- 
AOBaTejibHocTen CEN xax opraHH3aTopoB ijempoMep, 
yAaJIOCb HACHTH(J)HLl,HpOBaTb ĽCTb HeCKOJIbKO reHOB, 
MyTaunn b KOTopbix HapymaioT cerperaunio xpomocom h 
qbn ôejiKOBbie npoflyKTbi jioKajiH3yioTca b ueHTpoMepax. 
BioiaA 3 thx óejiKOB b cTpyKTypy u,eHTpoMepbi o6o6m,aeT 
PMC. 28.26. 

CBa3biBaHHe ajieMema CDE-II c ôcjikom Cse4 npnBOflHT 
k nocTpoeHHio cneuna^H3npoBaHHOH cTpyKTypbi xpoMara- 
Ha. EejiOK Cse4 noxoxc Ha oahh H3 thctohob, cocraBjíínoiflHX 
6a30Bbie cy6T>eAHHHu,bi xpoMaTHHa (cm. pa3A. 31.3 «CymecT- 
BOBaHne reTepoxpoMaTHHa oôyaioBjíeHO B3anMOACHCTBHa- 
mh thctohob c ApyrnMH 6ejiKaMH»). EejiOK Mif2, bo3mo>kho 
Taoce bxoaht b KOMnjieKc Cse4 c HK; no KpaHHeň Mepe, 
oh c hhm cBírnH. AHa^orn Cse4 h Mif2 ecTb b ijeHTpoMepax 
Bbicmnx ayKapnoT (CENP-A h CENP-C). KoHcepBaTHBHOCTb 
CTpyKTypbl ľOBOpHT O TOM, HTO AäHHOe B3aHMOACHCTBHe 
MO)KeT 6biTb yHHBepcajibHbiM acneKTOM ycrpoHCTBa u,eHT- 


yqacTKH 3/ieMeHTa CEN CBa3biBaiOT KOHKpeTHbie 6e/iKM 



PMC. 28.26 Ha ynacTKe CDE-II flBOMHaa cnnpa/ibflHKo6epHyTa bok- 
pyr 6eaKOBoro arperaia, b kotopom ecTb Cse4p. ynacTOK CDE-III B3a- 
HMOfleŕícTByeT c CBF-III, a ynacTOK CDE-I - c CBFl. 3tm 6e/iKM, b cboio 
oHepeflb, coo6maK)Tca Apyr c ApyroM nepe3 Ctfl9, Mcm21 n Okpl 


poMepbi. OcHOBy ajia B3anMOACHCTBna co3AaeT crnôaHne 
flHK CDE-II BOKpyr ôejiKOBoro arperaTa; Bepoflrao, noMora- 
eT to, mto A-T-6oraTaa flHK CDE-II H3omyTa caMa no ce6e. 

C CDE-I CBa3biBaeTca roMOAHMep CBFl; jyvi (jDyHKíjHO 
HaJIbHOCTH U,eHTpOMep 3TO B3aHMOACHCTBHe He npHHU,nnH- 
a^bHO, ho b ero OTcyTCTBne TOHHOCTb cerperaunn cm \ m - 
eTCfl npnMepHO b 10 pa3. C CDE-III CBA3biBaeTCfl KOMnneKc 
H3 neTbipex ôejiKOB o6nj,eH Maccoň 240 Kfla, Ha3biBaeMbiň 
CBF3; AJi« (J)yHKUHOHnpoBaHHa i^empoMep sto B3anMO- 
AeňcTBHe npnHunnna^bHO. 

EejiKH, CBímHHbie c RHK b CDE-I h CDE-III , (})H3HHecKH 
B3anMOACHCTByK)T Apyr c ApyroM, a Taoce B3anMOAencTBy- 
iot c óejiKOBOH CTpyKTypoň, npHBímHHOH k CDE-II nepe3 
eme OAHy rpynny Ocakob (Ctfl9, Mcm21, Okpl). CoeAH- 
HeHne ueHTpoMepbi c MHKpoTpyôonKOH ocyiAecTBjíaeTca 
HMeHHO nepe3 stot KOMnjieKc. 

OôiAenpHHaTaa MOACJib TaKOBa: KOMnjieKc Ctfl9-Mcm21- 
Okpl yAep^KHBaeTca Ha ueHTpoMepe 6e;iKOBOH CTpyKTypoň, 
noxoxcen Ha HymieocoMy — oóbinHbin cTponTe^bHbíň 6aok, 
H3 KaKHX COCTOHT XpOMaTHH. To, MTO nO 3TOH KBa3HHyKJieO- 
coMe npoxoAHT H3rn6 flHK, no 3 BOAaeT ôe^xaM, CBa3aBuinM 
(J)jiaHKnpyK)iAHe sjieMeHTbi, CTaTb qacraMH eAHHoro KOMn- 
jieKca. HeKOTopbie KOMnoHeHTbi 3Toro KOMrmeKca (bo3mo>k- 
HO, He Te, HTO HenOCpeACTBeHHO CBH3bIBaiOT Jl HK) CBH3bIBa- 
iot ueHTpoMepy c MHKpoTpyôonKOH. no TOMy )Ke npHHAnny, 
H C HCn0JIb30BaHHeM pOACTBeHHblX KOMnOHeHTOB, yCTpOeHbl 
KHHeroxopbi caMbix pa3Hbix opraHH3MOB. 


28.16 


Te/iOMepbi coAepaoT npoabie 
noBTopaioiAMeca 
nocaeAOBaieabHOCTM flHK 


KjiKDHeBbie noHaTMa: 


• TeaoMepa Hy>KHa a/ib CTa 6 nabH 0 CTM kohab xpoMOCOMbi 

• Te/ioMepHaa flHK coctoht M3 MHoroKpaTHoro npocToro 
noBTopa, OAHa m ueneŕí KOToporo MMeeT bma C >3 (A/T) 3 _ 4 . 


flpyroH HeoTT>eMjiHMbiH sjieMem Bcex xpomocom — sto 
TejiOMepa, kotopoh «onenaTaH» ee KOHeu,. TejiOMepa, 


762 MABA 28 XpoMOCOMbi 













PľiC. 28.27 TmiMHHafl Te/iOMepHaa flHK MM66T npociyK) noBTopflio- 
myioca nepBMHHyK) CTpyKTypy, rfle G-T-6oraTaa uenb Bbiciynaei 3a 
npefle/ibi KOMn/ieMemapHOM C-A-6oraioŕí i\env\. Bbicryn (TaK Ha3bi- 
BaeMbiŕí G-xboct) o6pa3yeTca 3a cnei orpaHMHeHHoŕí flerpaflaumí 
C-A-6oraTOM uenM 


AOjdkho 6biTb, HMeeT ocoóyio CTpyKTypy, nocKOJibKy a6ep- 
paHTHbie KOHIJbl xpOMOCOM, nOpOJKAeHHbie pa3JIOMaMH 
h jiHiueHHbie TejiOMep, oneHb SKcnaHCHBHbi h cTpeMflTca 
BCTynHTb b peaKu,Hio c flpyrHMH xpoMocoMaMH, Tor^a Kax b 
HO pMe KOHU,bI XpOMOCOM BnOJIHe CTaÔHJIbHbl. 

HAeHTH(J)HKaLi,HH noaieAOBaTejibHOcreH TejiOMep- 
HOH flHK MOtfCHO npHMeHHTb ABa KpHTepHH: 

• 3th nocjieAOBaTejibHOCTH AOJDKHbi 6biTb pacnojioaceHbi 
Ha KpaiO JIHHCHHOH XpOMOCOMbl. 

• 3th nocjieAOBaTejibHOCTH o6«3aHbi npnAaBaTb craÔHjib- 
HOCTb JIHHeHHOH MOJieicyjie JX HK, HaxoAflmeHca BHyTpn 
KjieTKH (TaM )Ke, r^e xpoMocoMbi). 

IlOHCKH MOACJIbHOH CHCTCMbl /yIfl nOCTaHOBKH 3KC- 
nepHMeHTOB Ha MOJieKynapHOM ypoBHe CHOBa npHBejín k 
ApoxoKaM. Bce njia3MHAbi, KOTopbie cymecTByioT b KyjibTy- 
pax ApoxoKeBbix kjictok ÔJiaroAapa oÔJiaAaHHio nocjieAOBa- 
TejibHOCTAMH ARS h CEN, — sto KOJibu.eBbie MOJieicyjibi J\ HK. 
JlHHeňHbie njia3MHAbi b Apoxoxax HecraÓHJibHbi (KjieTKa hx 
pa3pymaeT). MoaceT jih noA^HHHaa nocjieAOBaTejibHOCTb 
TejiOMepHOH flHK npHAaTb craÔHjibHOCTb jihhchhoh mia3- 
MHAe? B cooTBeTCTByioiAHx SKcnepHMeHTax (J)parMeHTbi 
HK ApoxoKeň, pacnoJiaraBinneai b KOHijeBbix oÔJiacTax 
xpOMOCOM, a Taioice KOHueBaa oójiacrb jihhchhoh BHexpo- 
mocomhoh pflHK HH(J)y3opHH Tetrahymena. Hajin^na jiio- 
6oh h3 3thx nocjieAOBaTejibHOCTeH OKa3ajiocb AOcraTonHo, 
HToôbi cTa6njiH3HpoBaTb ApoaoKeByio njia3MHAy b jihhch- 
HOH (J)OpMe. 

OnbiTbi no HAeHTH(J)HKauHH TejiOMepHOH JIEK KocHy- 
jiHCb caMbix pa3Hbix rpynn BbícniHx h hh3iiihx syKapnoT. 
noxoace, mto ycTpoHCTBO TejiOMep noA^HHeHO qyTb jih 
H e eAHHOMy yHHBepcajibHOMy npHHijHny: y opraHH3MOB, 
oneHb AaJieKHx Apyr ot Apyra sbojiioijhohho (HanpHMep, 
y pacTeHHH h jiioach), oÔHappcHBajiHCb TejiOMepHbie noc- 
jieAOBaTejibHOCTH OAHoro h Toro ace rana. KajKAaa Tejio- 

Mepa COCTOHT H3 A™HHOH CepHH KOpOTKHX, TaHACMHO 
noBTopaioiAHxcíi nocjieAOBaTejibHOCTeH. ľloBTopoB MoaceT 
ÔbITb OT 100 AO 1000, B 3aBHCHMOCTH OT OpraHH3Ma, O KO- 
TopoM HAeT penb. 

nepBHMHaa crpyKTypa (nocjieAOBaTejibHOCTb) Tejio- 
MepHbix noBTopoB flHK cooTBeTCTByeT o6m,eH (JjopMyjie 
C n (A/T) m , rAe n > 1, a m MoaceT npnHHMaTb ijejionncjieH- 
Hbie 3HaneHHa ot 1 a o 4. TnnHHHbiH npHMep npHBeAeH Ha 


phc. 28.27. TejiOMepHaa flHK oÔJiaAaeT HeoóbinHbiM cbohc- 
tbom: ee G-T-6oraTaa ijenb AJWHHee CBoero C-A-6oraToro 
KOMnjieMeHTa h oôpa3yeT kohijcboh OAHOuenonenHbiH Bbi- 
CTyn H3 14-16 HyKJieoTHAOB. Bepoflrao, stot BbicTyn (Tax 
Ha3biBaeMbiH G-xboct) o6pa3yeTca Kax pe3yjibTaT cneijH- 
(JjnqecKOH orpaHHneHHOH AerpaAaijHH C-A-6oraTOH ijenn. 

floraAKH o npHHunne cjjyHKíjHOHHpoBaHHfl rejiOMe- 
pbl CTpOHJIHCb Ha OCHOBaHHH HCKOTOpblX HCOÔbinHblX 
CBOHCTB, KOTOpbIMH OÔJiaAaiOT npnpOAHbie JIHHeHHbie mo- 
jieicyjibi flHK. Tax, b nonyjiauHH TpnnaHOCOM AJiHHa kohuob 
jiHHeHHbix MOJieicyji HK BapbnpyeT. Ecjih npocjieAHTb 3a 
KJIOHOM OTAeJIbHO B35ITOH KJICTKH, TO MO^iO yBHACTb, HTO 

TejiOMepa npnpacTaeT Ha 7-10 nH (to ecTb, Ha 1-2 noB- 
Topa) 3a noKOJieHne. Em,e ôojibuiHH HHTepec npeACTaBjíaeT 
cyAbôa TejiOMep HH({)y3opHH, HHTpoAyunpoBaHHbix b J\ HK 
ApoaoKeH. ľlocjie penjiHKau,HH b apoxokcboh KjieTKe kohi^u 
mejiOMepnoú oôjiacmu Tetrahymena napau^uemomcH me- 
jiOMepHbiMU noemopaMU dpoMMeu. 

HapaiAHBaHne kohi^ob xpomocom TenoMepHbiMH noB- 
TopaMH Ha xa^AOM i^HKjie penjíHKau.HH mojkct peuiHTb 
npoÔJieMy penjíHKauHH kohijob JIHHeHHOH J\ HK (oócy^c- 
AaBiuyiocfl b pa3A. 16.2 «Kpaa jihhchhoh Jl HK cnomio pen- 
jiHunpoBaTb»). floôaBJíeHHe noBTopoB cHHTe30M de novo 
npoTHBOACHCTByeT noTepe noBTopoB H3-3a HecnocoÔHOCTH 
penjIHKaU,HH AOHTH AO KOHU,a JIHHeHHOH XpOMOCOMbl. npH 

stom ee yAJiHHeHHe h yKopanHBaHHe HaxoAATca b AHHaMH- 
necKOM paBHOBecHH. 

Ecjih TejiOMepbi nocToaHHO yAJiHHínoTca (h yKopanHBa- 
iotcíi), hx TOHHaa nocjieAOBaTejibHOCTb He HMeeT 3HaneHHa. 
Bce, mto Tpe6yeTca — sto nToôbi hx kohuh ono3HaBajincb 
Kax cyôcTpaT, npnroAHbiH pjm HapamHBaHHa. C yneTOM sto- 
ro cooôpa^ceHHíi noBeAeHHe TejiOMep HH(J)y3opHH b Apo^c- 

)KaX CTaHOBHTCH OÔTHCHHMblM. 


28.17 


Te^OMepbi oneMaibiBaioT 

KOHI^bl XpOMOCOM 


KjHoneBbie noHATMa: 


• Ee/iOK TRF2 KaTa^M3npyeT peanuMK), b xofle KOTopoŕí 
S'-KOHueBOíí noBTop G-XBOda 3aMemaeT roMO^oruHHbm 
noBTop, BbiTecHMB ero M3 Ayn/ieKca b Bbiiue^e>KaL4eM o6/iacTH 
Te/iOMepHOM flHK. 


TejiOMepbi xpomocom, ecjín hx sKCTparnpoBaTb H3 kjictkh, 
He BeAyT ce6a KaK OAHOuenonenHaa flHK; bmccto SToro ohh 
npoaBjíaioT aôeppaHTHyio 3jieKTpo({)opeTHqecKyio noABP^c- 
HOCTb H Apypne CBOHCTBa. 

ľyaHHHOBbie a30THCTbie ocHOBaHHa OÔJiaAaiOT Heoôbin- 
hoh cnocoÔHOcTbio k accouHau,HH Apyr c ApyroM. OAHoye- 
nonenHbiH G-xboct HK b cocraBe TejiOMepbi Mo^ceT (J)op- 
MnpoBaTb BTopnqHyio CTpyKTypy, b kotopoh npncyTCTByioT 
«KBapTeTbi» ryaHHHOB. B Ka^AOM KBapTeTe coAep^cHTca 
neTbipe ryaHHHa, coeAHHeHHbix boaopoahhmh cbíi3íimh h 
jie^cam,Hx b oahoh njiocKocTH. Ka^AbiH H3 ryaHHHOB KBap- 
TeTa ôepeTca c roMOJioranHOH no3HUHH noBTopaiomeHai 
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reKCäHyKjieoTH/jHoň eAHHHijbi TTAGGG. Ha pmc. 28.28 

H3o6pa>KeHa HOBeHinaa MOAejib, ocHOBaHHaa Ha 
aHajiH3e KpHCTäJuiHHecKoň cTpyKTypbi. KBapTeT, H3o6pa- 
^ceHHbíň Ha stom pHcyHKe, npeACTaBjíaeT coôoh accoijHa- 
u,hk) nepBbix ryaHHHOB qeTbipex TaHAeMHbix noBTopoB. Oh 
jiokht noBepx Apyroro KBapTera c TaKOH ace opraHH3aijHeH, 
ccJ)opMHpoBaHHoro H3 BTopbix ryaHHHOB Tex ace qeTbipex 
noBTopoB. Cepna KBapTeTOB MoaceT o6pa30BbiBaTb cnnpa- 
jieBHAHyio cTonKy. 06pa30BaHHe CTpyioypbi, r^e pacKpbiBa- 
lOTca HeoôbiqHbie crepeoxHMHqecRHe cbohctb 3 G-6oraTOH 
nocjieAOBaTenbHOCTH, in vitro , kohchho ace, He 03HaqaeT, 
HTO KBapTeTbl TOM HO TaK XCe (J)OpMHpyiOTCa in vivo. 

Hto HMeHHO b ycTpoHCTBe TejiOMepbi oôecneHHBaeT 
CTaÔHjibHOCTb KOHua xpoMocoMbi? Ha pmc. 28.29 noKa3a- 
ho, hto b TejiOMepe oópa3yeTca neTjia HK. OTcyTCTBHe 
CBOÔOAHoro KOHqa flHK, bo3moxcho, h ecTb oôcToaTejibc- 
tbo, cTa6HjiH3Hpyiomee rohoj, xpoMocoMbi. Pa3Mep neT- 
JIH B KaeTKaX XCHBOTHblX COCTaBJíaeT, B epeflHeM, OT 5 ao 
10 toh. 

Ha pmc. 28.30 noKa3aHO, xax o6pa3yeTca neTjia. Cbo- 
ôoAHbíň oflHOijenoHeHHbiH 3'-ROHeij, TejiOMepHOH flHK, 
(TTAGGG) n , 3aMemaeT roMOJiornqHbiH ynacroR b Bbirne- 
jiexcameň AByxijenoHeqHOH oôjiac™ TejiOMepHOH flHK. 
Pe3yjibTaT 3aMemeHHa HanoMHHaeT oôpa30BaHHe D-neT- 
jih npn roMOJiornqHOH peROMÔHHaijHH: BbiTecHeHHaa 
cepna noBTopoB TTAGGG craHOBHTca OAHOijenoHeHHbiM 
ynacTKOM, a G-xboct TejiOMepbi, ROTopbíň npoH3Be;i sto 
B biTecHeHne, B3aHMOACHCTByeT c KOMnjieMeHTapHOH ije- 
nbio JX HK. 

PeaKD,Hio KaTaaH3npyeT óeaoR TRF2, ROTopbiH BMecre c 
ApyrHMH ôejiKaMH o6pa3yer KOMnjieKc, cra6H;iH3HpyK)mHH 
rohoj xpoMocoMbi. /Í(oKa3aTejibCTBOM BaxcHoc™ ero ynac- 
raa b 3aiAHTe rohijob xpomocom cayacHT to, hto AeaeijHa 
ero reHa npnBOAHT k xpomocomhhm nepecrpoHRaM. 


Te^OMepHbie noBTopbi 
CKJiaAbiBaioTca b G-KBapteTbi 



PMC. 28.28 KpncTaaaorpac()MHecKMM aHa/iH3 CTpyKTypbi kopotkhx 
T eaoMepHbix noBTopoB b oahoh H3 xpomocom ne/iOBeKa noKa3aa Ha- 
JlHHHe CTOľlKH ryaHMHOBblX KBapTeTOB. BepXHHH H3 KBapTeTOB COflep- 
>kmt nepBbiŕí ryaHMH KawAoro noBTopa. ľlOA hhm HaxoAHTCfl KBapTeT 
BTopwx ryaHHHOB (G3, G9, G15, G21), eme HH>Ke - KBapTeT TpeTbnx 
ryaHHHOB (G4, GlO, G16, G22) 



PMC. 28.29 Kpaŕí /íHHeŕÍHOH xpomocomhoh flHK o6pa3yeT neT/no. 
OoTorpact)Hyi /iio6e3HO npeAOCTaBjíeHa Jack Griffith, University of 
North CaroLina at ChapeL Hill 


Te/iOMepHafi AH K o6pa3yeT neT/iio 



PMC. 28.30 3'-KOHeu oahhohhoh i\env\ Te/iOMepHOH flHK (TTAGGG) n 
BbiTecHíieT H3 Ayn/ieKca roMOJiorHHHyio uenb. B pe3y/ibTaTe o6pa3y- 
eTCfl D-neT/ia. PeaKUHio npoBOAHT 6e/iOK TRF2 
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28.18 


TeJlOMepbl CMHTe3MpyK)TCfl 
pn6oHyKiieonpoTeiiHOBbiM 
(jjepMemoM 


KmoHeBbie noHATHji: 


• Te/iOMepa3a Mcno/ib3yeT 3'-0H-rpynny G-T-ynacTKa 
Te/iOMepbi KaK 3aTpaBKy /yia CMHTe3a TaHfleMHbix noBTopos 
TTGGGG. 

• PHK-KOMnoHeHTTe/iOMepa3bi o6/iaAaeT noc/ieAOBaTejibHOCTbio, 
MfleHTMHHoŕí C-A-6oraTbiM noBTopaM Te/ioMepHoŕí flHK. 

• KaTajiMTMHecKaa cy6-beAMHnua Te/iOMepa3bi — sto oópaTHaa 
TpaHCKpnnTa3a, Mcnojib3yiomafl PHK-KOMnoHeHT KaK MaTpmiy 
A/ifl CMHTe3a G-T-6oraTOíí noc/ieAOBaTejibHOCTM Te/iOMepHOM 
flHK. 


y TeAOMepbl eCTb flBe (j)yHKUHH: 

• riepBaH — sto 3amnmaTb KOHeu, xpoMOcoMbi. J1k)6oh 
ApyroH KOHeu flHK — HanpHMep, bo3hhkiiihh b pe3yjib- 
TaTe AByxuenoHeHHoro pa3pbma — sto MHiueHb (cy6- 
CTpaT) jyw chctcm penapauHH. TejiOMepa oxpaHaeT 
KOHeu xpoMoeoMbi ot CHCTeM penapauHH; KjieTKa ot- 
jinnaeT TejiOMepy ot flpyrax cBOÔOAHbix kohuob. 

• BTopaa (fjyHKuna TejiOMepbi — no 3 BOJiaTb KOHuy xpo- 
mocomhoh flHK y/yiHHaTbca. Ecjih oh He y/yiHHaeTca, 
TO C Ka>KflbIM UHKJIOM penjIHKaUHH CTaHOBHTCa Kopone 
(nOTOMy HTO penjIHKaTHBHblH CHHTe 3 flHK He MOXCeT 
HaqaTbca c caMoro Hana^a MaTpHUbi). 

PemeHHe flByx He3aBHCHMbix cjiyHKUHOHaAbHbix 3aflan 
oôecneqHBaioT ôejiKH, KOTopbie CBfl 3 biBaiOTCfl c TejiOMepoň. 
y flpoaoKeň ara 3 aAann pemaioTca pa 3 HbiMH HaôopaMH 6e;i- 
kob, ho 06a Haôopa CBfl 3 biBai 0 TCfl c TejiOMepoň nepe 3 oahh 
h tot xce 6ejioK-aAanTop Cdcl 3 : 

• BenoK Stnl 3aiUHiuaeT TejiOMepHyio flHK ot Aerpafla- 
Uhh (ecjiH TOHHee, ot H3JiHniHero pacnpocrpaHeHHa 
AerpaAauHH C-A-6oraToň uenn, b HopMe HeoôxoAH- 
moh, qToôbi oôpa30BbiBaAca G-xboct). 

• OepMem Te;iOMepa3a ypjmmcr G,T-6oraTyio uenb. 
Ha aKTHBHOCTb Te;iOMepa3bi bjihaiot flBa BcnoMoraTeAb- 
hhx ôejiKa, KOHTpojiwpyioiuHx napaMeTpbi Hapaiu,HBa- 
hhh (/yiHHy AOÔaBKH h T.n.). 

Te^OMepa3a Hcnojib3yeT 3 '-OH KOHeu G-T-6oraTOH 
uenn TejiOMepHOH flHK b KanecTBe 3aTpaBKH ajia CHHTe3a 
TaH/jeMHbix noBTopoB TTGGGG; eň pjw SToro Hy^CHbi TOJib- 
ko fllTO h aTTO. Te;iOMepa3a — sto KpynHbin pnôoHyK- 
jieonpoTeHH, cocToanj,HH H3 PHK-npaňMepa (KOAHpyeMoro 
reHOM TLC1) h KaTajíHTnnecKH-aKTHBHoro 6e;iKa (KOAnpy- 
eMoro reHOM EST2). PHK-KOMnoHem (kotopmh y Tetrahy- 
mena coctoht h3 159 ocHOBaHHH, a y Euplotes — m 192 
ocHOBaHHň) coAepaoiT nocAeAOBaTejibHocTb 15-22 ocho- 
BaHHH, HAeHTHHHyio AByM noBTopaM C-6oraToň uenn. 3Ta 
PHK cjiy^CHT MaTpHueň aah CHHTe3a G-6oraTOH noBTopaio- 
meňoi nocjieAOBaTejibHOCTH TenoMepHon flHK. BejiKOBbin 
KOMnoHem Te;iOMepa3bi — sto KaTajíHTnnecKaa cyÓTeAH- 
HHua, cnocoÔHaa pa6oTaTbflHK-nojiHMepa30H TOJibKO ecjiH 
Hcnojib3yeT CBoero PHK-napraepa (KOMnoHem TeAOMepa- 
3bi) b Ka^ecTBe MaTpHUbi. 

PaôoTa Te;iOMepa3bi, noKa3aHHaa Ha pul ^.3 i, cocto¬ 
ht H3 AHCKpembix maroB. PHK-MaTpnua ycTaHaBjíHBaeTca 


Te/ioMepa3a ABJífieTCfl oôpaTHoň TpaHCKpMFiTa30M 


CB5i3biBaHMe: PHK-MaTpmia B3anMOfleŕícTByeT c flHK-npaiÍMepoM 

AHK-npaŕÍMep 

1 3' 

_£ TTGGGGTTGGGGTTG 

3' AACCCCAACCCC.AACCCCAAC 

3' 5 ' / 5’ 

PHK-MaTpmia 

rio/iMMepM3ai4MB: PHK-MaTpmia 3aflaeT nopBflOK 
flOÓaB/ieHMB HyK/ieOTMflOB k 3'-KOHLiy AHK 

3" r 

5' ... TTGGGG T TGGGGTTGG* 

3' ...AACCCCAACCCCAACCCCAAC 
3' 5' 

ľlo/iMMepM3ai4MB MfleT flo Tex nop, I 
noKa Maipmia He 3aKOHHmcfl 1 

3' 

5' ...TTGGGGTTGGGGTTGGGGTTG 
3' ...AACCCCAACCCCAACCCCAACAAC 
3' 5' 

TpaHc/iOKauMB: OepMeHT nepeMeiMaera Ha 3'-KOHeLi Maipmibi 

3' 

5' ...TIGGGGTľGGGGTTGGGGiT 
3' AACCCC 5' AACCCCAACCCCAAC 

_ 3 '_I 5 ' 


P M C. 28.31 Te^OMepa3a ycrpaMBaeTai Ha cyócipaTe 3a cnei B3an- 
MOAeŕícTBMyi PHK-MaTpMUbi c 3aTpaBKoŕí - BbiciynaKJiueŕí oamhohhom 
uenbio flHK. Te/iOMepa3a floóaB^yieT k 3aipaBKe HyK/ieoTMAbi G m T b 
nopaAKe, AUKTyeMOM CTpyKTypoŕí Maipnubi. ľlocne CMHTe3a Ka>KAoro 
HOBoro noBTopa umkji paóoTbi c()epMeHTa B03o6HOB^aera 


Ha flHK-3aTpaBKy, KaTaAHTHqecKaa cyÔTeAHHHua AOÔaBJía- 
eT k 3aTpaBKe HecKOJibKO HyioieoTHAOB; 3aTeM, aaa Ha^a^a 
cjieflyioiflero rnara paôoTbi, (JiepMeHT nepeMeiuaeTca BAOJib 
cyôcTpaTa. Te;iOMepa3a — sto cneuHajiH3HpoBaHHaa pa3- 

HOBHAHOCTb OÔpaTHOH TpaHCKpHnTa3bI — (jiepMCHTa, CHH- 

Te3Hpyiomero flHK Ha MaTpnue PHK (cm. pa3A. 22.4 «flHK 
peTpoBnpyca HBjmeTca npoAyKTOM oôpamoH TpaHCKpnn- 
UHH»). KaKHM 0Ôpa30M npOHCXOAHT CHHTe3 KOMnjieMeH- 
TapHOH (C-A-6oraTOH)-uenH, He H3Becrao (Momio aommc- 
jíHTb, hto 3'-KOHeu G-T-6oraTOH uenn MOXceT 3arHyTbca, 
KaK mnKJibKa, h nooiyiKHTb 3aTpaBKOH). 

Te;iOMepa3a CHHTe3npyeT AOÔaBOHHbie noBTopbi no 
OTAejibHOCTH, no OAHOMy Ha mar, n caMa He kohtpojih- 
pyeT hx nncjio. flAHHa TejiOMepHOH flHK, BbipaxceHHaa b 
nncjie npnpaiueHHbix noBTopoB, 3aAaeTca npn ynacran 
Apyrnx ôejiKOB. TaK, ah^ Apo^ceň-MyTaHTOB no EST1 
hjih EST3 xapaKTepHbi H3MeHeHHbie ahhhh TejiOMep. 
Bo3moxcho, ôejiKH EST1 h EST3 CBa3biBaioT TejiOMepa3y 
h, KOHTpojinpya AOCTyn Te;iOMepa3bi k CBoeMy cyôcTpaTy, 
TeM caMbiM bjihíhot Ha A^HHy TejiOMepHOH flHK. EejiKH, 
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YKopoMeHHe Te/iOMep onacHo rjm kji6tkm 


CBímHHbie c TejiOMepaMH b KjieTKax MjieKonnTaiomHx, 
TaiOKe HAeHTH(J)HUHpOBaHbI, HO 06 HX (jtyHKUHflX H3BCC- 

tho oneHb Majio. 

B xpoMOCOMax Ka)KAoro BHAa opraHH3MOB ripoTa- 
)KeHHOCTb TejiOMepHOH flHK HMeeT cboh xapaKTepHbiH 
AHana30H. y MjieKonnTaiomHx TejiOMepHbie ynacTKH 
AJiHHHbie (y jnofleň, Kax npaBHjio, ot 5 ao 15 toh), a y 
ApoaoKeH — KopoTKHe (y S. cerevisiae , xax npaBHjio, ~300 
iih). OcHOBa MexaHH3Ma, KOHTpojinpyiomero hx pa3Me- 
pbl, COCTOHT B TOM, MTO, nO Mepe yKOpaHHBaHHH TeJIOMe- 
pbi, BepoaTHOCTb cTaTb cyôcTpaTOM TejiOMepa3bi rjik ee 
JX HK B03pacTaeT. Kax nocTpoeH stot 3(})(j)eKT (Henpepbi- 
BeH jih, hjih AaeT ce6a 3HaTb TOJibKO ecjiH Rumia TejiOMe- 
pbi naAaeT Hnxce KpnTHqecKoro 3HaneHHa) He h3bcctho. 
Kor^a Te;iOMepa3a AencTByeT Ha TejiOMepy, OHa MoaceT 
AOÔaBHTb k ee JX HK HecKOJibKO noBTopoB. npeAOcraBjíeH- 
Haa caMOH ce6e, OHa AOÔaBHT k cyôcrpaTy oahh noBTop, 
nocjie Htro AHCcoiiHHpyeT; AOÔaBjíeHHe HecKOJibKnx noB- 
TopaiomHxca tjx hhhu, oôycjiOBjíeHO ApyrHMH OejiKaMH, 
KOTopbie 3acTaBjiaioT TejiOMepa3y npeAnpnHaTb ôojiee 
nm oahh payH/i, y/i,JiHHeHHa- flHK. Ha hhcjio AOÔaBjíae- 
Mbix noBTopoB He BjiraeT /jjiHHa caMOH TejiOMepbi; oho 
KOHT pojiHpyeTca BcnoMoraTejibHbiMH OejiKaMH, accoijH- 
HpOBaHHblMH C TeJI0Mepa30H. 

Htoôh cymecTBOBaTb, xpoMOCOMe hcoôxoahm cnepyio- 
IB.HH MHHHMyM CTpyKTyp: 

• TenoMepbi — ju ia coxpaHHOCTH. 

• U,eHTpoMepa — jyin noAAepacKH cerperaijHH. 

• OpnAacHH — AAa HHHijHaijHH penjíHKaijHH. 
CooTBeTCTByioiAHe sjieMeHTbi JIEK Hcnojib3yiOTca xax 

o6a3aTe;ibHbie cocraBjíaiomHe HCKyccTBeHHoň ApoacHce- 
boh xpOMOCOMbi. 3 to reHHO-HHXceHepHaa KOHCTpyKijHa, 
Hcnojib3yeMaa Kax cpeACTBO noAAepxcaHna qyacepoAHbix 
nocjieAOBaTejibHOCTeH JXHK b ApoaoKeBbix KjieTKax. Oxa- 
3aJIOCb, MTO TaKHe CHHTeTHMeCKHe xpOMOCOMbl CTaÔHJIb- 
Hbi TOJibKO TorAa, KorAa hx jym Ha npeBbimaeT 20 (hjih 
A a)Ke 50) TnH.; npnpoAa 3Toro orpaHHqeHHa HenoHama. 
Bce xce yMeHHe KOHCTpynpoBaTb cHHTeTnqecKHe xpoMO- 
coMbi — sto ôojibuiOH MeTOAH^ecKHH npopbiB, n03B0Jia- 
ioiahh, b nacTHocTH, HccjieAOBaTb npnpoAy cerperauHH» b 
KOHT pojinpyeMbix ycjiOBHax. 


28.19 


TeiiOMepbi npMHUMnua/ibHO 
Ba)KHbl flilfl COXpaHHOCTIi 
XpOMOCOM II BbDKMBaHMfl 
KJieTOHHblX J1IIHIIM 


B HopMe, noKa kjictkh cnocoÔHbi AejíHTbca, TejiOMepa- 
3a b hhx aKTHBHa; nocjie npoxoacAeHHa kjictkoh TepMH- 
HaabHoň AH(J)(J)epeHij 1 HpoBKH TeaoMepa3a OTKjiKmeTca. 
Ha P M c. 28.32 noKa3aHO, hto npn MyTaijHH TenoMepa3bi y 
noTOMKOB KjieTKH-MyTaHTa c KaacAbiM hobhm ACJieHHeM Te- 
jiOMepbi cTaHOBaTca Bce Kopone h Kopone. PeajibHbiH npn- 
Mep nocjieACTBHH TaxoH Myraunn y ApoaoKeň npHBeAeH Ha 



PMC. 28.3 2 M3-3a reHeTMHecKoro HapyiueHMfl Te/i0Mepa3H0M aK- 
tmbhoctm Te/iOMepbi xpomocom ot fle/ieHMfl k Ae/ieHMio nocieneHHo 
yKopaHMBaKJTCíi. ľloiepfl Te/iOMep npMBOflMT k pa3/iOMaM n xpoMo- 
COMHblM nepeCTpOMKaM 


p M c. 28.33: TeaoMepHaa JX HK yKopaMHBaeTca c 400 nH ao 
Hyjia 3a -120 noKOJieHHH. 

YTpaTa TeaoMep BecbMa njia^eBHa. Kjictkh, y KOTopbix 
AJiHHbi TeaoMep CBejiHCb k Hyjuo, He cnocoÔHbi ycneuiHO 
AeJIHTbCa: nOnbITKH ACJieHHH OÓblMHO npHBOAaT k xpoMO- 
coMHbiM nepecTpoHKaM (pa3JiOMaM h TpaHCJiOKaunaM), a 
sto conpaxceHO c noBbimeHHOH qacTOTOH B03HHKHOBeHna 



PUC. 28.33 B Apo>K>KeBbix KaeTKaxflMKoroTMnaAaMHaTeaoMepnofl- 
AepwMBaeTCfl Ha ypoBHe -350 nH. Y MyiaHTOB no reHy trtl, KOAMpyio- 
meMy PHK-KOMnoHeHTTenoMepaabi, TeaoMepbi óbiCTpo coKpamaioTCfl 
AO Hy/i53. BocnpoM3BeAeHO no Nakamura, T. M., et aL. 1997. Science. 
277: 955-959. ® 1997 AAAS. OoTorpacfíMyi nio6e3HO npeAOCTaB^eHa 
Thomas R. Cech and Toru Nakamura, University of Colorado 
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MyTau,™. Y /jpoaoKeň sto accoLjHHpoBaHO c noTepeň >kh3- 
HecnocoÔHOCTH h npeoôJia/jaHHeM b KyjibType CTapeiomHx 
KjieTOK (HMeiomHx y/yiHHeHHyio cj)opMy h nocTeneHHO Bbi- 
MHpaiOIIJ,HX). 

HeKOTopbiM KJieTKaM y^aeTCB nepepac™ CTapeiomyio 
KyjibTypy. KaKHM-To o6pa30M Taxne kjictkh no/wep>KHBa- 
K)T cboh xpoMocoMbi b coxpaHHOCTH, nojib3yacb Mexa- 
HH3MOM, aJIbTepHaTHBHbIM aKTHBHOCTH TeJIOMepa3bI. Bbl- 

acHBiiiHe mieTKH moxcho no/ípasAejíHTb Ha /jBe rpynnbi. B 
KjieTKax nepBoň rpynnbi xpoMocoMbi 3aMKHyjiHCb b cj)op- 
Me KOJieu,; Tenepb y hhx hct hh Te;iOMep, hh kohljob, h 
OT TeJ10Mepa3bI HX COXpaHHOCTb He 3aBHCHT. BbDKHBHIHe 
KjieTKH /jpyroň rpynnbi Hcnojib3yioT HepaBHbíň KpoccnH- 
TOBep, HTOÔbl y/yiHHflTb TejiOMepbi cbohx xpomocom. 3tot 
cnocoô BbDKHBaHHfl npOHJlJHOCTpHpOBaH Ha P M C. 28.34. 
Ka>K/jafl TejiOMepa co/jepxcHT onepe/jb noBTopoB JX HK, h 
Kor^a roMOJioraHHbie xpoMocoMbi CTaHOBATca b napbi, 
BejíHKa BepoaTHOCTb CMem,eHHH Te;iOMepHbix ynacTKOB hx 
JX HK Apyr oraocHTejibHO /jpyra. PeKOMÔHHaLjHfl Me>K/jy He- 
BepHO cocTbiKOBaHHbiMH ynacTKaMH npeACTaBJíaeT coôoň 
HepaBHbíň KpoccHHroBep. 3tot cjiynaň y^ce 6bui noKa3aH 
Ha pne. 6.11: ec™ pjmm o/jHoň peKOMÔHHaHraoň xpoMO- 
coMbi yBejiHHHBaeTca, to a pyraa peKOMÔHHaHTHaa xpoMO- 
coMa npn stom yKopaHHBaeTca. 

B HopMajibHbix mieTKax HepaBHbíň KpoccHHroBep 
noAaBjíaeTca — H3-3a yrpo3bi /jejieLjHň, KOTopyio oh 
co3/jaeT. ľloAaBjíeHHeM KpoccHHroBepa Mexc^y Te;iOMe- 
paMH 3aHHMaioTca #Be mieTOHHbix cncTeMbi. Op,m H3 
hhx — sto ôejiKH, CBa3biBaioiij,Heca c Te;iOMepoň. Tax, y 
/jpoxoKeň nacTOTa coôbrraň peKOMÔHHaLjHH MOK/jy Te- 
jiOMepaMH yBejiHHHBaeTca npn /jejieLjHH reHa tazl\ stot 
reH KO/jnpyeT ôejioK, peryjinpyiomHň TejiOMepa3Hyio 
aKTHBHOCTb. BTopaa CHCTeMa no/jaBjíeHHa HepaBHoro 
KpoccHHroBepa — sto CHCTeMa penapau,HH oiiihôohho- 
ro cnapHBaHHa. B AonojiHeHne k coôctbchho KoppeKLjHH 


Te/iOMepbi MoryíyAiiHHHTbcn 3a cmôt peKOMÓHHai^HH 


B HopMa/ibHoií K/ieTKe KpoccHHroBep Meway 
Te/iOMepaMM He nponcxoflm: 3 to KOHTpo/inpyeTCfl 
CHcreMoíí uena^aunn HeKOMniT£MeHiai*Hqcieŕí 


Eoih CHdeMa periapaunn He paóoiaeT, 
KpoccHHroBep B03M0>KeH 


x 


\ 


PiiC. 28.3^ B HopMa/ibHbix K/ieTKax oÓMeH uenaNin (KpoccHHroBep) 
Te/iOMepHoŕí flHK noflaB/ieH 6/iaroflapB pa6oie onpefle/ieHHbix cnc- 
TeM penapauMM. B K/ieTKax, rfle pa6oia TaKMx cncreM HapyweHa na¬ 
ša Myiaunŕí, xpoMocoMbi MoryT oÓMeHMBaTboí uenaNin Te/iOMepHoŕí 
flHK. Co6bune HepaBHoro KpoccnHroBepa yfl/WHfleT Te/iOMepy ofl- 
HOÍÍ M3 XpOMOCOM M n03B0/lfleT 3TOÍÍ xpOMOCOMe nepeWMTb OTCyTC- 
TBne Te/iOMepa3bi 


HeBepHO cnapeHHbix ocHOBaHHň, B03HHKaiomHx b JX HK, 
STa CHCTeMa noflaBjíaeT peKOMÔHHaLjHio MOK/jy njioxo 
cnapeHHbiMH ynacTKaMH. Kax noKa3aHO Ha pne. 28.34, Te- 
jiOMepbi Kax pa3 othochtch k TaKHM ynacTKaM. Hapyrne- 
hha b sToň CHCTeMe penapau,HH npnBOAflT k yBeJinneHnio 
AOJiH xcH3Hecnoco6Hbix mieTOK b Apoxc^ceBoň KyjibType 
C Ae(J)HLl I HTOM TeJ10Mepa3H0ň aKTHBHOCTH. BbDKHBaHHe 
sthx mieTOK oôycjiOBJíeHo peKOMÔHHau.Heň MOK/jy Tejio- 
MepHbiMH ynacTKaMH JX HK, y/yiHHfliomeň TeJiOMepbi He- 

KOTOpblX XpOMOCOM. 

3yKapHOTHHecKHe kjictkh, nepeBeAeHHbie H3 cocTaBa 
TKaHH b KyjibTypy, nepe3 (j)HKCHpoBaHHoe hhcjio ^ejieHHň, 
Kax npaBHJio, npeTepneBaioT cTapeHne. ľlpHHHHa 3aTyxa- 
HHH HX >KH3Hecnoeo6HOCTH — pe/^yKLl.HB TCJlOMep H3-3a 
enazia SKcnpeecHH TejiOMepa3bi. IOictkh bxo^ht b Kpn3HC, 
OT KOTOpOľO HeKOTOpbie H3 HHX OnpaBJlHIOTCa — OÔblHHO, 
Li,eHoň xpoMoeoMHbix nepecTpoeK, npoHCTeKniHx ot He3a- 
m,Hm,eHHOCTH kohli,ob xpomocom. 3th nepecTpoňKH MoryT 
6biTb npHHHHoň B03HHKH0BeHHfl MyTaLi,Hň, cnocoôcTByio- 
iij,hx nepexoAy kjictkh b onyxojiepoAHoe eocToaHHe. Ot- 
eyTCTBHe SKcnpeecHH TejiOMepa3bi y kjictok b nepBHHHoň 
KyjibType oôyejiOBJíeHO HHaKTHBaLi,Heň TpaHCKpHnu.HH ee 
reHa; peaKTHBaLi,Ha TejiOMepa3bi — o/jHa H3 cTpaTeraň bw- 
XCHBaHHfl KJieTOHHblX JIHHHň B yCJlOBHHX npOflOJDKHTCJIb- 
Horo KyjibTHBHpoBaHHa. (3Ta CTpaTeraa, kohchho ^ce, He 
aBjíajiacb onLi,Heň rjm Apoxc^ceBbix kjictok b sKcnepHMeH- 
Tax, r,qe reH TejiOMepa3bi 6bui AeJieTnpoBaH.) 


28.20 


Pe3iOMe 


reHeTHHecKHň MaTepna^ Bcex opraHH3MOB h BnpycoB npn- 
HHMaeT (J)opMy njioTHO ynaKOBaHHoro HyioieonpoTeHHa. 
TeHOMbi HeKOTopbix BnpycoB yioia^bmaioTca b no/jroTOB- 
jieHHbíň (npeABapHTejibHO coôpaHHbíň) KancH^ BHpnoHa; 
y jipymx BnpycoB ôejiKOBaa o6o;iOHKa coÔHpaeTca BOKpyr 
HyKjienHOBoň KHCJiOTbL.BaKTepHa^bHbíň reHOM b coneTa- 
hhh c 6e;iKaMH (20% no Macce) o6pa3yeT HyioieoH/j; .zieTajiH 
B3aHMOAeňcTBHa ôejiKOB c JX HK He H3Becrabi. JX HK 6aicre- 
pna^bHoro HyioieoH^a opraHH30BaHa b BH/je -100 aomchob, 
CBepxenHpajiH30BaHH0CTb KOTopbix no/wepxcHBaeTca He3a- 
BHCHMO; nJIOTHOCTb CBOÔOflHblX CBepXBHTKOB B HHX COCTaB- 

jmeT oahh Ha 100-200 nH. XpoMocoMbi synapnoT — paB- 
HO KaK HHTep(J)a3Hblň XpOMaTHH — OpraHH30BaHbI B BH/je 
KpynHbix neTCJíb. Kaxc^aa neTjia moxcct 6biTb He3aBHCHMbiM 
CBepxenHpajiH30BaHHbiM AOMeHOM. OcHOBaHHa neTejib 
coeAHHHiOTca c KapKacaMH xpomocom (b MeTacJ)a3e) hjih c 
HAepHbiM MaTpHKCOM (b HHTepcjme) nepe3 cneu.H^HHec- 
Kne caňTbi JX HK. 

TpaHCKpHnu.HOHHO-aKTHBHbie reHOMHbie nocJieAOBa- 
TeJlbHOCTH BXOA^T b COCTaB SyxpOMaTHHa — C^OpMaLI.HH, K 
KOTopoň npHHa/yiexcHT ôojibinaa nacTb xpoMaTHHa HHTep- 
(J)a3Horo a/jpa. B cocTaBe Apyroň 4)opMau I HH — reTepox- 
poMaTHHa — reHOMHaa JX HK ynaKOBaHa b 3-10 pa3 6ojiee 
KOMnaKTHO, neM b syxpoMaTHHe; /J.HK reTepoxpoMaTHHa 


28.20 Pe3iOMe 767 























TpaHCKpHnLJHOHHO HHepTHä. Bo BpeMfl KJieTOHHOrO ae- 
ncum Becb xpoMäTHH nepexo^HT b njiorao ynaKOBaHHoe 
COCTOflHHe, TaK HTO CTaHOBflTCfl pa3JIHHHMbl OT/teJIbHbie 
XpOMOCOMbl. CymeCTBOBaHHe BOCnpOH3BO/tHMOH yJlbTpa- 
CTpyKTypbl XpOMOCOM /JOKa3bIBaeTCfl B03HHKH0BeHHCM B 
hhx xapaKTepHbix naTTepHOB G-no;ioc npn oôpaôoTKe 
npenapaTOB KpacHTe;ieM ľHM3a. ľlojiocbi cooTBeTCTByiOT 
oneHb KpynHbiM ynacTKaM reHOMa (~10 7 nH) h Moryr 6biTb 
Hcnojib30BaHbi /yia KaprapoBaHra TpaHCJiOKaLtHH hjih /tpy- 
rnx xpoMocoMHbix nepecTpoeK. 

XpoMOCOMbi rana jiaMnoBbix meTOK y aM(})H6 HH h 
noJíHTeHHbie xpoMocoMbi y HaceKOMbix hmciot HecraH- 
AapTHyio peJiaKCHpoBaHHyio CTpyKTypy c K034)4)HĽi I HeH- 
tom ynaKOBKH <100. Haôop no;iHTeHHbix xpomocom D. 
melanogaster noApa3AeJiaeTCfl Ha -5000 no;ioc (He chh- 
Taa npoMexcyTKOB). Pa3Mep no;ioc HMeeT pa3Ôpoc Ha no- 
pa/tOK BeJiHHHHbi, cpe/jHHň pa3Mep cocTaBjmeT 25 rim. 
TpaHCKpHnLi,HOHHO-aKTHBHbie ynacTKH MoryT 6biTb BH3y- 
ajiH3npoBaHbi, Kax eme ôojiee pejiaKcnpoBaHHbie (B3Ay- 
Tbie) cTpyKTypbi — TaK Ha3biBaeMbie nycf)bi, MaTepna;i ko- 
Topbix Kax 6bi Bbi^aBJíeH 3a npe/tejibi oceBoň cTpyKTypbi 
xpoMocoMbi. Toro xce po/ja cTpyKTypHbie H3MeHeHHfl, ho 
b MeHbineM MacniTaôe, MoryT conpoBoxmaTb TpaHCKpnn- 
LJHK) B SyxpOMaTHHe. 

UeHTpoMepa (o6;iacTb xpoMocoMbi) HeceT khhc- 
Toxop — CTpyKTypy, OTBeTCTBeHHyio 3a npHKpemieHHe 
xpoMocoMbi k BepeTeHy mieTOHHoro rcjic hka. HacTo 
n,eHTpoMepa Haxo/tHTca b oKpy^ceHHH reTepoxpoMaTHHa. 
UeHTpoMepHbie nocjie/tOBaTejibHOCTH R HK 6bum hctko 
HA eHTH(J)HLi I HpoBaHbi TOJibKo b /tpoxoKax S. cerevisiae; 

TaM OHH COCTOflT H3 KOpOTKHX SJieMCHTOB. KOHCepBaTHB- 
Hbie 3;ieMeHTbi CDE-I h CDE-III CBa3biBaioTca ôejiKOBbi- 
mh KOMnJieKcaMH CBF1 h CBF3, cootbctctbchho; ôojiee 
AJiHHHbíň A-T-6oraTbiň sjicmcht CDE-II, pacnoJioxceH- 
Hbíň MOK^y CDE-I h CDE-III , CBfl3biBaeTca ôejiKOM Cse4. 

3THMH B3aHMOAeHCTBHHMH OÔyCJiaBJIHBaeTCfl B03HHKHO- 
BeHne n,eHTpoMepbi, KaK cneLi,HajiH3HpoBaHHOH cTpyKTy- 
pbi b cocTaBe xpoMaTHHa, c kotopoh CBH3biBaeTca Apyraa 
rpynna ôcjikob, onocpe/tyiomafl CBA3b c MHKpoTpyôoHKa- 
mh BepeTeHa 

TejiOMepbi npH/jaiOT craÔHJibHOCTb KOHLtaM xpoMO- 
com. ITohth bo Bcex H3BecTHbix cjiynaflx TejiOMepHaa R F1K 
COCTOHT H3 MHOľOKpaTHblX nOBTOpOB, ľ/te O/tHa Ljenb HMe¬ 
eT bh a C„(A/T) W ; n >1; m = 1,2,3 hjih 4. KoMnjieMeHTapHaa 
n,enb G„(T/A) m HMeeT BbicTynaiomHH oflHouenoHeHHbíň 
KOHeu,; oh cjiyacHT 3aTpaBKOH /yia HapamHBaHHa TejiOMep- 
hoh R HK. FlapamHBaHHe Te;iOMepHOH RHK ocymecTBJíaeT 
(J)epMeHT TejiOMepa3a — sto pnôoHyioieonpoTeHH, nen 
PFIK-KOMnoHeHT ejiy^CHT MaTpnLjeH /yia CHHTe3a G-6o- 
raToň LjenH TejiOMepHOH RHK. FlapamHBaHHe no3BOJiaeT 
mieTKe cnpaBHTbea e npoôJieMoň penjíHKaLtHH KpaeB jih- 
HenHoro AynjieKca R HK. Te;iOMepa cTa6njiH3HpyeT KOHeu, 
xpoMocoMbi eme h tcm, hto aHHyjinpyeT ero KaK eyôcTpaT 
AJih penapaLi,HH: o/jHOLjenoHeHHbiH kohl^cboh BbicTyn TeJio- 
MepHoň RHK G n (J/A) m npoH3BOAHT 3aMemeHne tomojio- 

rHHHoro y^acTKa b BbimejiexcameM AynJieKce, h CBOÔo/jHbie 
KOHLl,bI XpOMOCOMHOH RHK OKa3bIBaiOTCfl CnpaTaHHbIMH B 
cocTaBe o6pa30BaBmeHca neTJin. 
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HymieocoMbi 


KPATKOE COAEPWAHME ľ/lABbl i 

...t... __x' 


BES BBe^eHne 

täšEŠ /Iioóom xpoMaTMH coctomt M3 cyó-beflMHMU — 

HymieocoM 

• MHKpoKOKKOBaw Hyx/iea3a pa3pe3aeT xpoMaTMH Ha 
OTfle/lbHbie HyK/ieOCOMbl — HaCTMflbl C KOSCOM flMeHTOM 

ceflMMeHTauMM 11S. 

• HymieocoMa coflep/KMT -200 nH flHK m no flBe Mo/iexy/ibi 
Ka/Kfloro M3 tmctohob cepflueBMHbi (H2A, H2B, H3 n H4). 

• flHK oóepHyia BOKpyr Hapy/KHoŕí noBepxHocTM 
rMCTOHOBoro OKTaMepa. 

BB ľeHOMHafl flHK CBepHyia b BMfle MaccnBOB HymieocoM 

• noc/ie o6pa6oTKM xpoMaTMHa mmkpokokkoboíí 
3HflOHyK/iea3oŕí >95% flHK mo>kho coópaTb c 
HyK/ieOCOM M/IM MX My/lbTMNiepOB. 

• fl/iMHa flHK, npMxofl/uueŕícB Ha oflHy HyK/ieocoMy 
b K/ieTKax pa3Horo npoMcxo/KfleHMji, BapbMpyeT b 
AM ana30He ot 154 flo 260 nH. 

MEŠ Bce HyK^eocoMbi ycrpoeHbi OflMHaKOBO 

• no HyBCTBMTe/lbHOCTM K HyK/iea3e flHK Ka>KflOM 
HyK/ieocoMbi mo)kho noflpa3fle/iMTb Ha flBe 06/iacTM — 
UeHTpa/ibHyK) m CBfl3yiomyK). 

• flHK ueHTpa/ibHoŕí 06/iacTM, npoT/DKeHHocTbio 
146 nH, MO>KeT 6biTb chbt3 c ueHTpa/ibHbix HacTMfl, 
o6pa3yK)iflMxcB npn fl/iMTe/ibHoŕí o6pa6oTKe xpoMaTMHa 
MMKpOKOKKOBOM HyK/iea30M. 

• CBfl3y»OLLiafl flHK, npoT/DKeHHOCTbio ot 8 flo 114 nH, 
yB3BMMa fl/iB HyK/iea3bi c caMoro Hana/ia o6pa6oTKM. 

• BapnauMM cyMMapHoŕí npoT/UKeHHocTM flHK oahom 
H yK/ieocoMbi onpefle/i/noTCB KO/ie6aHM/iMM pa3MepoB 
CBfl3yK)LfleM 06/iacTM. 

• Tmctoh Hl accoflMMpoBaH co CBasyiomeM flHK m MO>KeT 

HaXOflMTbCB no6/lM30CTM OT TOHeK «BXOfla» M «BblXOfla» 
(rpaHMfl ueHTpa/ibHoíí 06/iacTM flHK, accouMMpoBaHHoŕí 
C TMCTOHOBblM OKTaMepOM). 

BQ Ha noBepxHocTM HymieocoMbi crpyKTypa flHK 

HeoflHopoflHa 

• flHK oóepHyTa BOKpyr mcroHOBoro OKTaMepa 1,65 pa3a. 

• B 06/iacTM «o 6 motkm» crpyKTypa flHK HeoflHopoflHa: 

HMC/IO nap OCHOB3HMM B BMTKe flBOMHOM CnMpa/lM B 
cepeflMHe 06/iacTM 6o/ibiue, neM no xpa/iM. 

BQ B HyKfleocoMe MO/ieKy/iflpHaa nepnoflMHHOCTb flHK 

M3NieHfleTCfl 

• npMMepHO 0,6 M36blTOHHOrO OTpMflaTe/lbHOrO BMTK3 
flHK KOMneHCMpyera M3MeHeHMeM ee MO/ieKy/i/ipHOM 
nepMOflMHHOCTM (HMC/ia nH Ha bmtokabomhom cnMpa/iM) 
c 10,5 b pacTBope flo, b cpeflHeM, 10,2 Ha noBepxHocTM 
HyK/ieocoMbi; 3tmm očt/icH/ieTCB «napaflOKC nop/iflKa 
3auen/ieHM/i» HyK/ieocoMHoŕí flHK. 
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0praHM3aunf) rmrroHOBoro OKTaMepa 

• Ochoboíí rMCTOHOBoro OKTaMepa c/iy>KMT TeTpaMep 
H3 2 -H4 2 , accouMMpoBaHHbiŕí c flByM/i flMMepaMM 
H2A-H2B. 

• Ka/KflblM TMCTOH B3aMMOfleííCTByeT CO CBOMM napTHepOM 
nepe3 oÓLUMpHyio noBepxHocTb cuen/ieHM/i. 

• Bce rMCTOHbi cepflueBMHbi MMeioT b CBoeŕí CTpyKType 
OCOÓblíí MOTMB — TMCTOHOByiO CK/iaflKy,* N-KOHfleBbie 
«XBOCTbi» TopnaT M3 HyK/ieocoMbi Hapy>Ky. 

YKflaflKa HyK/ieocoM b BO/iOKHax xpoMaTMHa 

• 30 HM-BO/iOKHa xpoMaTMHa pacxpyHMBaiOTCB b uenoHKy 
HyK/ieOCOM TO/UflMHOM 10 HM. 

• 30 hm-bo/iokho ycTpoeHo KaK cnMpa/ib Bbiciuero 
nopBflKa, Ha OflMH BMTOK KOTOpOÍÍ npMXOflMTCfl UJeCTb 
HyK/ieocoM. 

• fl/151 (|)OpMMpOBaHM/1 30 HM-BO/10KH3 Tpe6yeTCfl TMCTOH 

Hl. 

BocnpoM3BOflCTBO xpoMaTMHa TpeóyeT CÓOPKM 
HymieocoM 

• Bo BpeM/i pen/iMKaflMM rMCTOHOBbie OKTaMepbi 
M3 paC(|)OpMMpOBaHHblX HyK/ieOCOM MaTpMHHOTO 
Ayn/ieKca pa36MpaiOTCB Ha flMMepbi H2A-H2B m 
TeTpaMepbi H3 2 -H4 2 . 

• C6opKa HyK/ieocoM MfleT pa3HbiMM nyT/iMM b 
33BMCMMOCTM OT TOľO, npOMCXOflMT /IM OHa BO BpeMfl 
pen/iMKaflMM flHK m/im He3aBMCMMO ot Hee. 

• C6opKa HyK/ieocoM TpeóyeT ynacTM/i BcnoMoraTe/ibHbix 
6e/iKOB. 

• C6opoHHbiíí 6e/ioK CAF-1 KOHTaKTMpyeT c PCNA- 
cy6T>eAMHMueM pen/iMCOMbi; oh TpeóyeTCB fl/i/i 
flenoHMpoBaHM/i TeTpaMepoB H3 2 -H4 2 m mx 

BblK/ldflblB3HM51 Ha flonepHMe flyn/ieKCbi noc/ie 
pen/iMKaflMM. 

• npM He3dBMCMMOM OT pen/lMKaflMM CÓOpKe HyK/ieOCOM 
Mcno/ib3yeTCB flpyroíí cóopoHHbiŕí 6e/ioK, a Tamne 

3/1 bTepHaTMBHaB pa3HOBMflHOCTb TMCTOHa H3. 

CneuM(|)MHHO/iM pacno/io>KeHMe HyK/ieocoM 

OTHOCMTe/lbHO flHK? 

• HyK/ieocoMbi MoryT (JjopMMpoBaTbCJi b onpefle/ieHHbix 
no/io>KeHM/ix nofl b/imahmcm /íoKa/ibHoŕí CTpymypbi 
flHK/lMÓO nOfl B/lM/lHMeM 6e/lKOB, B3aMMOfleMCTByK)lflMX 
CO CneflMC()MMeCKMMM nOC/ieflOBaTe/lbHOCT/IMM. 

• CaMa/i pacnpocTpaHeHHa/i npMHMHa no3Mi4MOHMpoBaHM/i 
HyK/ieOCOM - 3TO pa3rpaHMHeHMe flHK CBB3aHHblMM c 
Heíí 6e/ixaMM. 




• ľl03MI4M0HMp0BdHM6 MO>KeT Onpefle/lflTb, K3KMe 
noc/ieflOBaie/ibHocTM flHK b cepmi HyK/ieocoM oKawyTCfl 
B CBB3yK)LllMX OÓ/iaCTBX M KaKOM CTOpOHOÍÍ Hapy>Ky 6yfleT 
CMOTpeTb flHK C nOBepXHOCTM rMCTOHOBblX OKTaMepOB. 

ÍáíWk\ 0praHM3OBaHbi jim TpaHCKpnóupyeMbie reHbi 

B HyKJieOCOMbl? 

• ľlpn pacLiien/ieHMM mmkpokokkoboíí HyK/iea30Íí 
TpaHCKpn6npyeMbix reHOB HyK/ieocoMbi 
oÓHapywMBaiOTCfl c tom we HacroToŕí, hto m npM 
pacLiien/ieHMM HeTpaHCKpn6npyeMbix reHOB. 

• HeKOTopbie mhtchcmbho TpaHCKpn6npyeMbie reHbi, b 
nopBflKe MCKJHOHeHMfl, M36aBJieHbl OT HyK/ieOCOMHOM 
opraHM3ai4MM. 

IrMWk ľucTOHOBbie oKTaMepbi cNiemaioTCfl TpaHCKpununeM 

• B MOfle/ibHoíí CMdeMe PHK-no/iMMepa3a CMemaeT c 
flHK rMCTOHOBbie OKTaMepbl, HO, KaK TO/lbKO c()epMeHT 
npoŕífleT, riiCTOHbi n flHK cHOBa accoijMMpyioT. 

• Korfla nepe3 reH npoxoflm TpaHCKpMnuMa, ero 
HyK/ieocoMbi peopraHM3yiOTCB. 

wgHM CMeLueHMe HymieocoM n (JjopMupoBaHne mx 3aHOBO 

TpeóyeT ynacTUB cneunajibHbix c|)aKTopoB 

• BcnoMoraie/ibHbie c()aKTopbi TpeóyiOTCB KaK PHK- 
no/iMMepa3e, HTo6bi cMemaTb rMCTOHOBbie OKTaMepbi 
BO BpeMfl TpaHCKpMnUMM, TaK M rMCTOHaM, HTOÓbl CHOBa 
c()opMMpoBaTb HyK/ieocoMbi noc/ie TpaHCKpiirmmi. 

Bsd MHcy^HTopbi ó^oKupyiOT AeMCTBue 3HxaHcepoB n 
reiepoxpoMaTMHa 

• MHcy/iBTopbi cnocoÓHbi 3a6/ioKnpoBaTb/iio6bie 
aKTMBMpyKDLllMe M MH3KTMBMpyiOLLlMe 34 ) 4 ) eKTbl, 
nopo>KAaeMbie 3HxaHcepaMM, caŕí/ieHcepaMM mjim LCR. 

• MHcy^BTopbi MoryT c/iywmb 6apbepaMM, 
npeceKaioLiiMMM pacnpocrpaHeHMe reiepoxpoMaTMHa. 


HiJiH 1/lHCy^HTOpbl MOryT OrpaHMHMBaTb AOMeH 

• B MHcy/iBTopax, M3-3a ocoóoŕí CTpyKTypbi xpoMaTMHa, 
ecTb caŕÍTbi, rMnepnyBCTBMTe/ibHbie k flHKa3e. flBa 
MHcy/iBTopa MoryT 3amnTMTb ynacroK, pacnojio>KeHHbiM 
MOKfly HM MM, OT BJIMflHMM reHOMHOrO OKpyWeHMfl. 

riJtfefc 1/lHcyjiflTop TpaHcno30Ha gypsy m ero óe/iKOBbiPi 
_ annapaT 

IMkbk 1/lHcy^HTopbi óbiBaiOT pa3HbiMM no cM/ie 

• MHCy/lflTOpbl MoryT pa3JlMH3TbCfl no 3(J)(l)eKTMBHOCTM, c 
KOTOpOÍÍ OHM 6/10KMpyK)T npOXOKfleHMe aKTMBMpylOLLierO 
CMľHa/ia. 

ŕfelfei CaíÍTbi, rnnepHyBCTBmenbHbie k flHKa3e, pearupyiOT 

Ha M3MeHeHMH b dpyKType xpoMaTMHa 

• ľMnepHyBCTBMTe/ibHbie caŕÍTbi oÓHapywMBaiOTCfl b 
npoMOTopax 3KcnpeccMpyeMbix reHOB. 

• 3TM CaŕÍTbl B03HMK3K)T M3-3a CBfl3blBaHMfl C flHK 
(JjaKTopoB TpaHCKpMnuMM, CMeiuaKDiuMx c Hee 
rMCTOHOBbie oKTaMepbi. 

BIBB YnacTKH xpoMaTMHa, coflepwamMe aKTMBHbie reHbi, 

oó/iaflaioT noBbnueHHoPi HyBCTBMTe/ibHocTbio k 

HyKnea3aM 

• floMeH, b kotopom ecn> TpaHCKpMÓMpyeMbiií reH, 
OT/lMHaeTCfl nOBblLUeHHOM HyBCTBMTe/lbHOCTbK) 

k flHKa3e I. 

ŕfeMli LCR MO>KeT KOHTpOJIMpOBaTb flOMeH 

• LCR pacnojioweH BHyTpM flOMeHa, Hefla/ieKO ot ero 5'- 
KOHua, m coflepwMT HecKo/ibKO rMnepnyBCTBMTe/ibHbix 
caŕÍTOB. 

ŕi#Jh Kax ycTpoeH pery/iflTopHbm aomch? 

• floMeH Mo>KeT coflep>KaTb MHcy/iBTop, LCR, caŕÍT 
npMKpen/ieHMfl k BflepHOMy MaTpMKcy, m oflHy mjim 
HeCKO/lbKO eflMHMU TpaHCKpMnLJMM. 

wwn Pe3ioMe 
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BBeAeHMe 


XpOMäTHH HMeeT KOMnäKTHyiO OpräHH3äUHK), BHyTpH KO- 
Topoň ôojibiiiHHCTBO nooieAOBaTejibHOCTeH flHK H3-3a cbo- 
eň cTpyKTypHpoBaHHOCTH He/joairaeMbi h 4)yHKiíHOHa^bHO 
HeaKTHBHbi. Cpe^H stoh Maccbi nona^aiOTca aKTHBHbie noc- 
jieAOBaTejibHOCTH, ho hx MeHbniHHCTBO. KaK ycTpoeH xpo- 
MaTHH H B HeM 3aKJIK)HaeTCa pa3JlHHHe MOKAy HeaKTHBHbIMH 
H aKTHBHbIMH nOOieAOBaTeJIbHOCTHMH — C TOHKH 3peHHH 
ero CTpyKTypbi? Hpe3BbinaHHO BbicoKHň kos^^huhcht 
ynaKOBKH flHK B XpOMaTHHe HaBOAHT Ha MblC^b O HaJIHHHH 
b HeM CTpyKTypHOH uepapxuu. 

OyndaMmmmbHOH cmpyKmypnan edunui^a xpojmmu- 
na y ecex sympuom odunamea. HyioieocoMa coAepxcnT 
-200 nH flHK; 3tot 0Tpe30K abohhoh cnnpa^H CBH3aH c ok- 
TaMepoM HeôojibniHx ocHOBHbix ôe^KOB, o6pa3ya CTpyicrypy, 
noxo5Kyio Ha ôycnHy. 3th 6c^kh, racroHM, o6pa3yiOT cep/j- 
u.eBHHy óycHHbi, no noBepxHOCTH KOTopoň npoxoAHT J \HK 
HyioieocoMbi — HHBapnaHTHbiH KOMnoHeHT syxpoMaTOHa h 
reTepoxpoMaraHa HHTepcJ)a3Hbix a/iep, a Taioxe mhtothhcc- 
khx xpoMocoM. HyioieocoMbi — sto nepBbíň ypoBeHb opraHH- 
3aU,HH XpOMaTHHa, C K03(J)(J)HL] 1 HeHT0M ynaKOBKH reHOMHOH 
flHK -6. CocTaB h CTpyKrypa HyioieocoM noApoÔHO H3yneHbi. 

BTopoň ypoBeHb opraHH3au,HH xpoMaTMHa — sto yK- 
jia/jKa cepnH HyioieocoM b bh/ je cnnpajibHoro MaccnBa 


c o6pa30BaHneM BOJiOKHa (4)H6pHJuibi) AHaMeTpoM -30 

HM; TaKOe BOJIOKHO eCTb H B HHTep(j)a3HOM XpOMaTHHe, H 
B MHTOTHHeCKHX XpOMOCOMaX (CM. pHC. 28.11). ľlpH STOM 
Koscjxj)HUHeHT ynaKOBKH JXHK aoboahtch ao ~40 (b HHTep- 
4)a3HOM xpoMaTHHe). CTpyKTypa TaKnx bojiokoh H3yneHa 
He oneHb xoporno; H3Becrao, hto ee no/wepxcaHHe TpeôyeT 
ynacTna AonojiHHTejibHbix ôejiKOB. 

OKOHHaTeJIbHblH KOS(J)4)H4HeHT ynaKOBKH reHOMHOH 
Jl HK onpeAeAaeTca TpeTbHM ypoBHeM opraHH3au,HH xpo- 
MaTHHa, b paMKax KOToporo nponcxoAHT ynaKOBKa caMoro 
30-HaHOMeTpoBoro BOJiOKHa. MnHHMaAbHbíň oôiahh koscJ)- 
(J)HU,HeHT ynaKOBKH, -1000, xapaicrepeH /via syxpoMaTHHa; 
HCXOAfl H3 STOrO MHHHMyMa, 3HaneHHe KOS(JxJ)HU 1 HeHTa 
ynaKOBKH u,HioiHHecKH KOJieôJieTca, AOCTnraa CBoero MaK- 
CHMyMa, -10 000, b mhtothhcckhx xpoMocoMax. B cocTaBe 
reTepoxpoMaTHHa, b HHTep(J)a3e h npn MHT03e, flHKynaKO- 
BaHa C nOCTOHHHblM KOS(J)(J)HLl 1 HeHTOM -10 000. 

YM03pHTeJlbHO, H3MeHeHHe CTpyKTypbl XpOMaTHHa 
npeAnojiaraeT hjih accounaunio c hhm AonojiHHTejibHbix 

Ôe^KOB, HJ1H MOAHCjDHKaLJHK) KOHCTHTyTHBHblX XpOMOCOM- 
Hbix ôejiKOB. KoHKpeTHbie MHiueHH h pbinarH kohtpom 
U,HKJIHHeCKHX H3MeHeHHH CTpyKTypbl XpOMaTHHa AOnOA- 
jihhho He H3BecTHbi. PenjiHKau,Ha h TpaHCKpHnu,Ha Tpeóy- 
K)T pacnjieTaHHa flHK h nosTOMy ppnmibi eonpoBOXCAaTbca 
pocnycKOM CTpyKTypbl xpoMaTHHa — hto6h eooTBeTCTBy- 
iomHe ôejiKH nojiyHHAH AOCTyn k J\ HK h B03MO)KHOCTb Ma- 
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HHnyjiHpoBäTb eio; cy w no BceMy, H3MeHeHHa 3aTparnBaioT 
opraHH3aunio xpoMaTHHa Ha Bcex Tpex ee ypoBHax. 

Kor/ta b xpoMaTHHe H/teT penjíHKavHa, HymieocoMbi 
AOJixcHbi 6biTb BOcnpoH3Be^eHbi /yia oôohx /tonepHHx /iyn- 
jieKCOB reHOMHOH Í\HK. 3a/taBiiiHCb BonpocoM eôopKH Hyx- 
jieocoMbi, ejie/tyeT noHHTepeeoBaTbea h tcm, mto cjiyHaeTca 
npn penjíHKavHH J\ HK c /jpyraMH ôejiKaMH, npHcyTCTBy- 
b xpoMaTHHe. PerníHKavHa B03MymaeT cTpyKTypy 
xpoMaTHHa. npH 3TOM, C OflHOH CTOpOHbl, B03HHKaCT npO- 
ÔJieMa no/wepxcaHHa c{)opMbi ynacTKOB co cneuH(f)HHecKOH 
CTpyKTypoň; c Apyroň CTOpOHbl, B03HHKaeT B03M0XCH0CTb 
/Via H3MeHeHHa cTpyKTypbi. 

MaccoBaa /joaa ôeaKOB b xpoMaTHHe nyTb m He b /jBa 
pa3a ôojibine MaeeoBoň j\o jih flHK. ľlpHMepHO noaoBHHy 
Maccbi xpoMaTHHOBbix 6eaKOB cae/jyeT oraecTH Ha cneT 
HyioieocoM. Macca PHK cocraBjíaeT MeHee 10% ot Maccbi 
J\ HK; 3HaMHTeabHaa nacTb PHK — sto HOBOCHHTe3npoBaH- 
Hbie TpaHCKpnnTbi, Bce enj,e eoxpaHaiomHe CBa3b c MaTpn- 
uen HK. 

K HeracTOHOBbiM ôejiKaM oTHOcaTca Bce ôejiKH xpo¬ 
MaTHHa 3a BbineTOM thctohob. no cpaBHeHHio c racTOHaMH, 
HeracTOHOBbie 6eaKH 6oaee BapHaéeabHbi MOK/jy pa3HbiMH 
TnnaMH TKaHeň h BH/jaMH opraHH3MOB; hx MaccoBaa /jojia 
b xpoMaTHHe nyTb MeHbrne, neM /joaa thctohob. HeracTO- 
HOBbie ôejiKH ropa3AO pa3HOo6pa3Hee thctohob, Tax hto b 
xpoMaTHHe Kaac/íbiH OT/teabHO B3aTbiň HeracTOHOBbíň 6e- 
jiok npHcyTCTByeT b KoannecTBe, ropa3/to MeHbmeM, Heace- 
JIH JIIOÔOH H3 thctohob. 

B 06a3aHH0CTH HerHCTOHOBblX ÔCJIKOB BXOflHT koht- 
poab SKcnpeccHH reHOB h cTpyiaypbi xpoMaTHHa Bbicmero 
nopa^Ka. Tax, PHK-nojiHMepa3y moxcho paccMaTpHBaTb kuk 
HerHCTOHOBbíň 6eaoK. Ocoôaa rpynna HeracTOHOBbix 6e;i- 
kob — 6e;iKH BbicoKoň no/i.BHacHOCTH (high mobility group 
proteins, HMG proteins) — BiuiiOHaeT b ce6a p a/j <f>aKTopoB 
TpaHCKpnnvHH. B paôoTe c /jpyrnMH HeracTOHOBbiMH 6ea- 
KaMH ocTpo ctoht npoôaeMa KOHTaMHHauHH hx npenapa- 
tob /jpyrHMH a/tepHbiMH ôeaKaMH. MeTO/tHnecKaa 3a/tana 
OMHCTKH HerHCTOHOBblX ÔCJIKOB, OTBenaiOmHX B xpoMaTHHe 
3a CTpyKTypbi Bbícninx nopa/tKOB, pp chx nop b coBepmeHC- 
TBe He perneHa. 


JllOÓOň XpOM3TMH 
COCTOMT M3 Cy6l>eAMHMLl — 
Hyx/ieocoM 


KnioHeBbie noHflTMBi 


• MHKpoKOKKOBaw HyK/iea3a pa3pe3aeT xpoMaTMH Ha OTfle/ibHbie 
HyKaeocoMbi — nacTMUbi c K03(()ct)MUMeHT0M ceflMMeHTauMM 11S. 

• HyK/ieocoMa coflepwMT -200 nH flHK m no flBe MO/ieKy/ibi 
Kawfloro M3 tmctohob cepaueBMHbi (H2A, H2B, H3 m H4). 

• flHK oóepHyia BOKpyr Hapy>KHOM noBepxHocTM rHCTOHOBoro 
OKTaMepa. 

Ecjih HHTep(J)a3Hbie a/jpa cycneH/jHpoBaTb b pacTBope 
hh3koh hohhoh chjih, to ohh pa3/iyBaK)Tca h aonaioTca, 



PMC. 29.1 K/ieTOHHbie aflpa, y KOTopbix noBpoKfleHa o6o/ioHKa, Bbi- 
nycKaiOT M3 ce6a xpoMaTMH: oh coctomt M3 KOMnaKTHo opraHM30- 
BaHHbix nacTMív MepKa paBHaeTOi 100 hm. BocnpoM3BefleHO no Celí, 
vol. 4, Oudet, P., et al., Electron microscopic . . . , pp. 281-300. 
ABTopcKwe npaBa 1975, c pa3peweHMfl Elsevier. 0oTorpac()Mfl /no6e3- 
ho npefloCTaB/ieHa Pierre Chambon 


BbinycKaa H3 ce6a BoaoKHa (4)H6pHajibi) xpoMaTHHa. Ha 
p 14í. 29.1 noKa3aHO a^po, no/tBeprHyToe TaKOMy jiH3ncy, c 
ycTpeMjieHHbiMH H3 Hero Hapyacy (J)H6pHJiaaMH xpoMaTH¬ 
Ha. HeKOTopbie ynacTKH xpoMaTHHa, kuk moxcho 3aMeTHTb, 
coxpaHHJiH njioraocTb ynaKOBKH; ynacTKH, KOTopbie oxa3a- 
ancb pacTaHyTbiMH, co Bceči oneBn/tHOCTbio, cocToaT H3 ahc- 
KpeTHbix nacTHLi, — sto h ecTb HyKjieocoMbi. Ha ocoôchho 



P MC. 29.2 Oifle/ibHbie HyK/ieocoMbi mo>kho no/iyHMTb, o6pa6o- 
TaB xpoMaTMH MMKpOKOKKOBOÍÍ HyK/iea30ÍÍ. MepKa paBHneTCB 
100 hm. Bocnpon3BefleHo no Ceä, vol. 4, Oudet, P., et al., Electron 
microscopic . . . , pp. 281-300. Copyright 1975, c pa3peweHMfl 
Elsevier. 0OTorpac()Mfl /no6e3Ho npeflociaB/ieHa Pierre Chambon 
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29.2 JIioóom xpoMaTMH coctomt M3 cyóbeflMHMV — HyK/ieocoM 773 














PMC. 29.3 HyK/ieocoMa coctomt M3 npn6jiM3mejibHo paBHbix Macc 
flHK n tmctohob (c yneTOM Hl). PacneTHaa Macca HyK/ieocoMbi co- 
CTaB/iBeT 262 Kfla 



PMC 29.4 Mo>kho npeflCTaBMTb HyK/ieocoMy KaK umiMHflp, no noBep- 
XHOCTM KOTOporO npOXOflflT flBa CBepXBMTKa flHK 


HyK/ieocoM« 

3 - 3TO n/IOCKMM flM/IHHflP 

OCb CMM 

Be^OK = 3,2 hm 

MeTpHH 

PaflHyc BpaiueHHíi 

TuCTOHOBbíH 

{ flHK = 5,2 hm 

OKTaMep 

_ 6 HM 

' 


flBa 

noK 

6ok 

/ 

i CBepxBHTKa flHK to^iumhoíí 2 hm 
pblBaiOT ÓO^bLUyK) HaCTb 

OBOM ľlOBepXHOCTM UH^HHflpa 


PMC 29.ď B HyK/ieocoMe flBa CBepxBMTKa flHK y/io>KeHbi 6 jim 3KO 
flpyr k flpyry 


pacTHHyTbix ynacTKax xpoMaraHa bhaho, mto HymieocoMbi 
coeflHHeHbi tohkoh HHTbio; OHa npeflCTaBJíaeT coôoň flByx- 
Li,enoHeHHyK) J\ HK. Ceoôodnuu dymeicc flHK nenpepuenoú 
HunibK) npoôezaem cepuw nacmui 

OTfle;ibHbie HyícneocoMbi moxcho nojiynHTb, oôpa- 
6oTaB xpoMaTHH 3Hfl0Hyicnea30ň (mhkpokokkoboh 
HyKJiea 3 oň), pa3pe3aiomeň J\ HK b Mecrax coeflHHeHHa 
HyícneocoM Mexcfly coôoň. B Hana;ie Taxoň oôpaôoTKH H3 
xpoMaTHHa BbiCBOÔoxcflaioTca rpynnbi Hacraii, KOTopbie 
3aTeM pa3flejiaioTca Ha OflHHOHHbie HyioieocoMbi. Hx mo>k- 
ho yBH/jeTb Ha p n c. 29.2 KaK KOMnaKTHbie nacTHiibi. CeflH- 
MeHTHpyiOT OHH C K03(j)(j)HLl 1 HeHT0M ~11S. 

HyKJieocoMa codepycum okojio 200 nnfiHK, accoi^u- 
upoeauHOú c zucmonoebiM OKmcmepOM , Komopuu bkjik)- 
Haem e ceôn no dee MOJiexyjiu zucmonoe H2A, H2B, H3 
u H4. 3th ôejiKH Ha3biBaioT racTOHaMH cepflii,eBHHbi 
Hx accoiiHau,™ cxeMaTHHHo H3o6paxceHa Ha pmc 29.3. 
3Ta MOflejib xoporno oômcmtr cTexHOMeTpHio thcto- 
hob cepflLjeBHHbi b cocTaBe xpoMaTHHa, r/je H2A, H2B, 
H3 H H4 npHCyTCTByiOT B 3KBHMOJIflpHbIX KOJIHHeCTBaX, 
npHHeM no flBe MOJieKyjibi Kaxcfloro H3 hhx npnxoflHTCfl 
Ha 200 nH flHK. 

ľHCTOHbl H3 H H4 H3BeCTHbI KaK OflHH H3 CaMblX KOH- 
cepBaTHBHbix ôejiKOB. 3to oôcTOATejibCTBo yKa3biBaeT Ha 
HfleHTHHHOCTb hx (})yHKijHH y Bcex syKapnoT. iHCTOHti H2A 
h H2B Taioxe oÔHapyxcHBaioTca y Bcex syKapnoT, ho c cy- 
LU,eCTBeHHbIMH BHflOCneUH([)HHHbIMH BapnaUHflMH aMHHO- 
KHCJioTHbix nocjieflOBaTejibHocTeň. 

Thctoh H1 — sto coônpaTejibHoe hmh 6;iH3KopoflCTBeH- 
HblX ÔeJIKOB, OTJIHHaiOIIJ,HXCa y pa3HbIX BHflOB OpraHH3MOB 

h b 3aBHCHMOCTH ot rana TKaHH. Y Hl po;ib flpyraa, nm y 
thctohob cepflLjeBHHbi. H3 xpoMaTHHa, r/je Hl npHcyrcTBy- 
eT B KOJIHHeCTBe, nOJIOBHHHOM OT KOJIHHeCTBa JHOÔOTO H3 
thctohob cepflLjeBHHbi, oh SKcrparapyeTca Jierne, neM thc- 
TOHbl CpeflLl.eBHHbl (OÔblHHO 3TO flCJiaeTCfl pa3ÔaBJieHHbIM 
[0,3 M] pacTBopoM cojih). K TOMy xce, Hl momho ydanumb 
U3 nymeocoMu, ne napyiuue ee cmpyKmypu, yK03biean na 
mo, nmo on pacnojiojtcen cnapyMU nacmui^u. 

ľlo CBoeň (J)opMe HyioieocoMa cooTBeTCTByeT flHCKy, 
vm h yruiomeHHOMy LjHJiHHflpy, flnaMeTpoM 11 hm h bhcotoh 
6 hm. Jpmm flHK b cocTaBe HacTHLjbi, oneHb npuôjimmaib- 
ho, cooTBeTCTByeT flByM OKpyxcHOCTHM (~34 hm) oKTaMepa 

THCTOHOB CepflLjeBHHbl. flHK JIOXCHTCfl Ha OKTaMep CHMMeT- 
Phhho. Ha pmc. 29.4 ee TpaeKTopna cxeMaTHHHo noKa3aHa 
KaK cnnpaflbHaa oÔMOTKa H3 flByx bhtkob BOKpyr LjHJiHHfl- 
pHnecKoro oicraMepa cepflu.eBHHbi HyícneocoMbi. 3aMeTHM, 
hto Jl HK «BxoflHT» b HyioieocoMy (TOHHee, b iieHTpa^bHyio 
nacTb HyícneocoMbi, cocToamyio H3 thctohoboh cepmeBH- 
Hbi, flBa^Kflbi oôepHyroň flHK) h «noKHflaeT» ee b TOHKax, 
pacnojioxceHHbix 6jih3ko flpyr k flpyry. Thctoh Hl, bo3mo)k- 
ho, HaxoflHTca paflOM c sthmh TOHKaMH (cm. pa3fl. 29.4 «Bce 
HyioieocoMbi ycTpoeHbi 0flHHaK0B0»). 

Ecjih paccMOTpeTb 3Ty MOflejib b BH/je nonepeHHoro 
cpe3a nepe3 HyioieocoMy, KaK noKa3aHO Ha p M c. 29 . 5 , to 
M05KH0 yBHfleTb, HTO flBa BHTKa J \HK Ha nOBepXHOCTH THC- 
tohoboto OKTaMepa jiexcaT 6jih3ko flpyr k flpyry. H 3 6 hm 
BblCOTbl Ll,HJlHHflpa 4 HM 3aHHTO flByMH BHTKaMH J \HK (C flHa- 
MeTpoM flBOHHoň cnnpajiH, KaK H3Becrao, 2 hm). 
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HyKJteocoMa cé/iMXcaeT B3anMHO-yAa/ieHHbie cambi fl H K 



Híí . Z9..b M3-3a TecHoro pacno/io/neHM* cbbpxbmtkob HyK/ieocoM- 
hom flHK ee caŕÍTbi neperpynnnpoBaHbi flpyr OTHocme/ibHO flpyra 


TaKaa KOH(J)HrypaLi I Ha bhtkob flHK b cocraBe Hyiuieoco- 
Mbl HMeeT B03M0)KH0e 4}yHKLl,HOHa^bHOe CJieACTBHe. Oahh 
oôopoT flHK BOKpyr cep/jueBHHbi HyioieocoMbi coctoht h3 
~80 nH, h rbc tohkh, pa3/je;ieHHbie 80 nH abohhoh cnnpa- 
jih, b HyioieocoMe Moiyr OKa3aTbca côjinxceHHbiMH (KaK no- 
KiSaHO Ha PK't. 29.c). 


29.3 


reHOMHaa AH K CBepHyra 
B BMfle MaCCMBOB HymieocoM 


KnKDHeBbie noHATHfl: 


• rioc/ie o6pa6oTKM xpoMaim-ia mmkpokokkoboíí 
3HflOHyK^ea3oŕí >95% flHK mo>kho coópaľb c HyK/ieocoM 
M/l M MX My/lbTMMepOB. 

• fl/iMHa flHK, npMxofl/uueíícB Ha oflHy HymieocoMy b K/ieTKax 
pa3Horo npoMcxo>KfleHM/i, BapbMpyeT b flMana30He ot 154 
flo 260 nH. 


ECJIH XpOMaTHH OÔpaÔOTaTb (J)epMeHTOM MHKpOKOKKO- 
boh Hyiaiea3oň, to reHOMHaa flHK 6y/jeT Hape3aHa b BHfle 
(JiparMeHTOB, COOTBeTCTBytOIflHX HeKOTOpoň (j)HKCHpO- 
BaHHoň eflHHHLi,e /yiHHbi, yMHOxceHHOH Ha n,ejioe hhcjio. 
OpaKLi,HOHHpoBaHHe TaKoro o6pa3u,a flHK re/ib-sjieKTpo- 
c{)ope30M /jaeT «jiecTHHLiy» H3 (JiparMeHTOB pa3Hoň fl/iHHbi, 
npeflcraBJíeHHyio Ha pne. zbj. ÓôbiHHO Taxne «jiecTHHLi,bi» 
HMeioT okojio 10 «<ľryneHeK», a eAHHHLja /yiHHbi, onpefle- 
jiaeMaa KaK paccToaHHe MOKfly coccahhmh «cTyneHbKa- 
mh», paBHaeTca -200 nH. 

OpaKu,HOHHpoBaHHe HyioieocoM b rpaflneHTe caxapo- 
3bi flaeT cepnio flHCKpeTHbix hhkob, KOTopbie cootbctc- 
TByiOT HX MOHOMepaM, flHMepaM, TpHMepaM H T.fl. ĽCJIH H3 
pa3AejieHHbix (fipaKLjHH sKCTparapoBaTb flHK h, He CMe- 
niHBaa, noABeprayTb 3JieKTpocj)ope3y, to kzjkroíí (J/paKLi.HH 
ôyfleT cooTBeTCTBOBaTb oflHa nojioca yHHKa/ibHoň /yiHHbi, 
SKBHBajieHTHaa oahoh H3 cTyneHeK MHKpoKOKKOBO-Hymie- 
a3Hoň «jiecTHHLi,bi». 3to cooTBeTCTBne Mexcfly «cTyneHbKa- 
mh jiecTHHLi,bi» Ha 3JieKTpocj)operpaMMe h ce/jHMeHrapo- 
BaBniHMH rpynnaMH H3 HecKOJibKHx CB/mHHbix HyioieocoM 
noKa3aHO Ha m :. MoHOMepHaa HyiuieocoMa coflep- 
XCHT OAHy eAHHHLl,y AJIHHbl flHK, flHMep HyKJieOCOM — RBC 
e/JHHHLJbl, H T.fl. 


B Ka^OH «CTynciibKc jiccniHUbi» npeACTaBJíeHa 
flHK, CBH3aHHaa C KOHKpeTHbIM Ue/lblM HHCJIOM HyKJieO- 
com. Bunenenue e kokom-jiuôo xpOMamune «jiecmnuu í u» 
c rnazoM 200 nn mojkho paci^enueamb KaK undmamop 
opzanmaUfUU ezo RHK e eude nymeocoM. «JIecTHHfla* 
B03HHKaeT yace Torfla, Koiyja b (})opMy, pacTBopnMyio b 
khcjioh cpefle (to ecTb /^erpa/^HpoBaHHyio HyK/iea30H ao 
HeôojibniHx 4)parMeHTOB) nepeň/jeT Bcero 2% aflepHOň 
flHK. 3HanHT, neôojibuian dom HdepmúJlHK amaKyem- 
ch nyKiiea30ú ôojiee aKtnueno; ôojimho 6umb , ew nped- 
cmaejienu ocoôo ymeuMbie ynacniKU zenoMa. 

Korfla xpoMaTHH BbixoflHT H3 flflpa, noABeprHyToro jih- 
3Hcy, moxcho pa3rjwfleTb cepHH HyioieocoM, coeflHHeHHbix 
cboôoahoh flHK, KaK 6ycbi — hhtkoh. C Apyroň cTopoHbi, 
HeoôxoflHMOCTb b n/ioTHOH ynaKOBKe flHK in vivo roBopnT 
o tom, hto, CKopee Bcero, cboôoahoh flHK b a^pe He TaK yxc 

MHOľO (HJIH BOBCe HeT). 

3to cooôpaxceHHe no^TBepxc.aaeTca TeM (JiaKTOM, hto, 
noejie flerpaflaLi,HH mhkpokokkoboh Hyioiea30H, >%%Jl}íK 
xpOMamuna momho coôpamb h «yjioxcHTb» 3^eKTpocJ)ope- 
3 om e eude «necmnuu i u» c rnazoM 200 nn. Gie/jOBaTejibHO, 
non™ Bca flHK Hflpa TaM npHcyTCTByeT b (})opMe HyioieocoM. 
HyKJieocoMbi b aflpax in vivo , cyfla no BceMy, pacnojioxceHbi 
TecHO, TaK hto flHK npflMO nepexoflHT H3 o/jhoh H3 hhx 
H a Apyry 10 - CBOÔo/jHaa flHK noaB^aeTca, Bepoarao, Jinnib b 
npenapaTax, b cbh3h c noTepaMH racTOHOBbix omMepoB 
npn ee Bbi^ejieHHH. 

flnHHa flHK, npHXOA^maaca Ha o/jHy HyioieocoMy, mo- 
xceT oTKJiOHHTbca ot THnoBoro 3HaneHHa b 200 nH. B kjict- 
Kax KOHKperaoro rana coÔJiiOAaeTca xapaicrepHoe cpeAHee 
3HaneHHe (±5 nH). Mame Bcero oho nonaAaeT Mexc/iy 180 h 
200 nH, xoto H3BecTHbi ocoôbie c^ynan: HanpnMep, 1 54 nH y 



PH C. 29.7 MMKpoKOKKOBa/i HyK/iea3a paciuen/i/ieT xpoMaTMH Ha 
My/ibTMMepbi HyK/ieocoM. flHK 3 tmx My/ibTMMepoB, pa3fle/ieHHa/i re/ib- 
3/ieKTpoc()ope30M no A/iuHe cfiparMeHTOB, npeflciaeT b BMfle «/iecTHM- 
Ubi» M3 no/ioc. OoTorpac()M/i /no6e3Ho npeflociaB/ieHa Markus NolL 
Urniversität Zurich 


29.3 ľeHOMHafl flHK CBepHyia b BMfle m3Ccmbob HyK/ieocoM 775 




















29.4 


HeKOTopbix rpHÔOB hjih 260 nH b cnepMaT030HAax mopcko- 
ro exca. JXnn pa3Hbix TKaHeň B3pooioro opraHH3Ma cpeAHne 
3HaneHHa Moiyr oTTiHnaTbca; ornmm Taioxe Moiyr 6biTb 
rjw pa3Hbix nacTepí reHOMa BHyTpn OAHoro mieTOHHoro 
rana. OTKnoHeHHa ot cpeAHereHOMHoro 3HaneHHfl /yiHHbi 
OTpe3Ka fl HK b OTAe;ibHO b3atoh HyiuieocoMe CBoňcTBeHHbi 
TaH/jeMHO noBTopaiomHMca noeJieAOBaTejibHOCTflM — Ta- 
khm Kax KnacTepbi 5S PHK. 


«J1ecTHH4a» m 3 no/toc flHK Ha ajieKTpo(t)operpaMMe 
AeHCTBHTe/lbHO COOTBeTCTByet My/IbTHMepaM HyK/ieOCOM 


CeflHMemauHA 

BepX . 11 1 11 1 ' fr HM3 


MOHOMepbl 

, fluMepbi 

i A i 


hr 


yi\/it|7 


Bbifle^mb flHK n noflBeprHyib 3/ieKTpoc|)ope3y 


KoHTpo/ib: 

npOflyKT peCTpHKUHH 
(Haóop c|)parMeHTOB 
H3BeCTHOÍÍ A/lMHbl) 



<‘\AL, 29.8 Kawflbiií MyAbTHMep HyK/ieocoM coflep>KMT cooTBeTCTByio- 
mee HMC/IO eflMHMHHblX fl/lMH HyK/ieOCOMHOÍÍ flHK. OoTOrpac()MH / 1 K)- 
6e3H0 npeflociaB/ieHa Jan Kieleczawa, Wyeth Research 


Bce Hyx/ieocoMbi 

yCTpoeHbl OAMHaKOBO 


KnKDHeBbie noHATMa: 


• no HyBCTBMTe/lbHOCTM K HyKJiea3e flHK K3)KflOM HyKJieOCOMbl 
mo>kho noflpa3fle/imb Ha flBe o6/iacTM — ueHTpa/ibHyio m 
CBH3yiomyK). 

•flHK ueHTpa/ibHoíí o6/iacTM, npoTjDKeHHocTbK) 146 nH, MO>KeT 
6biTb CHHTa c ueHTpanbHbix nacTMu, o6pa3yiomMxai np m 
AA menbHoíí oépaéoTKe xpoMaTMHa mmkpokokkoboíí HyK/iea3oŕí. 

• CBH3yiOLiiaH flHK, npoTJUKeHHOCTbio ot 8 flo 114 nH, ya3BMMa 
fl/iH HyKnea3bi c caMoro Hana/ia o6pa6oTKM. 

• BapwauMM cyMMapHoŕí npoTjDKeHHocTM flHK oahoíí HyK/ieocoMbi 
onpeflenaiOTCH KOJieóaHMBMM pa3MepoB cBH3yioLiieM o6jiacrn. 

• Tmctoh Hl accouMMpoBaH co CBH 3 yioLiieM flHK m Mo>KeT 
HaXOflMTbCH no6/lM30CTM OT TOHeK «BXOfla» M «BblXOfla» (rpaHMU 
ueHTpanbHoíí 06 /iacTM flHK, accounnpoBaHHoŕí c mcroHOBbiM 
OKTaMepOM). 


BapnaôejibHOCTb /y ihhh flHK, npHXOAHifleňca Ha OflHy HyK- 
JieOCOMy, B 3aBHCHMOCTH OT HCTOHHHKa ee npOHCXO^KAeHHa, 
HaioiaflbiBaeTca, TeM He MeHee, Ha oôiflHOCTb CTpoeHna Bcex 
HyioieocoM. npn accoyHayHH flHK c racroHOBbiM omMe- 
poM o6pa3yeTca yempajibHaa nacTHya, coAep^Kaiyaa 146 nH 
flHK — BHe 3aBHCHMOCTH ot cyMMapHoň /yiHHbi flHK, npn- 
xo Aflifleňcfl Ha flaHHyio HyioieocoMy. H3MeHMHBOCTb cyMMap- 
hoh /yiHHbi flHK b HyKneocoMe npoeyHpyeTca Ha nocToaHC- 
tbo CTpyKTypbi ee yeHTpajibHOH nacm 

no^ynHTb yempajibHyio nacTHuy mo>kho, B03AeHCTBya 
mhkpokokkoboh Hyioiea30H Ha HyioieocoMy-MOHOMep. Ecjih 
«H anycTHTb» <f>epMeHT Ha HHTaKTHbíň xpoMaTHH, to oh pa3pe- 
xceT flHK Moxjjy HymieocoMaMH. Ecm (J)epMeHTy, nocne toto 
K ax oh Hape3aji xpoMaTHH Ha HyioieocoMbi-MOHOMepbi, no3BO- 
jíHTb AeňcTBOBaTb flajibine, to oh pacmennT nacTb flHK H3 co- 
CTaBa oôocoÔHBniHxca HyKJieocoM. 3Ta peaKyna ôyj\cr npefl- 
CTaB^aTb co6oh «cocTpHraHHe» KpaeB HyioieocoMHOH flHK 
YMeHbineHHe /yiHHbi HyioieocoMHOň flHK npoHCxo- 
flHT b c{)opMe AHCKpeTHbix niaroB, sto c^e/iyeT H3 aHajiH3a 
3JieKTpo(})operpaMMbi Ha nie. í 9*y. Mcxo^Haa /yiHHa flHK b 
H ymieocoMax MOHOMepax H3 Hflep kjictok neneHH Kpbicbi co- 
CTaBJíaeT 205 nap ocHOBaHHň. Ec™ bccth peaKynio A^Jitme, 
to nepe3 HeKOTopoe BpeMa moxcho o6Hapy>KHTb c{)parMeHTbi 
flHK, /yiHHa KOTopbix coKpaTraacb ao -165 nap ocHOBaHHň. 
fla^bHeňmee coKpameHHe aoboaht /yiHHy (J)parMeHTOB a o 
pa3MepoB yeHTpa^bHOH oôJiacTH (BxoAAmeň b cocTaB yeH- 
TpajibHoň nacTHybi), A^HHa KOTopon cocTaB^aeT 146 nap 
ocHOBaHHH. 3Ta ueHTpa^bHaa oôJiacTb AOBOJibHo-TaKH cTa- 
ÔHJibHa, xoth ec^H peaKymo, b 6ojiee TKtcrmx yc^OBHax, ao- 
BecTO «ao ynopa», to o6pa3yeTca Tax Ha3biBaeMbiň <<npoAyKT 
npeAe^bHoro pacuj,emieHHa». B stom npoAyKTe caMbie pjm h- 
Hbie (J)parMeHTbi — Te xce 146 nH yeHTpajibHoň oôJiacTH, b 
to BpeMtf Kax Apyrne (J)parMeHTbi Moryr 6biTb ropa3AO Kopo- 
ne — BruioTb ao 20 nH. 

TaKoň aHa^H3 AOKa3bmaeT npaBOMOHHOCTb pa3AejieHHa 
HymieocoMHoň flHK Ha ABe oôJiacTH: 

• yempajibHyio oÔJiacTb, c HHBapnaHTHOH a^hhoh 
146 nH h OTHOCHTejibHO ycTOHMHByio k pacmemieHHio 
Hyioiea3aMH, h 

• CBa3yiomyK) o6;iacTb, norpaHHMHyio c ApyrHMH Hyioieo- 
coMaMH. Ee j\jmm BapbnpyeT ot 8 ao 114 nH. 
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EflMHMMHbm 0Tpe30K HyKiieOCOMHOM AH K 
MMecT 4eHTpajibHyio nacrb 



9HC. 29.9 fl/iMHa MOHOMepoB HyK/ieocoMHoŕí flHK noaianHO yMeHb- 
luaeTCB flo 146 nH. OoTorpacfíMfl jno6e3HO npeflociaBjíeHa Roger 
Kornberg, Stanford University School of Medicíne 


HeTKOCTb nojiocbi, KOTopaa B03HHKaeT m aneicrpo- 
$operpaMMe nooie caMoro nepBoro 3Tana pacmemieHHa 
flHK xpoMaTHHa, roBopm o tom, hto fleHCTBHio (J)epMeHTa 
hcxoaho AOCTyneH jinnib oneHb orpaHnneHHbiH ynacroK — 
HeóojibiuoH cerMem CBa3yioifleH oójiacm (Ecjih 6bi ya3BH- 
moh 6buia bcb CBa3yioiflaa oóJiacrb, to nojioca Bbirjiaflena 
6bi pa3MbiTOH, noTOMy hto coamna 6bi H3 (J)parMeHTOB c 
pa36pocoM no rj ime ot 146 flo >200 nH.) Ho Kax TOJibKO 
pa3pe3 BHeceH, bca CBa3yioinaa oóJiacTb flHK HymieocoMbi- 
MOHOMepa CTaHOBHTCB ya3BHMOH H MOXCeT ÓbITb HOBOJIb- 
ho óbicTpo yflajieHa nooieflyioiflHM fleHCTBneM (fepMeHTa. 
CBB3b mokrý OTanaMH paciflernieHna HymieocoMHon flHK 
H3o6pa^cena na -r\M 29 io. 

CBoncTBa yeHTpajibHbix nacrnu, nofloÓHbi CBOHCTBaM ca- 
mhx HymieocoM, xotb no cbohm pa3MepaM yeHTpa^bHbie nac- 
THu,bi HecKOJibKO MeHbine. Bce xce no (J)opMe n pa3MepaM ohh 
noxo^cn Ha HymieocoMbi; sto noKa3bmaeT, mto reoMeTpna 
nacTHn,bi 3a,naeTca B3anMO/jencTBHeM MOKfly flHK h 6e;iKO- 
bhm oicraMepoM yeHTpa^bHOH nacTHybi. TexHmecKH, yeH- 
TpajibHbie nacTHybi xax roMoreHHyio nonyjiaynio (oflHopofl- 
Hbix) OÓTeKTOB Bbme^HTb JieľMe. nOOTOMy B HCCJie/^OBaHHaX 
Ha npeAMeT cTpyicrypbi nacTO npe/jnonnTaiOT ncnoJib30BaTb 
HMeHHO hx, a He npenapa™ uejibHbix HyiuieocoM. (fle.no b 
TOM, HTO H3ÓOKaTb «COCTpHTaHHa» KpaeB HyiOieOCOMHOH 

flHK npn Bbme;ieHHH oneHb oioxcho.) 

B neM 3amnonaeTca (J)H3nnecKaa cymHOCTb pa3 nmm 
MOK/iy ueHTpajibHOH h CBa3yiomeH oóJiacraMH HyKneocoM- 
hoh flHK? fla, b o6iyeM-To, hh b neM. 3mu mepMunu (nasea- 
huh oôjiacmeu) ôbuiu eeedenu kok paôouue onpedejienm, 
e lA^emx onucaum ynacmme nyKJieocoMHou J±HK c mohku 
3penm ux omnocumejibnoú Hyecmeumejibnocmu k oópa- 
SomKe HyKJiea30U, 6e30TH0CHTe;ibH0 hx peajibHOH crpyK- 


Typbi. Bce xce, Kax OKa3a;iocb, ôojibinaa nacTb yeHTpajibHon 
OÓJiaCTH HMeeT BblCOKyiO nJIOTHOCTb HCKpHBJíeHHH, B TO 

BpeMtf Kax Kpaa yeHTpajibHon oójiac™ h bcb CBB3yioiyaa 
oójiacrb — 6ojiee pacnpaBjíeHHbie (cm. pa3fl. 29.5 «Ha no- 
BepxHOCTH HyioieocoMbi CTpyKTypa flHE HeoflHopoflHa»). 

0(J)opM^eHne CBB3yioiyeH flHK Kax oóJiac™ Bceíieno 
onnpaeTca Ha (J)aKTopbi, BHeuiHHe no othoihchhio k thcto- 
HaM cepAyeBHHbi. SKcnepnMeHTbi no BOCco3flaHHio (caMO- 
cóopKe) HymieocoM in vitro noKa3a^n, hto rncTOHaM npn- 
cyiya cnocoÓHOCTb k opraHH3aiinn flHK b yeHTpajibHbie 
nacTHUbi, ho H3 TaKHx nacTHu, He o6pa3yiOTca HymieocoMbi, 
KOTopbie pa36HBa^n 6bi flHK Ha OTpe3Kn npaBnjibHOH pru¬ 
hu. Óo-BH/jHMOMy, Ba^CHbiM (J)aKTopoM TaKoro pa36neHHB 
in vivo HB^aeTca CBepxcnnpa^H30BaHH0CTb flHK; Ha npoTa- 
xceHHOCTb CBB3yioiyHx oó^acTeň flHK b cepnax HyioieocoM 
BJIHBIOT THCTOH Hl H/HJIH HCTHCTOHOBbie ÔCJIKH. B CÓOpKe 
HyKJieocoM H3 thctohob h flHK in vivo ynacTByiOT Taioxe 
«6e^KH c6opKH», KOTopbie caMH He bxoaat b cocTaB Hyioieo- 
comh (cm. pa3,a. 29.9 «Bocnpon3BO,acTBO xpoMaTHHa Tpeóy- 
eT cóopKH HyioieocoM»). 

Ifle, no OTHOineHHK) k yeHTpanbHoň nacTHye, pacno^a- 
raeTca MO^exy^a rncTOHa Hl? Bo BpeMa Aerpa^aiinn Hyx- 
^eocoM-MOHOMepoB (nyreM paciyen^eHna nxflHK) Hl Te- 
paeTca, npnneM noTepa nponcxoAHT Ha 3Tane Aerpa^aiinH 
npoMeacyroHHoro npo^yKTa (b kotopom 165 nH flHK) ro 
yeHTpajibHOH nacTHybi c 146 nH flHK. 3to roBopnT o tom, 
hto MOJieKyjia Hl moxcct 6biTb accoyHnpoBaHa c tcm cer- 
mchtom flHK-CBa3yioiyeH oójiac™, kotophh HenocpeAC- 
tbchho npHMbiKaeT k yempanbHoň o6aac™. 

Eoih Hl accoyHnpoBaH co CBa3yioiyeH oóaacTbio, oh 
MoxceT «onenaTaTb» HyKjieocoMHyio flHK, CBa3bmaacb c ynac- 
TKaMH, B KOTOpblX HyKJICHHOBaHfl KHCJIOTa BXOAHT H YlOmRZ- 

er HyícneocoMy (cm. pne. 29.4). npeflcraBjíeHHe o pacnoaoxce- 
hhh MoaeKya Hl Ha CTbixax cmcxchhx HyKJieocoM xoporno 
coraacyeTca c H3BecTHbiM aaóopaTopHbiM onbiTOM: y^ajíHTb 
Hl H3 xpoMaTHHa npome, hcm Apyrne rncTOHbi, a xpoMaTHH, 
oóeAHeHHbiH thctohom Hl, «pacTBopaeTca» jiynme. KpoMe 
TOTO, eOIH XpOMaTHHOByiO (J)H6pHÄJiy OCBOÓOAHTb OT Hl, TO 
pacTBHyTb ee Kax «6ycbi Ha hhtkc» ropa3AO jierne. 


MuKpoKOKKOBafl Hyicnea3a «noACTpHraeT» HyiaieocoMbi 


AO AeHTpa/ibHbix qacTHA 



HyK^eOCOMbl CBOÓOflHblX HaCTULlbl 

KOH140B flHK 


P\AO 29.10 MHKpoKOKKOBaa HyKaea3a pe>KeT flHK Me>KAy Hymieo- 
coMaMM. OflMHOHHbie HyK/ieocoMbi coflep>KaT no -200 nH flHK. «0t- 
CTpnraHne» CBOÓOflHbix kohuob flHK npn Aa/ibHeiíiueM MHKy6aunn 
OflMHOHHblX HyK/ieOCOM C TOÍÍ >Ke MMKpOKOKKOBOM HyK/ie330M flaeT 
yMeHbiueHMe a^mhw MOHOMepoB HyK/ieocoMHOíí flHK: cnepBa ao 
-165 nH, v\, HaKOHeu, ao -146 nH. 
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MeneHHe CBo6oAHbix kohljob AHK noMoraeT HAeHTucfniAMpOBaTb caíiTbi HaAP630B 
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pafluoaKTMBHafl 

fleHaiypaumí pafluoaKTMBHafl 
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MeneHbiM ^parnem —■■■■■■■■> 


P MC. 29.11 ľlojioweHMe Haflpe3a b flyn/iexce mo>kho MfleHTH(()MUMpoBaTb, noMeTMB CBOÓoflHbiíí ko- 
Heu flHK (HanpMMep 5'-KOHeu). ľlepefl aBTopaflnorpa(()MeM flHK AeHaTypnpyioT. Torfla pa3Mep Me- 
neHoro (()parMeHTa oamhohhoíí uenM, KOTopbiíí oueHMBaeTca no aBTorpacfiy, 6yflei cooTBeTCTBOBaTb 
paccTOAHmo ot ee MeneHoro KOHLja ao Haflpe3a b mcxoahom flyn/iexce 


29.5 


Ha noBepxHocTM HyK/ieocoMbi 
crpyKTypa AH K HeoAHopoAHa 


fOnoneBbie noH5iT m: 


• flHK oôepHyia BOKpyr mcTOHOBoro OKTaMepa 1,65 pa3a. 

• B oó/iacTM «o6motkm» cipyKTypa flHK HeoflHopoflHa: hmcjio 
nap ocHOBaHMÍí b BMTKe aboííhom cnnpajin b cepeflMHe o6/iacTH 
óo/ibiue, neM no KpaaM. 


Tbio 146 nH). CaiíTbi Haflpe30B npoHyMepoBaHbi ot SI flo SI3 
(rfle SI otctoht m ~10 ocHOBaHHH ot MeneHoro 5'-KOHija, 
S2 — Ha ~20 ocHOBaHHH h t. fl.). nojioxceHna canTOB otho- 
CHTejibHO CBepxennpajiH flHK oTMeneHbi Ha p m c. 29.1 3. 

He Bce caiíTbi flHKa3a Hanpe3aeT c oflHHaKOBOH nacTon. 
HeKOTopbie caňTbi poKyTca 6onee 3(J)(J)eKTHBHO, flpyrHe — 
noMTH BOBce He noflBepraioTca B03fleHCTBHio. OepMeHTbi 


H3-3a CBoero noBepxHOCTHoro pacnojioaceHna, flHK b Hyx- 
jieocoMe flocTynHa fleHCTBHio HeKOTopbix Hyiuiea3. OcoóeH- 
HO HH(J)OpMaTHBHbIMH OKa3aJIHCb peaKIJHH HyiUieOCOMHOH 

flHK c HyKnea3aMH, aTaxyiomHMH flHK no oahoh H3 ueneň. 
OepMeHTbi flHKa3a I h flHKa3a II bhocbt b flymieKC flHK ofl- 
HOiienonenHbie Ha,npe3bi (nicks): pa3pbmaiOT KOBajieHTHyio 
CBB3b b (J)oc(J)OflH3(J)HpHOM ocTOBe oflHOH ijenH, He Tporaa 
CBa3en b ijenn HanpoTHB. 3(J)(J)eKT TaKoro B03fleHCTBHa He 
3aMeTeH, noxa flHK ocTaeTca flByxiienonenHOH. Ho npn 
fleHaTypaiiHH (pa3flejieHHH iienn) bmccto nojmopa3Mep- 
HblX OflHHOHHblX IjeneH MOJKHO nOJiyHHTb Haóop KOpOT- 
khx (JjparMeHTOB. Ecjih c caMoro Hanajia (no oépaóoTKH 
flHKa30H) noMeTHTb kohiim flHK, to KOHijeBbie (jjparaeH- 
th moxcho 6yneT HfleHTH(J)HiiHpoBaTb aBTopaflnorpa(J)H- 
en, cornacHO cxeMe 3KcnepHMeHTa Ha pmc. 29 . 11 . Koifla 
flHKa3bi fleiícTByiOT Ha CBo6oflHyio flHK b pacTBope, Hafl- 
pbiBbi (hhkh) BHoeaTca b Hee non™ oiynaHHbiM o6pa30M. 
Ecjih ace flHK HaxoflHTca b cocTaBe HyKjieocoM, 0 Ha Toace 
MoaceT 6biTb Hanpe3aHa, no mojibKO nepe3 pezympnue npo- 
Mejtcymm ôjiuhu. Ecjih flHK c MeneHbiMH KOHiiaMH o6pa- 
6oTaTb flHKa30ň h noflBeprHyTb fleHaTypaijHH, to 3JieKT- 
pocJjoperpaMMa 6yneT BbiniafleTb xax «jiecTHHija»; o6pa3eii 
noKa 3 aH Ha pmc. 29.11. 

HHTepBajibi MOKfly «CTyneHbKaMH» TaKOH «jiecTHHiibi» 
paBHaioTca 10 jihóo 11 nH. «JIecTHHiia» oxBaTbmaeT bcio 
iieHTpajibHyio oóJiacTb HyKjieocoMHon flHK (npoTaaceHHoe- 


AHKa3a I bhocmt HaApe3bi nepes Ka>KAbie 10 nH 



PMC. 29.12 M 3 aBTorpac()a bmaho, hto caíiTbi Haflpe30B, BHOCMMbix b 
flHK uempajibHOM nacTMUbi, pa3fle/ieHbi pery/iapHbiMM MHTepBa/iaMM. 
OoTorpacfíMfl /no6e3HO npefloCTaBjíeHa Leonard C. Lutter, Henry Ford 
HospitaL Detroit, MI 
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/(HKa3a I h /(HKa3a II reHepnpyiOT o/jHHaKOBbie «JiecTHHijbi», 
MOKny kotopmmh mcokho yjiOBHTb HeKOTopbie pa3JiHHHa 

B HHTCHCHBHOCTH nOJIOC. 3TO ľOBOpHT O TOM, MTO naTTepH 
Ha/i,pe30B npeflCTaB^aeT coóoh yHHKajibHyio cepnio MHine- 
Heň, KOTopaa onpeflejiaeTca opraHH3aijHeH (ho He nooie- 
AOBaTe^bHOCTbio) /(HK, npmeM KOHKpeTHbie (J)epMeHTbi 
OT^aiOT He3HaHHTe^bHbie npeflnonTeHHa onpefle;ieHHbiM 
caňTaM. Tohho TaKOH xce naTTepH pacmeruieHna nojiynaeToi 
npn oópaóoTKe HyioieocoMHOH /(HK rHApoKcini-paAHKajiOM, 
h sto OKOHHaTejibHO yKperuiaeT TonKy 3peHna, 4to naTTepH 
pacmenjieHHH OToópaacaeT CBOHCTBa CTpyKTypbi flHK, a He 
KaKyiO 6bl TO HH 6bUIO 3H3HMaTHHeCKyiO CneiíH(J)HHHOCTb B 
OTHOiueHHH ee noe^eflOBaTe;ibHOCTeH. 

HyBCTBHTe^bHOCTb HyKneocoMHOH /(HK k Hyioiea3aM 
oó^acHacTca no aHajiornn c (JjympHHTHHroM (mctoa on- 
peflejieHHa ynacTKOB HymieHHOBbix khcjiot, o6pa3yioiflHx 
KOMn^eKCbi c óejiKaMn). OTcyTCTBne peaKijHH no hckoto- 
pbiM MHineHaM mo>kho othccth Ha cneT CTpoeHna Hymieo- 
coMbi, npn kotopom onpefle;ieHHbie ynacTKH fl HK npeóbrea- 
IOT BHe flOCTynHOCTH. 

/(HK iiempajibHOH qacTHijbi HyícneocoMbi coctoht H3 
AByx qenen, h (b SKcnepHMeHTe c nojiyneHHeM /(HKa3HOH 
«^ecTHnqbi») nofl MeneHne noflna/jaiOT 06a 5'-KOHija (wm 3'- 
Kornja; no OAHOMy y Kantón qenn; HaxoflaiflHecfl Ha npora- 
Bono^o)KHbix KOHqax flByxiienonenHOH /(HK ijeHTpajibHOH 
oóiiacTH). TaKHM o6pa30M, «;iecTHHija» coflepacnT (J)parMeH- 
Tbi oóenx uenen. Ha 3to oópamaeT BHHMaHne pne. 29.11, ifle 
ABa H3o6paxceHHbix MeneHbix (fparaeHTa nponcxoAHT ot 
pa3Hbix u,eneH. Bhboa H3 3Toro o6cToaTe;ibCTBa TaKon, mto 
Ha 3/ieKrpo(j)operpaMMe xax^aa nojioca («cTyneHbKa Jiec- 
THHu,bi») Ha caMOM mne eooTBeTCTByeT AeyM (J)parMeHTaM, 
npoHcxoABiAHM ot pa3Hbix qenen, KaiKflbiH H3 KOTopbix — 
npoflyKT HaApe3a /(HK ijeHTpajibHOH nacTHijbi HyícneocoMbi 
Ha poému paccToaHHH ot MeneHoro KOHija. 

Kax b TaxoM c;iyHae cnei iyeT HHTepnpeTnpoBaTb HBHbie 
npe,anoHTeHHa, oTflaBaeMbie ^epMemaMn oTflejibHbiM caň- 
TaM? Oaho H3 MHeHHH Ha 3tot cneT saiononaeTca b tom, hto 
T paeKTopna /(HK CHMMeTpnnHa oTHOCHTejibHO ropH30H- 
TajibHOH och HyKneocoMbi (Kax sto noKa3aHO Ha pne. 29.4). 
Ecah, HanpnMep, /(HKa3a I «nponycKaeT CTyneHbKy» H3 80 
ocHOBaHHH (to ecTb He reHepnpyeT (JjparMeHTOB TaKOH 
/yiHHbl), TO 3TO HaflO nOHHMaTb TaK, HTO B KaMdOU H3 flByx 
uenen no3H u,m, yflajieHHaa Ha 80 ocHOBaHHH ot 5'-KOHija, 
/yia (J)epMeHTa HeuocaraeMa. 3Ta TonKa 3peHna OTpaaceHa b 
ajibTepHaTHBHOM cnocoóe HyMepaijHH canTOB, Taioxe npn- 
BeAeHHOM Ha pne. 29.13, rfle S7 H/i,eHTH(j)HijHpyeTCfl Kax 
«caHT 0» h qemp CHMMeTpnH. 

Ecjih Mo6™n30BaTb flHK Ha miocKOH noBepxHOCTH, to 
/(HKa3a Ha/jopBeT ee no camaM, pa3Ae^eHHbiM paBHbiMH 
HHTepBajiaMH. Ha puc. 29.1^ noKa3aHO, 4 to pery^apHOCTb 
pacno^oxceHHa caHTOB, flocTynHbix ^eHCTBHio /(HKa3bi, 
Mo^ceT OToópa^caTb MOJieKyjiapHyio nepnoAHHHOCTb /(HK 
(hhc^o nap ocHOBaHHH Ha o^hh bhtok abohhoh cnnpajiH). 
3to 3HannT, hto paccToaHne MOK/jy ya3BHMbiMH caHTaMH 
paBHO nncjiy nap a3oracTbix ocHOBaHHH b o^hom bhtkc 
Abohhoh cnnpa^n /(HK. Cor^acHO npoBe/jeHHbiM H3Mepe- 
hhhm, cpeAHee 3HaneHne /yia cboóoahoh ABycnnpa^bHOH 
/(HK b B-(jx)pMe cocTaB^aeT 10,3 nH Ha bhtok. 


Ha touKAOM eAHHMMHOM OTpe3Ke HyKneocoMHaa AH K AenaeT ABa CBepxBMTKa 


Bma cóoKy Bma cBepxy 



P H C. 29.13 flBa CBepxBMTKa flHK ueHTpa^bHoíí nacTHUbi HyK^eoco- 
Mbi pa3fle/ieHbi Ha cemeHTbi no 10 nH. CaííTbi rpaHMu Me>Kfly cerMeH- 
T3MM MO>KHO npOHyMepOBaTb H3CKB03b, OT Sl flO S13, AMÓO, BblÓpaB 
S7 b KanecTBe KOopflMHaTbi 0 m ueHTpa CHMMeTpnH, mo>kho npoHyMe- 
pOBaTb MX OT -7 flO +7 


flBOMHa« cnupa/ib HyK/ieocoMHOŇ flHK 
AOCTynHa AHKa3e n mu b c oahom cTopoHbi 



PUC. 29.14 B ueHTpa^bHoíí nacTMue HyKneocoMbi ya3BMMbie caíiTbi 
flHK (oTMeneHbi TO^bKO nnn oahoíí M3 ueneíí) pacnpeAe^eHbi c nepn- 
OAMHHOCTbio, OTpa>KaK)iAeM CTpyKTypy caMoíí aboííhom cnnpaAM 



P H C. 29.15 lipu BbicoKOM pa3peujeHMM aBTorpac()a bmaho, hto b flHK 
ueHTpa^bHbix MacTMu Ka>KAbm caŇT a^b flHKa3bi I coctoht M3 HecKO/ib- 
kmx noAP^A HAyiMMx (j)oc(()OAM3(()MpHbix CBfl3eŇ. OoTorpac()Ma ^K)6e3- 
ho npeAOCTaB^eHa Leonard C. Lutter, Henry Ford Hospital Detroit, MI 
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29.6 


KaK ace ycTpoeHbi caHTbi-MHineHH flHKa3bi b Hyiuieo- 
comhoh flHK? Ha p M c. 29.15 noKa3aHO, hto KaacflbiH canT 
HMeeT HeHy^eByio npoTaaceHHOCTb, TOHHee, coctoht H3 
3-4 nOflpafl HflyiflHX B03M0a(HbIX n03HIJHH, no OflHOH 
H3 KOTOpblX n BHOCHTCa Haflpe3. HHbIMH CJIOBaMH, Mec- 
to AencTBHB flHKa3bi onpeflejieHO c TOHHOCTbio ±2 nH, a 
canT-MHineHb coctoht H3 kopotkhx onepeflen b 3-4 mok- 
HyKneoTHAHbix CBa3H — no OflHOH Ha Kaacflon qenn. Otho- 
CHTe^bHbie HHTeHCHBHOCTH nOJIOC «JieCTHHIJbI» TOBOpaT o 
npennoHTeHHH (J)epMeHTOM oahhx canTOB flpyrHM. 

Ha ocHOBaHHH narrepHa nojioc b «aecTHHn,e» moxcho 
paccnHTaTb ycpeAHeHHbin naTTepH pacnoaoaceHHa tohck Ha/i,- 
pe30B. no KpaaM iiempajibHOH o&iacra HymieocoMHon flHK 
caŕíTbi cSlnoS4ncS10noS13 pa3HeceHbi Ha HHTepBajibi no 
10 nap ocHOBaHHH. B cepeflHHe ijeHTpajibHOH ofrnacm flHK 
(n, cooTBeTCTBeHHO, ueHTpajibHOH nacTHiibi HymieocoMbi) 
canTbi c S4 no S10 pa3flejieHbi npoMOKyTKaMH no 10,7 nap oc¬ 
HOBaHHH (3flecb noApa3yMeBaioTca ycpednemue HHTepBajibi, 
h 3HaneHHa hx hjiuh He o6a3aTeabHO ue/ionHCJieHHbie). 

Pa36poc 3HaneHHH nepHOflHHHOCTH pacnoaoaceHHa 
caHTOB-MHineHen flHKa3bi b npeflejiax rjempa^bHOH 06- 
aac™ HyKneocoMHOH flHK (10,0 — no KpaaM, 10,7 — b ce¬ 
peflHHe) roBopHT o BapnaóejibHOCTH MOJieKyjiapHOH nepn- 
OflHHHOCTH flHK B 3TOH OÓJiaCTH. B OflHOM BHTKe flBOHHOH 
cnnpa^H flHK b cepeflHHe oóaacTH coflepacHTca 6oJibine 
nap HyioieoTH^OB, a no KpaaM oóJiacTH — MeHbine, neM y 
fl HK, KOTopaa iuiaBaeT b pacTBope. MoaeKyjiapHaa nepno- 
AHHHOCTb flHK, ycpeAHeHHaa no Bcen HymieocoMe, cocraB- 
aaeT Bcero 10,17 nH Ha bhtok, h sto 3HanHTejibHO MeHbine, 
neM 10,3 nH Ha bhtok y flHK b pacTBope. 

AHa^H3 KpHCTa^JIHHeCKOH CTpyKTypbi ueHTpaabHOH 
nacTHiibi noxa3aa, hto flHK b Hen opraHH30BaHa KaK mioc- 
Kaa CBepxcnnpaab, c 1,63 bhtkob, HaMOTaHHbix Ha thctoho- 
bhh oicraMep. Illar CBepxcnnpajiH BapbnpyeT h HMeeT pa3- 
pbiBHyio oóaacTb 3HaneHHH b cepeflHHe nacTHijbi. YnacTKH 
C BblCOKOH KPHBH3HOH pacnOJIOaceHbl CHMMCTpHHHO, B HHX 

HaxoflaTca caň™ ±1 h ±4. 3to napbi caHTOB S6 h S8, S3 h 
SI 1, COOTBeTCTBeHHO, HMeHHO OHH MCHee Jjpymx nyBCTBH- 
TeabHbi k flHKa3e 1. 

BbicoKoe pa3pemeHHe ctcmkh KpHcrajnimecKOH cTpyK- 
Typbi HyioieocoMbi no3BOJiaeT flerajibHO 03HaKOMHTbca c 
HCKaaceHHaMH cTpyKTypbi JX HK. B ochobhom CBepxcnnpa^H- 
3aiina CKOHiieHTpnpoBaHa Ha uempoBbix 129 nH, hto Bbipa- 
acaerca b HajimHH 1,59 JieB03aKpyneHHbix cbcpxbhtkob j\m- 
MerpoM 80 Ä (8 hm, hto cocraBjíaeT Bcero 4 flHaMerpa caMOH 
Abohhoh cnnpajiH). Kpaa ijempa^bHOH oóaacTHflHK bhocbt 
oneHb He3HanHTeabHbiH Biuiafl b ee oómyio KpnBH3Hy. 

UeHTpa^bHbie 129 nH JXHK npeóbmaiOT b B-(jx)pMe, ho c 

H36bITOHHOH KpHBH3HOH, HCOÓXOflHMOH fiflR 06pa30BaHHB 

CBepxcnnpa^H. Boabinaa 6opo3AKa H3orayTa naaBHO, b to 
B peMa KaK Ma^aa 6opo3AKa HMeeT pe3KHe H3JioMbi. Ha^n- 
HHeM KOH(J)OpMaU,HOHHbIX HeO^HOpO^HOCTeH, B03M02KH0, 
h oóTacHaeTca tot $aKT, hto ueHTpaabHaa oôaacTb HyK- 
aeocoMHOH JX HK, KaK npaBHjio, He aBaaeTca MHineHbio /yia 
CBa3bmaHHa peryaaTopHbix ócjikob. 3th 6eaKH oóbinHO 
B3aHMOAencTByK)T c KpaaMH ueHTpaabHOH o6aac™ JXHK 
hjih c HyioieoTHAHbiMH nocaeAOBaTeabHOCTaMH CBa3yiomeH 

OÓJiaCTH. 


B Hy^eocoMe Mo^eKyiinpHafl 
nepnoflMHHOCTb flHK M3MeHaeTCJi 


KmoneBbie noH5HH5i: 


• ľlpMMepHO 0,6 M36buoHHoro OTpMuaieabHoro CBepxBMTKa flHK 
KOMneHCMpyeTCfl M3MeHeHneM ee MO^eKyaapHoíí nepMOflMHHOCTM 
(MMcaa nH Ha bhtok abomhoíí cnMpa^M) c 10,5 b pacTBope ao, b 
cpeAHeM, 10,2 Ha noBepxHocTM HytcneocoMbi; 3 tmm oóbacHaeica 
«napaAOKc nopaAKa 3auen^eHMa» HyKJieocoMHoíí flHK. 

noHaTb CTpyKTypy HymieocoMHOH flHK MoacHO, cpaBHHB 
CBepxcnnpaaH30BaHHOCTb, paccnHTaHHyio ncxofla H3 Tpa- 
eKTopnn, KOTopoň caeflyeT flHK b HymieocoMe, co CBepx- 
cnHpajiH30BaHHOCTbio HymieocoMHOH flHK, H3MepeHHon 
ajibTepHaTHBHbiM cnocoóoM. npeflMeTOM óoabinoro hhc- 
aa HecaeflOBaHHH crpyKTypbi KOHmoMepaTOB HyioieocoM 
6bia BHpyc SV40. flHK SV40 — sto KOJibiieBaa MoaeKyaa b 
5200 nH, c /yiHHOH KOHTypa -1500 hm. B cocTaBe BnpnoHa, 
paBHo KaK h b a,qpe HH(J)Hu,HpoBaHHOH KiieTKH, TaKaa Moae- 
Kyaa ynaKOBaHa b bh/jc cepnn HyioieocoM — TaK Ha3bmae- 

MOH MHHHXpOMOCOMbl. 

flaHHa KOHTypa mhhhxpomocomm, BbiAeaeHHOH o6hh- 
hhm cnocoóoM, cocraBjíaeT 210 hm, hto cooTBeTCTByeT ko- 
3(J)(J)HiiHeHTy ynaKOBKH flHK -7 (no cyro, sto to ace caMoe, 
hto -6 b aioóoH HyioieocoMe). noMeHaB KOHiiempaiinio 
coan, moxcho npeo6pa30BaTb MHHHxpoMOCOMy b rnOKyio 
«HHTKy 6yc», npnneM oóiahh K03(J)(J)HiiHeHT ynaKOBKH flHK 
3HanHTeabHO noHH3HTca. 3to HaraaflHO fleMOHCTpHpycr 
cnocoÓHOCTb cepHH HyioieocoM npHHHMaTb pa3Hbie (f)op- 
Mbl in vitro B 3aBHCHMOCTH OT yCJIOBHH. 


XpoMocoMa SV40 CBepxcnHpaiiM 30 BaHa 



PH C. 29.16 H 3 MHHHXpOMOCOMbl SV40 MO>KHO yÓpaTb CBepXBMTKH; no- 
/íyHMTca pe/iaKCMpoBaHHoe Koabuo. Ec^m OTAeaMTbflHK ot tmctohob,to 
noayHMTca CBo6oAHafl KoabueBafl CBepxcnMpaaM30BaHHaa Moaexyaa 
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CreneHb CBepxcnnpa;iH30BaHH0CTH HymieocoMHOH 
flHK B MHHHXpOMOCOMe MOXCCT 6bITb H3MepeHa; npHHUHn 
H3o6paaceH Ha phc 2 ^ 6. CHanajia npoBOAaT pejiaKcaunio 
CBOÓOAHbix CBepxBHTKOB; b pe3yjibTaTe HyioieocoMbi o6pa- 
3yiOT KOJIbljeBOH THXC C riJIOTHOCTbK) CBepxBHTKOB, paBHOH 
Hyjuo. 3aTeM npoBO/yrr SKcrpaKiiHio racTOHOBbix OKTaMe- 
poB, hto npeflOcraBJíaeT flHK cboóoay npHHaTHa Henpn- 
Hyxc^eHHOH npocTpaHCTBeHHOH KOH(J)HrypaqHH. B #enpo- 
TeHHH3HpOBaHHOH /JHK KaXCflblH CBepxBHTOK, KOTOpblH 
npHCyTCTBOBaJI B (pcnaKCHpOBaHHOH) MHHHXpOMOCOMe, 
ho, BCJie/^CTBue HymieocoMHOH opraHH3aijHH, cneflOBa^ 
npHHy.n.HTe^bHOH TpaeicropHH, 6yaeT npHcyTCTBOBaTb b aB- 
hom BH^e. Tenepb cyMMapHoe hhcjio CBepxBHTKOB b /JHK 
SV40 MoxceT 6biTb H3MepeHO. 

Pe3y^bTaT H3MepeHHa iiohth coBna/i,aeT c hhoiom Hyic/ie- 
OCOM, COAep^CaBIUHXCa B MHHHXpOMOCOMe, H3 KOTOpblX 3Ta 
flHK 6 buia BbicBoóo^eHa. TaKOH ace pe 3 y/ibTaT Bbi/jaeT 06 - 
paTHbíň SKcnepHMeHT no cóopKe HyiuieocoM Ha CBepxcnnpa- 
/iH30BaHHon,Z],HK SV40 in vitro : o6pa30BaHHe Kaacnon Hyiaieo- 
comh «y 6 npaeT» H 3 flHK ~1 OTpnqaTe^bHbin CBepxBHTOK. 

TaKHM o6pa30M, Haxoftacb b cocTaBe HymieocoMbi, RHK 
caeAyeT TpaeicropHH, KOTopaa MoaceT 6 biTb npeo6pa30BaHa 
b ~1 oTpnqaTcnbHbiH CBepxBHTOK. Ho TpaeKropna, KOTopon 
RHK oieflyeT, Haxoftacb b cocTaBe HymieocoMbi, co Bcen 
oneBHAHOCTbio cooTBeTCTByeT -1,67 CBepxBHTKa (cm. pne. 
29.4) 3to pacxo^eHne nHor/ja Ha3breaiOT «napaAOKCOM 
nopa^Ka 3auemieHHa». 

PacxoxcfleHHe oóTacHaeTca pa3HHu,eH Meac/jy 10,17 nH 
Ha BHTOK HyKJieOCOMHOH flHK H 10,5 nH Ha BHTOK CBO- 
óoflHOH flHK. B HymieocoMe Ha 200 nH /JHK npnxoflHTca 
200/10,17 = 19,67 bhtkob. nocne BbiCBOÓo^eHHa stoh/IJ 1K 
H3 HymieocoMbi OHa co^epacHT yace Bcero 200/10,5 = 19,0 
bhtkob. PeflyiinpoBaHHaa MoaeKyjiapHaa nepnoflHHHOCTb 
HyKneocoMHOH flHK, no cpaBHeHHio co cboóoahoh, nonio- 
iijaeT -0,67 cbcpxbhtkob ubohhoh cnnpam no cym, Top- 
cnoHHoe HanpaxceHHe, npHcyTCTBOBaBinee b HymieocoMHOH 
flHK, nacTHHHO pacxo/iyeTca Ha yBcnnneHHe nncjia nH Ha 

BHTOK, H TOJIbKO OCTaTOK MOXCeT 6 bITb H3MepCH KaK BlOia^ B 
CBepxcnnpa^H30BaHHOCTb cboóoahoh MOJieKyjibi. 


29.7 


0praHM3aiuifl 
rucTOHOBoro oKTaMepa 


KmoneBbie noHATHfl: 


• Ochoboíí rucTOHOBoro OKTaMepa c/iy>KMT TeipaMep H3 2 -H4 2 , 
accouMMpoBaHHbiíí c flByMa flMMepaMM H2A-H2B. 

• Kawflbiií tmctoh B 3 aMMOfleMCTByeT co cbomm napTHepoM nepe 3 
oÓLUMpHyio noBepxHOdb cuen/ieHMfl. 

• Bce rMCTOHbi cepAUeBMHbi MMeiOT b CBoeŇ cipyKType ocoóbiíí 
motmb — rucTOHOByio CKJiaflKy; N-KOHijeBbie «xBOCTbi» TopnaT 
M 3 Hy^eocoMbi Hapy>Ky. 


flo chx nop Mbi paccMaTpHBajín HymieocoMy c tohkh 3pe- 
Hna opraHH3au,HH flHK Ha ee noBepxHOCTH; HyKneocoMHbie 
6ejiKH noApoÓHO He paccMaTpHBajincb. Bhc coMHeHHa, 
h óejiKOBbin acneKT opraHH3aijHH HymieocoMbi HeMaao- 


BaxceH. KaK rncTOHbi B3aHMOfleHCTByiOT Meayjy co6oh h c 
/JHK? OopMnpyioT jih ohh oicraMepbi He3aBHCHMO ot flHK 
hjih Jiniub b ee npncyTCTBHH? Bo^binaa nacTb A^HHbix no 
rncTOHrncTOHOBbiM B3aHMOAeHCTBHaM 6biJia no^yneHa 6^a- 
ro^apa cnocoÓHOCTn othx óe^KOB k o6pa30BaHHio CTaórab- 
hhx KOMnjieKcoB, a Taoce Ha ocHOBaHHH OKcnepnMeHTOB 
no BHeccHHio b HyioieocoMy ncKyccTBeHHbix xhmhhcckhx 
CIĽHBOK. 

ľHCTOHbi cepAUeBHHbi o6pa3yiOT in vitro KOMn^eKCbi 
AByx TnnoB. ľHCTOHbi H3 h H4 oÓTeAHHaiOTca b TeTpaMep 
(H 32 -H 42 ). ľHCTOHbi H2A h H2B MOiyr oóTeflHHHTbca b 
pa3^HHHbie KOMraeKCbi, b nacmocTH, AHMep (H2A-H2B). 

HHTaKTHbie rncTOHOBbie oKTaMepbi mo^cho no^ynHTb, 
^h6o OKCTparnpoBaB hx H3 xpoMaTHHa, ^h6o (hto cjioxc- 
Hee) no3BOJiHB rncTOHaM accoqnnpoBaTb in vitro b yaiOBH- 
ax BbicoKHX KOHqeHTpaqnH co nu u caMnx 6 chkob. OicraMep 
MoaceT AHCCOi^HHpoBaTb c o6pa30BaHneM reKcaMepa thcto- 
hob, paccTaBineroca c A^MepoM H2A-H2B. Ecan 3aTeM (ot- 
AeabHO ot nepBoro) noTepacrca BTopoň AHMep H2A-H2B, 
to ocTaHorca TeTpaMep H3 2 -H4 2 . TaKoe TeneHne npouecca 
AHCCoqnaLíHH — sto apryMem b nojib3y Toro, 4 to hmchho 
T eTpaMep H32-H42 cayacnT b HymieocoMe onopHoň kohc- 
TpyKu,Hen. TeTpaMep MoxceT opraHH30BbmaTb flHK in vitro 
b BH/je nacTnq, no pa^y cbohctb noxoacnx Ha qeHTpajibHbie 
nacTHUbi HyioieocoM. 

OnbiTbi c BHeceHneM HCKyccTBeHHbix xhmhhcckhx 
cuihbok AonoaHaiOT CBe^eHna o B3aHMOAencTBHH thcto- 
hob cepAueBHHbi reoMeTpnnecKHMH noApoÓHOCTaMH no- 
napHoro cóanaceHna óeaKOBbix MOJieKy/i b HyioieocoMe. 
(CaoacHOCTb HHTepnpeTai^HH TaKHx ^aHHbix CBa3aHa c TeM, 
HTO OÓblHHO CI1IHBKH y^aeTCa BHeCTH JIHUIb B Heóoabinon 
npoi^eHT 6eaKOB, nooTOMy hcoóxoahmo coóaiOAaTb octo- 
poacHOCTb, HToóbi cjiynaHHO He 3aBbicnTb CTeneHb penpe- 
3eHTaTHBHOCTH nojiyneHHbix pe3yabTaTOB.) Ha ocHOBaHnn 
TaKoro po^a A^HHbix 6biaa nocrpoeHa MO^eab opraHH3a- 
uhh HyioieocoMbi. OHa npeflcraBjíeHa Ha pmc. 29 . 17 . 

PeHTreHOCTpyKTypHbie Hccae^OBaHna, b cboio onepe^b, 
noKa3aan, hto no CBoen $opMe rncTOHOBbiH oKTaMep no- 



PMC. 29.17 B CMMMeTpMHHOíí MOfleaM HyKaeocoMbi TeTpaMep 
H3 2 -H4 2 MrpaeT poab mecTKOÍí ochobw; oh npMflaeT cepflueBMHe 
HyKaeocoMbi ee ())opMy. H 3 AMMepoB H2A-H2B BMfleH TO/ibKO oamh; 
BTopoň flMMep H2A-H2B HaxoflMTca 3a naocKOCTbio pMcyHKa 
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Hyn/ieocoMa h MeeT A&e miockocth cMMMetpHH 


PMC. 29.18 flaHHbie KpncTa^orpa(()MHecKoro auanma cepflueBMHbi 
HyK/ieocoMbi (rMCTOHOBoro OKTaMepa) npeflCTaB/ieHbi b BMfle «aTOM- 
hoíí MOfle/iM c 3anojiHeHneM npocipaHCTBa». TeipaMep H3 2 -H4 2 
3flecb n MeeT 6e/i biŕí a flMMepbi H2A-H2B - cmhmíí ubct. To/ibKO 
OflMH M3 AMMepOB BMfleH CBepxy, BTOpOM HaXOflMTCfl ľlOfl HMM. «Pe3b- 
6a» f\nf\ yK^aflKM flHK Ha BMfle CBepxy m MeeT bma y3Koíí flopo>KKM 
(b neTBepTb AMaMeTpa flHK); Ha bh ae cóoxy ee mo>kho yBMfleTb Kax 
nynoK napa/viejibHbix jimhmm ľjmpmhoíí 20 Á. OoTorpacfíMfl jiio6e3HO 
npeflocTaB^eHa E. N. Moudrianakis, Johns Hopkins University 

xoac m ueHTpa^bHyio nacTHiiy HymieocoMbi. 3 to 03HanaeT, 
hto HMeHHO rHCTOHracTOHOBbie B3aHMOfleHCTBna onpefle- 
jiaioT cTpoeHHe nacTHiibi. noaoaceHHa 0T£ejibHbix thctohob 
6buiH oTHeceHbi k KOHKpeTHbiM oóaacTaM OKTaMepa Ha oc- 
HOBaHHH npeAnOHTeHHH BO BBaHMOfleHCTBHaX H naTTepHOB 
HCKyCCTBeHHblX CIUHBOK. 

AHa^H3 KpHCTaJIJIHHeCKOH CTpyKTypbl, CHaTOH c pa3pe- 
rneHHeM 3,1 Ä, npHBea k co3p,muK) MOflean, H3o6paaceHHOH 
Ha p š/í c. 2 9.18. ripocae^HB KOH(J)HrypaiiHH oxzjeabHbix nojin- 
nenTHAOB (octobob nocJieflOBaTejibHbix nenTH^Hbix cBa3en 
OAHoro óeaxa), moxcho cfleaaTb bmboa, ^to thctohm opra- 
HH30BaHbi He KaK oóocoóaeHHbie nioóyjiapHbie 6cjikh; Kaac- 
Abiň H3 hhx o6pa3yeT oómnpHoe cuemieHHe c napraepoM 
no B3anMOfleHCTBHio: H3 c H4, H2A c H2B. XoTa TeTpaMep 
H3 2 -H42 (6eabin) h uHMepbi H2A-H2B (rojiyóbie) Ha pne. 
29.18 xoporno pa3JiHHHMbi, pa3fle;ieHHa hx Ha oxaeabHbie 
racTOHbi b paMKax stoh mo flejín He npoBOflHTca. 

Bh r ijHJiHHApHHecKOH mo #ejiH c Topija (pne. 29.18, Bep- 
XHaa nacTb) eooTBeTCTByeT cxeMe Ha pne. 29.17. flnaMeTp 
OKTaMepa 3anaeTca TeTpaMepoM H3 2 -H4 2 . B TopueBOM pa- 
Kypce oh HMeeT $opMy noAKOBbi. ľlo $opMe h pacnojio- 


xceHHio AHMepbi H2A-H2B BnncaHbi b TeTpaMep H3 2 -H4 2 . 
Bh jx cóoKy (pne. 29.18, HHacHaa nacTb) eooTBeTCTByeT cxeMe 
Ha pne. 29.4, ho, no cpaBHeHHio co cxcmoh, (jiyHKíiHOHajib- 
Hbie ot jimna TeTpaMepa H3 2 -H42 h AByx o6oco6jieHHbix 
AHMepoB H2A-H2B 3flecb o^eBHflHw. Becb óeaKOBbin om- 
Mep o6pa3yeT CBoero po^a KaTyniKy c HaMeneHHOH Ha Hen 
CBepxennpaabHOH TpaeKTopneH, npeACTaBiiaioifleH co6oň 
npoTaaceHHbin canT CBa3brcaHHa flHK. B TaKOM cjiynae flHK- 
oÓMOTKa b HymieocoMe flOJDKHa cocToaTb H3 non™ físyx 
nOJIHblX OÓOpOTOB (CBepXBHTKOB). MoneJIb CHMMeTpnHHa 
OTHOCHTejibHO och, nepneHAHKyjiapHOH BH/jy cóoxy. 

B eiije óojibiiiHX noflpoÓHOCTax pacnoaoaceHHe thcto- 
hob moxcho npeflCTaBHTb ce6e 6jiaro,o,apa aHajiH3y Kpnc- 
TaajinnecKOH CTpyKTypbl, CHaTOH c pa3pemeHHeM 2,8 Á. 
Pe3yjibTaTbi aHajiH3a oóoóiflaeT p^c 29 / 19 . BepxHaa nacTb 


pne. 29 19 Ha M3o6pa>KeHMM BBepxy noKa3aHbi no/ioweHMfl 
mcTOHOBbix nap b noaoBMHe HymieocoMbi; Ha/ioweHMe 3epKa/ibH0- 
CMMMeTpMHHOíí KapTMHKM flaeT CTpyKTypy ueaoíí HymieocoMbi, mo6- 
pa>KeHHyio b HMJKHeíí nacTM pncyHKa 


fucTOHOBbie napbi o6pa3yiOT no^OBMHy HymieocoMbi 


BupTya^bHoe Ha^o>KeHMe ocTaBiunxcfl rucTOHOBbix nap 
AaeT CMMMeTpnHHyio MOfle^b CTpoeHmi cepALieBMHb' 


H S \ V 

H2A H2B H3 H4 
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FľiC. 29 . 2 u rnoóyjiflpHbie Te/ia thctohob HaxoflflTca b cociaBe thc- 
TOHOBoro OKTaMepa ueHTpajibHoií nacTHUbi. riojio)KeHHa N-KOHLje- 
Bbix «xboctob», rfle HaxoflmcB MHo>KecTBO pery/iaTopHo-3HaHHMbix 
caííTOB MOflM(j)MKauMM KaK cneflyeT He H3yneHbi h, bo3mo>kho, He 
nOCTOflHHbl 


Bepca^bHOCTbio HyioieocoM KaK cnocoóa ynaKOBKH R HK BHe 
3aBHCHM0CTH ot ee HyKneoTH^HOH nocjie/i,OBaTejibHOCTH). 
KaK noKa3aHO b hh^khch nac™ pne 29.19, TeTpaMep H3 2 - 
H4 2 o6pa3yeTca ónaroAapa B3aHMOAeHCTBHio mokay /WMa 
ero H3-cy6'beAHHHqaMH. 

Ka^bíň H 3 thctohob cepAijeBHHbi HMeeT moóynap- 
Hoe «tcho», ynacTByiomee b (J)opMHpoBaHHH ijeHTpajibHoro 
óejiKOBoro MaccHBa HymieocoMbi. KaxcAbiH thctoh HMeeT 
TaiOKe thókhh N-kohiicboh «xboct», coAepxcamHH canra 
A^a MOAH(J)HKauHH, KOTopbie Moryr 6 biTb Ba^CHbi rjw cj)yH- 
KU,HOHHpOBaHHa xpoMaTHHa. IlO^OXCeHHa «XBOCTOB», Ha 
KOTopbie npHxoflHTca npnMepHO neTBepTb Maccbi 6 e;iKOB, 
ycTaHOBJíeHbi He c TaKOH onpeAe^eHHOCTbio, Kaxaa npo- 
AeMOHCTpHpoBaHa Ha p m c. 19.20. Bce xce «xboc™» H3 h 
H2B M02CH0 yBH^eTb BblXOABIAHMH H 3 HyKJieOCOMbl MOKffy 
oóopoTaMH cBepxcnHpa^H RHK h TopnaiijHMH Hapy^cy, KaK 
noKa 3 aHO Ha p M c. 19.21. Eam «XBOCTbi» thctohob npHco- 
e^HHHTb k RHK noA AencTBHeM yO-oójiyneHHa, to u,e^bHbie 
HyKJieocoMbi ^aiOT óojibine npoAyKTOB TaKOH peaKijHH, nm 
iieHTpa^bHbie nacTHn,bi. 3to moxcct 03 HanaTb, mto «XBOCTbi» 
HMeiOT KOHTaKTbi c RHK CBa 3 yioiiieH oóJiacm «Xboct» H4, 
cyAa no BceMy, KOHTaKTnpyeT c A^MepoM H2A-H2B cmok- 

HOH HyiOieOCOMbl; 3TO MOXCeT 6bITb Ba^CHOH HepTOH HHTer- 
pa^bHon cTpyKTypbi xpoMaTHHa. 


pncyHKa noKa3bmaeT no o^HOMy rncTOHy Ka>KAoro Tnna c 
nx pacnojioxceHneM oTHOCHTejibHO orhoto oóopoTa RHK 
(npoKajinópoBaHHoro HOMepaMH ot 0 ao +7). B CTpyKTypax 
Bcex neTbipex thctohob cepAueBHHbi BbiaBJíaeTca OAHa h Ta 
xce nepTa opraHH3au,HH óe^KOBbix aomchob: Tpn a-cnnpa^H, 
coeAHHeHHbix AByMa neTjiaMH. 3to coneTaHHe Ha3brcaeTca 
THCTOHOBOH CKJia^KOH. ľHCTOHOBbie OOia^KH B3aHMO- 
AencTByiOT, c o6pa30BaHHeM cepnoBHAHbix reTepoAHMe- 
poB; Ka>K£biH reTepoAHMep CBa3breaeT 2,3 oóopoTa abohhoh 
cnnpajiH RHK (y H2A-H2B CBa3breaeTca HHTepBaji ot +3,3 
AO +6, y H3 2 -H4 2 — HHTepBaji ot +0,5 ao +3 OKpyacHoc- 
th H3 flHK, H3o6pa^ceHHOH b BepxHeň nacTH pne. 29.19). 

CBa3bmaHHe c rncTOHaMH 3aTparHBaeT niaBHbiM o6pa30M 
(J)oc(J)OAH3(J)HpHbie ocTOBbi RHK (mto corjiacyeTca c yHH- 



í Hl. 2 9 l i N-KOHueBbie «xBOCTbi» thctohob He BnncaHbi b crpyKTy- 
py cepflueBMHbi m TopnaT Hapy>Ky 


29.8 


YKiiaAKa HyxjieocoM 
b Bo/ioKHax xpoMaTMHa 


KniOHeBbie noHama: 


• 30-hm BO/ioKHa xpoMaTHHa pacKpyHMBaiOTCfl b uenoHKy 
HyK/ieOCOM TOJUMHHOH 10 HM. 

• 30-hm bojiokho ycTpoeHO KaK cnnpajib Bbiciuero nopaflKa, Ha 
OflHH BHTOK KOTOpOH ľipHXOflHTCa LUeCTb HyKJieOCOM. 

• fl/ia (})opMMpoBaHMa 30 -hm BO/ioKHa Tpeóyeica tmctoh Hl. 


npH H3yMeHHH xpoMaTHHa nOA 3JieKTpOHHbIM MHKpOCKO- 
noM mo^cho pa3r^aAeTb BonoKHa AByx THnoB, c AnaMeTpaMH 
10 hm h 30 hm. /I,HaMeTp.yKa3aH npH6jiH3HTejibHO, y 30-Ha- 
HOMeTpoBoro BonoKHa oh, Booóme-To BapbnpyeT b npefle- 
^ax -25-30 hm. 

10-HaHOMeTpOBoe bo^íokho (10-hm bo^okho) npeA- 
CTaBJíaeT coóoh HenpepbiBHyio nepe^y HymieocoM. Ha 
caMOM Aeiie, BpeMa ot BpeMeHH oho HenpepbiBHO nepe- 
TexaeT b 6o^ee pacTaHyTbie ynacTKH, r^e HyioieocoMbi no- 
xoxch Ha óycHHbi, Ha^eTbie Ha HHTKy; (J)OTorpa(J)Ha TaKoro 
ynacTKa xpoMaTHHa npeACTaB^eHa Ha p n c, 29 , 22 . YBHAeTb 
10-HaHOMeTpoBoe bo^okho in vitro moxcho b pacTBope c 

HH3KOH HOHHOH CH^OH H npH OTCyTCTBHH THCTOHa Hl. 
3to 03HanaeT, hto ero cymecTBOBaHHe — sto (JjyHKíina 
caMHx HymieocoM. H3o6pa3HTb Taxoe bo^okho moxcho, 
KaK sto c^e^aHo Ha pmc, 29 . 23 , b bhac HenpepbiBHOH 
cepHH HyioieocoM. CymecTByeT jih TaKaa CTpyKTypa caMa 
no ce6e in vivo , HeacHO; bo3moikho, OHa npeACTaB^aeT 
coóoh apTe$aKT — cjieACTBHe nacTHHHoro caMonpoH3- 
BO^bHoro pocnycKa cTpyKTypbi xpoMaTHHa b npoqecce 
ero SKCTpaKiiHH. 


29.8 YKaaflKa HyKaeocoM b BonoKHax xpoMaTHHa 783 

















PMC. 29.22 Korfla flecflTMHaHOMeipoBoe bojiokho HaxoflMTCfl b nac- 
TMHHO pacn^eTeHHOM COCTOflHMM, TO BMflHO, HTO OHO npeAcraBJífleT 
coóoíí nepefly HyK/ieocoM. OoTorpacfíMfl /iio6e3Ho npeAocraB/ieHa 
Barbara Hamkalo, University of California, Irvine 



PMC. 29.23 flecBTMHaHOMeipoBoe bojiokho - 3to HenpepbiBHaa ne- 
pefla HyoeocoM 


HaójnoAaa xpoMaTHH in vitro b pacTBopax c 60 /ibmeň 

HOHHOH CHJIOH, MO)KHO yBHACTb 30-HaHOMeTpOBOe BO- 

jiokho; npHMep npHBeAeH Ha p m c. 19.24. Mo>kho Aaace pa3- 
numeTb, hto TaKoe bojiokho HMeeT cnnpajibHyio CTpyKTypy, 
Ha Ka^KAblH OÓOpOT KOTOpOH npHXOAHTCfl ~6 HyKneOCOM. 
K 03 (j)(})HIJHeHT ynaKOBKH RHK B 30 -HaHOMeTpOBOM BOJIOK- 
He paBHfleTCfl 40 ( 3 TO 3HaHHT, HTO Ka^AblH MHKpOMeTp BO- 
JiOKHa — BAOJib och — coAep^KHT 40 mkm /I,HK). fl/ia coxpaH- 
HOCTH BOJIOKHa HCOÓXOAHMO npHCyTCTBHe B HeM THCTOHa 

Hl. 30-HaHOMeTpoBoe bojiokho — sto ocHOBHaa cocraBJía- 
iomaa KaK HHTep(J)a3Horo xpoMaTHHa, TaK h mhtothhcckhx 

XpOMOCOM. 

HanóoJiee BeponTHan cxeMa yícnaAKH HymieocoM b 30- 
HaHOMeTpoBOM BOJioKHe — sto cojichoha, hjih cnnpajibHaa 
oÓMOTKa qeHTpajibHOH nojiocm 10-HaHOMeTpoBbiM bojiok- 
HOM. OCHOBHblX (})OpMbI TaKOľO COJICHOHAa — OAHopaA- 
Hbíň (single-start; H3 OAHHOHHoro jiHHeHHoro MaccHBa HyK- 
JieocoM) h ABypaAHbiH (two-start; oh cKpyneH H3 AByx TJDKen 
HyícneocoM). Ha P M c. 29.25 noKa3aHa MOAejib ABypaAHoro 
COJICHOHAa, b KOTOpOM OAHH TJDK HyKJieOCOM yJIOJKCH B ABa 
paAa b bhac aeHTbi, KOTopaa h cjiymrr oómotkoh coJieHOHAa; 
MOAe^b ocHOBaHa Ha AaHHbix nooieAHHx 3KcnepHMeHT0B no 
BHeceHHio HCKyccTBeHHbix cniHBOK (crosslinking). CorviacHO 
stoh moacjih, b ABypnAHOM cojichohac /I,HK nepeóeraeT c 
OAHoro 10-HaHOMerpoBoro TOKa Ha Apyron. 3 to noATBepjK- 
Aaerca aHajiH30M RpncrajuinnecKOH cTpyicrypbi TeipaHyKjie- 
ocoMHoro KOMnjieKca. 

30-HaHOMeTpoBoe h 10-HaHOMeTpoBoe BOJIOKHa Moryr 
oópaTHMO npeBpamaTbcn oaho b Apyroe npn H3MeHeHnax 
hohhoh chjim pacTBopa, b KOTopoM HaxoAHTcn MaTepnaa. 


TpHA4aTHHaHOMeTpoBoe bojiokho - 
3TO CnMpaAMJOBBHHM cnnpajib 



PMC. 29.24 TpMfluaTMHaHOMeipoBoe bojiokho HMeeT cnnpajie- 
BMflHyio CTpyKTypy. OoTorpacfíMfl jiio6e3Ho npeAOcraBjíeHa Barbara 
Hamkalo, University of California, Irvine 


TpHAÁaTMHaHOMeipOBOe BOJIOKHO - 3TO ABypBAHblM COaeHOHA 



PMC. 29.25 TpMfluaTMHaHOMeTpoBoe bojiokho coctomt H3 AByx na- 
pa/uiejibHbix p^aob HyKJieocoM, yjioweHHbix b cnnpa/ib 
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ľlO BCeň BHAHMOCTH, JIHHCHHblH MäCCHB HyKJieOCOM — 

10 -HaHOMeTpoBoe bojiokho — CBHBaeTca b (jjHópHjuiapHyio 
CTpyKTypy ^HaMerpoM 30 hm — npn yBejinneHHH hohhoh 
CHJI bl, B npHCyTCTBHH THCTOHa Hl. 

npHCyTCTBHe Hl HeOÓXOAHMO Pfln (})OpMHpOBaHHfl 
30 -HaHOMeTpoBoro BOJioKHa, OAHaKo HHcjjopMaijHa o 
MeCTOnOJIOXCeHHH THCTOHa B CaMOM BOJIOKHe AOBOJIbHO 
npoTHBopeHHBa. OraocHTejibHaa jiencocTb, c kotopoh Hl 
yAaeTca SKcrparapoBaTb H 3 xpoMaTHHa, yKa 3 bmaeT, hto 
oh HaxoflHTca Ha HapyacHOH noBepxHOcra BOJioKHa. Ho 
cymecTByiOT AaHHbie AH(})paKLi,HOHHoro aHajiH 3 a, KOTopbie 
CBH^creJibCTByiOT o pacnojioxceHHH Hl BHyrpH BOJioKHa; a 
Ta KKt tot $aKT, 4 to Hl He TaK Jienco BbiaBJíaeTca b 30 -Ha- 
HOMeTpOBblX BOJIOKHaX, KaK B 10 -HaHOMeTpOBbIX, KOTopbie 

xoporno yAep^cHBaioT otot thctoh. 

KaKycTpoeH nepexoA ot 30 -HaHOMeTpoBoro BOJioKHa k 
T eM OCOÓblM cTpyKTypaM, KOTopbie bhahh b mhtothhcckhx 
xpoMOCOMax? CymecTByeT jih KaKaa-Jinóo BbicoKoypoBHeBaa 
cneuH(J)HHHocTb pacnpeAejieHHa xpoMaTHHa b HHTepc{)a 3 - 
hom a^pe? 3 aAaHbi jih B 3 aHMHbie nojioxceHHa KOHKpeTHbix 
ynaCTKOB 30 -HaHOMeTpOBOrO BOJIOKHa XOTb CKOJIbKO-HH- 

6 yAb acecTKO, hjih hx pacnpeAejieHHe b HHTep(J)a 3 HOM a^pe 
hocht cayMaňHbiH xapaKTep? 


29.9 


B0Cfip0M3B0ACTB0 XpoMaTMHa 
Tpe6yeT c6opKM HywieocoM 


KnjoneBbie noHATMa: 


• Bo BpeMfl pen/iMKauMM mcTOHOBbie OKTaMepbi m 
paccJĎopMMpoBaHHbix HyK/ieocoM MaipMHHoro flyn^eKca 
pa36npaiOTCB Ha flMMepbi H2A-H2B m TeipaMepbi H3 2 -H4 2 . 

• Cóopxa HyKAeocoM MfleT pa 3 HbiMM nyTAMM b 33bmcmmoctm 
ottor), npoMcxoflMT jih OHa bo BpeMa peruiMKauMM flHK mam 
He 33 BMCMMO ot Hee. 

• Cóopxa HyKAeocoM TpeóyeT ynacTMA BcnoMoraie/ibHbix 
ÓeAKOB. 

• CóopoHHbm 6 eAOK CAF-1 koht3 KTMpyeT c PCNA-cyó-beflMHMueM 
peruiMcoMbi; oh Tpeóyeica aaa AenoHMpoBaHMA TeipaMepoB 
H3 2 -H4 2 m mx BbiKAaflbiBaHMa Ha flonepHMe AynAeKCbi nocAe 
penAMKauMM. 

• ľlpM He 33 BMCMMOM OT peľlAMK 3 l 4 MM CÓOpKe HyKAeOCOM 
McnoAb 3 yeTca Apyroíí cóopoHHbiíí 6 eAOK, a T 3 K>Ke 
3 AbTepH 3 TMBHaA p 33 HOBMflHOCTb TMCTOHa H3. 


npn penaHKaqHH i\am MaTpmHoro AynJieKca flHK pa 3 - 
AeaaiOTca. 3 TOMy HeH 36 e>KHO aojdkho conyTCTBOBaTb pac- 
(J)OpMHpOBaHHe HyKJieOCOM, B COCTaB KOTOpblX OHH BXOflH- 
jih. AHa^H 3 npoBaTb CTpyKTypHyK) A^HaMHKy KOHKpeTHoro 
peruiHqHpyeMoro ynacnca oneHb TpyAHO — H 3 - 3 a óbicrpo- 
TeHHOCTH coóbiTHa perníHKaijHH. y penjíHKaTHBHOH bhjikh 
CT pyKTypa ocoóeHHaa, ee flHK 6 ojiee ycTOHHHBa k MHKpo- 
kokkoboh HyKnea 3 e, neM HyKneocoMHaa flHK ocrajibHO- 
ro xpoMaTHHa, h npn pacmemieHHH /jaer narrepH nojioc 
(AJihh (jjparaeHTOB), oTjimaiomHHca ot aHajiornqHbix 
naTTepHOB HyKjieocoMHon flHK. 3 Ta ocoóeHHaa crpyKTypa 
flHK orpaHHHHBaeTca óJMJKaHineH OKpecTHOCTbio pemiH- 
KaTHBHOH bhjikh. TaKoe BnenaTjieHHe, hto óojibinoH 6 ejiKO- 


HymieocoMbt o6pa3yiOTCfl cpa3y nocAe pen/iMKaiiMM 



PMC. 29.26 PenAMUMpoBaHHaa flHKcpa3y >Ke BKAioHaeTCA b HyKAeo- 
coMbi. OoTorpacfrna Aio6e3HO npeflOCTaBAeHa Steven L McKnight, UT 
Southwestern Medical Center at Dallas 


BbiH KOMiuieKC, penaHitnpyiomHHflHK, hccobmcctom c HyK- 
jieocoMaMH — ho ohh CHOBa (JjopMHpyioTca, cpa3y nocjie 
npoxoacAeHHa penaHitnpyiomero KOMnaeKca, mojibKO yotce 
na donepnux dynneKcax. 

B BOCnpOH3BOflCTBe XpOMaTHHa OTCyTCTByeT AeTeKTH- 

pyeMoe BpeMeHHoe okho, Kor^a flHK 6buia 6bi CBOÓo^Ha ot 
thctohob. KaK TOJibKO ynacTOK flHK peruiHitHpoBajica, Ha 
oóohx AonepHHx AynjieKcax óbicTpo B03HHKai0T Hymieoco- 
Mbl; 3TO xopomo BH^HO Ha SJieKTpOHHOH MHKpO(j)OTOrpa- 
(J)HH PMC. 29.26. 

PÍTaK, AäHHbie óHoxHMHnecKoro aHa^H3a h aneicrpoH- 
HOH MHKpOCKOnHH CXOflaTCa Ha TOM, HTO HyKJieOCOMbl npe- 
óbmaiOT paccJjopMHpoBaHHbiMH jiHiiib b npeAejiax KOpOT- 
koto ynacTKa flHK — oKpecmocTH penjíHKaTHBHOH bhjikh. 
npoABHraacb, BHJiKa coKpymaeT HyioieocoMbi Ha cbocm 
nyTH, ho, Kor#a BHJiKa npoxoAHT, ohh oneHb óbiCTpo B 03 - 
HHKaiOT Ha /jonepHHx ^ynjieKcax. Ha caMOM ACJie, cóopKa 
HyKJieocoM HMeer caMoe npaMoe oTHOiueHHe k annapaTy 
penjíHKaitHH flHK. 

KaKHM oópa 30 M rncTOHbi CBH 3 bmaiOTca c flHK, HTOÓbi 
ccJjopMHpoBajiacb HyioieocoMa? OopMnpyiOT jih rncTOHbi 
omMep npedeapumejibuo (h flHK Ha Hero HaMaTbmaeT- 
ca), hjih cóopKa OKTaMepa npoxoAHT npaMO Ha flHK? Ha 
PMC. 29.27 nOKa 3 aHbI ABa nyTH, KOTOpbIMH MO^CCT HATH 
cóopKa HyKJieocoM in vitro\ Bbiôop nyTH 3 aBHCHT ot ycjiOBHH 
peaKUHOHHOH cpeAbi. B cootbctctbhh c oahhm H 3 riyTen, 
c flHK CBH 3 bmaeTca OKTaMep, c(J)opMHpoBaHHbiH 3 apaHee. 
Btopoh nyTb — sto CBa 3 bmaHHe c flHK TeTpaMepa H3 2 -H4 2 
c nocjieAyiomHM npncoeAHHeHHeM k KOMiweKcy AByx j\w- 
MepoB H2A-H2B. Ka^Abíň H 3 riyTen cooTBeTCTByeT onpeAe- 
jieHHbiM coôbiTHaM in vivo. nepBbiH nyTb mojkct 6 biTb coot- 
HeceH C TaKHM CBOHCTBOM xpoMaTHHa, KaK nOAaTJIHBOCTb K 
peMOACJinpoBaHHio, h OTOÓpa^caeT nepeMemeHne thctoho- 
bhx omMepoB BAOJib flHK (cm. pa 3 A- 30.3 «PeMOAejinpoBa- 
Hne xpoMaTHHa — sto aKTHBHbiH npoitecc»). BTopon nyTb 
OTOópa^caeT cnocoó cóopKH HyKJieocoM, ncnojib 3 yeMbin 
npn pemíHKaijHH. 

ÄccoitnauHH thctohob c flHK noMoraeT p ha ócjikob 
( accessory proteins). Hx nepBHHHyio HAeHTH(J)HKaitHio 
npoBOAHJiH, Hcnojib 3 ya aAepHbie OKCTpaKTbi, cnocoÓHbie 
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Oopna mcTOHOBbix oKTa epoB: 


HenocpeACTBeHHO Ha AH K unu 3apaHee? 


OKTaMep MOHTMpyeTCfl C flHK cBfl3biBaeicfl 

Ha flHK 3apaHee c(})opMMpo- 

BaHHbíň OKTaMep 



l 



PMC. 29.27 B ycnoBMflx in vitro HymieocoMbi o6pa3yiOTCfl ot B3an- 
MOfleMCTBMB flHK cpa3y c ue/ibiM rMCTOHOBbiM OKTaMepoM. B APyrux 
3KcnepnMeHTax flHK B3anMOfleíícTBOBa/ia c TeipaMepoM H3 2 -H4 2 ao 
ero flono/meHHB flByMfl flMMepaMM H2A-H2B 


coÓHpaTb HyioieocoMbi H3 thctohob h 3 K3oreHHOH flHK. 
BcnoMoraTejibHbie 6e;iKH Moiyr paôoTaTb «MOJieKyjiapHbi- 
mh manepoHaMH», to ecTb CBH 3 bmaTbca c racTOHaMH pjw 
Toro, MTOÓbi noMeiflaTb hx Ha flHK — jihóo kuk OTflejibHbie 
6 chkh, jihóo b Bbme komiuickcob (H 32 -H 42 hjih H 2 A-H 2 B). 
npmeM fle^aTb sto HyacHO b KOHTpojinpyeMOM pexcHMe, 
nocKOJibKy rncTOHbi, ôyflyqn ocHOBHbiMH (nojioaarrejib- 
HO 3 apH)KeHHbIMH) ÓeJIKaMH, OÓAaflaiOT BblCOKHM OÓlflHM 
cpoflCTBOM k flHK. B 3 auModeúcmem co ecnoMOzamejibHU- 
mu ôejiKOMU no 360 JinK)m zucmoHOM (popMupoeamb nymie- 
ocomu, ne ecmynan e cuibmepnamuenbie KOMľuieKCu, ko- 
mopue ROjmiomcR pe 3 yjibtnamoM avynaunozo ceRsueanuR 
zucmonoe cJPHK. 

ľlonbiTKH npoflyu,HpoBaTb HymieocoMbi in vitro nmw- 
Ha^HCb c npouecca côopKH npn ynacTHH cbo- 

óoflHOH flHK h thctohob. OflHaKo b yoioBnax in vivo ce- 
pHH HyioieocoM o6pa3yioTCH de novo TOJibKO Torfla, xorfla 
HflCT peruíHKaqHa. CncreMa, KOTopaa 6buia pa3pa6oTaHa c 
yqeTOM 3Toro oócroaTejibCTBa, HMHTHpycT perníHKaniHio 
KJICTOMHOH flHK: B HCH HCnOJIb3yK)TCfl SKCTpaKTbl H3 IOie- 
tok ne;ioBeKa, pemiHijHpyiomHe flHK SV40, a npoflyKTbi 


peruiHKaij,HH, crpyKTypnpyiomHe xax xpoMaTHH. Hcno/ib3ya 
3Ty CHCTeMy, yfla^ocb BbiacHHTb, hto pjw peaKijHH cóopKH 
HyioieocoM Ha peruiHUHpyioifleHca flHK Tpeóyerca BcnoMO- 
raTe^bHbíň (J)aKTop, nojiyqHBiiiHH Ha3BaHHe CAF-1 (chro- 
matin assembly factor; «(|)aKTop cóopKH xpoMaTHHa»). 3to 
óejiOK, cocToaiflHH H3 óojiee qeM 5 cy&beflHHHfl, cyMMap- 
hoh Maccoň 238 Kfla. Ero «npH3biBaeT» b penjíHKaraBHyio 
BHJiKy PCNA (proliferating celí nuclear antigén; «aflepHbiH 
aHTHreH npojiH^epnpyioiflHx kjicvok ») — 6chok, KOTopbin 
flBjíaeTca qacTbio peroiHCOMM h oiyacHT cj)aKTopoM npo- 
ijeccHBHOcra flHK-noJiHMepa3bi. KomaKT wocfly PCNA h 
CAF-1 oóecneqHBaeT conpaxceHHe MOKfly npoqeccaMH pen- 
JIHKai^HH H côopKH HyKJieOCOM, TaK HTO CÔOpKa HyKJieOCOM 
npoHexoflHT Ha npo/tyKTe penjiHicaijHH cpa3y, no Mepe ero 
B03HHKH0BCHH5L 

fleHCTBHe CAF-1 CTexnoMeTpnqHO (to ecTb ero Ko/innec- 
tbo nponopijHOHa^bHO pa3MepaM ccj)epbi ero fleHCTBna — 
HeKOTopoň oójiacra flHK). CBa3bmaacb c racTOHaMH, CAF- 
1 opraHH3yeT cóopxy cepflijeBHHbi OyoymeH HyioieocoMU; 
CKopee Bcero, CHanajia coónpaeTca TeTpaMep H3 2 -H4 2 , k 
KOT opoMy 3aTeM floóaBJíaioTCH flHMepbi H2A-H2B. Ha o6pa- 
30BaHHe oflHon HymieocoMbi yxoflHT 200 nH flHK, npnneM b 
flaHHOM cjiynae sto pa3fle^eHHe Ha npaBmbHbie HHTepBajibi 
nponcxoflHT b oTcyTCTBne rncTOHa Hl. 


CoxpaHBIOTCII JUH THCTOHOBbie OKTaMepbl HCMe3HyBUIHX HyKJieOCOM 
B HeTpOHyTOM BMfle AJ1JI nOBTOpHOro MCfl0Jlb30BaHMfl? 


Ec/im KOHcepBaumí rMCTOHOBbix oKTaMepoB AeŕícTBmejibHO MMeei Mecio. 
to Ka>KAafl HyK/ieocoMa coAep>KMT jimóo TO/ibKO «CTapbie» 

(6biBUJne b ynoTpeóJieHMM) rMCTOHbi, jimóo To^bKo «HOBbie» rMCTOHbi. 
CMHTe3MpOBaHHbie HeAaBHO B npMCyTCTBMM ^erKMX aMMH0Kt4«:J10T 



«CTapbiŕí» OKTaMep «HoBbiŕí» OKTaMep 


«ClUMTb» TMCTOHbl B OKTaMepaX, BblAe/IMTb OKTaMepbl, 
oueHMTb mx pacnpe«ejieHne b rpa^MeHTe ruiOTHOcTM 



TA>Ke^bie . . p ^erKne 


PHC. 29.28 Ecjim rMCTOHOBbie OKTaMepbl coxpaHaiOTca, to b yc/io- 
bmbx flaHHoro 3KcnepnMeHTa mx pacnpeAe^eHMe no Macce roj\mho 
MMeTb ABa AUCKpeTHblX nMKa 


786 ľJIABA 29 HyKAeocoMbi 



















npH BOCnpOH3BOACTBe XpOMäTHHä HaHaJIO AByM AO- 
nepHHM AynJieKcaM Aae t flHK, KOTopaa yotce cmpyKmy- 
pupoeana e eude nymeocoM. 4to nponcxoAHT c othmh 
H yKjieocoMaMH, KorAa ohh 0Ka3biBai0Tca 3acTHmyTbi- 
mh pemíHKaijHeH? MoxceT 6biTb, rHCTOHOBbie OKTaMepbi 
AHCCOUHHpyiOT Ha CBOÔOAHbie thctohm, KOTopbie Bnoc- 
JieACTBHH peyTHJIH3HpyiOTCfl? HjIH xce OHH OCTaiOTCa AO 
KanoH-To CTeneHH accoijHHpoBaHHbiMH Apyr c ApyroM? 
U,e^ocTHOCTb OKTaMepa moxcho npoBepHTb, 3a(jDHKCHpoBaB 
nOJIOXCCHHa rHCTOHOB HCKyCCTBeHHbIMH CIUHBKaMH. J\B2í 
c^eAyioiAHx pHcyHKa nocBameHbi cpaBHeHHio B03M0xcHbix 
hcxoaob OAHoro aKcnepHMeHTa. CxeMa aKcnepHMeHTa Ta- 
KOBa: KJieTKH BbipaiIJHBaiOT B npHCyTCTBHH TaXCeJIblX aMH- 
HOKHCJIOT, HTOÔbl ľHCTOHbl, CymeCTBOBaBIUHe AO penJlH- 


rHCTOHOBbie OKTaMepbl nOBTOpHO He MCnO/lb3yK>TOt 


Ciapbie rMCTOHbi HoBOCMHTe3npoBaHHbie 

ľMCTOHbl 



Mofle/iw c hoboíí cóopKOÍí OKTaMepoB 
noflpa3yMeBaioT HajiMHMe b oahoíí HymieocoMe 

M «CTapblX», M «HOBblX» TMCTOHOB 



«Crapbie» H3 n H4, C/iynaíÍHaB noflóopKa 

«HOBbie» H2A n H2B 


«Ciumb» rMCTOHbi b oKTaMepax, Bbifle/ímb OKTaMepbl, 
oueHMTb mx pacnpeLoe/ieHMe b rpaAMeme iuiothoctm 



TB>Ke/ibie E /íerKMe 


PMC. 29.29 Maccbi rMCTOHOBbix OKTaMepoB paBHOMepHo pacnpeAe- 
JieHbl B flMana30He B03M0)KHblX 3HaMeHMÍÍ; 3TO rOBOpMT OÓ OTCyTC- 
tbmm KOHcepBauMM OKTaMepoB Me>KAy mx Mcno/ib30BaHMBMM b Kanec- 
TBe cepAUeBMH HymieocoM 


KaUHH, MOXCHO 6bIJIO OTJIHHHTb. 3aTCM, 3aMCHHB TaXCeJIbie 

aMHHOKHCJio™ jierKHMH, npoBOAaT penjíHKarjHio. Cpa3y 
xce noaie penjiHKau,HH rHCTOHOBbie OKTaMepbl oô'baAH- 
H5HOT HCKyCCTBeHHbIMH CIUHBKaMH H LjeHTpHCjDyTHpyiOT B 

rpaAHeHTe hjiothocth. Ha p M c. 29.28 noKa3aHO, hto, ecjín 
6bi Ha BpeMa penjiHKau,HH rHCTOHOBbie OKTaMepbl KOHcep- 
BHpOBaJIHCb, TO, B KOHLje OKOiepHMeHTa, HX nOflBJíeHHfl 
cjieAOBauo 6bi oxcnAaTb b nojioxceHHH, cooTBeTCTByiomeM 
BblCOKOH nJIOTHOCTH, B TO BpeMfl KaK HOBbie OKTaMepbl 
3aHHMajiH 6bi b rpaAHeHTe nojioaceHne, cooTBeTCTByio- 
mee HH3KOH nJIOTHOCTH. 3TOrO KaK pa3 H He npOHCXOAHT. 
MaKCHMaubHyio miOTHOCTb HMeeT jurnib Majiaa nacTb Ma- 
Tepnaua, h sto yKa3biBaeT Ha OTcyTCTBne KOHcepBaijHH 
THCTOHOBblX OKTaMepOB. KaK nOKa3aHO Ha P M C. 29.29, 
pacnpeAejieHHe iuiothoctch OKTaMepoB pa36pocaHO b 
HHT epBaue MOKAy bhcokhm h hh3Khm 3HaneHHaMH. 3 to 
oô'bacHaeTca CMeiueHHeM CTapbix thctohob, BbiCBOôoxcAa- 
lOUÍHXCa H3 CepAUeBHH paCíjDOpMHpOBaHHblX HyiOieOCOM c 
HOBOCHHTe3HpOBaHHbIMH THCTOHaMH: (jDOpMHpyiOTCa HO¬ 
Bbie HyioieocoMbi, BÔHpaiomHe b ce6a penjiHU,HpOBaHHbiH 
MaTepnau. 

PexcHM, b KOTopoM npoHexoAHT pa36opKa H côopKa 
HyioieocoM npn penjíHKaijHH, AOBOJibHO cjioxcho oxapaK- 
Tepn30BaTb b aoT ajiax; paôonaa MOAeJib H3o6paxceHa Ha 
pmc. 29 . 30 . PenjíHKaTHBHaa BHJiKa CMemaeT rHCTOHOBbie 
OKTaMepbl; ohh AHCCOLjHHpyiOT Ha TeTpaMepbi H3 2 -H4 2 
h AHMepbi H2A-H2B. 3th crapbie TeTpaMepbi h AHMepbi 
BJiHBaiOTca b oôiijhh nyji TeTpaMepoB h AHMepoB, nacTb 
KOTOpblX COÔpaHa H3 HOBOCHHTe3HpOBaHHbIX THCTOHOB. 
CôopKa HyioieocoM nponcxoAHT 3 a penjíHKaTHBHOH bhji- 
KOH, Ha paCCTOflHHH ~600 nH. C6opKa HHHLJ,HHpyeTCa CBfl- 
3bmaHHeM TeTpaMepoB H3 2 -H4 2 c AonepHHMH AynJieKca- 
mh; CAF-1 noMoraeT TeTpaMepaM CBa3aTbca c flHK. KorAa 
c HaxoAamHMCfl Ha JX HK TeTpaMepoM H3 2 -H4 2 CBaxcyTca 
ABa AHMepa H2A-H2B, nojiyHHTCu yKOMnjieKTOBaHHbin 
OKTaMep. ľloAÔop cyô'beAHHHij KaxcAoro OKTaMepa npo- 
HCXOAHT CJiyuaHHO, 6e30TH0CHTeJIbH0 HX HOBH3HbI. ĽCAH 
6bi CTapbiH TeTpaMep 6bui cnocoôeH HeHaAOJiro yAepxcaTb- 
ca Ha oahhohhoh LjenH flHK, to sto yBeiiHHHJio 6bi ero 
rnaHCbi ocTaTbca c BeAymeH uenbio h 6biTb Hcnojib30BaH- 
HblM 3aHOBO. B03M0XCH0, nOXOXCHM 0Ôpa30M HyiOieOCOMbl 
pa3ÔHpai0Tca h coônpaioTca h npn TpaHCKpnnuHH (cm. 
pa3A- 29.11 «OpraHH30BaHbi jih TpaHCKpHÔHpyeMbie reHbi 
B HyKJieOCOMbI?»). 

B npoAOUxceHHe S-4)a3bi icieTOHHoro LíHKjia ayKapno- 
THnecKOH KJieTKH, KorAa npoHexoAHT pcnmiK^m ÍIHK, yA- 
BoeHHe KOJinnecTBa xpoMaTHHa TpeôyeT CHHTe3a thctohob 
B KOJIHHeCTBe, AOCTaTOHHOM HyiOieOCOMHOH ynaKOBKH 
učjioto reHOMa. ľlo cyra, thctohob b S-({)a3e aojdkho 6 biTb 
CHHTe3HpOBaHO CTOJibKo, cKOJibKO hx yace npHcyTCTByeT B 
HyioieocoMax Ha momcht Hanaaa peruíHKaunn. Chhtc3 thc- 
tohobhx mPHK KOHTpojinpyeTca KaK cocTaBjíaiomaa Kjie- 
TOHHoro UHKjia; b S-({)a3e TpaHCKpHmjna rncTOHOBbix reHOB 
npOHCXOAHT HHTeHCHBHO. ľlpOIjeCC CÔOpKH XpOMaTHHa H3 
CMeCH paBHblX KOJIHHeCTB «CTapbIX» H «HOBbIX» THCTOHOB, 
KOTopbiH HMeeT MecTo b S-(jDa3e npn peruíHKaunn reHOMa, 
o6o3HanaioT KaK conpaxceHHbiH c perníHKauneH (replica- 
tion-coupled pathway, RC pathway). 
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PMC. 29.30 Pen^MKaTMBHafl bmjiks, npoABMraacb Bflo/ib flHK, CMe- 
maei c Hee rMCTOHOBbie oKTaMepbi. Ohm flMccouMMpyiOT Ha TeipaMe- 
pbi H3 2 -H4 2 m AMMepbi H2A-H2B. TeM BpeMeHeM M3 HOBocMHTe3Mpo- 
BdHHblX TMCTOHOB COÓMpaiOTCfl HOBbie TeipaMepbl H3 2 -H4 2 M AMMepbl 
H2A-H2B. ľlpM yHacTMM (|)aKTopa CAF-1 «ciapbie» m «HOBbie» Teipa- 
Mepbi m AMMepbi (b c/iyHaííHbix coHeiaHMBx) coÓMpaiOTCfl b oKTaMepbi 
hobux HymieocoM. 3 to npoMcxoAMT HenocpeACTBeHHo 3a peruiMKa- 
TMBHOM BM/1KOÍÍ 

Rjm cóopKH HymieocoM b ^pyrax ({max KJieTOHHoro uhk- 
jia, Kor^a flHK He CHHTe3HpyeTOi, cymecTByeT Apyron — pen- 
jiHKauHOHHO-He3aBHCHMbiH npou,ecc (replication-independent 
pathway, RI pathway). HeoôxoAHMOCTb b hcm B03HHKaeT npn 
noBpe>KAeHHHx RflK hjih npn CMemeHHH HyKJieocoM bo BpeMa 
TpaHCKpHľIlJ,HH. 3TOT npOU,eCC CÔOpKH HCH36OKH0 PPTDKCH OT- 
jiHnaTbca ot npouecca côopKH, conpíDKCHHoro c penjíHKaijn- 
eH: XOTfl 6bl nOTOMy, HTO OH He MOXCCT 6bITb KOOpAHHHpOBaH 
K/ieTOHHbiM annapaTOM peruiHKau,HH. O^Ha H3 HHTepecHbix 
OCOÔeHHOCTeH peMHKaUHOHHO-He3aBHCHMOH cóopKH HyKJie- 
OCOM 3aKJIK)HaeTCfl B HCn0Jlb30BaHHH aJIbTepHaTHBHblX pa3HO- 
BHAHOCTeH HeKOTOpblX THCTOHOB. 


ThCTOH H3.3, flBJWflCb pa3HOBHAHOCTbIO BblCOKOKOH- 
cepBaTHBHoro H3, OTjiHnaeTca ot Hero no neTbipeM aMH- 
HOKHCJIOTHblM nOJIOXCCHHflM. B AH({)({)epeHIJHpyK)mHXCfl 
KjieTKax, r^e He nponcxoAHT perníHKaunn, H 3.3 Me/yieHHO 
3aMemaeT H 3. 3to nponcxoAHT b pe3yjibTaTe côopKH ho- 
bhx rncTOHOBbix oKTaMepoB Ha 3aMeHy tcm, KOTopbie no 
KaKOH-jiHôo npnHHHe 0Ka3aAHCb CMemeHHbiMH c flHK. Me- 
xaHH3Mbi, rapaHrapyiomne ynoTpeôJieHne hmchho H3.3 b 
odopne hobhx OKTaMepoB b KjieTKax, KOTopbie AHíjxjDepeH- 
UHpyiOTca hjih AHcJxjDepeHunpoBaHbi, 6buin nccjieAOBaHbi y 
Tetrahymena h Drosophila, y arax oďtcktob ohh OKa3ajincb 

pa3J!HHHbIMH. 

y npocTeHinero Tetrahymena ynoTpeôJieHne rncTOHa 
onpeAejmeTca HCKjiiOHHTejibHO ero AOCTynHOCTbio. Ihctoh 
H 3 CHHTe3HpyeTCfl, nona KjieTKa npeôbiBaeT b ijHKjie ppie- 
HHa; b KjieTKax, noKHHyBiunx ijhkji h npeKpaTHBiunx penjin- 
LJHpOBaTb CBOK) flHK, HaHHHaeT CHHTe3HpOBaTbCfl BapnaHT 
H3.3. Y Drosophila, HanporaB, cymecTByeT aKTHBHbiH Me- 
XaHH3M KOHTpOJm, KOTOpblH TapaHTHpyeT HCn0Jlb30BaHHe 
rncTOHa H3.3. He3aBHCHMaa ot penjíHKaunn côopKa ho- 
Bbix HyKJieocoM nponcxoAHT b carrrax TpaHCKpnnijHH. 3 th 
HOB bie HyKJieocoMbi, no Bcen bhahmocth, n/iyr Ha 3aMeHy 
TeM, KOTopbie ôbijín CMemeHbi PHK-nojiHMepa30H. Pa3Hmj,a 
MOKffy H3 h H3.3, oôycjiOBJíeHHaa pa3JiHHH5iMH b hx aMHHO- 
KHCJIOTHblX nOCJie/íOBaTeJlbHOCTHX, npHBOAHT K TOMy, HTO 
H 3 cneijHcj)HHecKH oTCTpaHaeTca OTynacTna b nocrpoeHHH 
OKTaMepoB. CôopKa HyKJieocoM, conpjDKeHHan c pemíHKa- 
uneH, y toh xce Drosophila , HanporaB, 3ä/jeHCTByeT o6a Ba- 
pnaHTa, H3 h H3.3. Ha momcht penjíHKaunn H3.3 AOCTyneH 
AJifl ynoTpeôJieHna b KOJiHnecTBax, ropa3AO MeHbiunx, nm 
H3, h noTOMy 0Ka3biBaeTca bkjhohchhhm TOJibKo b Heôojib- 
iiioh npoueHT hobhx HyKJieocoM. 

BejioK CAF-1, Bepoaraee Bcero, He ynacTByeT b He3aBH- 
chmom ot penjiHKau,HH npoijecce côopKH. (Bojiee Toro, y He- 
KOTopbix opraHH3MOB, TaKHx KaK apoxokh hjih Ambidopsis , 
OTcyTCTBHe ero reHa He kphthhho, mto HaBOAHT Ha Mbicjib o 
cymecTBOBaHHH y arax opraHH3MOB aAbTepHaraBHoro Me- 
xaHH3Ma côopKH HyKJieocoM npn penjinKaunn.) Bchok, ko- 
TOpblH npHHaCTeH K He3aBHCHMOH OT penJIHKaUHH côopKe, 
Ha3biBaiOT HIRA. Ecjih B3aTb cncTeMy côopKH HyKJieocoM in 
vitro h HCKjnoHHTb H3 Hee HIRA, to o6pa30BaHne HyKJieocoM 
ôy^eT noAaBJíeHO TOJibKo Ha HepenjinunpoBaHHOH flHK, a 
Ha penjiHijHpyioiijeHcá RUK npoAOJixcnTca 6e3 H3MeHeHnn. 
3 to eme pa3 noATBep^aaeT, hto npoueccbi côopKH noAnn- 
HeHbi pa3HbiM MexaHH3MaM. BejioK HIRA paôoTaeT uiane- 
Pohom, coAencTByioiAHH HHKopnopaunn thctohob b HyK- 
jieocoMbi. Bo3mo^cho, ero ynacTne TpeôyeTca Bcer^a, KorAa 
côopKa HyKJieocoM n/jeT Ha RHK BHe coctohhmh peruíHKa- 
Uhh: HanpHMep, Kor^a, npn ACKOHAeHcaijHH X poMaraHa b 
HA pe cnepMaT030HAa, npoTaMHHbi 3aMeHaiOTai rncTOHaMH, 
HToôbi o6pa30Bajica xpoMaraH, cnocoÔHbin k penjiHKan,HH 
b cocTaBe onjiOAOTBopeHHOH anueioieTKn. 

CôopKa HyKJieocoM c ncnojib30BaHneM ajibTepHa- 
thb rncTOHy H3 Taieace nponcxoAHT b u,eHTpoMepax (cm. 
pa3A- 31-3 «Cynj,ecTBOBaHne reTepoxpoMaraHa oôycjiOBJíeHO 
B3aHMOAeHCTBH5IMH THCTOHOB C ApyTHMH 6eJIKaMH»). U,eHT- 

poMepHaa RUK penjiHunpyeToi b paHHen S-({)a3e (b otjih- 
nne ot oKpy^caioiAHx ee noejieAOBaTejibHOCTen H3 cocTaBa 
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reTepoxpoMaTHHa, KOTopbie pemiHUHpyiOTca no3AHee; cm. 
pa3A. 15.7 «B reHOMHbix noeaeAOBaTe;ibHOCTax Apoxoxen 
MOXCHO BbWBHTb OpHA>XHHbI perUIHKaU,HH»). Ha IjeHTpOMep- 
hoh JIHK BioiiOMeHHe H 3 b HymieocoMbi no/jaBiieHO; bmccto 
Hero BiciiOHaeTca ôejiox, xoTopbiH y BbícniHx syxapHOT m- 
BecTeH Kax CENP-A (y Drosophila ero Ha3biBaiOT Cid, y Apoxc- 
xceň — Cse4). MexaHH3M, xoHTpojiHpyK)mHH stot npouecc, 
peruiHKaij,HOHHO-He3aBHCHM. floMHHHpyiomaH b S-({)a3e 
côopxa no xaHOHHHecxoň, conpíDxeHHOH c perniHxaijHeH 
cxeMe, ohcbhaho, noAaBjíaeTca — Ha xopotxhh nepnoA Bpe- 
mchh, noKa pemiHLiHpyeTca iiempoMepHaa JIHK. 


hocth oôpaôoTaTb 3HA0Hyxaea30H pecTpnKn.HH, y3HaiomeH 
B OAHOH H3 HHX yHHXaJIbHblH CaHT, TO OXaXCeTCfl, HTO 3TOT 
caHT Bcer^a ôypcr HaxoAHTbca b oahom h tom xce nojioxceHHH 
OTHocHTejibHO kohu,ob (jiparMeHTa, KOTopbiH ero COflepXCMT. 

IIpoAyKTbi flBOHHoro pacmemieHHa (mhxpoxoxxoboh 
HyKJiea30H h 3HA0Hyxaea30H pecrpn xijh h) pa3AejiaiOT rejib- 
3JieKTpo(J)ope30M. MeneHyio rH6pHAH3aijHOHHyK) npoôy, no 
CBoen HyKJieoTH/jHon nocjieAOBaTejibHOcra cooTBeTCTByio- 
myx) OAHOMy H3 (jiJiaHroB caírra pecTpnKUiHH, Hcnojib3yx)T 
pw BH3yajiH3auHH coAepxcamero ee (jiparMeHTa b npoflyxTe 
ABOHHoro pacmenjieHHa. MeTOflnxa no;iyHH;ia Ha3BaHHe 
HenpHMoro KOHijeBoro MeneHHÄ. 


29.10 


Cnem«|)MHH0 jim pacnojio>KeHMe 
HyiuieocoM OTHOcme/ibHO AH K? 


lOiiOMeBbie noHaTMa: 


• HymieocoMbi MoryT (JjopMiipoBaTbCfl b onpeAe/ieHHbix 
no/ioweHMflx noA BJimiHMeM jioKa/ibHoií cipyKTypbi flHK 
J1MÓO noA B/lMflHMeM Óe/IKOB, B3aMMOAeMCTByK)lAMX CO 
cneunc()MMecKMMM noc^eAOBaie^bHocTflMM. 

• CaNiaa pacnpocipaHeHHafl npmma no3nunoHnpoBaHmi 
HymieocoM — 3to pa3rpaHMMeHne flHK CBfl3aHHbiMM c h eň 
6e/iKaMM. 

• ri03MLlM0HMp0BaHMe MO>KeT onpeAG-nflTb, K3KMe 
noc^eAOBaie^bHOCTM flHK b cepmi HyKJieocoM oxamyTC n 
b CBfi3yK)iAMx oó/iacrax, m KaKoíí CTopoHoií Hapymy 6yAeT 
CMOTpeTb flHK C ľlOBepXHOCTM TMCTOHOBblX OKTaMepOB. 


HyioieocoMbi, Kax Mbi yxce 3HaeM, MoryT 6biTb B0CC03AaHbi 
in vitro npn ynacran JJ HK c npon3BOJibHon nocneAOBa- 
TejibHOCTbio. Ho sto He 03HanaeT, hto hx o6pa30BaHne in 
vivo HHKaK He oôycjiOBJíeHO nepBHHHOH CTpyKTypoH JJHK. 
HacKOJibxo 0AH03HanH0 3a^aHa Tonorpa^na HyKJieocoM 
Ha nocjieAOBaTejibHOCTHx ,H,HK b xpoMaTHHe in vivo ? Hjih 
H yioieocoMbi pacnojioxceHbi Ha JJHK cnynaHHO, Tax, hto 
xoHxperaaa nocjieAOBaTejibHOCTb moxcct 3aHaTb jnoôoe no- 
jioxceHne; HanpnMep, y oahoh xonnn reHOMa oxa3aTbca b 
ueHTpajibHOH oôJiacTH HyxaeocoMbi, a y Apyron — b CBa3y- 
lonjeH oôjiacTH? 

Hto6h oTBeroTb Ha stot Bonpoc, HyxcHO, /yia Hanajia, 
B3aTb xoHxpeTHyx) nocjieAOBaTejibHOCTb ^HK h onpeAe- 
JlHTb, XaXOe MHOXCeCTBO nOJlOXCeHHH MOXCeT 3aHHMaTb B 
cocTaBe HyxAeocoMbi onpeAeneHHaa Tonxa stoh nocjieAO- 
BaTejibHOCTH. npnHunn ncnojib3yeMOH /yi a 3Toro sxcnepH- 
MeHTajibHon npoueAypbi H3o6paxceH Ha pmc. 29 . 31 . 

npeAnojioxcHM, hto nocjieAOBaTejibHOCTb JJHK nepeBO- 
AHTca b cocTaB cepnn HyxjieocoM Bcer^a b oahoh h toh xce 
xoHíjDHrypauHH. To ecTb jiioôoh canT HK Bcer^a 3aHHMaeT 
b HyxAeocoMe onpeAejieHHoe nojioxceHne. TaxoH Tnn opra- 
HH3aU,HH Ha3bIBaiOT n03Hl^H0HHp0BaHHeM HyKJieocoM, 
hjih hx ({)a3HpoBaHHeM (nucleosome positioning, nucleo- 
some phasing). B cepnax no3HUHOHHpoBaHHbix HyxjieocoM 
CBa3yioiiiHe oôjiacTH o6pa3yx)T yHnxajibHbiH naTTepH. 

Hhhmh cjiOBaMH, npn oôpaôoTxe OAHOTnnHbix cepnH 

n03HU,H0HHp0BaHHbIX HyXACOCOM MHXpOXOXXOBOH HyxAe- 

a30H hx JIHK ôypcv pacn^eHaTbca Ha cneu,u0mecKue nooie- 
doeamejibHOcmu. Ecjih sth cneuH^Hnecxne nocneAOBaTeab- 


Ha/iMMMe neTKOM no^ocbi roBopm o no3miMOHMpoBaHiui Hyn/ieocoM 


CyTb n03M4M0HMp0BaHMJ1 B TOM, HTO y BCex MAeHTMHHblX MOJieKy/1 
flHK cerMeHT noc/ieAOBaTe/ibHocm o6o3HaHeHHbiŕí KpacHbiM 
UBeTOM, 6yAeT 3aHMMaTb b HymieocoMe oaho m to >ne no/ioweHMe 



MuKpoKOKKOBaB HyK/iea3a Ae/iMT HyK/ieocoMHyK) flHK Ha MOHOMepbi 



3HAOHyKJiea3a pecTpMKUMM 
peweT cbok) noc/ieAOBaTe/ibHocTb-MmueHb 

i 


_1_ 

Ecjih no3M4MOHnpoBaHMe AeŕícTBMTejibHo MMeeT Mecm 
to 4)parMeHT AHK (c KOHKpeTHoŕí HyK/ieoTMAHoŕí 
nocjieAOBaTejibHocTbfo n KOHuaMM ot pa3Hbix HyK/iea3) 

6yAeT BMAeH Ha 3/ieKTpo4)operpaMMe KaK OAHa neTKaB no/ioca 


PMC. 29.31 Ecjih HyKaeocoMbi no3imnoHMpoBaHbi omocMTeJibHO 
HyK/ieoTMAHOíí nocaeAOBaTeabHocTM flHK, to caíiTbi pecTpMKUMM Ha- 
XOAflTCa Ha (|)MKCMpOBaHHOM paCCTOflHMM OT CB513yK)lAMX CeTMeHTOB 
flHK, HyBCTBMTe/ibHbix k MMKpoKOKKOBoíí HyKaea3e 
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ľloBepHyB paccyacAeHHe Bcrorrb, HHTepnpeTHpyeM pe- 
3 yjibTaTbi. OAHa Herca* nojioca roBopnT o tom, hto bo Bcex 
loiercax, nomeAiiiHx Ha npnroTOBJíeHHe o 6 pa 3 ija, /jaHHbiH 
caňT pecTpHKUiHH 3 aHHMaeT OAHHaKOBoe nojioxceHHe ot- 
HOCHTejibHO coAepxcameň ero HymieocoMbi. O^Ha Herca* 
nojioca 03 HanaeT, hto rjw AaHHoro ynacrca reHOMa xapax- 
TepHO yHHKajibHoe pa36HeHHe noejieAOBaTejibHOCTH flHK 
Ha HyioieocoMHbie (jDparMeHTbi. 

B npoTHBHOM cjiynae, Kor^a yHHKaabHoro pa36neHH* He 
eymecTByeT, rpaHHUbi (jDparMeHTOB, Ha KOTopbie reHOMHaa 
nocneAOBaTejibHOCTb pa36HBaeTc* npn côopxe HyioieocoM, 
CTaTHCTHnecKH «pa3MbiTbi». IIooTOMy nojioxceHne caHTa 
pecTpHKu,HH ôy^eT HenocToaHHbiM oraocHTejibHO HyKJie- 
ocoMbi, b KOTopoH oh HaxoflHTca. jyjm KaxcAoň KonHH re¬ 
HOMa CBa3yiomHe oôjiacra cepnH HyKJieocoM, no kotophm 
n^eT pacmenjieHHe mhkpokokkoboh HyK*ea3oň, HaioiaAbi- 
BaiOTca Ha nocjieflOBaTejibHOCTb J \HK caynaHHbiM o6pa30M. 
KaacflbiH pa3 (b KaxcAoň KonnH reHOMa, noAnaBineň noA 
ABOHHoe pacuj;enjieHHe) caňT pecTpHKUiHH ôy^eT 3aHHMaTb 
jnoôoe H3 B03MoacHbix nojioaceHHH oraocHTejibHO kohljob 
MOHOMepa HyKJieocoMHOH ÍI,HK. Ha pmc. 29.32 noKa3aHO, 
hto b stom e;iyHae HenpaMoe KOHU,eBoe MeneHHe Aae t niMep 


Pa 3 M 33 aHHafl nonoca — pe 3 ynbTaT OTcyTCTBHn no 3 nui*iOHi*ipoBaHMfl 


♦ I 



PMC. 29.32 Ecjim HymieocoMbi He no 3 MUMOHMpoBaHbi, KOHKpeTHbiíí 
caiVr pecipMKUMM MoweT 3 aH 5 iTb b HymieocoMe /iio 6 oe no/ioweHMe, 
m Korfla 3 HAOHyK/iea 3 a pecipHKUMM pa 3 pe>KeT cboio KOHKpeTHyio 
MMLUeHb (o 6 o 3 HaHeHHyK) KpaCHbIM LJBeTOM), a MMKpOKOKKOBaB HyK- 
Jiea 3 a — CBa 3 yiomMM cerMeHT flHK (oóo 3 HaHeHHbm 3 e/ieHbiM ijBe- 
tom), no/iyHMTCB c()parMeHT c/iynaíiHOM A*MHbi. 3 /ieKTpo(J)operpaMMa 
noKa 3 biBaei uJMep M 3 c|)parMeHTOB pa 3 HOM A*MHbi b flnana 30 He ot 
0 ao -200 nH eAHHMMHOÍí ajihhu HyK/ieocoMHoíí flHK 


(ot anzjí. smear — pa3MbiT0CTb rpaHHu, aopoxckh b reae) 
Ha HHTepBaae ot MHHHMajibHoň fleTeKTHpyeMoň jsjivnm 
(~20 OCHOBaHHH) AO flJ IHHbl MOHOMepa HyKaeOCOMHOH flHK 
(~200 OCHOBaHHH). 

flo chx nop oôcyacAeHHe sKcnepnMeHTOB c mhkpokok¬ 
koboh HyKJiea30H cTpoHJiocb Ha tom, hto stot 4)epMeHT 
pa3pe3aeT flHK no flocTynHbiM eMy CB*3yiomHM oóaacTaM 
HymieocoMHOH flHK BHe KaKoň-jinôo eneu,H({)HHH0CTH ot- 
HOCHTejibHO HymieoTHAHbix nocjieAOBaTejibHOcreň sthx 
oôjiacTen. Ha caMOM Ae*e, Koe-KaKa* cneuníjDHHHOCTb sto- 
My ({)epMeHTy Bce-TaKH CBoňcTBeHHa; oh npeflnoHHTaeT 
A-T-6ora™e noejieflOBaTejibHOCTH. TaK, ecjín Henp*Moe 
KOHueBoe MeneHHe BbWBHJio Ha sjieKTpocjDoperpaMMe neT- 
Kyio nojiocy, 3Ta nojioca He o6*3aTejibHO eooTBeTCTByeT 
paccToaHHio ot carna pecTpHKn,HH ao ôjiuMaúiueu CB*3yio- 
IAeH OÔJiaeTH: OHa MOXCCT COOTBeTCTBOBaTb paCCTOaHHK) AO 
dpyzoií CB*3yiomeň oôjiacra, KOTopyio npeAnonjia Hyioiea- 
3a! H3 Tex xce cooôpaxceHHň, no*BJieHHe HecKOJibKnx nojioc 
MOxceT oToôpaxcaTb He3aBepmeHHOCTb pa3pe3a Hyioiea30H, 
HO MOXCeT ÔbITb HCTOJIKOBaHO H KaK HaJIHHHe HCCKOJIbKHX 
AHCKpeTHblX BapnaHTOB n03HU,H0HHp0BaHH* HyKneOCOM. 

HToôbi KoppeKTHO HHTepnpeTnpoBaTb TaKoro poAa pe- 
3yJlbTaTbI, CTaBHTCH KOHTpOJlbHblH SKCnepHMCHT, B KOTOpOM, 
BMeCTO XpOMaTHHa, MHKpOKOKKOBOH Hyiuiea30ň OÔpaÓaTbl- 

BaeTca AonpoTeHHH3HpoBaHHaa HK. Bce npeAnoHTeHHH 
mhkpokokkoboh HyKnea3bi b npeAcnax H3ynaeMOH oÓJiacTH 
HK npn stom CTaHOBaTca hbhbimh: ohh oToôpaxcaiOTCH b 
BHAe naTTepHa nojioc, KOTopbíň moxcho cpaBHHTb c naTTep- 
hom nojioc, noAyneHHOM Ha o6pa3U,e xpoMaTHHa. 

PC 13 JIUHUH MeXCAy naTTepHaMH nOJlOC B KOHTpOJIbHOM 
onbiTe (c AenpoTeHHH3npoBaHHOH flHK) h b onbiTe c xpo- 

MaTHHOM — CBHAeTeJIbCTBO COÔbITHH n03HU,H0HHp0BaHHH 
HyioieocoM. HeKOTopbie nojiocH, npHcyTCTByiommHe b 
KOHT pojibHOM o6pa3ue, HCHe3aiOT y npoAyKTa pacmen^e- 
hhh HyioieocoM b CBa3H c HeAOCTynHOCTbio Hyioiea3bi 
p«Aä canTOB (b oôJiacTax HyKJieocoM). HeKOTopbie nojio- 
Cbi, HaoôopoT, noaBaTca y o6pa3U,a c HyKJieocoMHOH opra- 
HH3auneH, TaK KaK HOBbie caň™ nojiynaT npHopHTeTHyio 
AOCTynHOCTb aaa pacmenjieHHa. 

n03HUH0HHp0BaHHe HyiOieOCOM MOXCeT 6bITb Bbino^- 
hcho oahhm h3 Aeyx cnocoôoB: 

• Coôctbchho no3Hu,HOHHpoBaHHe: KaMdrn nymeocoMa 
cneUtUfpuHHo cemueaem KonKpemnuúyHacmoK noaie- 
doeamejibHocmu AHK. TaKOH cnocoó no3HU,HOHHpOBa- 
hhh MeHaeT bhachhc HyioieocoM KaK CTpyicrypHbix eAH- 
HH1A xpoMaTHHa, B03HHKai0IAHX npH KOHTaKTe MOKAy 
rncTOHOBbiM OKTaMepoM h jiioôoh noejieAOBaTejibHOC- 
TbK) flHK. 

• HaBeAeHHoe no3HU,HOHHpoBaHHe: e cepuu nymeo- 
com, noKpueawu^eú neKomopuu ynacmoK zenom, 
côopm nepeou nymeocoMu nau^e ecezo npoucxodum 
e onpedejiennoM caume. CaMa bo3moxchoctb npeAno- 
necTb KaKoň-jiHÔo caňT b KanecTBe CTapTOBOH tohkh 
no3HLi,HOHHpoBaHHa ynacTKa reHOMa nponcTeKaeT ot 
HajiHHHa ynacTKa, Ha kotopom o6pa30BaHne HyKJieo- 
com HCionoHaeTca. nojioxceHHe, no KOTopoMy MO^ceT 
B03HHKHyTb HyioieocoMa, nepBaa b cepnH, onpeAe^a- 
eTca zpanuUfeu CBoôoAHoro ynacTKa. 3a npeAejiaMH 
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TpaHCJifliiMOHHoe no3MUMOHMpoBaHMe oôyc/iaB/iMBaeT 
pa3Hyio AOCTyriHOCTb CMexcHbix cerMemoB AH K 


Bmtkm 3-4 b CBfl3yK>meM cerMeHTe 

rh 

1 2 3 4 5 6 7 8 9 10 11 12 

Bmtkm 2-3 b CBB3yK>meM cerMeHTe 

rh 

1 2 3 4 5 6 7 8 910 1112 


PH C. 2933 ľlOA TpaHC/lflUMOHHblM n03MUM0HMp0BaHHeM ľlOHMMaiOT 
no/ioweHMe /ímneíiHOM HyK/ieoTMAHOM noc/ieAOBaTejibHocTM othocm- 
Te/ibHo rMCTOHOBbixoKTaMepoB. Kamflbm CABMrflHK Ha 10 nH MeHBeT 
b Heíí HaMÓo/iee AocTynHbie CBB3yioiAMe cerMeHTbi. ľlpn 3 tom HaAo 
MMeTb B BMAy, HTO npM KOHTaKTe flHK C TMCTOHaMM CepAUeBMHbl OAHa 
M3 CTOpOH ABOMHOM CnMpa/lM OCTaeTCB AOCTyľlHOií A™ C()aKTOpOB M 
Hymiea3, m npM cABMre oKTaMepoB Ha 10 nH 3Ta CTopoHa He mchb- 
era. fl/ia npocTOTbi cxeMbi HyK/ieocoMHafl flHK M3o6pa>KeHa 6e3 
CBepXBMTKOB 

SToro ynacTxa o6pa30BaHne HyxaeocoM moxcct m- 

HaTbCa BHOBb — nOCJieAOBaTeJlbHO, C (jDHXCHpOBaHHOH 

/yiHHOH HyKjieocoMHbix ({)parMeHTOB flHK. 

B HacToamee BpeMa ycTaHOBJíeHO, hto paccTaHOB- 
Ka rHCTOHOBbix OKTaMepoB Ha flHK npoHexoAHT He cjiy- 
HaHHO, HO B 3aBHCHMOCTH OT nOCJieflOBaTeJIbHOCTH flHK. 
HHorfla cneu,H({)HMecKHH naTTepH no3HU,HOHHpoBaHHa 
AHKTyeTca oeoôeHHOCTaMH nepBHHHOH CTpyKTypbi flHK 
m KOHKpeTHOM ynacTxe. B flpyrnx cjiynaax cneijHíjDHHec- 
xhh naTTepH no3HU,HOHHpoBaHHa aBJíaeTca HaBeAeHHbiM; 
oh onpeAejiaeTca B3aHMOAeHCTBHeM flpyrnx ôejixoB c flHK 
h/hjih rncTOHaMH. 

Kaxne CTpyKTypHbie CBOHCTBa caMOH flHK BJiHaiOT 
Ha pa3MemeHne rncTOHOBbix OKTaMepoB? flHK c xohx- 
peTHOH HyKneoTHAHOH nocjieAOBaTejibHOCTbio npoaBJía- 
eT CKJlOHHOCTb K CaMOnpOH3BOJlbHOMy H3rn6aHHK) B Ty 
hjih HHyio CTopoHy; HanpHMep, A-T-6oraTbie ynacTXH Ha 
noBepxHOCTH HyKJieocoMbi pacnojioxceHbi Tax, hto Majiaa 
6opo3flxa oópameHa k oKTaMepy, a ecjín Ha noBepxHoe- 
th HyKJieocoMbi HaxoAHTca G-C-6oraTbiH ynacTox, to ero 
Majiaa 6opo3flxa cmotpht Hapyxcy. flnnHHbie onepeflH 
dA-dT (>8 nH) H36eraiOT no3HU,HOHHpoBaHHa b ijem- 
pajibHOM CBepxBHTxe HyKJieocoMbi. npocyMMnpoBaTb Bce 
CKOJibKo-HHÔyAb cynj,ecTBeHHbie CTpyxTypHbie s({)({)exTbi c 
TeM, HToôbi MaxcHMajibHO tohho npeflexa3aTb pacnojioxce- 
HHe KOHKpeTHOH nOCJieflOBaTeJIbHOCTH flHK OTHOCHTCJIb- 
ho MaccHBa HyKjieocoM, noxa hcbo3mo>xho. HHorfla b re- 
HOMe BCTpenaiOTca sxcTpeMajibHbie nOCJieflOBaTeJIbHOCTH 
flHK, HecoBMecTHMbie c HyxjieocoMHon opraHH3auneH. 
HeôJiaronpnaraaa xoHíjDopMauHa flHK HCKjnonaeT B03- 
HHKHOBeHne HyxjieocoM Ha Taxnx ynacTKax — c s({)({)ex- 
tom ycTaHOBjíeHHa rpaHHUbi /yia HaBefleHHoro no3Huno- 
HnpoBaHHa HyKjieocoM Ha CMexcHbix ynacTxax. 

n03HLJH0HHp0BaHHe HyXJieOCOM B6J1H3H rpaHHUbl 6e3- 
HyioieocoMHoro ynacTxa — npouecc CTaHflaprabiH. Ecjih b 


ycTpoHCTBe HyKjieocoM flonycxaeTca BapnaôejibHocTb, Ha¬ 
npHMep pa3ópoc CBa3yiomHX oôJiacTeH no jymm m 10 nH, 
to HaBeAeHHaa eneflH(j)HHHOCTb pacnojioxceHHa HyxaeocoM 
ôyfleT yôbmaTb no Mepe yflajieHHa ot nepBOH HyxaeocoMbi, 
pacnojioxceHHOH y rpaHHijbi. B stom c^ynae no3HijHOHHpo- 
BaHHe xcecTKO 3aflaHO Jinnib no6jiH30cra ot rpaHHLjbi 6e3- 
HyKJieocoMHoro ynacTxa flHK. 

PacnojioxceHne flHK b HyxaeocoMe MOXceT ôbiTb onn- 
caHO AByMa cnocoôaMH. B noHaTne TpaHCJwi^HOHHoro 
no3Hu,HOHHpOBamm (He HMeeT HHKaxoro oTHOiueHna k 
TpaHCJiauHH xax CHHTe3y ôejixa) bxoaht onncaHMe nojio- 
aceHna flHK oraocHTejibHO rpaHnu MOKAy HymieocoMaMH; 
npHMepbi npnBeAeHbi Ha pv\i. 2 ^. 33 . TpaHcaaunoHHbiM no- 
3HUHOHHpOBaHHeM, B HaCTHOCTH, OUpCRtmCľCR, K2KHC nOC- 
jieAOBaTejibHOCTH flHK oxa^cyrca b CBa3yiomHX oôJiacTax h 
6yAyT ôojiee AOCTynHbiMH (bo BcaKOM cjiynae, ecan cyAHTb 
no HyBCTBHTeJlbHOCTH K MHKpOKOKKOBOH HyK7iea3e). 

flHK ueHTpaabHOH nacTHUbi HyKJieocoMbi aea cht Ha Ha- 
pyxcHOH noBepxHOCTH racTOHOBoro oKTaMepa. npn stom 
OAH a ee CTopoHa norpyacaeTca b thctohm, b to BpeMa xax 
Apyraa CTopoHa MOJiexyjibi oTxpbiTa rjm B03MoacHbix B3a- 
HMOAeHCTBHH — HanpHMep, c peryjiaTopHbiM ôejixoM. no- 
STOMy TOHHoe nojioaceHHe rncTOHOBoro oxTaMepa no ot- 


POTailMOHHOe n03MI4M0HMp0B3HMe, H/iH (J)a3MpOBaHMe, 
o6yc/iaB^HBaeTAOCTynHocrb AHK HaxoA^iAeMCfl 
b HenocpeACTBeHHOM KOHTatcre c rMCTOHaMH cepAUeBMHbi 



PMC. 29.34 y abomhoíí cnMpanM flHK, HaxoAflmeMca B KOHTaKTe c 
rncTOHaMH, poTaLiMOHHoe no3MUMOHMpoBaHMe onpeAenfleT CTopoHy, 
AOCTynHyiO A718 B3aMMOAeMCTBMM 


29.10 CneuMct)MHHO am pacnojioweHMe HyKaeocoM OTHOCMTeabHO flHK? 791 














HOiueHHK) k noaieAOBaTejibHOCTH flHK moxcct 6biTb oneHb 
BaXCHbIM. Ha PMC. 29.34 H306pa)KeH Síjx^eKT pOTai^HOH- 
Horo n03HU,H0HHp0BaHHH ABOHHOH cnnpajiH ^HK OT- 
HOCHTejibHO noBepxHOcra OKTaMepa. Ecjih CABHHyTb RHK 
Ha HenojiHbiH bhtok abohhoh cnnpaAH (<10 nH), naTTepH 
ee AOCTynHbix carnoB npn stom H3MeHHTca. Htoôm sto no- 
HaTb, Ha^o npeAcraBHTb ce6e CABHr, conpoBoxcAaeMbiH Bpa- 
meHHeM R HK Ha noBepxHOCTH OKTaMepa. 

TpaHCJiauHOHHoe no3HU I HOHHpoBaHHe, KaK h poTa- 
UHOHHOe, MOXCeT ÓbITb BaXCHOH (j)OpMOH KOHTpOJIfi AOCTy- 

na (jmTopoB k RHK. C stoh tohkh 3peHHa, jiyHiiie Bcero 
onncaHbi ejiynan cneijHíjDHHHoro pa3MemeHHfl HyKJieocoM b 
npOMOTOpaX. TpaHOUIlJHOHHOe n03HLJ,H0HHp0BaHHe h/ihih 
CneU,H({)HHHOC HCKJlIOHeHHe HymieOCOM H3 KOHKpeTHOH 
nocjie/j,OBaTejibHOCTH Moxcer 6biTb ycjiOBneM, hcoôxoah- 
mhm /yifl (jDopMHpoBaHHfl TpaHCKpHnijHOHHoro KOMruieKca. 
CBa3biBaHHe c RHK HeKOTopbix peryjiaTopHbix (jjaKTopoB 
HCKjnoHaeT HajiHHHe b stom MecTe HyKJieocoMbi, h sto mo- 
xcer npHBecTH k o6pa30BaHHio rpaHHUbi (tohkh oTcneTa) 
AJifl TpaHCJiauHOHHoro no3HU,HOHHpoBaHHa HyKJieocoM. 
B Apyrnx cjiynaax peryjwTopHbie (jmTopbi MOiyr CBimTb 
RHK h Ha noBepxHOCTH ijempa^bHOH HacTHijbi HyKJieoco- 
Mbl, HO AJW STOľO RHK AOJDKHa 6bITb TaK pOTaiJHOHHO n03H- 
UHOHHpoBaHa, hto6m ee tohkh, noAxoftamne pjm KomaKTa 
c (jDaKTopoM, HaxoAHJiHCb Ha CTopoHe abohhoh cnnpajiH, 
oôpameHHOH Hapyxcy. 

CBfl3b HyKJieOCOMHOH OpraHH3ai],HH RHK C TpaHC- 
KpHnuneH Mbi eme o6eyo,HM b pa3A. 30.4 «HyKneocoMHaa 
opraHH3auna npoMOTopa moxcct 6biTb HecTarmapTHOH*, a 
eeHHae JlHLUb OTMeTHM, HTO npOMOTOpbl (h HeKOTOpbie Apy- 
rne (JjyHKíjHOHajibHo 3HanHMbie oôjiacra reHOMHOH flHK) 
nacTO coAepxcaT KopoTKne ynacTKH, no CBoen cTpyKType hc- 
KjnonaiomHe HajiHHHe HyKJieocoM. rpaHHija TaKoro ynacTKa, 
KaK npaBHJio, cjiyxcnT tohkoh oTcneTa no3HU,HOHHpoBaHHfl, 
H B OKpeCTHOCTH 3TOH rpaHHLJ,bI nOJIOXCCHHfl HyKJieocoM OT- 
HOCHTejibHO noejieflOBaTejibHOCTH RHK ôojiee hjih MeHee 
4)HKCHpoBaHbi. OôcjieAOBaHHe ôojibinoro ynacTKa reHOMa 
S. cerevisiae (KaprapoBaHne 2278 HyKJieocoM Ha 482 TnH 
RHK) noKa3ajio, hto 60% HyKJieocoM hmoot cneu,H(f)HHHoe 
pacnojioxceHHe b pe3yjibTaTe rpaHHHHbix 3({)({)eKTOB, naiije 
Bcero HCxo/yimHX ot npoMOTopoB. 


29.11 


0 praHM 3 OBaHbi m 
TpaHCKpn 6 npyeMbie reHbi 
B HyKiieOCOMbl? 


K/iioHeBbie noHaTMa: 


• lipu paciAen/ieHMM mmkpokokkobom HyKJiea30M 
TpaHCKpn6npyeMbix reHOB HymieocoMbi oÓHapywMBaJOTCfl c tom me 
MacTOTOM, hto m npM paciAen/ieHMM HeTpaHCKpMÓMpyeMbix reHOB. 

• HeKOTOpbie mht6hcmbho TpaHcxpMÓMpyeMbie reHbi, b nop^AKe 
MCKJlIOHeHMfl, M3ÓaBJieHbl OT HyKJieOCOMHOÍÍ OpraHM3aUMM. 


ľlonbiTKH BH3yajiH3npoBaTb reHbi b npouecce hx TpaHC- 
KpnnuHH npHBejiH k npoTHBopenHBbiM pe3yjibTaTaM h He- 


TpaHCKpnnAMOHHbie eAMHMiibi nepeMencaioTCB 
paafle/iMTe/ibHbiMM MHTepBa/iaMM/ mam cneftcepaM* 



PMC. 29.35 B npenapaTax nApbiuiKa TpaHCKpMnuMOHHbie eAMHMUbi re- 
hob pMÓocoMa/ibHOM PHK nepeMewaiOTCfl HeTpaHCKpMÓMpyeMbiMM ynac- 
TKaMM. BocnpoM3BeAeHo no Miller, 0. L. and Beatty, B. R. 1969. Science. 
164: 955-957. OoTorpacJwfl /iio6e3Ha npeAocraB/ieHa Oscar Mitier 


npHMnpHMbiM no3HU,HaM b hx HHTepnpeTau,HH, O HeM mo^- 
ho cyAHTb no cjieAyiomHM AByM pncyHKaM. 

Hhtchchbho TpaHCKpnônpyeMbiH xpoMaTHH BbirjiaAHT 
cjihiukom pacnpaBJíeHHbiM, HToôbi coAepxcaTb HymieocoMbi. 
Ha ({)OTO PMC. 29.35 MOXCHO BHACTb HHTCHCHBHyK) TpaHC- 
KpnniiHK) reHOB, KOAnpyioiAHX pnôocoMajibHyK) PHK. Pa3- 
rjiHA^TB RHK MeiuaeT KpaHHe BbicoKaa njioTHOCTb noca^KH 
PHK-nojiHMepa3. H3MepHTb ajihhh TpaHCKpnnTOB pPHK 
HanpaMyio Hejib3a, nocKOJibKy hx MOJieKyjibi ynaKOBaHbi 
ôejiKaMH, ho, 3Haa noejieAOBaTejibHOCTb pPHK, sth ajihhh 
moxcho BbiHHCJíHTb. Rjmm ynaKOBaHHoro TpaHCKpnÔHpye- 
Moro ynacTKa flHK, H3MepaeMaa KaK pjmm «cjiohkh» BAOJib 
och, cocTaBJíaeT -85% ajihhm pPHK. 3to 03HanaeT, hto/ÍHK 
noHTH nojiHOCTbio pacnpaBjíeHa. 

C APyroH CTopoHbi, TpaHCKpnnuHOHHbie KOMnjieKCbi 
MHHHXpOMOCOM SV40, KOTOpbie MOXCHO SKCTpaľHpOBaTb H3 
HH(J)HIlHpOBaHHbIX KJieTOK, CO^ep^CaT CTaHAapTHblH KOMn- 
JieKT THCTOHOB H BbirJMAflT, KaK 6yCbI. U,enOHKH PHK MO)K- 
HO yBHAeTb TOpnaiAHMH H3 MHHHXpOMOCOMbI, npHMepOM 
CJiyXCHT (JjOTO PMC, 29,3 6. 3TO TOBOpHT O TOM, HTO TpaHC- 

KpnnuHa y SV40 hact, b to BpeMa KaK RHK npeôbiBaeT op- 
raHH30BaHH0H b HyKJieocoMbi. Ho, kohchho xce, flHK SV40 
TpaHCKpHÔHpyeTca MeHee hhtchchbho, hcm reHbi pHôoeo- 
MaJIbHOH PHK. 

TpaHCKpnniiHa eonpoBOXCAaeTca paenjieTaHHeM RUK 
h MOxceT TpeôoBaTb poenycKa Bcex cTpyKTyp Ha orpaHH- 
neHHbix ynacTKax xpoMaTHHa. TpaHCKpHniiHH HyxcHO Mee- 
to, «rAe pa3BepHyTbea». XapaKTepHbie oôjihkh xpomocom 
rana jiaMnoBbix meTOK h nojíHTeHHbix xpomocom, onneaH- 
Hbie B Dl. 28 «XpOMOCOMbI», yM03pHTCJIbH0 accoiiHHpyiOT 
oô'beMHCTOCTb CTpyKTypHOH opraHH3au,HH c SKcnpeecHen 
reHOB. 

Pa3Mbinuiaa o TpaHCKpHnu,HH, cjie/iyeT noMHHTb o co- 
OTHOiueHHH pa3MepoB PHK-nojiHMepa3bi h HyioieocoMbi. 
3yKapHOTHHecKHe PHK-nojiHMepa3bi — sto ôojibiiiHe Myjib- 


792 TJ1ABA 29 HyKAeocoMbi 










PUC. 29.36 MMHHXpOMOCOMaSV40MO>KeTTpaHCKpM6MpOBaTbC51 B MH- 
TaKTHOM BMfle. BocnpoM3BeAeHo no J. MoL Bio., vol. 131, Gariglio, P., 
et al., The template of the isolated . . ., p. 131. ABTopcKMe npaBa 
1979, c pa3peweHM5i Elsevier. OoTorpacJwfl /iio6e3Ho npeAocraBAeHa 
Pierre Chambon 


THcyô'beAHHHMHbie 6ejiKH. PHK-nojiHMepa3a bccht, KaK npa- 
bhjio , CBbiiue 500 Kfla, b to BpeMH KaK HymieocoMa — Bcero 
-260 Kfla; HarAaAHoe cpaBHeHne sthx o&beKTOB npoBeAeHO 
Ha pmc. 29 . 37 . R axce 6e3 AerajibHoro 3HaHHA Toro, KaK npo- 

HCXOAHT HX B3aHMOACHCTBHe, HCHO, HTO B HCM yHaCTByiOT 
ABa Tejia, cpaBHHMbix no pa3MepaM. 

IIocMOTpHM Ha Te ABa oôopoTa, KOTopbie ACJiacr R HK 
BOKpyr HymieocoMbi. EyAer ah AOCTyn PHK-nojiHMepa3bi 
k R HK AOCTaTOHHbiM, ecjiH j\zä ce npn coôctbchhoh TpaHC- 
KpnniiHH HymienHOBaa KHCJioTa oOpeneHa Ha cjieAOBaHne 
3TOH TpaeKTOpHH? Bo BpeMH TpaHCKpHnu,HH, KorAa PHK- 
nojiHMepa3a abhjkctca BAOJib MaTpnubi, 0Ha KpenKO CBA3bi- 
Bacrca c ynacTKOM b ~50 nH, b kotopmh bxoaht h jiOKajibHO 
pacnjicreHHbiH cerMem H3 ~12 nap ocHOBaHHH. Hcoôxoah- 
MOCTb pacnjiecTH RHK KaxceTca hccobmccthmoh c tcm, hto 
cerMeHT, c kotophm HenocpeACTBeHHO paôoTaeT PHK-no- 
jiHMepa3a, mojkct coxpaHATb cuenjieHne c noBepxHOCTbio 
HymieocoMbi. CTpyKTypHbie H3MeHeHHA aojdkhm hch36ok- 
ho conyTCTBOBaTb TpaHCKpnniiHH, h nepBbiH Bonpoc, B03- 
HHKaioiAHH no noBOAy CTpyKTypbi aKTHBHbix reHOB, TaKOB: 
ocTaeTca jih TpaHCKpnônpyeMaa RHK opraHH30BaHHon b 
BHAe HyioieocoM? Ecah b npouecce TpaHCKpHnu,HH thcto- 
HOBbie oicraMepbi CMemaiOTca, ocraiOTCA jih ohh KaKHM-TO 
o6pa30M npHKpenjieHHbiMH k TpaHCKpnÔHpyeMOH RHK? 

Oahh h3 SKcnepHMeHTajibHbix noAXOAOB coctoht b 
paciAenjieHHH xpoMaTHHa mhkpokokkoboh HyKjiea3oň c 


nocjieAyioiAHM Hcnojib30BaHneM npoôbi, cneu,H({)HHHOH 
k KaKOMy-HHÔyAb KOHKpeTHOMy aKTHBHOMy reHy hjih re- 
HaM, HTOÔbi onpeAejíHTb, BcrpenaiOTCA jih hx (^parnému 
Ha oôbiHHOH 200 nH-«jiecTHHLje» (cm. pa3A. 29.3 «ľeHOMHaa 
RHK CBepHyra b bhac MaccHBOB HyKjieocoM») b oxcHAaeMbix 
KOHiieHTpaunax. BbiBOAbi, KOTopbie mojkho CAejiaTb H3 sthx 
SKcnepHMeHTOB, AOBOJibHO orpaHHneHbi no CMbicjiy, ho bzok- 
hh no TeopernnecKOH 3HaHHMOcm TpancKpuôupymue 
zemi no «zycmome» codepManm nymieocoM ommojienmnu 
nocnedoeamejibHocmwH, Komopue ne mpancKpuôupywmcR. 
TaKHM o6pa30M, HToôbi óbiTb TpaHCKpHÔnpoBaHHbiMH, re- 
HaM He o6fl3aTejibHO npnHHMaTb (jjopMy opraHH3au,HH, ajib- 
TepHaTHBHyio HyKjieocoMHOH. Co cpedHecmamucmmecKUM 
mpaHCKpuôupymbiM ženou e motcduu Mauenm epmenu 
paôomaem odna PHK-nojiimepasa, mm, 3mme oôuyezo 
KOJimecmea nymieocoM na ecm npomnMeuuu zem umm 
ne ompaotcaem mozo, nmo npoucxodum e caumax, hclxo- 
dmUfUXCR e HenocpedcmeeHHQM Koumrnme c (fiepMenmoM. 
Bo3mo>kho, HyKJieocoMbi TaM h coxparonoTca, ho ôojiee Be- 
pOflTHO, HTO TaM, TAe B AäHHblH MOMCHT BpeMCHH HaXOAHT- 
ca PHK-nojiHMepa3a, HyKJieocoMa OTcyrcTByeT, a Ha ynacTKe 
reHa, nepe3 KOTopbíň (jjepMeHT npoiueji, hcmcajichho boc- 
CTaHaBJíHBaeTca HyKJieocoMHaa opraHH3aijHa. 



PMC. 29.37 PHK-noanMepa3a no cbomm pa3MepaM conocraBMMa c 
HyK/ieocoMOíí; eň MoweT 6bUb 3aipyAHmeabHO caeAOBaib 3a flHK 
no noBepxHocTM rMCTOHOBoro oxiaMepa. BepxHMM pncyHOK Aio6e3- 
ho npeAocraBjíeH E. N. Moudrianakis, Johns Hopkins University. 
Hm>khmm pncyHOK jiio6e3Ho npeAociaBaeH Roger Komberg, Stanford 
University School of Medicíne 


29.11 HymieocoMHaa opraHM3auna TpaHCKpMÓMpyeMbix reHOB: ecTb am OHa? 793 







29.12 


CMeujeHHbiH OKTaMep He noKHAaeT AH K 


riiaoHOBbie OKTaMepbi 

CMeiuaiOTcn TpaHCKpMnuMeŕí 


lOiiOMeBbie noHATMa: 


• B MOflG/ibHoíí cMdeMe PHK-no/iMMepa3a CMemaeT c flHK 
TMCTOHOBbie OKTaMepbl, HO, KaK TOJlbKO (})epMeHT npOMfleT, 
ľMCTOHbl M flHK CHOBa aCCOUMMpyiOT 

• Korfla Hepe3 reH npoxoflMT TpaHCKpMnflMfl, ero HyK/ieocoMbi 
peopraHM3yK)Tai. 

MoxceT m PHK-nojiHMepa3a nponecTb .flHK npmo Ha Hyioieo- 
coMe? 3KcnepHMeHTbi noKa3ajiH, hto aKT TpaHCKpnnijHH CMe- 
iflacr c flHK mcroHOBbiH OKTaMep. Ha pmc. 29.38 noKa3aHO, 
hto npoHexoAHT, Korfla PHK-nojiHMepa3a cj)ara T7 TpaHCKpn- 
ÔHpycr in vitro kopotkhh (jDpameHT flHK, c kotophm acco- 

UHHpOBaHa THCTOHOBaa CepflUeBHHa OflHOH-eflHHCTBeHHOH 
HymieocoMbi. no 3aBepiueHHH TpaHCKpnnijHH cepflijeBHHa 
(OKTaMep) no-npexcHeMy accouHnpoBaHa c flHK, ho yxce b flpy- 
roM Mecre (KaK npaBHJio, toh xce caMOH MOJieKyjibi). 

Ha P ne. 29.39 H3o6paxceHa MOflejibHaa cxeMa npoflBH- 
mmm PHK-nojiHMepa3bi. Korfla nojiHMepa3a bxoaht b 
npeflejibi HyioieocoMbi, to HanHHaeT CHHMaTb c Hee flHK, h 
B KaKOH-TO MOMeHT flOCTHraeT TOHKH, B KOTOpOH flHK npO- 
rnôaeTca, CHOBa uenjiaeTca 3a OKTaMep h 3aKpbiBaeT (jDep- 
MeHT b neTJie. nojiHMepa3a, npoflBHraacb h pacruieTaa flHK, 
C03flaeT BHyTpH neTjín nojioxcHTejibHyio CBepxcnHpajiH3a- 
UHio. TopcHOHHoe HanpjDKeHne, KOTopoe npn stom bo3hh- 
KaeT b 3aKpbiTOH neTJie, moxcct 6biTb flOBOJibHo bmcokhm, 
nocKOJibKy pa3Mep neTjín Bcero ~80 nH h npoxofl nojín- 
Mepa3bi nepe3 Kaxcflyio nocneflyiomyK) napy ocHOBaHHH co- 


TpaHCKpununfl cwemaei c flHK rncroHOBbiM OKTaMep 


ľlpOMOTOp TepMMHaTOp 


HyK/ieocoMa 3aHMMaeT Ha flHK onpefle/ieHHyK) no3M4mo 



PHK-no/inMepa3a TpaHCKpn6npyeT flHK flo TepMMHaiopa 



HyK/ieocoMa oÓHapywMBaeTca b hoboíí no3m4MM 



PMC. 29.38 3KcnepMMeHTbi noKa3a/iM, hto rMCTOHOBbm OKTaMep, 
CMeifleHHblM C flHK ľipn TpaHCKpMnflMM, MO>KeT CBfl3aTbC51 C TOM me 
flHK yme b flpyroM no3MflMM 



flHK cxoflMT c OKTaMepa 
n o6pa3yeT 3aMKHyTyto neTmo 



TopcHOHHoe HanpjDKeHMe, co3flaBaeMoe PHK-no/iMMepa3oň 
BnepeflM ceófl, oKOHHaTe/ibHo croHfleT c flHK rMCTOHOBbm OKTaMep 
Oh ébicTpo nepexoflMT Ha HOByto no3Mumo, 3a no/iMMepa30M 



PMC. 29.39 no Mepe CBoero npoflBMweHMfl PHK-no/iMMepa3a chm- 
MaeT flHK c OHepeflHoro rMCTOHOBoro OKTaMepa. Upv\ 3tom flHK fle- 
jiaeT m3tm6 Ha3afl m npMKpen/ifleTca k no/iMMepa3e (mjim k OKTaMepy) 
c o6pa30BaHMeM 3aMKHyToíí neniM. no/iMMepa3a npoflo/i>KaeT cBoe 
ABMweHMe yme b 3toíí neme m TeM caMbiM npMflaeT BnepeflM/ioKameíí 
flHK no/io)KMTejibHyK) CBepxcnMpa/iM30BaHH0CTb. He b bi flep>Ka b, OK¬ 
TaMep, 6e3 OTpbiBa ot flHK m/mjim no/iMMepa3bi, nepexoflMT Ha HOByio 
no3MflMio, yme npoHTeHHyio no/iMMepa30M 

npoBOX(flaeTai 3aMeTHbiM npnpameHHeM CBepxcnnpajiH3a- 
u,hh. nepBbie 30 nH b npeflejiax HymieocoMbi nojiHMepa3a 
npoxoflHT jierKO. 3aTeM xoa (jDepMema 3aMe/yiaeTca, KaK 
ôyflTo b CBoeM npoflBHXceHHH oh CTajiKHBaeTca co Bce bo3- 
pacTaioiflHM conpoTHBjíeHneM. Hepe3 Kaxcflbie 10 nH npo- 
ncxoflHT ocTaHOBKa; Bepoflrao, CTpyKTypa neTjín TpeóyeT 
poTaunn (jDepMema OTHOCHTejibHO flHK Ha KaxcflOM bhtkc 
flBOHHOH cnnpam Korfla PHK-no;iHMepa3a flocTnraeT ce- 
peflHHbi HyKneocoMbi (ocHOBaHHH flHK, Jiexcaiflnx Ha och 
CHMMeTpnn) OHa nepecTaeT ocraHaBJíHBaTbca n HanHHaeT 
npoflBnraTbca ôbicrpo. Ohcbhaho, Ha cepeflHHe Hyioieoco- 
mh PHK-nojinMepa3a BbiHyxcflaeT OKTaMep cohth c flHK - 

B03M0XCH0, njlOTHOCTb nOJIOXCHTCJIbHblX CBepXBHTKOB flO- 
craraeT HeKOToporo KpnTHHecKoro ypoBHa, npn kotopom 
OKT aMep oTTopraeTca. npn stom TopcnoHHoe HanpaxceHHe 
flBOHHOH cnnpa^H BnepeflH nojiHMepa3bi cnaflaeT, hto no3- 
BOJiaeT (jDepMemy cboôoaho npoflBnraTbca. OmMep cbh- 
3biBaeTca c flHK no3aflH nojiHMepa3bi h ôojibiue He npefl- 
CTaBJíaeT flna Hee npenaTCTBna. Ďoxoxce, hto b npoLjecce 
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CMeHbi CBoero nojioxceHna Ha flHK oicraMep HenpepbiBHO 
coxpaHaeT c Hen KaKyio-To cpopMy KomaKTa. 

BbiCBo6o)KAaeTCfl jih OKTaMep KaK HHTaKTHaa eAH- 
HHu,a, h jih ero ijejiocTHOCTb npn stom crpaAaeT? PicKyc- 
CTBeHHbie CIUHBKH ÔeJIKOB OKTaMepa TpaHCKpHnU,HH He 
npenaTCTByiOT. TpaHCKpHnijHfl mojkct npoAOJDKaTbca, 
Aaxce ecjiH cniHBKaMH oxBaneHbi ijeHTpajibHbie AOMeHbi 
thctohob cepAUeBHHbi. Co3AaeTca BnenaTjieHHe, hto Rm 
TpaHCKpnnuHH He TpeôyeTca hh ahcc ounaunn, hh Aaxce 
CKOJibKo-HHÔyjib KannTajibHoro AeMOHTaxca OKTaMepa. Ojx- 
HaKo AOÔaBJíeHne rncTOHa Hl ôbiCTpo npnBOAHT CHCTeMy 
k yna/jKy TpaHCKpnnuHOHHOH aKTHBHOCTH. HanpaniHBa- 
eTca ABa BbiBOAa: rncTOHOBbiH OKTaMep (npHcyTCTByeT jih 
oh h jih CMemeH) ({íyHKUHOHHpyeT Kax LjejiocTHaa cahhh- 
ua; OKTaMep mojkct 6biTb hcoôxoahm j\m ycTpaHeHHa Hl 
H3 aKTHBHoro xpOMaTHHa h jih mojkct BbicTynaTb b po JIH 
MOAyJIHTOpa B3aHMOAeHCTBHH 3TOrO THCTOHa C aKTHBHbIM 
XpOMaTHHOM. 

HTaK, cpaBHHTejibHO Heôojibiuaa BnpycHaa PHK-no- 
jiHMepa3a mojkct bo BpeMa TpaHCKpnnijHH CMecTHTb OAHy 


Bo BpeMji 3Kcnpeccnn reHa 
ero HyioieocoMHafl opraHM3auMB MeHjieTca 




ľC 



■ 


PenpeccupoBaH 3Kcnpeccnpyera PenpeccupoBaH 


HyKjieocoMy, KOTopaa no3aAH (jjepMeHTa (jDopMHpyeTCfl 
3aHOBO. B ayKapHOTHHecKOM a^pe CHTyauna, kohchho xce, 
ropa3AO cjioxcHee. PHK-nojiHMepa3a TaM ropa3AO Kpyn- 
Hee (neM y (jjara T7), a Ha nyTH ee ctoht uejiaa onepeAb 
CBa3aHHbix HyKJieocoM. npeoAOJieHHe 3Toro npenaTCTBHa 
TpeôyeT ynacTHa AonojiHHTejibHbix (jjaKTopoB, B03Aeňc- 
TByiomHX Ha xpoMaTHH (cm. rji. 30 «KoHTpojib CTpyKTypbi 
xpoMaTHHa»). 

OpraHH3au,Ha HyKJieocoM moxcct 6biTb H3MeHeHa 
TpaHCKpHnuneH. Ha p M c. 2 9. 4 j noKa3aHO, hto nponcxoAHT 
c ApoxoKeBbiM reHOM URA3, KorAa oh TpaHCKpHÔnpyeTca 
noA KOHTpojieM HHAyiinpyeMoro npoMOTopa. no3HU,HO- 
HnpoBaHHe HyKJieocoM npoBepaeTca npn noMomn MHKpo- 
kokkoboh HyKJiea3bi, nyTeM BbiaBjíeHHa paenojioxceHHa ao- 
CTynHblX ftJVl Hee CaílTOB OTHOCHTeJIbHO (JíHKCHpOBaHHOH 
TOHKH — eaHTa peCTpHKLI,HH B 5'-KOHLjeBOH OÔJiaCTH reHa. 
Hcxoaho b reHe BbiaBjíaeTca naTTepH HyKJieocoM, oxBaTbrea- 
ioiahh 3HaHHTejibHoe paecToaHHe: ot npoMOTopa ao noHTH 
3'-KOHUeBOH OÓJiaCTH (b KOTOpOH n03HU,H0HHp0BaHHe exo- 
Aht Ha HeT). noejie Toro KaK reH Hanaji 3KcnpeecHpoBaTbca, 
Ha CMeHy naTTepHy nojioe, OTOôpaxcaiomeMy no3HU,HOHH- 
poBaHne HyKJieocoM, B03HHKaeT niMep (no eyMMapHOH hh- 
TeHCHBHOCTH — TaKOH )Ke). 3TO 03HaHaeT, HTO nJIOTHOCTb 
HyKJieocoM ocTaeTca npexcHeH, ho Tenepb, y TpaHCKpnÔH- 
pyeMbix KonnH reHa, ohh pacnojioxceHbi b pa3Hbix $a3ax. 
TpaHCKpnnuHa yHHHTOxcaeT no3HU,HOHHpoBaHHe HyKJieo- 
com. Hepe3 10 mhh noejie penpeccHH no3HU,HOHHpoBaHHe 
BoecTaHaBJíHBaeTca (xoTb h He nojiHOCTbio). 3th pe3yjibTa- 
Tbl TaKJKe 03HaHai0T, HTO n03HLJ,HH HyKJieocoM MOiyr 6bITb 
CKoppeKTHpoBaHbi 6e3 penjíHKauHH. 

B oôiAeM cjiynae, oôocHOBaHHbiM aBJíaeTca npeAno- 
jioxceHne, hto no Mepe CBoero npoABnxceHna PHK-nojin- 
Mepa3a CMemaeT rncTOHOBbie oKTaMepbi. Ecjih flHK no- 
3aAH nojiHMepa3bi AOCTynHa, OKTaMep 3aKpenjiaeTca TaM. 
CKopee Bcero, OKTaMep h h KorAa He TepaeT Bcex cbohx 
KOHTaKTOB c ^HK. KaK eMy sto yAaeTca — 3araAKa, noTO- 
My HTO OH HHCKOJIbKO He ACMOHTHpyeTCa, B TO BpeMa KaK 

mhmo Hero BAOJib flHK ABnxceTca oé^eKT (PHK-nojiHMepa- 
3a) eme ôojiee KpynmiH, neM caM OKTaMep. MoxceT 6biTb, 
OKTaMep «npoTajiKHBaeTca Ha3aA» nocpeACTBOM ycTaHOB- 
jieHna KOHTaKTOB c PHK-nojiHMepa30H. Ecjih flHK no3a- 
AH nojiHMepa3bi He AOCTynHa (HanpnMep, H3-3a Toro, hto 
BCJ ieA 3a nepBOH nojiHMepa30H hact BTopaa), to OKTaMep 
MoaceT 6biTb nepMaHeHTHO ycTpaHeH, h flHK ocTaHeTca b 
pacnpaBJíeHHOH (JjopMe. 


PľiC. 29.40 B flaHHOM 3KcnepMMeHTe nocaeAOBaieabHOdb reHa 
URA3, npoAoameHHan nocjieAOBaTejibHocTbio pMÓocoMa/ibHoíí 
flHK, 6bma nociaBaeHa noA peryaMpyeMbiíí npoMoiop GALI. ľlepeA 
TpaHCKpMnuMeM nocaeAOBaieabHocib URA3 opraHM30BaHa b bma 6 
n03MI4M0HMp0BaHHblX HyK/ieOCOM. Ilocae MHAyKUMM TpaHCKpMnUMM 
no3MUMM HyKaeocoM npMOÓpeiaiOT cayHaMHbm xapataep. Ecan pen- 
peCCMpOBaTb TpaHCKpMnUMK), n03MAM0HMp0BaHMe BOCCTaHOBMTCB. 
BocnpoM3BeAeHo no Suter, B., et al. 1997. EMBO J. 16: 2150-2160. 
ABTopcKMe npaBa © Oxford University Press. Ooiorpa(|)M5i /iio6e3Ho 
npeAociaBneHa Fritz Thomas, ETH Ziirich 
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CMeiueHiie HyKJieocoM 
m peaccoiiiiaiiMfl TpeôyiOT yna am 
cneuMajibHbix (|)aKTopoB 


K^iOMeBbie noHfiTMB: 


• BcnoMoraienbHbie c()aKTopbi TpeôyiOTCB KaK PHK- 
no^MMepa3e, moôbi CMeiAaTb rMCTOHOBbie OKiaMepbi bo BpeMa 
TpaHCKpMnUMM, TaK M TMCTOHaM, MTOÔbl CHOBa c()OpMMpOBaTb 
HyK^eocoMbi noc/ie TpaHCKpMnLiMM. 
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CMemeHHe HyioieoeoM c RUK — sto KjnoneBoe TpeôoBaHHe 
AJia Bcex STanoB TpaHCKpHnijHH. JlyHiue Bcero npoijecc CMe- 
meHHa onncaH /yia 3Tana HHHijHauHH. AKTHBHbie npoMOTO- 
pbi oTMeneHbi caHTaMH, rHnepnyBCTBHTejibHbiMH k ^HKase, 
nOCKOJlbKy B 3THX CaHTaX THCTOHOBbie OKTaMepbl OKa3a^HCb 
CMemeHbi c RUK (cm. pa3fl. 29.18 «CaHTbi, rHnepnyBCTBH- 
TejibHbie k flHKase, pearnpyiOT Ha H3MeHeHHa b crpyKTy- 
pe xpoMaTHHa»). flna ycrpaHeHHa OKTaMepoB TpeôyioTca 
peMOAejiHpyiomHe KOMnjieKCbi. 3 th ôejiKOBbie KOMiuieKCbi 
HCnojib3yioT SHepraio THApojiH3a ATO, htoôm H3 MeHaTb 
CTpyKTypy xpoMaraHa; b npoMOTopbi hx peKpyTnpyioT (jm- 



Pl/IC. 29.41 Htoóh HymieocoMbi He Mewa/iM TpaHCKpMnuMM, BľiepeAM 
noanMepa3bi no/iHbiM xoaom mact pa3ÓopKa rucTOHOBbix OKTaMepoB. 
Cxopee Bcero, pa3ÓopKa HaMrnnaeiCB c yxoAa A^MepoB H2A-H2B. 
fl/ia BocdaHOBjíeHMfl HyK/ieocoM noc/ie TpaHCKpMnuMM OKTaMepbl 
COÓMpaiOTCfl 3aHOBO 


Topbi TpaHCKpHnuHH (cm. pa3A. 30.4 «HyioieocoMHaa opra- 
HH3au,Ha npoMOTopa moxcct 6biTb HecTaAapTHOH»). 3 to 
03HaHaer, hto PHK-nojiHMepa3a HanHHaeT chhtc3 PHK Ha 
KOpOTKOM OTpe3Ke RHK, CBOÔOAHOM OT HyiUieOCOM. HTOÔbl 
nojiHMepa3a npoAOJDKHjia cboh xoa Ha STane sjiOHraijHH, 
HyxcHo yônpaTb c ee nyra rncTOHOBbie OKTaMepbl. Bo H36e- 
xcaHne noaBJíeHHa orojieHHOH R HK, noejie TpaHCKpHnu,HH 
HymieocoMbi aojdkhm (jiopMHpoBaTbCfl 3aHOBO. 

Rjm TpaHCKpnnuHH PHK-no;iHMepa30H II in vitro Tpe- 
ôyeTca ôejioK, Ha 3 breaeMbiH FACT (facilitates chromatin 
transcription; «cnoco 6 cTByer TpaHCKpHnu,HH xpoMaTHHa»), 
KOTopbiH bcact ce 6 a xax (jiaKTop 3JiOHrauHH TpaHCKpnn- 
lj,hh. He aBJíaacb nacTbio PHK-nojiHMepa 3 bi, oh cneun čpm- 
ho accou,HHpyeT c Hen Ha BpeMa sjiOHrauHH. FACT coctoht 
H 3 AByx oneHb KOHcepBaraBHbix eyô'beAHHHij h accouHnpo- 
BaH C XpOMaTHHOM aKTHBHblX TCHOB. 

Ecjih AOÔaBHTb FACT k H30JinpoBaHHbiM HyioieocoMaM, 
oh 3 acraBHT hx noTepaTb AHMepbi H2A-H2B. Bo Bpem 
TpaHCKpnnuHH in vitro FACT nepeBOAHT HyioieocoMbi b 
« reKcacoMbi», noTepaBinne no OAHOMy A^Mepy H2A-H2B. 
3 to yKa 3 bmaeT Ha FACT, xax Ha sjicmcht MexaHH 3 Ma CMe- 
meHHa OKTaMepoB bo BpeMa TpaHCKpnnuHH. Taioxe FACT 
MoaceT ynacTBOBaTb b BOCCTaHOBjíeHHH HymieoeoM noejie 
TpaHCKpnnuHH, nocKOJibKy oh eoAeHCTByeT hx (jiopMHpo- 
BaHHio in vitro (h3 JXHK h thctohob cepAueBHHbi). 

Ha OCHOBaHHH 3THX pe3yJlbTaTOB MOJKHO nOCTpOHTb 
MOAejib, H3o6paxceHHyio Ha p v\ĺ. 29 . 41 . BnepeAH PHK-no- 
jiHMepa3bi FACT OTKpenjiaeT ot HyioieoeoMbi AHMep H2A- 
H2B, a 3aTeM noMoraeT AOÔaBHTb ero k HymieocoMe, boc- 
CTaHaBjíHBaiomeHca no3aAH nojiHMepa3bi. Hto 6 h aobccth 
3tot npouece ao KOHLja, TpeôyiOTca, aojdkho 6biTb, h Apyrne 
(J>aKTopbi. FACT xce ynacTByeT h b Apyrnx eoôbiTnax, xoa ko- 
Topbix TpeôyeT CMemeHHa HyioieoeoM, b tom HHCJie — pen- 
jíHKaiiHH h penapaiiHH R HK. 

Rj\n noAAepxcaHHa ucjiocthocth xpoMaTHHa Ha ynacT- 
Kax, rjxc HAeT TpaHCKpHnu,Ha, TpeôyiOTca h Apyrne (j)aKTO- 
pbl, H, B03M0XCH0, OHH TOXCe HMOOT OTHOIIieHHe K pa3ÔOpKe 
h eôopKe HymieoeoM, ho AeTajibHOH HH({)opMauHH 06 sthx 
({) aKTopax noKa hct. 

liHcyiinTopbi 6/iOKnpy k>t fleŕícTBMe 
3HxaHcepoB m reiepoxpoMaTMHa 


KaiOMeBbie noHflTMfl: 


• MHcy/iBTopbi cnocoÓHbi 3a6aoKnpoBaTb/iK)6bie aKTMBMpyK)mne 
n MHaKTMBMpyioiAMe 34)4)eKTbi^ nopo>KAaeMbie 3HxaHcepaMM, 
caiíaeHcepaMM mu LCR. 

• MHcy/iflTopbi MoryT caymMTb óapbepaMM, npeceKaioiAMMM 
pacnpocTpaHeHMe reiepoxpoMaTMHa. 

SjieMeHTbi reHOMHOH flHK, npemrrcTByioiAHe npoxoxgieHHK) 
(nepe3 ee6a h BAOJib R HK) aKTHBnpyioiAHX jihôo HHaKTHBH- 
pyioniHx CHmajioB, Ha 3 biBaiOT HHcyjíHTopaMH. Ohh oóaa- 
AaiOT KaK MHHHMyM OAHHM H3 AByX KJHOHCBblX CBOHCTB: 

• Ecjih HHcyjurrop paenojioxceH MOKAy SHxaHcepoM h 
npoMOTopoM, oh npedomepau^aem arnmeai^uK) npOMO- 
mopa onxancepOM. EjioKHpyiomHH 3(Jx})eKT H3o6paxceH 
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MHcy/íHTop MomeT 6/ioKHpoeaTb 3HxaHcep 


3HxaHcep aKTMBupyeT npoMOTop 
3HxaHcep ľlpoMOTop 


TpaHCRpunuMB 

MHcy/iflTop 6/ioKnpyeT fleíícTBMe SHxaHcepa 
3HxaHcep MHcy/iflTop ľlpoMOTop 

HeiTpaHCKpunuuM 


PMC. 29.42 SHxaHcep aKTMBMpyeT npoMOTop b CBoeŕí OKpecTHOCTM; 
fleŕícTBMe aHxaHcepa MO>KeT 3a6/ioKMpoBaTb MHcy/iBTop, pacno/io- 
WeHHblM Me>Kfly hm M M npOMOTOpOM 


MHcyjiflTop Mo>KeT ocTaHOBMTb pacnpocrpaHeHMe 
reiepoxpoMaTMHa 


AKTMBHbiíí MHcy/ifiTop «He nponycKaeT» 
reiepoxpoMaTMH nepe3 ce6a 

MHCy/lflTOp ľlpOMOTOp 

LleHTp pacnpocTpaHeHMB TpaHCKpununB 


PMC. 29.43 PacnpodpaHBBCb no xpoMocoMe, reiepoxpoMaTMH mo- 
>KeT 3aXBaTblBaTb M 6/lOKMpOBaTb aKTMBHbie npoMOTopbi. MHcy/iBTop, 
KOTopbiŕí cny>KMT óapbepoM ajib pacnpocTpaHeHMB reiepoxpoMaTM- 
Ha, n03B0/lBeT npOMOTOpy OCTaBaTbCB aKTMBHbIM 


Ha PMC. 29.42. H3 pHCyHKa BH^HO, nOHCMy AeHCTBHe 3H- 
xaHcepa orpaHHHHBaeTca KOHKpeTHbiM npoMOTopoM. 

• Eoih HHcyjurrop pacnoAO^ceH MOK/iy aKTHBHbiM reHOM 
h reTepoxpoMaTHHOM, on uiyMum ôapbepOM , samuma- 
TOWfUM zen om unaKmueupyTou^ezo 300eKma, ucxodn- 
u^ezo om zemepoxpOMamuua. (IeTepoxpoMaTHH — sto 
yHaCTOK XpOMaTHHa, HeaKTHBHblH H3-3a BblCOKOH kom- 
naimmijHH; cm. pa3A. 31.2 «reTepoxpoMaTHH pacnpo- 
CTpaHacrca ot Mcrca 3apo)KAeHHfl».) 3(j)c{)eKT ôapbepa 
H3ÓpaXCeH Ha PMC. 29.43. 

HeKOTopbie HHcyjiaTopbi oDTia^aioT oóohmh (j)yHKu,HO- 
HajibHbiMH cBOHCTBaMH, ĎJiOKHpyiomHM h OapbepHbiM, flpy- 
rne — TOJibKO oahhm h3 hhx (ji h6o oóohmh, ho b poKHMe 
pa3A,ejieHHa bo BpeMeHH). 06e (J)yHKu,HH onocpeAOBaHbi 
H3MeHeHHflMH CTpyKTypbl XpOMaTHHa, HO 3TH H3MCHCHHH 
MOryT ÓbITb pa3JIHHHbIMH. Bce TKt B JIIOÔOM KOHKpeTHOM 
cjiynae HHcyjraTop cjiyacHT npe/iejiOM pacnpocTpaHeHHa 
AaJIbHOACHCTByiOmHX 3(j)(j)eKTOB. 

3aneM HyacHbi HHcyjiaTopbi? Hx rjiaBHoe npeAHa3Ha- 
HeHHe COCTOHT B npOTHBOACHCTBHH HeH3ÔHpaTeJIbHOMy 
BJIHHHHIO SHXaHCepOB Ha npOMOTOpbl. BOJIbOIHHCTBO 3H- 
xaHcepoB aKTHBHo b oTHomeHHH Aaxce oneHb OTAajieHHoro 


npoMOTopa. HHcyjraTop MoaceT cy3HTb AencTBne 3HxaH- 
cepa, neTKO orpaHHHHB panoH pacnpocTpaHeHna ero 3(j> 
(J}eicra (me SHxaHcep ôy^eT cneijH(j)HHHO AencTBOBaTb Ha 
KOHKpeTHblH npoMOTop). ľlOXOXCHM 0Ópa30M HHCyjItfTOp MO- 
^ceT 3anj,HTHTb reH, pacnojioxceHHbin b6jih3h rcrepoxpoMa- 
THHa, ot HenaaHHOH HHaKTHBau.HH (b oiynae eain rcrepox- 
poMaTHH HaHHeT pacnpocrpaHaTbca). HHcyjiaTopbi, TaKHM 
o6pa30M, (J}yHKu t HOHHpyioT b KanecTBe s/ieMemoB reHOMa, 
noBbimaiomHx TOHHOCTb peryjumnn 3KcnpeccHH tchob. 
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MHcy/iBTopbi Moryr 

orpaHMHMBaTb AOMeH 


K/noneBbie noHBTMa: 


• B MHcy/iBTopax, M3-3a ocoóom CTpyKTypbl xpoMaTMHa, ecTb 
caíiTbb TMnepHyBCTBMTeBbHbie k flHKa3e. flBa MHcy/iBTopa MoryT 
3amMTMTb ynacTOK, pacno/iOKeHHbm Me>KAy hmmm, ot bjimbhmíí 
reHOMHoro OKpyweHMB. 


PlHCyjmTOpbl ÓbIJIH OTKpbITbl npn 2H2Jm3t reHOMHOH oôjiac- 
th Drosophila melanogaster, H3o6pa>KeHHOH Ha p m c. 29 . 44 . 
Jlya reHa, KOAnpyiomHx óe^OK Hsp70 (óe^OK Ten^OBoro 
rnoKa 70) jioKaT BHyTpn ynacTKa b 18 toh, cooTBeTCTByio- 
mero noAOce 87A7 nojíHTeHHoro Haóopa xpomocom. ľlo 
KpaaM noAOCbi xpoMaraH HMeeT ocoóyio cTpyKTypy; TaM 
Haxo^HTca nocjieAOBaTejibHOCTH scs h scs' (specialized chro- 
matin structures; «cnei;Ha^H3HpoBaHHbie CTpyKTypbl xpo- 
MaTHHa»). KaxcAbiH H3 sjicmchtob, scs h scs', npeACTaB^aeT 
coôoh ynacTOK BbicoKon ycTOHHHBOCTH k pa3pyuieHHio JX H- 
Ka30H I, (J)jiaHKHpoBaHHbiH HecKOJibKHMH caHTaMH, rnnep- 
nyBCTBHTejibHbiMH k ^HKase h pa3HeceHHbiMH Ha ~ 100 nH. 
npn aKTHBau,HH tchob Hsp70 TenjiOBbiM oiokom MeHaerca 
narrepH pacmenjieHHa JIHK no sthm canrraM. 

3^eMeHTbi scs h scs' «HHcy/inpyioT» (H30AHpyi0T) reHbi 
hsplO ot BjinaHHa hx reHOMHoro OKpy^ceHHa. Ecah B3>m> 
3JieMeHTbi scs h noMecTHTb no o6e cTopoHbi reHa white, tot 
CMO^ ceT (J}yHKn,HOHHpoBaTb b ak)6om MecTe reHOMa, r^e 6bi 



PMC. 29.44 B reHOMe D. melanogaster ecTb flOMeHbi, orpaHMHeHHbie 
3/ieMeHT3MM SCS M SCS'. Kpafl 3TMX flOMeHOB XapaKTepM3yiOTCB oco- 
6 om CTpyKTypoŕí xpoMaTMHa c rMnepnyBCTBMTe/ibHbiMM caŕÍTaMM flHK. 
3/ieMeHTbi scs m scs' oóeperaiOT reHbi, pacnoBO>KeHHbie Me>KAy hmmm, 
OT 3(J)(j3eKTOB reHOMHOrO OKpy>KeHMB 


29.15 MHcy/iflTopbi MoryT orpaHMHMBaTb aomch 797 
























Ha erb ókflKa. cneuntpMMMO cuxibibaiomero MMcy/íHTOpbi, H*xoA*rc» b npoMewyTttax m^mav no/iocaMM 
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ľlpoMe>KyTOK coflep>Km MeHbiue flHK, 
no3TOMy He OKpaiueH 


KpacHbiíí = flHK = no^ocbi 3e/ieHbiií = BEAF b npoMe>KyTKax >Ke/iTbiií = BEAF + flHK 



PMC. 29.45 B no/imeHHbix xpoMocoMax Drosophila 6e/ioK BEAF, cneuM(()MMHo c ba 3 bi Ba K) mu m mh- 
Cy/lflTOp ses', B ÓOJlbLUOM KO/lMHeCTBe HaXOflMTCfl B npOMOKyTKaX MOKfly no/iocaMM. B BepXHeŕí M 
HM>KHeM Hacrax M3o6pa>KeHMfl KpacHbiŕí UBeT o6o3HaMaeiflHK (no/iocbi); b BepxHeŕí nacTM M3o6pa- 
>KeH ma 3e^eHbiŕí UBeT o6o3HaHaeT 6e/ioK BEAF32, KOToporo mhoto b npoMe>KyTKax. We/ubm UBeT no- 
j3B/i5ieTC5i TaM, ľfle 3ejieHaa m xpacHaa MeTKM coBnaflaiOT, to ecTb TaM, r^e 6e/ioK BEAF32 HaxoflMTCfl 
b no/ioce. BocnpoM3BefleHo no Celí, vol. 81, Zhao, K., Hart, C. M., and Laemmli, U. K., Visualization 
of chromosomal. . . , pp. 879-889. ABTopcKMe npaBa 1995, c pa3peweHMfl Elsevier. OoTorpa(()Mfl 
mo6e3HO npeflocTaB/ieHa Ulrich K. Laemmli, University of Geneva, Switzerland 


oh hh OHyTHjicH (Aaxce TaM, r^e oh, no n^ee, aojdkch 6biTb 
penpeccnpoBaH reHOMHbiM kohtckctom — HanpnMep, b re- 
TepoxpoMaTHHe). 

3^eMeHTbi ses h scs\ no-BHAHMOMy, He 0Ka3biBai0T Ha 
SKcnpeccHio reHOB caMOCTOHTejibHoro Kompojinpyiomero 
AChctbhh, hh nojioacHTejibHoro, hh oTpnijaTejibHoro, a npoe- 
to nperorrcTByioT eooómeHHio MOKAy ynacTKaMH reHOMa, or- 
paHHHHBa^ pacnpocTpaHeHHe KompojiHpyiomHx 3(J)(})eKTOB 
BflOJib HUK Echh reH rpaHHHHT c ynacTKaMH, KOTopbie ero 
penpeccHpyioT, sneMembi ses MOiyr noHaAOÓHTbcn, HTOóbi 
3 a6^0KHpoBaTb npnxoA HHrHônpyiomHx s(j)4)eKTOB c čpmu- 
roB (ynacTKOB, npnMbiKaiomHX k reHy) h Moryr, TaKHM o6pa- 
30M, 6biTb npHHi^HnnajibHO 3HanHMbiMH jyw ero SKcnpeecHH. 
flejieu.HH sjieMeHTa ses mohcct nojiHOCTbio BbiKJiioHHTb skc- 
npeccHio reHOB Ha coccahhx ynacTKax. 

y ses h ses ' pa 3 Han nepBHHHan crpyicrypa, h npnHijHn 
H 30 /IHpyK)meH aKTHBHOCTH y 3 THX SJieMCHTOB, nO-BHAHMOMy, 
pa 3 JiHHaeTCH. KnioHeBan noeneAOBaTejibHOCTb sjieMeHTa ses 
coctoht H 3 24 nH h CBH 3 bmaeT npoAyKT reHa zw5. CymHOCTb 
sď, Kax HHcyjíHTopa, 3 amnoHeHa b eepnn noBTopoB CGATA. 
ľloBTopbi CBfl 3 biBai 0 T rpynny poACTBeHHbix óejiKOB, Ha 3 braae- 
Mbix BEAF-32. PacnpeAe^eHHe sthx ócjikob b ha pe Ancxpemo, 
h caMoe 3 aMenaTejibHoe — sto hx noKximanm b nojíHTeH- 
Hbix xpoMocoMax. Ha pmc. 29.45 noKa 3 aHO, hto aHrarejia k 
BEAF-32 oKpaniHBaiOT ~50% npoMOKyTKOB MOKAy noJiocaMH 
nojíHTeHHbix xpoMocoM. 3 to 03 HanaeT, hto b reHOMe MHoro 
HHCy/IHTOpOB, H HTO BEAF-32 — CTaHAapTHblH KOMnOHeHT HX 
annapaTa. no/iocbi npn stom BbipncoBbiBaioTCH b KanecTBe 
(J}yHKU,HOHaJIbHbIX nOApa 3 AeJieHHH nOJIHTCHHOH xpOMOCOMbl, 
a npoMOKyTKH MOKAy nojiocaMH nacTo Hecyr b ce 6 e HHcyjíHTO- 
pbi, oóecneHHBaioiAHe (J}yHKu,HOHajibHyio HenpoHHU.aeMOCTb. 

flpyroH npHMep HHcyjíHTopa, orpaHHHHBaiomero xpo- 
MOCOHblH AOMeH, HaXOAHTCH B (3-rjIOÓHHOBOM LCR UbimieH- 
Ka. 3 tot LCR (ono3HaBaeMbin Kax rpynna caríTOB, rHnepnyBC- 
TBHTejibHbix k flHKase) KOHTpojinpyeT sKcnpeccHio Bcex 
(3-mo6HHOBbix reHOB (cm. pa3A. 29.20 «LCR mohcct kohtpo- 
jinpoBaTb AOMeH»). CaMbiH jieBbiH rHnepnyBCTBHTejibHbiH 
caHT (3-rHOÓHHOBoro LCR, HS4, hbjihctch HHcyjíHTopoM; oh 


MapKnpyeT 5'-KOHeij (J}yHKu t HOHajibHoro AOMeHa h orpaHH- 
HHBaeT 30Hy a chctbhh LCR rjioÓHHOBbiMH reHaMH aomchh. 

ľeH, OKpynceHHblH HHCyjIHTOpaMH, OÓblHHO 3anj,HIIJ,eH ot 
BTOpnceHHH HHaKTHBHpyiOIAHX S(j)(J)eKTOB CO CTOpOHbl TCHOM- 

Horo KOHTeKCTa. HToóbi AOKa3aTb sto yTBep)KAeHHe, moxcho 
B binojiHHTb onbiT c TpaHC(J)eKLi,HeH ,HHK b KJieTOHHbie reHOMbi 
no cnynaHHbiM MecTonojiOHceHHHM. PexcHM sKcnpeecHH reHa b 
T aKHx BCTaBKax MOHceT óbiTb n io6biM: rAe-To b reHOMe oh 6yj\cr 
SKcnpeecHpoBaTbCH aKTHBHO, rAe-To — He SKcnpeccHpoBaTb- 
CH BOBCe. Ho eCJIH Kpan BCTaBKH CHaÓAHTb HHCy/IHTOpaMH CO 
CBOHCTBaMH ôapbepoB, to SKcnpeecHH 6yAeT hath c oahoh h 
TOH H(e paBHOMepHOH HHTeHCHBHOCTbK), BHe 3aBHCHMOCTH OT 
Toro, b KaKOH caHT reHOMa nonaAeT STa BCTaBKa. 


29.16 


MHcy^Top TpaHcno 30 Ha gypsy 
m ero 6 ejiKOBbiň annapaT 


KniOHeBbie nonmun: 


• HeKOTopbie MHcy/iBTopbi oó/iaflaiOT M36npaTeHbH0CTbK) — ohm 
MoryT ocraHaBjíMBaTb pacnpocipaHeHMe 3(f)(t)eKTa TO/ibKO b 
oahom HanpaB/ieHMM. 


PaccMOTpnM BCTaBKH TpaHcno30Ha gypsy b mxycyeltow (y) 
Drosophila melanogaster. B pa3Hbix TKaHnx HOKye y pery- 
JIHpyeTCH OAHHM H3 HCTbipeX SHXaHCepOB, KaK nOKa3aHO 
Ha PMC. 29.46, H BCTaBKa gypsy npHBOAHT K nOTepe (J}yHK- 
u,HH sToro reHa b HeKOTopbix TKaHnx. BHeApeHHbin gypsy 
ÔJiOKHpyeT AOHCTBHe Bcex SHxaHcepoB, OTAeHneMbix hm ot 
npoMOTopa. 3 tot 3(J}(J}eKT oóycnoBHeH nocHeAOBaTenbHoc- 
TbK) HHCyJlHTOpa, paCnOJIOHCeHHOH B OAHOH H3 KOHU,eBbIX 
oónacTeH TpaHcno30Ha. HHcynHTop paóoTaeT BHe 3aBHCH- 
MOCTH OT Toro, KaK OpHCHTHpOBaHa BCTaBKa. 

BejiKH, paóoTaioiAHe Ha HHcyjíHTope gypsy óbuin hach- 
TH(J}Hn,HpoBaHbi KaK npoAyKTbi AByx Apyrnx jiOKycoB, ot 
KOTopbix paóoTa HHcy/íHTopa 3aBHCHT b mpanc-Mmepe (to 
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AKTMBHOCTb 3HXaHCepOB 38BHCMT OT TMľia TK3HM 
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P M C. 29.46 M Hcy/imop TpaHcno30Ha gypsy 6/iOKMpyeľ fleMCTBMe 3H- 
xaHcepa, ec/iM ero noMecTMTb Me>Kfly 3HxaHcepoM m npoMcrropoM 


ecrb hx MecTonojio^KCHHH b reHOMe He cymecTBeHHbi). My- 
TaijHH no aoicycy su(Hw) racaT (J}yHKn t HK) HHcyaaTopa gypsy. 
3to oócroHTejibCTBO nocayxcnao kjiiohom k ycTaHOBaeHHio 
B3aHMOAencTBHa MOK/jy óeaKOM, KOAnpyeMbiM su(Hw), n 
gypsy. BejiOK y3Hacr noeaeAOBaTeabHOCTb HHcyaaTopa npn 
noMomn aMHHOKncjiOTHoro MOTHBa UHHKOBbin naaeu; ero 
HMMyHorncToxHMHHecKoe KaprapoBaHne Ha nojíHTeHHbix 
xpoMoeoMax noKa3ajio, hto oh cBA3biBaeT ôoabiuoe nncao 
canTOB. HHcyaaTop gypsy coAepxcnT ABeHaAUaTb Konnn noc- 
jieAOBaTe^bHOCTH b 26 nH, KOTopyio h CBH 3 braaeT su(Hw). 

BTopon BaacHbin aoicyc Ha3breaeTca mod(mdg4)\ Myra- 
U.HH no HOVty npOH3BOAAT npOTHBOnOJIOXCHblH 3(J)(J)eKT. 3th 
MyTau,HH npnHi^nnnajibHO pacmnpaioT bo3mo>khocth HHcy- 
jiaTopa: oh, cTporo roBopa, nepecTaeT 6biTb HHcyaaTopoM n 
Tenepb ôaoKnpyeT AencTBne Ha npoMOTop SHxaHcepoB no 
o6e CTopOHbi ot ce6a. ľlo OTHomeHHio k reHy mod(mdg4) reH 
su(Hw) RBmcrcR anncTaTHnecKHM; sto 03HanaeT, hto aboh- 
Hbie MyraHTbi hmoot (J}eHOTnn su(Hw)~ , n roBopnT o tom, 
hto óejiOK mod(mdg4) AencTByeT nepe3 6eaoK su(Hw). 



OnocpeflOBaHo m AeŇCTBMe HHcy/iBTopoB CTpyKTypoä xpoMaTMHa 


Môd'itidg4) 


flepn4)epMíi íiflpa 


PH C. 29.47 KoMrmeKCbi Su(Hw)/mod(mdg4) HaxoflflTCfl Ha nepw- 
(f)epMM aapa. Ohm MoryT opraHM30BbiBaľb flHK b BMpe neie/ib m TeM 
CaMbIM OrpaHMHMB3Tb B3aMMOfleMCTBMe 3HxaHcepoB c fipOMOTOpaMM 


CBa3biBaHne su(Hw) c RHK, 3a KOTopbiM caeAyeT cba- 
3biBaHne mod(mdg4) c su(Hw), ôaoKnpyeT amiBaijHio 
npoMOTopa. HHcyaaTop gypsy , CBa3aHHbin c su(Hw), pac- 
npocTpaHaeT HHrnônpyioiij.ee AencTBne b o6e cTopoHbi, ho 
no OAHOMy H3 HanpaBjíeHHH sto pacnpocTpaHeHne ocTa- 
HaBjíHBaeT mod(mdg4). 

CKopee Bcero, AencTBne aioôoro HHcyaaTopa oôycaoB- 
aeHO BHeceHneM H3MeHeHnn b cTpyKTypy xpoMaTHHa. Xota 
b reHOMe Drosophila canTbi CBa3biBaHna c éeaicaMH su(Hw) 
n mod(mdg4) BCTpenaioTca b 6oaee neM na™ comax Mec- 
TonoaoaceHHH, BH3yajiH3ai;Ha sthx canTOB noKa3biBaeT, hto 
ohh KO-jiOKajiH3yiOTca b ~25 AHCKpeTHbix canrrax Ha nepn- 
(J}epnn KaeTonHoro aApa. 3to oócToaTeabCTBO noAKpenaa- 
eT MOAejib pa6o™ gypsy , H3o6paaceHHyio Ha p m c. 29.47, r^e 
MoaeKyabi su(Hw), CBa3aBmne J \HK b pa3po3HeHHbix caň- 
Tax, cxoAHTca BMecTe ôaaroAapa CBa3biBaHHio c mod(mdg4). 
KoMnaexc su(Hw)/mod(mdg4) aoKaan30BaH Ha nepncj)e- 
pnn a^pa. CBa3aHHaa c hhm RÚK (BepHee, xpoMaTHH) HMe- 
eT b ha neTeab. CpeAHecTaTHCTHnecKHH KOMnaexc MoaceT 
yAepacHBaTb Ha ce6e ~20 Taxnx neTeab. B3aHMOAencTBne 
SHxaHcep-npoMOTop paóoTaeT BHyrpn neTan, ho He MOKAy 
neTaaMH. 


29.17 


IÍHCyj1flT0pbl 6blBaH)T 
pa3HbiMM no cMjie 


K/HoneBbie noHBTMíi: 


• MHCyaBTOpbl MOryT pa3JlMMaľbCfl no 3(j)(j3eKTMBHOCTM, c KOTOpOM 
ohm 6/iOKMpyiOT npoxo>KfleHMe aKTMBMpyiomero cMľHa/ia. 


Ha HeKOTopbix ynacTKax reHOMa saeMeHTbi Jl HK, AencTBy- 
lomne b ^wc-MaHepe (to ecTb Ha MnrneHH, pacnoaoaceH- 
Hbie BAoab toh ace caMOH MoaeKyabi AHK), ho pa3ann- 
Hbie no CMbieay CBoen aKTHBHOCTH, cKOMÓHHnpoBaHbi n 
o6pa3yiOT peryaaTopHbie eAHHHi^bi caoacHoro npo(J)naa. 
Oahh h3 TaKnx ynacTKOB b reHOMe Drosophila , Fab-7, 
MapKnpyeTca Aeaei;naMH no aoKycy bithorax. 3tot ao- 
Kyc coAepacHT cepnio ^wc-AencTByioiAHX peryaaTopHbix 
SaeMeHTOB, KOHTpoanpyiOIAHX aKTHBHOCTb TpeX eAHHHU, 
TpaHCKpnnu.HH. CooTBeTCTByioiAaa nacTb aoxyca bitho¬ 
rax H3o6paaceHa Ha p n c. 29.48. PeryaaTopHbie aaeMeHTbi 
iab-6 n iab-7 KOHTpoanpyioT sKcnpeccHio coceAHero c 
hhmh reHa Abd-B b AByx HAymnx noApaA cerMeHTax (ot- 
Aeaax Teaa) 3apoAbima, A6 h A7. /(eaeuna Fab-7 3acTaBaa- 
eT A6 pa3BHBaTbca no rany A7. 3tot scJdcJdckt AOMHHaHTeH, 
to ecTb, b caynae AeaeuHH Fab-7 , Kompoab HaA Abd-B b 
cerMeHTe A6 nepexoAHT ot iab-6 k iab-7 . B MoaeKyaap- 
HblX TepMHHaX 3T0 MO^CHO HHTepnpeTHpOBaTb TaK, HTO 
Fab-7 nrpaeT poab rpaHHUbi, npenaTCTByioiAeH AencTBHio 
iab-7, KorAa aKTHBeH saeMeHT iab-6. 

noAOÓHO ApyrnM pa3rpaHHHHBaioiAHM saeMemaM (hh- 
cyaaTopaM), Fab-7 CTpyKTypnpoBaH b xpoMaTHHe ocoôbiM 
o6pa30M n noTOMy coAepacnT canTbi, rnnepnyBCTBHTeabHbie 
K/lHKase. OyHKn,noHaabHO, Fab-7 moxcho noApa3AeanTb Ha 
6oaee MeaKne saeMeHTbi AByx ranoB (aHaan3 npoBOAHaca 
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MHCyjIUTOpbl KOHTpOUHpyiOT SMÔpMOHaHbHOe pa3BHTHe 


KOHTpO/lb 

TpaHCKpunUMM 


Fob-7 

iab-5 iab-6 ~ iab-7 


III 

A5 A6 A7 


Abd-B 


oumcoíd 


A5 A6 A7 


Fab-7 Ae/iempoBaH 

Kompo/ib 

TpaHCKpunumí I 

iab-5 iab-6 iab-7 Abd-B 

aaÄ 

A5 A6 A7 


CerMeHT A6 noxo)K Ha A7 


HyioieoTHAHOH nocjicj\OB2.raibHOcm — motkct 6biTb skbh- 
BajieHTHa flajibHOCTH ero fleňcTBHa, H3MepeHHon b napax 

OCHOBaHHH TOH 7KC ^HK. 

Eme óojibiue yc^oxcHaeT CHTyau.Hio cymecTBOBaHne TaKHx 
sjieMeHTOB, KaK aHTH-HHcyjraTopbi, KOTopbie no3BOJiaiOT 
SHxaHcepy npeoAOJieBaTb flencTBHe HHcyjiaTopa, CToamero 
MCKJjy HHM H npOMOTOpOM. PeryjItfTOpHbie B3aHMOAeHCTBH5I 
ynacTKOB flHK npeACTaioT b CBeTe B3aHMOAencTBHfi c b jio- 
KajibHOH cTpyicrypoH xpoMaTHna, ryje Ha# kvokrhm ypoBHeM 

KOHTpO/Ifl MOXCHO BblCTpOHTb CJie,OyK)mHH, H T.R. 


CaíÍTbi, runepMyBCTBMTejibHbie 
k AH Kase, pearopyioT Ha H3MeHeHiifl 
b apyxrype xpoMaTMHa 


K/noneBbie noHHTMH: 


• ľMnepMyBCTBme^bHbie caŕÍTbi oÓHapywMBaiOTCfl b npoMOTopax 
3KcnpeccnpyeMbix reHOB. 

• 3TM CaMTbl B03HMK3I0T M3-3a CBfl3blB3HMfl C flHK (j33KTOpOB 
TpaHCKpMnuMM, CMemaioiUMx c Hee rMCTOHOBbie oKTawepbi. 


29.18 


PMC. 29.48 ľlorpaHMMHbm 3/ieMem Fab-7 HeoóxoflMM /yia Toro, hto- 
6bi pery^HTopHbie 3/ieMeHTbi iab-6 m iab-7 pa6oTa/in He3aBMCMMO 


no pe3yjibTaTaM BHeceHna b Fab-7 HeóoJibmnx Rentu, hh h/ 
hjih TecmpoBaHna (J)parMeHTOB Ha enoeoÓHOCTb cjiyacnTb 
HHcyjmTopoM). rioc^eAOBaTe^bHOCTb b ~3,3 TnH Be^eT ce6a 
KaK HHcyjmTop. nocjieAOBaTejibHOCTb b ~0,8 mu BefleT ce6a 
KaK penpeccop, flencTByiom™ Ha iab-7 . ConeTaHHeM sthx 
AB yx ajieMeHTOB oô'bncuncrcn cjioxcHoe reuermecKoe noBe- 
jxeuue Fab-7 (KOTopoe 3Aecb noApoÓHO He onncaHo). 

OneHb HHTepecHbiMH OKa3ajincb pe3yjibTaTbi sKcnepn- 
MeHTOB, B KOTOpblX Fab-7 3aMeHflJIH ApyTHMH HHCyjmTOpa- 
mh. Ohh 3acTaBjraioT nepecMOTpeTb Te3nc o tom, hto Fab-7 
AOJixceH npocTO npeAOTBpamaTb B3aHMOAencTBne iab-6 u 
iab-7 • Ecjih zmeumh Fab-7 na noejieAOBaTejibHOCTb cama 

CBfl3bIBaHHfl SU(Hw), TO MOäCHO nOJiyHHTb AOnOJlHHTeJIbHblH 

3(J)(J}eKT: iab-5 BbiÓHBaeTca H3-noA HeraTHBHoro Kompo/ra 
co cTopoHbi iab-7 . A ecjín bmccto Fab-7 nocTaBHTb sjicmcht 
scs , tot ace 3(J)(J)eKT /jocTHineT pernoHa iab-4. 

Pe3y/ibTaTbi 3acTaBjraioT npeAnojioxcnTb cymecTBOBa- 
Hne (J)yHKi;HOHajibHOH cxeMbi, comacHO kotopoh 6o;iee 
aKTHBHbie HHcyjmTopbi Moryr 6jiOKHpoBaTb flencTBHe pe- 
ryjraTopHbix sjicmchtob Ha 6o;iee /jajieKHx paccToaHnax. 
TaKon BbiBOA 3aTpyAHaeT noHHMaHne npnHijHnoB paóoTbi 
pa3rpaHHHHBaiomHX sjicmchtob. Tenepb hx flencTBHe He- 
jib3a oó'bacHHTb npocTbiM 6jiokom nepeflann peryjnrropHbix 
3 (J)(J}eKTOB nepe3 rpaHnuy Ha RUK. TeM He MeHee sto pac- 
mnpnjio npeACTaBjíeHne o cjioacHenmen MHoroypoBHeBon 
KOHKypeHTHOH CHCTCMe KOHTpOJW aKTHBHOCTH XpOMaTHHa. 

B TaKon cncTeMe BjinaTejibHOCTb peryjurropHoro sjieMeH- 
Ta R HK — coócTBeHHO, óejiKOBoro annapaTa, c KOTopbiM 
3TOT 3JieMCHT B3aHMOACHCTByeT B CHJiy CneU,H(J}HKH CBOen 


rMnepHyBCTBHTenbHbie caíÍTbf mo>kho KapTupoBatb 


CaíiT peCTpMKUMM rnnepHyBCTBMTe^bHblíí CaiÍT 
\ 



06pa6oiaTb xpoMaTMH 
flHKa3oíí I 


Bbifle/ímb flHK 


O6pa6oiaib flHK 

3HflOHyK^ea3oíí 

peCTpMKUMM 


1 


ľlpOBeCTM 3^eKTpO(|)Ope3 
m 6/ioT-rn6pnAM3aumo 
C paAMOaKTMBHOÍÍ npoóoíí. 
cooTBeTCTByioiAeíí 
cerMemy flHK, CMe>KHOMy 
c caííTOM pecipuKUMM 

ľlo^oca cooTBeTCTByeT 
cfjparMeHTy c KOHuaMM 
ot pa 3 Hbix HyK^ea 3 : 
3HflOHyK^ea3bi pecipuKAMu 
m flHKa 3 bi I (cpaóoTaBiijeíí 
no rnnepHyBCTBme/ibHONiy 
caíÍTy) 


PMC. 29.49 HenpflMoe MeMeHMe kohuob flHK no3BO/iHeT oripefle/íHTb 
paccroBHMe b nH ot caŕÍTa peCTpMKUMM ao rnnepMyBCTBmeAbHoro caŕíia 
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PMC. 29.50 MnHM-xpoMOcoMa SV40 coflepwm oó/iacrb, rAe HeT Hytuieo- 
com. 0OTorpa(()Mfl /iio6e3HO npeflocTaBJíeHa Moshe Yaniv, Pasteur Inštitúte 


B AonojiHeHne k uiHpoKOMacniTaÓHbiM H3MeHeHHHM, Ha 
aKTHBHbix (hjih noTeHijHajibHO aKTHBHbix) ynacTKax xpo- 
MaTHHa npoHcxoAAT jioKa^bHbie H3MeHeHna ero cTpyKTypbi. 
Ohh HMeiOT MecTO b cneu,H(J}HHecKHx caHTax, npnnacTHbix 
k HHHu.Haij.HH TpaHCKpnnĽi.HH, hjih TaM, rAe RHK oóJiaAaeT 
onpeAejieHHbiMH oeoóeHHOCTflMH nepBHHHon cTpyKTypbi. 
Cym,ecTBOBaHHe TaKoro poAa H3MeHeHHH 6buio oÓHapyace- 
ho npn OTc^excHBaHHH npoijecca pacmeruieHna xpoMaTHHa 
(J)epMeHTOM flHKa30ň I b oneHb hh3koh KOHijempaunH. 

npn pacmenjieHHH xpoMaTHHa ^HKasoH I, pa3pbiBbi 
BHOcaTca b RHK nepBbiM aojiom no onpeAejieHHbiM ra- 
nep i ryBCTBHTejibHbiM caňTaM. npnHHTo cnnTaTb, hto b 
3thx caHTax Jl HK ocoóchho ya3BHMa orroro, hto He op- 
raHH30BaHa, KaK oóbinHO, b bh Ae HymieocoM. TnnnnHbiH 
rHnepnyBCTBHTe^bHbiH canT b -100 pa3 óojiee nyBCTBHTe- 
jieH k aTaxe (jjepMema, neM ocHOBHaa Macca xpoMaTHHa. 
nojiOKeHHfl caňTOB MoryT óbiTb onpeAejieHbi npn noMomn 
MeTo/íHKH HenpaMoro KOHueBoro MeneHna, c KOTopon Mbi 
HeAaBHO n03HaK0MHJIHCb npn OÔCyXCACHHH n03H!JH0HHp0- 
BaHHa HyioieocoM. 

IlpHMeHHTejibHO k A^HHOMy cjiynaio MeTOAHKa npo- 

HJIJIIOCTpHpOBaHa Ha PMC. 29.49. OflHOMy H3 KOHIJOB AO" 
TeKTHpyeMoro (jjparMeHTa cooTBeTCTByeT AByxitenonen- 
HbiH pa3pbiB no rnnepnyBCTBHTe^bHOMy canTy, bhochmmh 
^HKason I. /Ipyron koho; (J}parMeHTa nopoxcAaeT pecT- 
pnKuna, canT jxnn KOTopon 3aHHMaeT (JjHKcnpoBaHHoe no- 
jioaceHne b noaieAOBaTejibHOCTH reHOMHon R HK. 

MHorne rnnepnyBCTBHTejibHbie canTbi hmoot OTHorne- 
Hne k sKcnpeccnn reHOB. JIioóoh aKTHBHbin reH HMeeT, no 
MeHbmen Mepe, oahh Tanon canT b npoMOTope. KaK npaeu- 
jio, zunepHyecmeumejibuue caumu 603HumK)m mojibKO e 
mex KJiemmx ., zde «ux» zen, c KomopbiM ouu accoUfUUpoea- 
hu, SKcnpeccupyemcn • Kor^a reH He aKTHBeH, Te xce eaMbie 
caňTbi He npoaBJíaioT HHKaKon rnnepnyBCTBHTejibHOCTH k 
,II,HK a3e. 5'-KOHiieBbie rnnepnyBCTBHTejibHbie caňTbi bo3hh- 
KaioT eme ao Hanajia TpaHCKpnnijHH, a nocJieAOBaTejibHOcra 
3THX eaHTOB — nO AäHHblM MyTau,HOHHOrO aHaJIH3a — PJIÄ 
3KcnpeccHH neoôxodimu. 

rnnepHyBCTBHTe^bHbie canTbi MHHnxpoMoeoMbi Bnpy- 
ca SV40 H3yneHbi ocoóeHHO xoporno. Ha canT B03Jie opHA- 


ymm pemíHKaijHH, qyTb Bbirne npoMOTopa no3AHen cahhh- 
Ubi TpaHCKpnnuHH, npeAnonTHTejibHO AencTByK)TflHKa3a I, 
MHKpoKOKOBaa Hyioiea3a, Apyrne Hyioiea3bi (b tom nncjie 
(J)epMeHTbI peCTpHKU,HH). 

COCTOHHHe MHHHXpOMOCOMbI SV40 MOXCHO BH3yaJIH3HpO- 
BaTb epeACTBaMH SJieiapOHHOH MHKpOCKOnHH. B 3HaHHTeJIb- 
hoh AOJie o6pa3u,OB (ao 20%) mo^cho pa3maAeTb «npo6e^» b 
HyKjieocoMHon opraHH3au,HH MaTepnajia; npnMepoM cjiyxcnT 
(J)oto pmc. 29.50. 3tot «npo6eji» — ynacroK akhhoh -120 hm, 
hjih okojio 350 nH — c oóenx cropoH OKpyxceH HyKJieocoMa- 
mh. BHAHMaa 30Ha «npo6e^a» coAepxcHT canT, rnnepnyBCTBH- 
TeJIbHblH K HyKJiea3aM. 3TO npaMOe CBHAeJIbCTBO B3aHMOCBH3H 
rHnepnyBCTBHTejibHOCTH c oTcyrcTBHeM HyioieocoM. 

ŤHnepHyBCTBHTejibHbiH canT He o6a3aTe;ibHO HB^aeTca 
TaKOBbiM no OTHomeHHio ko BceM Hyioiea3aM b paBHOH cTe- 
neHH. KapTbi AByx rnnepnyBCTBHTejibHbix eaHTOB npnBeAe- 
HblHa PMC. 29.51. 

ľHnepnyBCTBHTejibHbiH canT BHyTpn 6e3HyKjieocoMHO- 
ro «npo6ejia» Ha MHHHxpoMocoMe SV40, Ha caMOM Ae;ie, no- 
AejieH HaABoe: BHyTpn Hero ecTb ynacTOK, 3amnmeHHbiH ot 
H yKJiea3, npeAnojioxcHTejibHO, ÓJiaroAapa TOMy, hto CBH3aH 
c HerncTOHOBbiM 6e;iKOM (6e;iKaMH). HeKOTopbie sjieMeHTbi 
Jl HK «npo6e;ia» neoóxoduMH ajih paóoTbi npoMOTopa. 

ľHnepnyBCTBHTejibHOMy caitTy, pacnojioaceHHOMy b 
npoMOTope (3-rjioÓHHOBbix reHOB ijbinjieHKa, 0Ka3biBai0T 
npeAnoHTeHHe HecKOJibKO HyKJiea3: ero, Kyqa «oxoTHee» 
Apyrnx ynacTKOB flHK, pa3pe3aiOT ,II,HKa3a I, J\ HKa3a II h 
MHKpoKOKKOBaa HyKJiea3a. npoH3BOAfl pacmenjieHHe, sth 
(JjepMeHTbi BbiônpaioT pa3Hbie tohkh BHyTpn canTa. KorAa 
reH (noTeHitnajibHo) aKTHBeH, HyKJiea3bi (b coBOKynHOCTn) 
HMeiOT AOCTyn k ynacTKy (3-rjio6nHOBOH HK c KoopAHHa- 
T3MH OT -270 AO -70. 



PMC. 29.51 B 6e3HyK^eocoMHoŕí oó^acni SV40 ecTb runepHyBCTBM- 
Te^bHbie caŕÍTbi, ynacTKH noBbiiueHHOM MyBCTBMTe/ibHocTM, a TaK>Ke 
3amnmeHHbm yMacTOKflHK. ľunepHyBCTBme^bHbiíí caíÍT p-r^oóuHo- 
Boro reHa KypMUbi HaxoflmcB Ha yMacTKe, HyBCTBme/ibHOM cpa3y k 
HecKO/ibKMM HyK/iea3aM 


29.18 CaŕíTbi, rnnepHyBCTBMTeAbHbie k flHKaae, peampytoT Ha M3MeHeHMB b crpyKType xpoMaTHHa 801 












KaK ycTpoeH rHnepnyBCTBHTejibHbiH canT? Ero nepBO- 
onepeAHaa AOCTynHOCTb pjw Hyioiea3 roBopm 06 OTcyTc- 
TBHH Ha HeM THCTOHOBblX OKTaMepOB (HyKJieOCOM). 3to He 
03HanaeT, hto canT Booóme «hhct»: 6e3 noMomH Hernc- 
TOHOBblX ÓeJIKOB HCKJIIOHHTb H3 /(HK HyioieocoMbi, nanje 
Bcero, HeB03M0xcH0 (He roBopa yace o tom, hto orojieHHbin 
ynacTOK /(HK Bcer^a HaxoflHTca no# yrpo30H noBpoKAe- 
hhh). T HnepHyBCTBHTejibHbiH caŕíT B03HHKaeT b pe3yabTaTe 
cnei;H(J}HHHoro CBa 3 biBaHHa c /(HK peryjiaTopHbix óejiKOB, 
BbiTecHaiomHx orryaa HyioieocoMbi. npn noca/jKe Ha /(HK 
TaKOH 6 e;iOK 3aKpbiBaeT ee coôoh; hmchho nosTOMy Kaxaa- 
HHÔyflb nacTb rHnepnyBCTBHTejibHoro carrra, KaK npaBHJio, 
3amnmeHa ot HyKJiea3. 

EeJIKH, npHCyTCTBHeM KOTOpblX Ha /(HK BbI3BaHO Ha- 
jiHHne b Hen rHnepnyBCTBHTejibHoro cama, — sto pa3Horo 
po^a peryjiaTopHbie (JmTopbi. rHnepnyBCTBHTejibHbie can- 
Tbi B03HHKai0T He óecnopaAOHHO, a b npoMOTopax, opn/pcn- 
Hax, ueHTpoMepax h Ha flpyrnx (J)yHKij t HOHajibHO 3HanHMbix 
ynacTKax reHOMa. MHor^a hx HajiHnne conpoBoxcAaeTca 
pa3BHTOH MHOroypOBHeBOH CTpyKTypHpOBaHHOCTbK) xpo- 
MaTHHa. ľpaHHLi,a rHnepnyBCTBHTejibHoro caHTa MoaceT 
CJiyaCHTb TOHKOH OTCHCTa m n03HU,H0HHp0BaHHa eepHH 
HymieocoM. Bo3HHKHOBeHHe rHnepnyBCTBHTejibHoro cama 
B CBB3H C TpaHCKpnni^HeH MOXCeT ÔbITb OÓyCJIOBaeHO (J)aK- 
TOpOM TpaHCKpnniJHH, KOTOpblH CBfl3bIBaeTCfl C npOMOTO- 
poM, noAroTaBJíHBaa ero k noca^Ke PHK-no;iHMepa3bi (cm. 
pa3,a. 30.4 «HyioieocoMHaa opraHH3auna npoMOTopa MoaceT 
ÓbITb HeCTaH^apTHOH»). 

HacKOJibKO CTaÓHJibHbiMH ôbiBaiOT rHnepnyBCTBHTenb- 
Hbie caHTbi, MoacHO ou,eHHTb no hx noBeAeHHio b <$u6po6- 
jiacTax u,binjieHKa, TpaHC(}x)pMHpoBaHHbix TepMonyBCTBH- 
TeabHbiM onyxoaeBbiM BnpycoM. 3Ta CHCTeMa tcm 

HeOÓblHHbIM CBOHCTBOM, HTO, XOTfl, no THny CBOCH flH(j)(j)e- 
peHu,HpoBKH, (J)H6po6aacTbi He npHHa/yioKaT k opHTpoH/i,- 
HOMy pímy, hx TpaHC(})opMauHa yxa3aHHbiM BHpycoM npn 
HopMajibHOH TeMnepaType npnBOflHT k aKTHBaijHH tjioóhho- 
BblX reHOB. (AKTHBHpOBaHHbie DIOÓHHOBbie reHbl, KaK H3BCC- 
tho, HMeioT rHnepnyBCTBHTeabHbie canm) Ecjih npoBecTH 
TpaHC(J}opMai;Hio npn 6o;iee bhcokoh (He nepMHCCHBHOH) 
TeMnepaType, to rjioÓHHOBbie reHbi He aKTHBnpyioTca, h rn- 
nepnyBCTBHTeabHbie canTbi b hhx He B03HHKai0T. HaKOHeu,, 
ecjín raoÓHHOBbie reHbi 6bbin aKTHBnpoBaHbi TpaHC(})opMa- 
unen npn hh3koh TeMnepaType, hx moxcho HHaKTHBnpoBaTb, 
noAHaB TeMnepaTypy. npn stom rHnepnyBCTBHTeabHbie caň- 
Tbi b hhx 6ynyT coxpaHaTbca Ha npoTOKeHHH, no MeHbiueH 
Mepe, ABa^uaTH nocae,oyK)mHx KJieTOHHbix ijhkjiob. 

3tot pe3yabTaT roBopnT o tom, hto oópeTeHne rnnep- 
nyBCTBHTeabHoro cama — sto Jinoib oahh H3 HHflHKaTopoB 

H3MeHeHHH, KOTOpbie AOJDKHbl np0H30HTH C reHOM, HTOÓbl 

ero TpaHCKpnni^Ha HHHU,HHpoBajiacb. /(pyroe cjieACTBHe 

COCTOHT B TOM, HTO B03HHKH0BCHHe rHnepnyBCTBHTCJIb- 

Horo canTa h ero nocaeflyiomee noAaepacaHne hmoot He 
OflHy h Ty )Ke npnpoAy. B AaHHOH CHCTeMe, ecjín noaBHJica 
rHnepnyBCTBHTeabHbiH caríT, oh ôy^eT noAaepxcHBaTbca h 
B oenpoH3BOAHTbca npn penjiHKau,HH, HecMOTpa Ha oTcyTc- 
TBHe TpaHCKpnni^HH (h ycjiOBHH, HeoóxoAHMbix /y m ee hh- 
/iyKn,HH). Bo3moxcho m y^ajinTb oth caHTbi KaKHM-HHÔyAb 
cneu,H(J)HHecKHM BMemaTeabCTBOM? 


29.19 


YMaCTKM XpOMdTMHa, 
coflep>KamMe aKTMBHbie reHbi, 
oóiiaAaiOT noBbiiueHHoi 
qyBCTBme/ibHocTbK) k Hyioiea3aM 


lOiiOHeBbie noHATHfu 


• floMeH, b kotopom edb TpaHCKpu6npyeMbiM reH, 0T/iMHaeTCíi 
noBbiiu6HHOM MyBCTBMTe/ibHocTbK) k flHKa3e I. 


Oô^acTH reHOMa, coAep>KameH aKTHBHbin reH, npHcynj,a 
H3MeHeHHaa CTpyKTypa. H3MeHeHne CTpyKTypbi npeAiuecT- 
ByeT TpaHCKpHni^HH; sto coBceM He to ace caMoe, hto nepe- 
pacnpeflejieHHe HyKJieocoM b cbb3h c npoflBHaceHHeM PHK- 
no^HMepa3bi B^o^b /(HK. 

OAHH H3 npH3HaKOB H3MeHeHHB CTpyKTypbl TpaHCKpn- 
ónpyeMoro xpoMaTHHa — sto ero noBbiuieHHaa nyBCTBH- 
TejibHOCTb k Z(HKa3e. Ha ocHOBaHHH noBbimeHHOH nyBC- 


HacKO/ibKO 3KcnpeccnpyeMbie reHbi 
MyBCTBMTenbHee MO/mau|Hx? 


06pa6oiaTb xpoMaTMH flHKa3oŕí I 

I III 

Bbifle^mb flHK m o6pa6oiaTb ee 3HflOHyK^ea3oŕí pecipuKUMu 

i i 

/\/'./\/V\/VV/W.A 

ľlpoBecTM 3^eKTpo(|)ope3, fleHaTypaunK) m rn6pnAH3a4MO 
c npoóaMM k AByM reHaM: 33BeAOMO SKcnpeccupyeMOMy 
m 33BeAOMo He 3KcnpeccnpyeMOMy 


npo6a 1 — 

— npoóa 2 


CpaBHMTb MHTeHCMBHOCTH nO^OC B CepMÍIX pe3KAMÍÍ 
c B03pacTaiomeií KOHAeHTpaAMeíí flHKa3bi 


flHKa3a flHKa3a 

flHK, cooTBeTCTByioiAaíi flHK, cooTBeTCTByioiAaB 

npoóe «pa3Baju / iBaeTCfi» npoée 2, 6o/iee ycioííHMBa 
6bidpee 


PMC. 29.52 HyBCTBme/ibHocTb k /(HKa3e I mo>kho M3Mepmb KaK 
CKopocTb MCMe3HOBeHMíi MaiepnaAa, rn6pMAM3yiomerocfl c KOHKpeT- 
HOM npoóoŕí 
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TBHTejibHOcra K/(HKa3e b oómen Macce xpoMaTHHa mo>kho 

BblflCJIHTb XpOMOCOMHblH flOMCH, TO eCTb OÓJiaCTb C H3Me- 
HeHHOň CTpyKTypoň, r^e ecTb, no MeHbiuen Mepe, o^Ha ax- 
THBHaa eAHHHija TpaHCKpnnijHH. OópaTHTe BHHMaHne, Tep- 
MHH «XpOMOCOMHbIH flOMCH», B KOHTeKCTe npOÓJICMaTHKH 

3Toro pa3Aejia, He HMeeT npaMoro othoihchhh k neTjieoó- 
pa3Hon crpyKType b cocTaBe xpoMaTHHa hjih xpoMOCOMbi, 
o6o3HanaBmenca sthm TepMHHOM paHee. 

Korfla xpoMaraH pacmemmioT /(HKa30H, ero R HK 
nocTeneHHO Aerpa^Mpycr po MaTepnajia, pacTBopnMoro b 
khcjioh cptpt (to ecTb po oneHb KopoTKnx (JjparMeHTOB). 
Oóiijhh xoa peaKu,HH mo>kho oTCJiQKHBaTb KaK npoueHT 
/(HK, nepemefliiiHH b pacTBop. Ecnu e ocnoenou ceoeu Mac¬ 
ce xpOMamuH nepexodum e pacmeopmiub na 10%, mo dm 
xpOMamuna no MecmonaxoMdenuTO mrnuenozo zrna srna 
dom cocmaejmem ôojiee 50%. AKTHBHbie reHbi, TaKHM o6pa- 
30m, AerpaAnpyioT óbicrpee. 

06 ynacTH KOHKpeTHbix reHOB, npeAOcraBjíeHHbix 
AencTBHio /(HKa3bi, mo>kho cyAHTb no n3MepeHHio kojih- 
necTBa nx R HK, npocymecTBOBamnn po rH6pH/jH3aijHH 
co cneu,H(J}HHHon npoóon. npoTOKOJi mctoahkh h Tnnnn- 
Hbie pe3y^bTa™ ee npnMeHeHna noKa3aHbi Ha p m c. 29.52. 
Hcne3H0BeHne Ha «KapTHHKe» KOHKpemoH nojiocbi noc- 
Jie Ľjppfliptvi oópaóoTKH xpoMaTHHa /(HKa30H roBopHT o 
tom, hto cooTBeTCTByK)uj,HH ynacroK AerpaAnpoBaji n, cjie- 
^OBaTejibHO, oóJiaAaji noBbimeHHon nyBCTBHTejibHOCTbio k 
R HKaae. 

Ha p n c. 29.53 noKa3aHO, hto nponcxoflHT c p-rjio6n- 
HOBbiMH reHaMH n c reHOM OBajibóyMHHa b xpoMaTHHe, 
SKCTparnpoBaHHOM H3 spHTpoijHTOB ubinjieHKa, npn 06- 
paóoTKe /(HKa30H. (B nTnnbnx spnTpoijHTax, KpacHbix 
KpoBaHbix Tejibijax, nioÓHHOBbie reHbi SKcnpeccnpyioTca, a 
reH OBajibóyMHHa — hct.) OpameHTbi p-rjioónHOBbix reHOB 
óbiCTpo H3MenbnaiOTCfl /(HKa30H n TepaiOTca 3a to BpeMa, 
noKa (J)parMeHTbi reHa OBajibóyMHHa ycneBaiOT jiniiib cjienca 
AerpaAnpoBaTb. Ha caMOM flejie, reH OBajibóyMHHa pacmen- 
JiaeTca /(HKa30H co CKopocTbio, TnnnnHOH pjw /(HK ochob- 
hoh Maccbi xpoMaTHHa. 

TaKHM o6pa30M, xpoMaTHH, b cBoen Macce, flOBOJib- 
HO-TaKH ycTOHHHB k pacmenjieHHio RHK 230 Ú I, nocKOJibKy 
COAepXCHT B OCHOBHOM HeaKTHBHbie nOCJieflOBaTCJIbHOCTH, 

b tom nncjie, HeTpaHCKpHÓnpyeMbie reHbi. Cneu^cpmecKU 
yH36UMbiM dm J],HKa3U zen cmanoeumcn e mou mxcmu 
(mKcmnx), zde udem ezo OKcnpeccm. 

flBJíaeTCfl jih TaKoe cbohctbo, KaK npHopHTemoe pac- 
mernieHne HyKJiea3on, xapaicrepHbiM jinnib pjw reHOB, 
SKcnpeccnpyeMbix flocraTOHHO hhtchchbho, hjih oho 
npncyme jnoóoMy xoTb cKOJibKo-Hnóyflb aKTHBHOMy reHy? 
3KcnepnMeHTbi c ncnojib30BaHHeM npo6, OTOópaxcaiomHx 
Becb KJieTOHHbin nyji mPHK, noKa3ajin, hto, xota, npn pac- 
uj,enjieHHH xpoMaTHHa /(HKa30H, cpeflH aKTHBHbix reHOB 
cynj,ecTByeT HeKOTopbin pa3Ópoc no CTeneHH ya3BHM0C- 
th, npnopnTeT hmoot ohh ece (Aaxce npn oneHb hh3Kom 
ypoBHe sKcnpeccnn, KOTopbin OTOópaxcaeTca hh3Koh koh- 
ueHTpaunen cooTBeTCTByiOLneH mPHK). ľeHbi c hchhtch- 
chbhoh SKcnpeccneň, KaK npaBHjio, hmoot Ha ce6e oneHb 
Majio paóonnx MOJieKy^ PHK-no^HMepa3bi b Kaxc/jbin M o- 
MeHT BpeMeHH; 3HaHHT, nOBblIIieHHatf nyBCTBHTeJIbHOCTb K 


/(HKa3e nponcTeKaeT He ot aKTa TpaHCKpnnunn, ho aBjía- 
eTca OTjiHHHTejibHOH nepTOH reHOB, cnocoÓHbix (onaTb xce, 
Ha AäHHblH MOMeHT) ÓbITb TpaHCKpHÓHpOBaHHbIMH. 

KaKyio npoTa^ceHHOCTb MoaceT HMeTb ynacTOK no- 
BbimeHHon nyBCTBHTe/ibHOCTH? 3 to moxcho onpeAe^HTb, 
ncnoJib3ya cepnio rn6pnAH3ai;HOHHbix npo6, cootbctc- 
TByiomnx aKTHBHon eAHHHue TpaHCKpHnu,HH c npeACTaB- 
jieHHbiMH (J)jiaHKnpyiomHMH. YnacTOK noBbimeHHon nyBc- 
TBHTejibHOCTH Bcer^a nojiHOCTbio nepeKpbiBaeT eflHHHi^y 
TpaHCKpnnijHH (BepHee CKa3aTb, BKjnonaeT ee b ee6a). Oh 
MO^ ceT 6biTb (JmaHKHpoBaH HecKOJibKHMH TnH RHK e npo- 
MexcyTOHHon nyBCTBHTejibHOCTbio k /(HKa3e. 

B paeeyxcAeHHH o aomchc KaK peryjiaTopHon eflHHHi^e 
ecTb tot eoMHHTejibHbin acneKT, hto ynacTOK noBbimeH- 
hoh nyBCTBHTejibHOCTH k /(HKa3e Boo6uj,e-To BeebMa npo- 
Ta^ceHHbin. B paMKax eoBpeMeHHon KOHijenijHH ^io6oe 
eoóbiTne peryjiai^HH nec^eAOBaTe^H aoiOHHbi CBa3bmaTb 
e Heóo^bmon ahckpcthoh oóJiacTbio /(HK (HanpnMep, 
HHHunauHa TpaHCKpnnunn npoHexoflHT b npoMOTope). 
/(a^ce ec^n sto h TaK, Bce paBHO, ji0KajiH30BaHHbin Tnn pe- 
ry^ai^HH ^oji^ceH onpeAe^aTb (hjih noAKpenjiaTb, hjih ne- 
pexoflHTb b, hjih eonpoBOXCAaTb, h T.n.) ôojiee rjioóajibHoe 
h oTAajieHHoe H3MeHeHHe opraHH3au,HH xpoMaTHHa KaK 
(JjopMauHH, eoAep^cameH reHeTHnecKHH MaTepnaji. 3thm, 
KCTaTH, SyKapHOTbl OTJIHHaiOTCa OT npOKapHOT. 


BKcnpeccwpyeMbie reHbi ocoôeHHO MyBCTBHTe/ibHbi k HyKJiea3aM 


3Nl6pMOHaJlbHblÉÍ P-MOÓMH, 

. o6pa6oiaHHbiíí flHKa3oíí 

{_-_r- B K0H U eHT P a U MM 1 NIKr/MJl 






f -3pe/lblií P-MOÔMH, 

o6pa6oiaHHbiíí flHKa3oíí 
b KOHLiempauMM 0,5 MKr/M/i 


Kompo/ib (OBa/lbÓyMMH) 


0 ,01 ,05 ,10 ,50 1,0 1,5 NIKr/MJl 

flHKa3a I 


Pl/IC. 29.53 ľeH p-rnoÓMHa, 3KcnpeccupyeMbm b apmpouflHbix K/ieT- 
Kax B3poc^oro opraHM3Ma, oneHb HyBCTBmejieH k /(HKa3e I. ľeH 3M- 
6pnoHa^bHoro P-moóuHa TO>Ke HyBCTBmejieH (ho b MeHbiueM ciene- 
HM, M, B03M0>KH0, M3-3a CBOerO reHOMHOľO OKpy>KeHMÍ1, nOCKO-nbKy B 
3 tmx KJieTKax oh He 3KcnpeccnpyeTCB). Mo^namMM reH OBa^bóyMMHa 
He HyBCTBmejieH k flHKa3e (b McnbuaHHOM Anana30He KOHuempa- 
l^mm 3Toro (J)epMeHTa). OoTorpa^mi ;iio6e3Ho npeflocTaB/ieHa Harold 
Weintraub, Fred Hutchinson Cancer Research Center. McnoJib30BaHo 
c pa3peweHwi Mark T. Groudine 


29.19 YnacTKn xpoMamHa, coflepiKaiune aKTMBHbie reHbi, oó^aflaiOT noBbiujeHHoň HyBCTBnTejibHocTbto k HyK/iea3aM 803 











29.20 


LCR M0>KeT 

KOHTpOiIMpOBaTb flOMeH 


K/iiOHeBbie noHBTMfi: 


• LCR pacno/io>KeH BHyipM AOMeHa, Hefla/ieKO ot ero 5'-KOHLja, m 
coflepwm Hecxo/ibKO rMnepHyBCTBmejibHbix caiÍTOB. 


KaxcAbin reH xoHTpojinpyeTca cbohm npoMOTopoM, y He- 
KOTopbix ecTb TaioKe SHxaHcepbi (coAepxcamne noxoxcne 
xompojinpyiomHe sjieMeHTbi, ho pacno^oxceHHbie 
KO); 3T0 OÓCyXCAaJIOCb B Dl. 24 «npOMOTOpbI H 3HxaHcepbi». 
OflHaKO 3THX SJieMeHTOB KOHTpOJIH ÓbIBaeT HeAOCTaTOHHO. 
HeKOTopbie reHbi bxoaat b cocTaB AOMeHa (BMecre c eme 
HecKOJibKHMH reHaMH), h Bce ohh HaxoA^Tca noA bjihhhh- 
eM peryjmTopHbix sjicmchtob, B03AencTByiomHx Ha aomch 
Kax ijejioe. floraAKa o cymecTBOBaHnn Taxnx sjicmchtob 
B03HHKJia b cbh3h c HecnocoÓHOCTbio ynacrxa .QHK, co- 
Aepxcamero reH co bccmh ero H3BecTHbiMH peryjiaTopHbi- 
mh 3JieMeHTaMH, aojdxhmm o6pa30M sKcnpeccnpoBaTbca b 
KanecTBe TpaHcreHa (to ecTb npn HCKyccTBeHHOM BHeApe- 
HHH B reHOM XCHBOTHOro). 

CaMbíň apxnn npHMep peryjinpyeMoro reHHoro x/iac- 
Tepa — sto (3-rjio6HHbi M^exonnTaiomnx. 3Aecb HaM HyxcHO 
BcnoMHHTb pne. 6.3: a- n p-rjioÓHHOBbie reHbi M^exomm- 
ioiahx cymecTByioT Kax KJiacTepbi poACTBeHHbix reHOB, sxc- 
npeccHpyiomHx Ha pa3Hbix cpoxax pa3BHTna opraHH3Ma, 
AO h nocjie po^KAeHHfl. 3th reHbi CHaéxceHbi ôojibiunM hhc- 
jiom peryjmTopHbix sjieMemoB, KOTopbie noApoÓHO H3yne- 
Hbi. Tax, y reHa (3-rjioÓHHa, xoTopbin axTHBeH b opraHH3Me 
B3pocjioro neaoBexa, peryjwTopHbie noaieAOBaTejibHocrn 
pacnojioxceHbi Ha oóohx (J)jiaHrax (co ctopohh 5'-xoHija h 
co CTopoHbi 3'-KOHija). K 3Thm peryjwTopHbiM nooieAOBa- 
TeJIbHOCTflM OTHOCHTCH SJieMCHTbl n03HTHBH0r0 H HeraTHB- 
Horo xompojw b oóJiacTH npoMOTopa, a Taxxce Aonojmn- 
TejibHbie sjieMeHTbi no3HTHBHoro xompojia BHyrpn reHa h 
HHXce Hero no R HK. 

TeH |3-Dio6nHa nejiOBexa, B3HTbin BMecre co bccmh 
peryjwTopHbiMH nocjieAOBaTejibHOCTHMH, HHXor/ja He cra- 
HeT sxcnpeccHpoBaTbca b TpaHcreHHon MbiníH Aaxce 6jih3- 
xo x CBoen oóbiHHOH HHTeHCHBHOCTH. ĽMy noTpeóyeTca 
eme OAHa peiynaTopHaa noaieAOBaTejibHOCTb. ynacTxn c 
AonoJiHHTejibHOH peryjiaTopHOH (^yHXijnen moxcho pac- 
no3HaTb no canTaM, rnnepHyBCTBHTejibHbiM x /(HKase I h 
pacnojioxceHHoro no xpaaM xaacrepa. Kax noxa3aHO Ha 
xapTe P M c. 29.54, rpynna rnnepnyBCTBHTejibHbix canTOB 
pacnoJioxceHa Ha 20 tuh Bbirne reHa e; ecTb eme oahhoh- 
Hbin canT, pacnojioxceHHbin Ha 30 tuh Hnxce reHa (3. Bbiac- 
HHjiocb, hto y/janeHne H3 5'-xoHijeBOH oóJiacTn xnacTepa 
xoto 6bi OAHoro rHnepnyBCTBHTejibHoro canrra (jnoóoro 
H3 na™) 3HanHTe;ibHO CHHxcaeT ypoBeHb sxcnpeccnn 
TpaHcreHa b xaeTxax spnTpojienxeMHH Mbimn. nocjieAO- 
BaTejibHOCTH, jiexcamne MexcAy rnnepnyBCTBHTejibHbiMH 
canTaMH, MoryT 6biTb AeJieTnpoBaHbi 6e3 ocoóoro ymepóa 
A^a sxcnpeccnn TpaHcreHa. 

5'-xoHi;eBbie rnnepnyBCTBHTejibHbie canTbi — sto 
nepBHHHbie peryjiaTopbi, n Bca rpynna hx nojiynnjia 
Ha3BaHne ynacroK KOHTpojm Ha^ ^oicycoM (locus 


control región, LCR). HMeeT ^n (j)yHXijHio 3'-xoHueBOH 
rHnepnyBCTBHTe^bHbin cam, HeacHO. sxcnpeccnH 
xaxcAoro r^oÓHHOBoro reHa b stom xjiacrepe aóco^iOTHo 
HeoóxoAHM LCR. KaxcAbin reH noA-nexcnT AäJibHeHmen pe- 

ryjiaUHH CBOeH aXTHBHOCTH COÓCTBeHHbIMH 3JieMeHTaMH 
xompo^a; HexoTopbie H3 hhx aBTOHOMHbi. Tax, sxcnpec- 
chh reHOB e n y, no-BHAHMOMy, caMoynpaBaaeMa — npn 
ycjiOBHH, hto ecTb LCR. JX pyrne c})opMbi xoHTpoaa ocho- 
BbiBaiOTca Ha nojioxceHnn reHa b xjiacTepe, poxcAaa npeA- 
CTaBjíeHHe o BaxcHOCTH nopRÔKa zenoe jxnn peryaaunn nx 
sxcnpeccnn. 

Becb ynacTox, coAepxcaiAnn raoÓHHOBbie reHbi n Bbi- 
CTynaioiAHH a^icxo 3a nx npeAcnbi, npeACTaBaacr co- 
6 oh xpoMOCOMHbin AiOMeH. Oh oóaaAaeT noBbimeHHon 
nyBCTBHTejibHOCTbio x /(HKaae I (cm. pne. 29.32). JXaieixm 
5'-xoHi;eBoro LCR CHHXcaer nyBCTBHTeabHOCTb x ,II,HKa3e 
Bcero AOMeHa ao ee HopMajibHoro 3HaneHna, xapaxTepHoro 
AJia ochobhoh Maccbi HeaxTHBHoro xpoMaTHHa. 

Bbnio npeAJioxceHO ABe Bepcnn paóoTbi (3-rao6nHOBoro 
LCR nejiOBexa. ľlo oahoh H 3 Bepcnn oh noMoraer axTHBH- 
poBaTb npoMOTop, no Apyr°^ — HHTeHcn^nunpyeT TpaHC- 
xpnnunx) c 3Toro npoMOTopa. Jlc rajín BJinaHna 3Toro LCR 
Ha npoMOTopbi noxa He BbiacHeHbi. 

ŕlpHMeHHMa n n sTa MOAeab peryaai^nn x ApyrnM reH- 
HbiM xjiacTepaM? a-rjioónHOBbin jioxyc HMeeT noxoxcyio op- 
raHH3ai;Hio, c rnnepnyBCTBHTejibHbiMH caňTaMn, crpynnn- 
poBaHHbiMn no OAHy cTopoHy ot xjiacTepa reHOB c pa3HbiMH 
cpoxaMn sxcnpeccnn; Bca oóJiacTb oôaaAacr noBbimeHHon 
nyBCTBHTejibHOCTbio x /(HKase. Hto xacaeTca Apyrnx oiyna- 
eB xoHTpoJia LCR HaA rpynnon reHOB, to nx h 3 bcctho He 
Tax MHoro. 

B nacTHOCTn, cymecTByeT LCR, xoTopbíň xoHTpoanpy- 
er reHbi Ha óojiee neM oahoh xpoMOCOMe. 3 tot LCR, T H 2, 
paóoTaeT c rpynnon reHOB, pacnpeAeaeHHbix Ha ynacTxe 
xpoMOCOMbi 11 oóiAen npoTaxceHHOCTbio 6o;iee 120 Tím. 
LCR T h 2 xoopAHHnpycr axTHBHOCTb sthx reHOB, B3anMO- 
AencTBya c nx npoMOTopaMn. KpoMe hhx, LCR T H 2 MoaceT 
B3anMOAcncTBOBaTb c npoMOTopoM reHa IFNy Ha xpoMO- 
coMe 10. 3 th B3anMOAencTBna B3anMHO-ncxjnonaioiAne, n 
OAH03HanHO B3anMOCBa3aHbi c cyAbóon xjieTox, b xoTopbix 
ohh nponcxoAflT. 


S'-KOHueBan o6nacrb rnoÔMHoeoro AOMeHa coAepwm LCR 


S'-KOHMeBbie 3'-KOH4eBoŕí 

rnnepHyBCTBme^bHbie mnepHyBCTBme^bHbm 

caíiTbi caŕíT 

fll | e y vn’ľi 6 p l_ 

HS4 HSl ľjioÓMHOBbie reHbi 

hh 20 40 60 80 


P MC. 29.54 Kpaa nioÓMHOBoro AOMeHa OTMeMeHbi runepMyBCTBM- 
Te/ibHbiMM caŕÍTaMM. ľpynne 5'-KOHueBbix runepHyBCTBmeabHbix 
caiÍTOB cooTBeiCTByeT LCR; oh HMeeT npMHLjMrmajibHoe 3HaMeHne 
ftníi (f)yHKUMM Bcex reHOB aioro Kaaciepa 


804 TJIABA 29 HyxaeocoMbi 











29.21 


Kax yapoeH 
peryjmTopHbiíí flOMeH? 


ííniOHeBbie nonmm: 


• floMeH MO>KeT coflep>KaTb MHcy/iflľop, LCR, caŕÍT npMKpermeHMfl 
k flflepHOMy MaipMKcy, m oflHy mjim Hecxo/ibKO eflMHMLj 
TpaHCKpunuuu. 


06o6maa CBeAeHHA o pa3JiHHHbix Tnnax peryjiaTopHbix 
CTpyKTyp, oÔHapy^cHBaeMbix b pa3Hbix cncTeMax, moxcho, 
HaKOHeu,, nopa3Mbic^HTb o tom, Kax ycTpoeH xpomocom- 
HblH flOMCH. OTJIHHHTeJIbHOH OCOÓCHHOCTbK) TaKOľO flOMe- 
Ha aBJíaeTca ero (j)yHKĽ(HOHajibHaa orpaHHneHHOCTb: pery- 
jraTopHbie a^eMeHTbi AOMeHa Moiyr flencTBOBaTb ToabKo Ha 
Te e,aHHHUbi TpaHCKpnnuHH, KOTopbie b hcm co/iepacaTca. 
JX OMeH MoaceT co^epacaTb 6o;iee nm o#Hy eAHHHijy TpaHC- 
Kpnni^HH h/hjih SHxaHcep. 

Ha PMC. 29.55 exeMaTHHHO H306pa>KeHbI CTpyKTypbl, 
KOTopbie MoryT ynacTBOBaTb b nocrpoeHHH /jOMeHa. 

HHcyaaTop ocraHaBjíHBaeT aKTHBHpyiomHe hjih pen- 
peccnpyiomHe 3(j)(j)eKTbi Ha hx nyTH BflOJib JX HK. B npocreH- 
rneM oiynae HHcyaaTop npeflOTBpamaeT pacnpocTpaHeHHe 
peryjiaTopHbix 3(j)(j)eKT0B, ho B03M0>KHa h 6o;iee oioacHaa 
cmyaijHfl, Kor^a HHcyaaTop ÓJiOKHpyeT jinnib o^hh ran 
3(J)(J}eKTOB h/hjih AencTByeT b oahom HanpaBjíeHHH. Inno- 
TeTHnecKH, paóoTa HHcyjiaTopoB 3aTparHBaeT b xpoMaTHHe 
CTpyKTypy Bbicmero nopa^Ka, OAHaxo verají h h, tcm 6o;iee, 
pa3HOBHAHOCTH TaKHX COÓbITHH HaM HeH3BCCTHbI. 

YnacTOK npHKpeimeHHH k a^epHOMy MaTpHKcy 
(matrix attachment región, MAR) MoaceT OTBenaTb 3a (pmu- 
necKoe pa3Ae;ieHHe JX HK Ha neTjín, 3aKpenjieHHbie Ha a/jep- 
hom MaTpnKce (cm. pa3 jx. 28.6 «B HHTep4)a3e JX HK KpenHTca 
k aflepHOMy MaTpHKcy onpeAejieHHbiMH HymieoTHflHbiMH 
nocaeAOBaTeabHOCTaMH»). 3 to oneHb HanoMHHaeT MOACJib 
paóoTbi HHcyjiaTopa gypsy y Drosophila. fleHCTBHTe/ibHO, b 
TecTax in vitro HeKOTopbie noaieAOBaTejibHOCTH MAR Be- 
j \yr ce6a Kax HHcyjiaTopbi. Ho, noxoace, hx cnocoÓHOCTb 
npHKpenaaTb JX HK k MaTpHKcy moxcho OTflejíHTb ot hx cno- 
COÓHOCTH CJiyXCHTb HHCyjiaTOpaMH (TO eCTb, 3TH flBe cno- 
COÓHOCTH HaXOAHTCa B KOMneTCHUHH pa3HbIX 3JICMCHT0B 

nocaeAOBaTeabHOCTH MAR), h npocron npnnHHHO-cjieAC- 
tbchhoh MexaHHCTHnecKOH CBA3H 3Aecb, cKopee Bcero, HeT. 



P H C. 29.55 PeryaaiopHbie AOMeHbi AB/iaiOTCfl MHTerpa/ibHbiMM MacTfl- 
mm reHOMa m, b KanecTBe ue/ibHbix eflMHMLj, no/yiewaT pa3HbiM (J)opMaM 
Kompo/ia. MHcy/iflTopbi npeflOTBpaiuaiOT pacnpocrpaHeHMe atf^eKTOB 
Me>KAy AOMeHaMM, oó/iacTM MAR oóecneMMBaiOT npMKpermeHMe flOMe- 
hob k flflepHOMy MaipuKcy, a oó/iacm LCR HeoóxoflMMbi /yia MHuuua- 
i\m TpaHCKpnni4MM bo BceM flOMeHe. BHyipn AOMeHa ecTb 3HxaHcepbi, 
ohm MoryT fleŕícTBOBaTb cpa3y Ha Hecxo/ibKO npoMOTopoB 


CKopee Bcero, sbojhoijhohho nocjieAOBaTejibHOCTH hcko- 

TOpblX HHCyjiaTOpOB H COÓCTBeHHO MAR CJIHJIHCb Ha OAHOM 
ynacTKe JX HK /yin no/mepacaHHa eAHHCTBa peryaaTopHOH h 
(J)H 3HHecKOH CTpyKTyp xpoMaTHHa. 

YnacTOK LCR ACHCTByeT Ha paccToaHHH h MoaceT Tpe- 
óoBaTbca jyin 3KcnpeccHH Bcex reHOB flOMeHa h KaxcAoro 
H3 HHX B OT/ieJIbHOCTH (cm. pa3fl. 29.20 «LCR MOaceT KOH- 
TpojinpoBaTb AOMeH»). Ecjih b AOMeHe ecTb LCR, ot Hero 
3aBHCHT aKTHBHOCTb BCCľO flOMCHa, HO, nO BCeH BHAHMOC- 

th, HajiHHHe b AOMeHe LCR — aBaeHHe, caMO no ce6e, ao- 
CTaTOHHO pe^Koe. CymecTByeT eme HecKoabKo ranoB noc- 
jieAOBaTejibHOCTen, cnocoÓHbix 0Ka3bmaTb UfUC-jig hctbhc 
H a paccToaHHH. KaK h nocTyanpoBaaocb c caMoro Hanajia, 
peryaaTopHoe cbohctbo LCR cpo^HH CBOHCTBy SHxaHcepa 
h cocpeAOToneHO b rHnepnyBCTBHTejibHbix camax, He- 
OÓXOAHMblX nOJIHOUeHHOH aKTHBHOCTH npOMOTOpOB 
BHyTpn flOMeHa. 

OpraHH3ai;HeH peryaaTopHbix aomchob OTnacTH 0613- 
acHacrca ôoabmon pa3Mep reHOMa. flOMeHy, KaK onepa- 
THBHOH eAHHHI^e reHOMa, HeOÓXOAHMO npOCTpaHCTBO: 
HanpHMep, htoóh xpoMaTHH Mor b hcm ackohachchpo- 
BaTbca h oTKpbiTb AOCTyn k JX HK 4)aicropaM h (J)epMeHTaM. 
XoTa TOHHaa HyKJieoTHAHaa nooieAOBaTejibHOCTb óoabmeH 
nacTH AOMeHa, ohcbhaho, He BaacHa, yBejinneHne oómero 
KoannecTBa JX HK BHyTpn flOMeHa Moacer no/wepacHBaTbca 

eCTeCTBCHHblM OTÔOpOM; BO BCaKOM OiyHae, OTÓOp AOJDKeH 
npeAOTBpamaTb oihiukom 6jih3koc pacnojioaceHHe pa3am- 
HblX eAHHHU, TpaHCKpnnUHH. 


29.22 


Pe3K>Me 


Becb ayKapHOTHHecKHH xpoMaTHH coctoht m HyícneocoM. 
OflHa HyKĺieocoMa coaepxcHT 0Tpe30K flHK xapaicrepHoň 
/yiHHbi (oóbiHHO -200 riH), oOepHyTbiň BOKpyr cepflpeBH- 
hh — 6e;iKOBoro oieraMepa, coflepxamero no ABe MO^e- 
xy^bi thctohob H2A, H2B, H3 n H4. KpoMe hhx, c K 3 )kaoh 
H yKfieocoMoň accoiympoBaHa oah 3 MOJiexy^a racroHa Hl. 
npaKTHMecKH bch reHOMHaa flHK hmcct HyioieocoMHyio 
opraHH3apnK>; Ha ee ochobc b xpoMaraHe (popMHpyioTca 
crpyKTypbi BbicuiHx nopflAKOB. OôpaóoTKa MaccHBa Hyioie- 
OCOM MHKpOKOKKOBOH HyKnea30H noKa3biBaeT, hto ero flHK 
MoxeT óbiTb b paóoneM nopaAKe pa3Ae^eHa Ha oô^ac™ 
AByx THnoB. CBH3>TOiu,He oÔJiacTH paciyen^HioTCH Hyicnea30H 
óbicrpo; neHTpajibHbie oó^acTH HyioieocoM npoTHBHTca 
pacmeraeHHK). AHaMeTp nacrap (HyioieocoM) onpeAejraeT- 
cfl TerpaMepoM H32-H42 - Thctohm H3 h H4 no CBoeň 3 mh- 

HOKHCJIOTHOH nOC/ieAOB3TejIbHOCTH OMCHb KOHCepB3THBHbI. 
rncTOHbi H2A h H2B MeHee KOHcepBaTHBHbi; b cocraB cepA- 
peBHHbi HyioieocoMbi bxoaht ABa hx rerepoAHMepa. CôopKa 
oicraMepoB — sto nocjTeAOBaTe^bHoe AOóaBJíeHHe AHMepoB 
H2A-H2B k onopHOMy TeTpaMepy H3 2 -H4 2 . 

Oôxoaa rHCTOHOBbin OKTaMep (cepApeBHHy Hyioieoco- 
mh), flHK oôpa3yeT - 1,65 CBepxBHTKa. flHK «bxoaht» b HyK- 
jieocoMy h «noKHAaeT» ee b 6^h3khx TOHKax npocTpaHCTBa, 
h MOxceT 6biTb «oneHaTaHa» no hhm thctohom Hl. YAajie- 


29.22 Pe3iOMe 805 











HHe THCTOHOB CepAdCBHHbl BblCBOÓOKAaeT H3 Ka)KAOH HyK- 
jieocoMbi no -1,0 CBepxBHTKa /(HK. Pa3HHija MOKAy —1,0 n 
-1,65 CBepxBHTKa oô'bflCHaeToi tcm, hto mar abohhoh oih- 
pajín — MOJieKyjrapHaa nepHOAHHHOCTb/(HK — H3MeHaeToi, 
Kor^a OHa nepexoAHT H3 cocTaBa HyKJieocoMbi b pacTBop: ot 
cpeAHero 3HaneHHa b 10,2 nH Ha bhtok ao 10,5 nH Ha bhtok. 
B npeAejiax HyKJieocoMbi MOJieKyjmpHafl nepnoAHHHOCTb 
/(HK BapbnpyeT ot 10,0 nH no KpaaM ao 10,7 nH b cepeAHHe. 
TpaeKTopnH /(HK b HyKJieocoMe hmcct h3jiomm. 

MaccHBaM HyKJieocoM cbohctbchho 6biTb yjioaceHHbi- 

MH B BHAe BOJIOKOH ((jjHÔpHJUl) AHaMCTpOM 30 HM, yCTpO- 
eHHbix KaK cnnpajibHafl oÓMOTKa dempajibHOH nojiocTH 
(cojichoha), coAepacamaa no 6 HyKJieocoM Ha bhtok h 
ynaKOBbmaiomafl /( HK c Koscj)(})HijHeTOM, paBHbiM 40. YAa- 
jieHne rncTOHa Hl npnBOAHT k pocnycKy 30-hm BOJiOKHa 
B 10-HM BOJIOKHO ((jjHÔpHJUiy), COCTOfllAee H3 JIHHCHHOH 
nepeAbi HyKJieocoM. Bepoflraee Bcero, 30-hm bojiokho yc- 
TpoeHO KaK ABypaAHblH COJICHOHA, CBHTblH H3 10-hm bo- 
JIOKHa. 30-HM BOJIOKHO — STO HiaBHblH KOMnOHCHT 3yxp0- 
MaTHHa h reTepoxpoMaTHHa; eme ôojiee BbicoKne ypoBHH 
opraHH3au,HH xpoMaraHa n yjrbTpacTpyKTypbi mhtothhcc- 
khx xpoMOCOM AOCTHraioTCfl npn ynaeran HerncTOHOBbix 
ÓeJIKOB. 

CôopKa HyioieocoM mo^cct hath AByMa nyTAMH. B npo- 
ijeeee céopKH, conpnxceHHOM c penjíHKaunen, cyó'beAHHH- 
ua npoueccHBHOCTH penjincoMbi PCNA peKpympyeT ôejiOK 
CAF-1, HBJmiOIAHHCa (JjaKTOpOM CÓOpKH HyKJieOCOM. CAF-1 
coAencTByeT noMemeHHio TeTpaMepoB H3 2 -H4 2 Ha Aonep- 
Hne AynjieKCbi /(HK, noaBjmiomHecfl b pe3y;ibTaTe pemíHKa- 
u,hh. TerpaMepbi, KOTopbie npn stom nenojib3yioTCfl, jihôo 
ocTajincb ot paHee cyiAecTBOBaBmnx HyKJieocoM, pa3py- 
meHHbix penjíHKaTHBHon bhjikoh, jihôo coópaHbi H3 hobo- 
CHHTe3HpOBaHHbIX THCTOHOB. /(HMepbl H2A-H2B, H3 TCX TKt 
HCTOHHHKOB, MOHTHpyiOTCfl Ha TCTpaMep, 3aBepiIiatf CÓOpKy 
OKTaMepHOH cepAueBHHbi HyKJieocoMbi. ľloAôop AHMepoB 
k TcrpaMepy nponcxoAHT cjiynaňHbiM o6pa30M, TaK hto 
K axcAaa HOBaa HyKJieocoMa MoaceT eoneTaTb b ce6e «cTapbie» 
THCTOHbl C HOBOCHHTe3HpOBaHHbIMH. 

Bo BpeMa TpaHCKpnnu,HH PHK-nojinMepa3a CMema- 
er rncTOHOBbie OKTaMepbi. nocjie Toro, KaK nojiHMepa3a 
npomjia, HyKJieocoMbi CHOBa (JjopMnpyioTca, ecjín TOJibKo 
TpaHCKpnm^Híi He cjinmKOM HHTeHCHBHa — TorAa HyKJie- 
ocoMbi Moryr 6biTb ycTpaHeHbi cobccm (KaK b reHax pn6o- 
coMajibHon PHK). BoccTaHOBjíeHne Ha /(HK rncTOHOBbix 
OKTaMepoB, CMemeHHbix TpaHCKpnni^nen, ocymecTBjraeT 
annapaT cóopKH HyKJieocoM, He 3aBHcamHH ot perninKaunn. 
npn stom BMecTO rncTOHa H3 Hcnojib3yeTca thctoh H3.3. 
nOXOJKHH cnocoó CÓOpKH, He 3aBHCíIIAHH (no MexaHH3My) 
ot penjíHKau.nn n c ncnojib30BaHneM Apyron ajibTepHaTHBbi 
H3, npHMeHaeTCfl jym cóopKH HyKJieocoM Ha ijempoMep- 
hoh /(HK bo BpeMa ee pemíHKaijHH. 

HHcyjiaTop — ocoóaa cTpyKTypa b cocTaBe xpoMaTHHa, 
(JjopMnpyioiAaaca Ha onpeAejieHHon noejieAOBaTejibHoe- 
th (sjieMeHTe) reHOMHon /(HK n ôjiOKHpyiomaa nepeAany 
HHaKTHBHpyiOIAHX HJIH aKTHBHpyiOIAHX BJIH5IHHH MOKAy 
ynacTKaMH /(HK, KOTopbie OHa pa3AeJweT. HHcyjiaTop, pac- 
nojioaceHHbin MOKAy SHxaHcepoM n npoMOTopoM, yAepxcn- 
BaeT SHxaHcep ot aicmBaunn npoMOTopa. YnacTOK reHOMa, 


(JjjiaHKnpoBaHHbin HHcyjraTopaMH, npeACTaBjíaeT coóoh 
oóocoóJieHHbiH peryjiaTopHbin AOMeH; scJjcJjeKTbi peryjurrop- 
Hbix B3aHMOAencTBHH BHyTpn TaKoro AOMeHa He pacnpo- 
CTpamnoTea 3a ero npeAejibi, n HHKaKne BjinaHna co CTopo- 
Hbi reHOMHoro OKpyaceHna b aomch Taioxe He npoHHKaiOT. 
BojibmnHCTBO HHcyjiaTopoB ĎJiOKnpyeT pacnpocTpaHeHHe 
peryjmTopHbix scjjcjjeKTOB BAOJib /(HK b o6e cTopoHbi, xoto 
H eKOTOpbIM HHCyJWTOpaM CBOHCTBeHHa npOHHUaeMOCTb no 
OAHOMy H3 HanpaBjíeHHH. Oóhhho HHcyjiaTop ÔJiOKnpyeT 
KaK aKTHBnpyioiAHe scjjcjjeKTbi (B3anMOACHCTBne SHxaHcepa 
c npoMOTopoM), TaK n HHaKTHBnpyioiAHe (onocpeAOBaHHbie 
SKcnaHcnen reTepoxpoMaTHHa). nojiaraiOT, hto ačhctbhc 
HH cyjiaTopoB onocpeAOBaHO H3MeHeHHeM Bbicmnx nopaA- 
kob cTpyKTypbi xpoMaTHHa, ho noApoÓHaa HHcjjopMauna 06 
stom noxa oTcyTCTByeT. 

C aKTHBHOCTbK) TeHOB CBa3aHO H3MeHeHHe nyBCTBH- 
TeJIbHOCTH HX /(HK K HyKJiea3aM. XpOMaTHH, B KOTOpOM 
B03MO>KHa TpaHCKpHnu,Ha, oTjiHnaeTca noBbimeHHoŕí nyBC- 
TBHTeJIbHOCTbK) K /(HKa3e I. no STOMy CBOHCTBy xpoMaTH¬ 
Ha, npoaBjíaioiAeMyca Ha npoTaxceHHOM ynacTKe reHOMa, 
MoacHO pacno3HaTb peryjiaTopHbin aomch, coAep^aiAHH 
aKTHBHbie hjih noTeHijHajibHo aKTHBHbie reHbi. /(pyroH Tnn 
H3MeHeHHa nyBCTBHTejibHOCTH /(HK k Hyioiea3aM Bbipaaca- 
eTca b cymecTBOBaHHH rHnepnyBCTBHTejibHbix caňTOB /(HK, 
pacnpeAejieHHbix AHCKpeTHO. XapaicrepHaa npoTaxceH- 
HOCTb rHnepnyBCTBHTejibHoro cama cocTaBjíaeT -200 nH, 
npHcyTCTBHe peryjiaTopHbix ôcjikob HCKJHonaeT ero Hymie- 
ocoMHyio opraHH3au,Hio. rHnepnyBCTBHTejibHbiH caríT 06- 
pa3yeT Ha /(HK rpaHHuy, KOTopaa MoaceT 6ojiee hjih MeHee 
(JjHKcnpoBaTb no3Hu,HH HyKJieocoM Ha nocjieAOBaTejibHoc- 
th CMeacHoro ynacTKa. B o6ui,eM cjiynae, no3Hi;HOHHpoBa- 
HHe HyKJieocoM MOaceT 6bITb BaJKHbIM (JjaKTOpOM KOHTpOJia 
AOCTyna k /(HK peryjiaTopHbix ôejiKOB. 

rHnepnyBCTBHTejibHbie caríTbi BCTpenaioTca b pery- 
jmTopHbix noejieAOBaTejibHOCTax HecKOJibKnx ranoB. He- 
KOTOpbie H3 STHX nOCJieAOBaTCJIbHOCTCH — npOMOTOpbl, 

SHxaHcepbi, LCR — peryjinpyioT TpaHCKpnnuHio. Taoce 
rHnepnyBCTBHTejibHbie canTbi BCTpenaiOTca b opHA^CHHax 
penjíHKauHH, ijempoMepax h paAe Apyrnx pernoHOB. npo- 
motop hjih SHxaHcep (b oómeM cjiynae) AeHCTByeT Ha oahh 
KOHK peTHbiH reH; LCR TKt coAepxcHT i^ejiyio rpynny rnnep- 
qyBCTBHTejibHbix eaňTOB h moxcct AepxcaTb noA KOHTpojieM 
peryjiaTopHbiH aomch, b kotopom HecKOJibKO tchob. 
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Kômp oji b crpyKTypbi xpoMdTMHa 


KPATKOE COflEP>KAHI/IE MABbl 


ESU BBefleHne 

XpOMaTMH MOJKCT HaXOflMTbCB B a/lbTepHaTMBHblX 
COCTOflHMflX 

• CrpyKTypa xpoMaTMHa craÓM/ibHa m He mojkct 6biTb 
npeo6pa30BaHa M3MeHeHneM paBHOBecwfl MejKAy 
(J)aKTOpaMM TpaHCKpunAMM M mCTOHaMM. 

E3B PeMOfle/iupoBaHne xpoMaTMHa — bto aKTMBHbm 
npouecc 

• CyiMecTByiOT óe^KOBbie KOMn/ieKCbi peMOAe/iMpoBaHMfl 
xpoMaTMHa; mx 3HeprocHa6jKeHMe mact 3a cneT 
rnApo^M3a ATO. 

• KoMnjieKCbi SWI/SNF, RSC m NURF AOBo/ibHo KpynHbie; 
HeKOTopbie cyóbeAMHMAbi y Bcex Tpex KOMn/ieKTOB 
oneHb noxoJKM. 

• y KOMn/ieKCOB peMOAe/lMpOBaHMfl HeT Cneum})MHHOCTM 
no OTHoujeHmo k KOHKpeTHbiM camaM Ha flHK; k 
paóoTe Ha npoMOTope TaKoíí KOMn/ieKC npMB/ieKaeTca 
KOMnoHeHTOM annapaia TpaHCKpMmjMM. 

BQ HyiuieocoMHafl opraHM3aunji npoMOTopa mojkct 

6blTb HeCTaHAapTHOM 

• ľlpHB/ieneHHeM KOMn/ieKCOB peMOAe/iMpoBaHMfl 

k pa6oie HaA n3MeHeHneM CTpyKTypbi xpoMaTMHa 
3aHHMaiOTCfl aKTHBaTOpbl TpaHCKpMnAMM, KOTOpbie 
Cnei4Ht|)MHHbl no OTHOLUeHMK) K npOMOTOpaM. 

• KaK To/ibKo peMOAe/iHpyioiAMŕí KOMn/ieKC CBfl3a/icfl c 
npoMOTopoM, c^aKTop, npMB/ieKWMM ero TyAa, mojkct 
6blTb CBOÓOAeH. 

• flna Toro HTo6bi aKTHBaTop TpaHCKpnni4HM CMor 
CBA3aTbCfl c flHK b npoMOTope M MTV, TpeóyeTca 
H3MeHMTb pOTaLjMOHHOe n03MLJM0HMp0BaHMe OAHOÍÍ H3 
HyKJieocoM. 

mm MOAMC(DMKaUMfl TMCTOHOB KaK KJIKDHeBOM ((jaKTOp 
M3MCHCHMfl CTpyKTypbl xpoMaTMHa 

• ľHCTOHbl nOAJie>KaT MOAH(})HKaAMM MeTMJlMpOBaHMeM, 

ai^eTHJiHpoBaHMeM mjim (JioctJiopMJiMpoBaHMeM. 

BO ALieTM/iMpoBaHne tmctohob nponcxoAMT b Aeyx 

cnynaflx 

• KpaTKOBpeMeHHoe aAeTHjinpoBaHne thctohob 
npowcxoAHT b npouecce pen/iMKaAMM. 

• BHe pen/íHKauHH, aueTM/iMpoBaHMe tmctohob 

accoAMHpoBaHo c aKTHBaAHeíí 3Kcnpeccnn reHOB. 

UsU ľMCTOHaueTMAa3bl aCCOUMMpOBaHbl C aKTMBaTOpaMM 
TpaHCKpunUMM 

• fleai 4 eiminpoBaHHOMy xpoMaTMHy cBoíícTBeHHa 6o/iee 
pbix/iaa (AGKOHAGHcwpoBaHHafl) CTpyKTypa. 


• AKTHBaTOpbl TpaHCKpwnAMH aCCOAMHpOBaHbl c 
rncTOHai4eTMjia3aMM b cociaBe 6ojibWMx 6e/iKOBbix 
KOMn/ieKCOB. 

• ľMCTOHaLieTmia3bi pa3/iMHaK)TCfl no cneAM(|)MHH 0 CTM k 
cyócTpaTy (MMweHM). 

• AueTHJlMpOBaHMe TMCTOHOB MO>KeT BJIMflTb Ha 
TpaHCKpMnLIWO KOJIMHeCTBeHHO MJIM KaHCCTBCHHO. 

BO rncTOHAeaueTMAa3bi accounupoBaHbi c 
penpeccopaMM TpaHCKpununn 

• fleaueTM^MpoBaHHe tmctohob accoAMHpoBaHo c 
penpeccMeM aKTMBHocTM reHOB. 

• rncTOHAeaAeTmia3bi coctoat b KOMn/ieKcax c 6e/iKaMM- 
penpeccopaMM. 

BO MeTMAupoBaHne tmctohob m MeTmiupoBaHne flHK 

B3aMMOCBB3aHbl 

• MeTM^wpoBaHHocTb — m no rwcTOHaM, n no flHK — 
oTJiMHmejibHafl nepTa HeaKTMBHoro xpoMaTHHa. 

• Co6biTHfl MeTMjiMpoBaHMfl 3 tmx AByx CyÓCTpaTOB MOryT 
6blTb B3aMMOCBfl3aHbl. 

ritkikA ľlepexoAbi MejKAy coctobhmbmm xpoMaTMHa 

nponcxoA^T nepe3 MOAHc()MKauMK) ero KOMnoHeHTOB 

• AueTM^MpoBaHMe tmctohob cBA3aH0 c aKTMBaAMeíí reHOB. 

• MeTM^npoBaHne flHK m/mjim tmctohob xapaKTepHo nnn 
HeaKTMBHoro xpoMaTMHa. 

mm AKTMBaunfl npoMOTopa npeACTaBjífleT coôoíí 
ynopBAOHeHHyio cepnio coôbiTníí 

• KoMn/ieKC peMOAe/iMpoBaHMfl xpoMaTHHa mojkct 
peKpyTwpoBaTb KOMn/ieKC aueTM/iMpoBaHMA tmctohob. 

• AueTM/iMpoBaHMe tmctohob CTa6n^n3npyeT xpoMaTMH b 

aKTMBMpOBaHHOM COCTOflHMM. 

mm Oocc(DopMAMpoBaHMe tmctohob bambct Ha CTpymypy 
xpoMaTMHa 

• 1/13 HeTbipeX TMCTOHOB HyK^eOCOMHOÍÍ CepAUeBMHbl 
MMllJeHflMM A/lfl C|jOCC|)OpMJlMpOBaHMfl C^yJKaT KaK 
MMHMMyM ABa. 

ÚMkk y ÔeAKOB, MOAMC(DMUMpyK)lAMX XpOM3TMH, eCTb OÔlAMe 
aMMHOKMCAOTHbie MOTMBbl 

• B HeKOTopbix 6e^Kax xpoMaTMHa ecTb xpomoaomch; 3(})(})eKT 
B03AGHCTBMA T3KMX 6e/lKOB Ha CTpyKTypy XpOM3TMHa MOJKeT 
6biTb aKTMBMpyioiAMM s\ m6o penpeccMpyioiAMM. 

• HacTbio aKTMBHoro ueHTpa MeTM/iTpaHcc|jepa3 cnyjKMT 
SET-AOMeH. 

• Bo MHOľMX B3aMMOAeMCTByiOlAMX C XpOM3TMHOM 6e^Kax 
ecTb 6poMOAOMeH; oh Mcno^b3yeTCfl a/i« y3HaB3HMfl 
aAeTM/iMpoBaHHbix caíÍTOB b Mo^eKy^ax tmctohob. 

KAMEI Pe3K)Me 


30.1 


BBeAeHue 


Ecjih paccMaTpHBaTb TpaHCKpHmjHio c tohkh 3peHHH mo- 
jieKyjrapHbix B3aHMOAeňcTBHH, b KOTopbix ynacTByiOT flHK, 
(})aKTopbi TpaHCKpHnqHH h PHK-nojiHMepa3a, to, b H/jeajie, 
moxcho nojiyHHTb aKKypaTHoe onncaHne Toro, hto npone- 
xoaht in vitro , ho ynycTHTb o/jHy BaxcHeHinyio ocoóeHHOCTb, 
npHCyiII,yK) COÓbITHflM in vivo. OcoóeHHOCTb coctoht b tom, 
hto pea^bHbíň reHOM HMeeT HyKjieoeoMHyio opraHH3aijHio, 
a TpaHCKpHnqHH HHKaK He MOXCCT ÓbITb HHHIJHHpOBaHa Ha 
npoMOTopHOM ynacTKe flHK, ynaKOBaHHOM b Hymieoco- 
Mbl. B HeKOTOpOM CMblCJie, rHCTOHbl (jjyHKIJHOHHpyiOT KaK 
oómne penpeccopbi TpaHCKpHmjHH: H/jen He HOBaa, xoth 
b stoh rjiaBe Mbi yBH/jHM, hto thctohm ynacTByiOT h b 6o- 
jiee cneu,H(J)HHecKHX B3aHMOAencTBHax. AKTHBaijHfl reHa 
TpeóyeT H3MeHeHHH coctohhhh xpoMaTHHa: oneHb BaxcHO 
noHHTb, KaKHM o6pa30M (J)aKTopaM TpaHCKpnnuHH y^aercH 
noayHHTb AOCTyn k npoMOTopHOH flHK. 

JIoKaabHaa CTpyKTypa xpoMaraHa — sto HeorbeMJie- 
Maa nacTb cncTeMbi KOHTpojia 3KcnpeccHH reHOB. KaxcAbíň 
reH MoaceT npeóbiBaTb b o/jhom h 3 flByx coctohhhh (cra- 
TycoB 3KcnpeccHH). B aKTHBHOM coctohhhh reH MOXCHO 
3acTaTb ToabKO b KJieTKax, r^e oh SKcnpeccHpyeTca. H 3 - 
MeHeHHe CTpyKTypbl reHa npeAiiiecTByeT aKTy ero TpaHC- 
KpnnuHH h noKa3biBaeT, hto reH, b npHHunne, TpaHCKpn- 
ónpyeM. 3 to 03HanaeT, hto aKTHBaijHfl reHa AOJDKHa 6biTb 
nepBbiM 3TanoM ero SKcnpeccHH. AKTHBHbie reHbi moxcho 
oÓHapyxcHTb b AOMeHax syxpoMaTHHa c noBbiineHHoň 
HyBCTBHTejibHOCTbK) k HyKJiea3aM (cm. pa3A. 29.19 «ynac- 
tkh xpoMaTHHa, coAepxcamne aKTHBHbie reHbi, oójia/jaiOT 
noBbimeHHOH HyBCTBHTejibHOCTbio k HyKJiea3aM»). CaHTbl, 
rHnepHyBCTBHTeabHbie k HyKJiea3aM, B03HHKai0T b npoMO- 
Topax nepeA tcm, kzk reH aKTHBHpyeTca (cm. pa3A. 29.18 
«CaňTbi, ranepHyBCTBHTejibHbie k /lHKa3e, pearnpyiOT Ha 
H3MeHeHHa b CTpyKType xpoMaTHHa»). 

OTHOCHTeJIbHO He/jaBHO BblflCHHJIOCb, HTO MOK^y HHH- 
u,Hai],HeH TpaHCKpnnuHH h crpyKTypon xpoMaTHHa cymec- 
TByeT rjiyóoKaa CBH3b. HeKOTopbie aKTHBaTopbi TpaHCKpnn- 
U,HH HanpaMyiO MOAHCjjHIJHpyiOT rHCTOHbl; B HaCTHOCTH, e 
aKTHBauHeň reHOB CBjmHO aueTHjinpoBaHHe thctohob. He- 
KOTopbie penpeeeopbi TpaHCKpHmjHH, HaoóopoT, Aeauera- 
JIHpyiOT rHCTOHbl. TaK OÓpaTHMbie MOAH({)HKaUHH THCTOHOB 
b oójiacra npoMOTopa aiyxcaT HHCTpyMeHTOM KOHTpojia 
SKcnpeecHH reHa h nacTbio MexaHH3Ma, noAAepxcHBaiomero 
reH B aKTHBHOM HJIH HeaKTHBHOM COCTOHHHH. 

MexaHH3Mbi /ioKaabHoro noAAepxcaHHH xpoMaTHHa b 
HeaKTHBHOM COCTOHHHH B3aHMOCBH3aHbI CO CpeACTBaMH 
penpeecHH KOHKperaoro npoMOTopa. YnacTne HerncTO- 
hobhx 6e;iKOB b co3AaHHH reTepoxpoMaTHH3 onoepeAO- 
BaHO BCe TeMH xce rHCTOHaMH; MOAHCjjHKaiJHfl THCTOHOB 
MOXCeT ÓbITb BaXCHa AJIfl 3THX B3aHMO/ieHCTBHH. H3MeHe- 
HHH B CTpyKType xpoMaTHHa, OAHaXCAbl yCTaHOBHBIUHCb 
H nepMaHCHTHO CTaÓHJIH3HpOBaBIIIHCb OTHOCHTeJIbHO 
CMeHbi (J)a3 mieTOHHoro ijHKjia (b tom hhcjic, acjichhh), 
Moiyr oóycjiOBHTb aimreHeTHHecKoe bjihhhhc, to ecTb 
HacjieAyeMoe H3MeHeHHe b aKTHBHOcra reHa 6e3 H3MeHe- 
hhh nocjieAOBaTejibHOCTH ero flHK. llpn stom ocoóchhoc- 


th (JjyHKUHOHHpoBaHHa reHa onpejiejiaiOTca caMono pjxt- 
pxcHBaiomeHca cTpyKTypon xpoMaTHHa. B caMOM Bbióope 
TepMHHa «3nHreHeTHHecKHH» (rad-reHeTHHecKHH) OTpa- 
xceH tot (J)aKT, hto y reHa moxcct óbiTb yHacjieAOBaHHoe 
cocToaHHe (aKTHBHoe hjih HeaKTHBHoe), He 3aBHcamee 
ot ero noejieAOBaTejibHOCTH. ľlpHMepoM KpaňHeň CTene- 
hh npoflBJíeHHH 3nHreHe3a ejiyxcaT eaMOopraHH3yioiij,Heca 
CTpyKTypbl npHOHOB (HH(J)eKqHOHHbIX areHTOB ÓeJIKOBOH 

npnpoAbi). 


30.2 


XpOMaTMH M 0 )KeT HaXOflMTbCíl 
B a/IbTepHaTMBHblX COCTOBHMflX 


línioMeBbie noHATMa: 


• CrpyKTypa xpoMaTHHa cTaón^bHa m He MoweT 6biTb 
npeo6pa30BaHa n3MeHeHweM paBHOBecwfl Niewfly c|)aKTopaMM 
TpaHCKpMni4HM H rHCTOHaMH. 


/tyia Toro HTOóbi oó^acHnTb, KaK MeHaeTca cTaTye SKenpec- 
chh reHa, óbuio npe/yioxceHO ABa rana MO^ejieň: paBHOBe- 
CHH H pe3KOH CMCHbl COCTOflHHfl. 

Ha p M c. 30.1 noKa 3 aHa MO/jejib paBHOBecHa. B Hen 
BaxcHa TOJibKo KOHueHTpauna aKTHBaTopa jihóo penpeeeo- 
pa, KOTopoň 3aAaeTca paBHOBecne Mexc^y ero cboóoahoh 
(J)OpMOH H (J)OpMOH, CBJmHHOH C flHK. AKTOBai^HH JIHÓO 
penpeecHH H^eT nyTeM CBH3biBaHHa e KOHKperaoH noejie- 
AOBaTeJIbHOCTblO-MHmeHblO (HJIH HeCKOJIbKHMH T3KHMH 
noejieAOBaTejibHOCTHMH). Kor^a KOHiiempauna óejiKOBO- 
ro c{)aKTopa (aKTHBaTopa jihóo penpeeeopa) AOCTaTOHHO 
BbieoKa, oh 0ÓH3aTejibH0 OKKynnpyeT nocjieflOBaTejib- 
HOCTb-MHineHb h bjihhct Ha CTaTye 3KcnpeccHH reHa. 3tot 
THn MOflejien xoporno oó^HCHacT peryjiaunio TpaHCKpnn- 
u,hh b óaKTepnajibHbix mieTKax, r^e 3KcnpeccHH tchob 
Bceuejio onpeAejiaeTCH achctbhhmh KOHKperabix óeji- 
kob — penpeeeopoB h aKTHBaTopoB (cm. tji. 12 «OnepoH»). 
TpaHCKpHÓHpyeTca óaKTepnajibHbíň reH hjih hct, mo)kho 
npeACKa3aTb, onepnpyH hhcjiobmmh 3HaneHHHMH KOHu,eH- 
Tpau,HH pa3JiHHHbix (JjaKTopoB, aKTHBHpyioiij,HX jihóo pen- 
peecHpyioiij,Hx KOHKpeTHbíň reH. npn h3mchchhh sthx 
KOHu,eHTpau,HH — e jiioôoú MOMenm epeMeuu — CTaTye 
SKCnpeCCHH H3MeHHTCH COOTBeTCTBeHHO. B ÓOJIblHHHCTBe 
ejiynaeB cBH3biBaHHe MOJieicyji cfjaKTopa e R HK H^eT koo- 
nepaTHBHO, TaK HTO, KaK TOJlbKO KOHU,eHTpailHH (})aKTOpa 
CTajia AOCTaTOHHO bmcokoh, npoHcxoAHT ero óbicTpaa 
accoiiHaiiHH e flHK, npHBOA^i k nepeKjiioHeHHio CTaTyca 
SKcnpeecHH reHa. 

C SyKapHOTHHeCKHM XpOMaTHHOM AeJIO OÓCTOHT HHane. 
B KJiaecHHecKHx SKcnepHMeHTax in vitro óbuio noKa3aHO, 
HTO aKTHBHOe JIHÓO HeaKTHBHOe COCTOHHHe MOXCeT, yCTa- 
HOBHBiiiHCb, He noAAABaTbCH noejie/iyioiij,eMy B03AeHCTBHio 
AOÓaBJíaeMbix KOMnoHeHTOB. OaKTop TpaHCKpnmiHH TF m A, 
HeoóxoAHMbíň ajih Toro, htoóh PHK-nojiHMepa3a III TpaHC- 
KpHÓnpoBajia reHbi 5S pPHK, He MOxceT aKTHBHpoBaTb cboh 
reHbi MHineHH in vitro , ecjiH ohh coctoht b KOMiuieKce e rnc- 
TOH3MH. B npHCyTCTBHe CBOÓOAHOH JJfi K (J)aKTOp C({)OpMHpy- 
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B «pdBH0B6CH0M MOAe/lM» BC6 33BMC11T OT COOTHOLJUeHMfl KOHLieHTpaUlMM 6e/IKOBblX <j)aKTOpOB 


B HM3KOÍÍ KOHLieHTpaUMM 


HaXOflBCb B BblCOKOÍÍ 

óe^oK He CBfl3biBaeT flHK: 


KOHUeHTpaUMM, Óe^OK 

ero caŕíT oaaeTCB 


3aHMMaeT cboíí caňT 

CBOÓOflHblM 

100 % ..-----’ 

— Ha flHK 


| 50 % 



X 






KoHueHTpauMfl óe^Ka 

W Y'\A\/ 


-i' .. j(li Cor/iacHO npuHunny paBHOBecnfl, 3aHflTOCTb caíiTa Ha flHK 3aBMcm ot KOHueHTpauMM 
6e/iKa, cnocoÓHoro CBfl3aTbca c 3 tmm caíiTOM 


eT Ha Hen KOMiuieKc TpaHCKpnmjHH, h nocjieAyiomee AOÓaB- 
jieHne thctohob yxce He noMemaeT: reH ocTaHCTCH aKTHBHbiM. 
ĽCJIH (})aKTOp CBH3aJICH CO CBOHM CaHTOM, to HHKy/ja orry^a 
He AeHeTCH; sto no3BOJiHT Hepe^e MOJieKyji PHK-no;iHMepa3bi 
HHHijHHpoBaTb TpaHCKpHmjHio. fljv\ ycnexa TpaHCKpHmjHH 

KpHTHHHO, KaKOH ÓeJIOK — THCTOHbl HJIH (J)aKTOp — OKaXCeTCfl 

Ha flHK nepebiM. 

Ha p Vi l . so. a H3o6paxceHbi ABa rana ycnoBHH, KOTopbie 
Moryr cjioxcHTbca b oyKapHOTHnecKOM npoMOTope. Ecjih 
reH He aKTHBeH, Ha npoMOTope npHcyrcTByioT Hyioieo- 
COMbl, yAepXCHBai011J,He flHK OT CBH3bIBaHHfl C (f)aKTOpOM 
TpaHCKpnnuHH h PHK-nojiHMepa3oň. Kor^a reH aKTHBeH, 
ero npoMOTop OKKynnpoBaH 6a30BbiM annapaTOM TpaHC- 
KpnmjHH, a racTOHOBbie oKTaMepbi AHCCOijHHpoBaHbi. JIio- 
6oe H3 3thx AByx coctohhhh npoMOTopa óy^eT craÓHJib- 


CTpyKTypa xpoMamHa oô/iaAaet cra6njibHocTb»o 



PHK-nojimviepa3a n c|)aKTopbi 
He woryT no/iyHmb flociyn k flHK 








PtóC 30,“ OaKTopbi TpaHCKpnn 4 MM (n PHK-nojiMMepa3a) He MoryT 
CBB3aTbCB c npoMOTopoM, KOTopbiíí cKpbiT b HymieocoMax. ECJIM >Ke 
c|)aKTopbi TpaHCKpnn 4 MM (m PHK-nojiMMepa3a) cBfl3a/iMCb c k3kmm- 
jih6o npoMOTopoM m o6pa30Ba^n Ha HeM CTaówibHbm KOMn/ieKC mhm- 
Hmi\V\\A, 3TOT npOMOTOp y>Ke He/lb3fl CKpbITb B HyKJieOCOMaX 


hmm. noxoxcan CHTyau,HH BbipncoBbiBaeTCfl c KOMnueKcoM 
TF n D Ha npoMOTopax pjm PHK-no;iHMepa3bi II. n.na3MH- 
Aa, coAepxcaman aAeHOBHpycHbin npoMOTop, MO)KeT óbiTb 
TpaHCKpHÓnpoBaHa PHK-no^HMepa3on II in vitro ; peaKuna 
TpeóyeT ynacTHH TF n D h Apyrnx (})aKTopoB TpaHCKpnn- 
u,hh. MaTpnuy moxcho ynaKOBaTb b HymieocoMbi, AOÓaBHB 
b peaKu,Hio racTOHbi. Ecjih AOÓaBHTb CHanajia rHCTOHbi, a 
nOTOM TF n D, TpaHCKpnnUHH HHHIJHHpOBaTbCfl He CMO)KeT. 
Ecjih cHanajia AOÓaBHTb TF n D, to MaTpnija MOxceT 6biTb 
TpaHCKpHÓnpoBaHa npaMO b cocTaBe oKCTpanipoBaHHO- 
ro xpoMaTHHa. TF n D, TaKHM oópa30M, y3HaeT CBOÓOAHyio 
flHK; HyKJieocoMHyio flHK oh jihóo He y3HaeT, jihóo He 
MOxceT c Hen paóoTaTb. fljm HHHijHaijHH TpaHCKpHmjHH 
AOCTaTOHHO, HTOÓbl TF n D BCTpeTHJICB C flHK A O npHXOAa 
THCTOHOB; APyTHe (f)aKTOpbI TpaHCKpHmjHH H PHK-nOJIH- 
Mepa3a Moryr óbiTb AOÓaBjíeHbi noTOM. no-BHAHMOMy, cbh- 
3biBaHHe TF n D c npoMOTopoM 3aKJiaAbiBaeT crpyKTypHyio 
ocHOBy, c KOTopoň yxce Moryr CBH3aTboi ocrajibHbie kom- 
noHeHTbi annapaTa TpaHCKpHmjHH. 

OTMeTHM, HTO CHTyaU,HK) B CHCTeMaX in vitro HCJIb3fl 
npnpaBHHBaTb k ecrecTBeHHOH, nocKOJibKy TaM ncnojib3y- 
iotch Apyrne nponopuHH KOMnoHeHTOB, neM npHcyrcTByioT 
in vivo. r^aBHbíň bmboa h 3 nojiyneHHbix pe3yjibTaTOB b tom, 
hto (paKmopu mpancKpunUfUU unu nymeocoMU Mozym 
o6pa3oeueamb cmaôwibHue cmpyKmypu , xomopue neeo3- 
momho umemwib npoamiM cdeuzoM ôcuícmca ceoôodnux 
KOMnonenmoe. 


30.3 


PeMOAeimpoBaHMe xpoMamHa - 
3 to aKTMBHbiM npouecc 


KmoHeBbie noHaTMa: 


• CymecTByioT óe^KOBbie KOMn^eKCbi peMOfle^MpoBaHMa 
xpoMaTHHa; mx 3HeprocHa6>KeHMe MfleT 3a cneT rnApo/iM3a ATd). 

• KoMn^eKCbi SWI/SNF, RSC n NURF AOBO/ibHo KpynHbie; 
HeKcrropbie cyó-beAHHMAbi y Bcex Tpex KOMrmeKTOB oneHb 
noxo>KM. 

• y KOMľlJieKCOB peMOAe/IMpOBaHMfl HeT CneAMCjjMHHOCTM no 
oTHomeHHK) k KOHKpeTHbiM caíÍTaM Ha flHK; k paóoie Ha 
npoMOTope TaKoíí KOMn^exc npnB/ieKaeTca KOMnoHeHTOM 
annapaTa TpaHCKpnni4nn 


30.3 PeMOAeAupoBaHne xpoMaTHHa - bto aKTMBHbm npouecc 811 
























PMC. 30.3 flMHaMMHecKafl MOAe/ib «TpaHCKpnrmnn xpoMaTMHa» oc- 
HOBaHa Ha ynacTHM 6e/iKOBbix cfiaKTopoB, KOTopbie, ncnojib3yfl 3Hep- 
rwo rnApojiM3a ATO, HapymatOT HyK/ieocoMHyio opraHM3aumo kohk- 
peTHbix noc^eAOBaTe^bHocTeíí flHK 


ľlpouecc HaBeAeHHH H3MeHeHHH b CTpyKType xpoMaTH- 
Ha Ha3biBaiOT pCMO^cjiHposaHHCM xpOMaTHHa. B sto 

noHHTHe bxoaht CMem,eHHe thctohob, Tpeóyiomee 3Hep- 
T03aTpaT. HT 06 bI BblCBOÓOAHTb rHCTOHbl H3 xpOMaTHHa, 
HeOÓXOAHMO pa3pyUIHTb MHOXCeCTBO KOHTaKTOB ÓeJIKOB 
MOKAy coóoh h c flHK, Rím npeKpameHHH sthx KOHTaKTOB 
HyxcHa SHepran. Ha pmc. 30.3 H3o6paxceH npHHijnn ah Ha- 
MHHecKoň moacjih ( dynamic model) cMemeHHa HyKJieo- 
com HeKHM cfjaKTopoM, rHApojiH3yiomHM ATO. KorAa rnc- 
TOHOBbíň OKTaMep noKHAaeT flHK, c Hen Moiyr CBjmTbCfl 
Apyrne óejiKH (b a^hhom cjiynae, cfjaKTopbi TpaHCKpnnijHH 
h PHK-noAHMepa3a). 

Ha pmc. 30.4 npHBeAeHbi cxeMbi Tpex thíiob peMOAejin- 
poBaHHH, KOTopbie MOiyr 6biTb BOcnpoH3BeAeHbi h oxapax- 
TepH30BaHbi in vitro : 

• ľHCTOHOBbie OKTaMepbl MOiyr CKOJIb3HTb BAOJIb flHK, 
CO CABHľOM HyKJieHHOBOH KHCJIOTbl OTHOCHTeJIbHO 
MaccHBa óejiKOB. 3to MemieT pacnojioxceHHe kohk- 
peTHbix nocAeAOBaTeAbHOCTeň flHK Ha noBepxHOCTH 
HyioieocoM. 

• npOCBeTbl MOKAy THCTOHOBblMH OKTaMepaMH MOiyr 
MeHHTbCH, OnHTb XCe C TeM pe3yjIbTaTOM, HTO n03HIJHH 
KOHKpeTHbix nocAeAOBaTeAbHOCTeň flHK oraocHTejib- 
HO ÓeJIKOB CTaHOBHTCH APyTHMH. 

• CaMoe aKCTeHCHBHoe peMOAejiHpoBaHHe — sto nojmoe 
CMemeHne OAHoro hjih HecKOJibKHX oKTaMepoB c flHK, c 


o6pa30BaHHeM npoóejia b HyiuieocoMHOH opraHH3au,HH 
(to ecTb ynacTKa flHK, CBOÓOAHoro ot HyioieocoM). 
PeMOAeAHpoBaHHe xpoMaraHa nauje Bcero npHMemi- 
eTca b npoMOTopax reHOB, npeAHa3HaneHHbix jyw. TpaHC- 
KpHnijHH. Oho, Kax npaBHjio, hcoóxoahmo, htoóm annapaT 
TpaHCKpnnuHH CMor nojiynHTb Aocryn k npoMOTopy. PeMO- 
AejinpoBaHHe xpoMaraHa MoaceT noTpeóoBaTbca h b Apyrnx 
cjiynaax, HanpHMep npn penapaijHH noBpexcAeHHOH flHK. 

CaMbíň pacnpocTpaHeHHbíň Bapnam peMOAejiHpo- 
BaHHH — sto CMem,eHHe c flHK OAHoro hjih HecKOJibKnx 
THCTOHOBblX OKTaMepOB. HTO TaKOe COÓbITHe np0H30IIUI0, 
MOXCHO 3aMCTHTb nO H3MeHCHHK) naTTepHa «JieCTHHU,bI» 
Ha 3JieKTpoc{)operpaMMe flHK (toh oójiac™, rAe OHa jih- 
uiHJiacb HyioieocoMHOH «npoTeKijHH») nocjie pacmeiuie- 
hhh xpOMaTHHa mhkpokokkoboh HyKJiea3oň. B npoóejie 
cboóoahoh flHK, KOTopbíň npn stom B03HHKaeT nocpeAH 
MaccHBa -wyioieocoM, HepeAKO moxcho oÓHapyxorrb caňT, 
ranepHyBCTBHTejibHbiH KflHKa3e I (cm. pa3A. 29.18 «CaňTbi, 
rHnepHyBCTBHTejibHbie KflHKa3e, Kax HHAHKaTopbi H3MeHe- 
HHH B CTpyKType XpOMaTHHa»). 

HHorAa peMOAejinpoBaHHe xpOMaTHHa He CTOJib «Apa- 
MaTHHHO» H 3aKJIK)HaeTCH, HanpHMep, B CABHre pOTaU,HOH- 
HOľO n03HU,H0HHp0BaHHH OAHOH-eAHHCTBCHHOH HyKJie- 
ocoMbi. 3 to H3MeHeHHe mo)kho 3acenb no «pa3MbiBaHHio 
JieCTHHUbI» C UiarOM B 10 OCHOBaHHH, OÓblHHO B03HHKai0- 
meň npn oópaóoTKe HyKjieocoMbi flHKa30H I. TaKHM oópa- 
30 m, cneKTp H3MeHeHHH cTpyKTypbi xpOMaTHHa (b paMKax 
peMOAejinpoBaHHH) AOCTaTOHHO innpoK: ot Heéojibnioro 
CABHra b pacnojioxceHHH HyicneocoM(bi) ao nojiHoro hc- 
mnoneHHH HyioieocoM c ynacTKa flHK. 

PeMOAejinpoBaHneM xpOMaTHHa 3aHHMaiOTCH óojibmne 
óejiKOBbie KOMnjieKCbi, ncnojib3yioiij,He thapojih3 ATO jyw 
oóecneneHHH HeoóxoAHMon SHeprnH. ATOa3Haa cyÓTeAH- 


PeMOAejiMpoBaHMe xpowaTHHa - sto BHeceHMe w3MeHeHHM 
b HyxiieocoMHyio opraHM3auMto AHK 



PMC. 30.4 KoNin/ieKCbi peMOAejiwpoBaHMfl MoryT 3acTaBMTb HyK/ie- 
OCOMbl «CKOJlb3HTb» BAOJIb 0 HM TaK>Ke MOľyT AGMOHTHpOBaTb 

oTAe/ibHbie HyK^eocoMbi hjih KoppeKTwpoBaTb pa3Mep Me>KHyKJieo- 
COMHblX MHTepBa/lOB (CBfl3yiOlAMX cerMeHTOB l\HK) 


812 MABA 30 KoHTpoAb CTpyKTypbi xpOMaTHHa 



















HHu,a — sto, bo Bcex CMbiaiax, ueHTpajibHaa nacra Taxo- 
ro KOMruieKca. KoMnjieKCbi peMOAejiHpoBaHHa xpoMaraHa 
KnaccH(J)H 4 HpyK)T no rany ATOa3Hon cyó'beAHHHijbi: kom- 
n/ieKCbi, y KOTopbix ara cyó'beAHHHijbi noxoxcn, othocht k 
OAHOMy ceMencTBy. Oómhho y Taxnx «poACTBeHHbix» kom- 
njiexcoB n HexoTopbie Apyrne cyó'beAHHHijbi Toxce oómne. 
PÍ3 TaÓJIHIJbl Ha PMl. 31 5 HBCTByeT, HTO RB2. OCHOBHblX THna 
KOMnjieKCOB — sto SWI/SNF n ISWI (hto 03HanaeT «HMHTa- 
u,hh SWI»). B ApoxoxeBbix KneTKax npncyrcTByeT abc pa3HO- 
bhahocth KOMnjiexca SWI/SNF n Tpn pa3HOBHAHOcra kom- 
njiexca ISWI. KoMrniexcbi oóonx TnnoB ecTb Taioxe y Myx n 
y jnoAen. Kax<AOMy rany KOMnjieKCOB npncynj, cboh Haóop 
peMOAejinpyK)ii],HX axraBHOCTeH. 

KoMnjieKc SWI/SNF OTKpbuin nepBbiM. Ero Ha3BajiH 
«SWI/SNF», noTOMy hto MHorne H3 ero cyó'beAHHHij, koah- 
pyiOTca reHaMH, KOTopbie y ApoxoKen S. cerevisiae npe)KAe 
HAeHTH(})HĽI l HpOBaJIHCb B KaHeCTBe HOCHTe^en MyTaU,HH 
SWI hjih SNF. 3ra MyTaunn njienoTponHbi n no Haóopy 
BbI3bIBaeMbIX AC(j)eKTOB nOXOXCH Ha MyTaHTOB, y KOTOpblX 
yTpaneH C-xoHijeBOH aomch (hjih «C-KOHijeBOH xboct») 
PHK-no;iHMepa3bi II. KpoMe Toro, MyTaunn b SWI h SNF 
reHeranecKH B3anMOAencTByiOT (cynpeccnpyioTCH)MyTa 
U.HHMH B reHaX, KOAHpyiOIAHX KOMnOHeHTbl xpoMaTHHa, 
a HMeHHO SINÍ (KOAnpyeT HerncTOHOBbin óejiox) n S1N2 
(KOAnpyeT thctoh H3). npoAyKTbi reHOB SWI h SNF Tpe- 
óyiOTca /yia 3KcnpeccHH reHOB bo MHOxcecTBe jioxycoB 
(Bcero, npn hx HHaxraBauHH, cTpa^aeT 3KcnpeccHfl -120, 
hjih 2%, reHOB S. cerevisiae ), r/je KOMnjiexc SWI/SNF boc- 
TpeóoBaH xax ynacrann peMOAejinpoBaHHa xpoMaTHHa Ha 
npoMOTope hjih b ero oKpecraocTax. 

KoMnjiexc SWI/SNF KaTajiHranecxn aKTHBeH in vitro ; b 
ApoxoxeBon KJieTKe HacHHTbiBaeTca Bcero jinuib -150 Taxnx 
KOMnjieKCOB. KaxcAbin H3 reHOB, KO/jHpyiomHX cyó'beAHHH- 
Ubi SWI/SNF, caM no ceóe He npHHunnnajieH pjm bhxch- 
BaHHH KJieTKH; HTO TOBOpHT O CyiH,eCTBOBaHHH APyTHX ľiy- 
Teň peMOAejiHpoBaHHH xpoMaTHHa y Apo^cen. KoMnjiexc 
RSC (remodels the structure of chromatin; «peMOAejinpyeT 
CTpyKTypy xpoMaraHa») npeACTaBJíeH y Tex xce ApoxoKen 
oÓHjibHee, neM SWI/SNF. KoMnjiexc RSC AencTByeT b -700 


KoMn/iencbi peMOAeuHpoBaHHfi 6biBaiOT Hectco/ibKiix mnoB 


Turí KOMruieKca SWI/SNF ISWI Apy™e 
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PMC. 30.5 KoMnaeKCbi peMOAe/iupoBaHMfl mowho K/iaccn())miMpo- 
BaTb no dpoeHmo ATOa3Hoíí cyó-beAMHHAbi 


jiOKycax-MHmeHHX. OTcyTCTBne b mierae jnoóoro H3 onn- 
caHHbix KOMnjieKCOB jieTajibHO. 

KoMnjieKCbi SWI/SNF cnocoÓHbi peMOAejinpoBaTb xpo- 
MaraH in vitro jihóo 6e3 noTepn thctohob, jihóo CMemaa 
c /(HK rncTOHOBbie OKTaMepbi. B peaKunax oóohx ranoB 
H3MeHeHHe CTpyKTypbi OKTaMepa npoxoAHT nepe3 oahh h 
TOT xce npOMOKyTOHHblH 3Tan, KOTOpblH MOXCeT BbUIHTbCfl 
jihóo b nepeoc})opMJieHHe HyioieocoMbi Ha toh xce caMOH 
MOJiexyjie /(HK, jihóo b CMemeHHe rncTOHOBoro OKTaMepa 
Ha Apyryío MOJiexyjiy /(HK. KoMnjieKc SWI/SNF HHAyunpyeT 
H3MeHeHHH B KOHTaKTaX 6eJIOX-/(HK, HTO COnpOBOJKAaeTCH 
H3MeHeHHHMH HyBCTBHTeJIbHOCTH K /(HKa3e I. 3™ H3MeHe- 
hhh ocTaiOTca b CHjie h nocjie Toro, xax KOMnjieKc noKHHeT 
HyKjieocoMy. Cyó'beAHHHua Swi2 — sto ATOa3a, CHaóxcaio- 
maa KoMnjieKc aHeprnen. 

MexcAy /(HK h rncTOHOBbiM oKTaMepoM b jiioóoh Hyx- 
jieocoMe cyui,ecTByeT MHOxcecTBO KOHTaKTOB. ľlpn aHajiH3e 
KpHCTaJIJIHHeCKOH CTpyKTypbl TaKHX KOHTaKTOB oÓHapyxcn- 
BaeTca neTbipHaAuaTb. Htoóh OKTaMep Mor ocBoóoAHTbca 
hjih nepeABHHyTbca b Apyroe nojioxceHHe, Bce ara KOHTax- 
th HeoóxoAHMO pa3opBaTb. Kax ace 3Toro AOÓHTbca? He- 
KOTopbie oneBHAHbie MexaHH3Mbi cjieAyeT HCKJiiOHHTb H3 
paccMOTpeHHH, noTOMy hto mh 3HaeM, hto bo BpeMH pe- 
MOAejinpoBaHHH xpoMaTHHa OAHOuenoneHHaH /(HK He oó- 
pa3yeTca, h HHKaxon xejiHKa3HOH aKTHBHoera c KOMnjiex- 
caMH peMOAejiHpoBaHHH xpoMaTHHa He accouHHpoBaHo. 
CoBpeMeHHaa Tonxa 3peHHH coctoht b tom, hto peMOAe- 
jinpyioiAHe KOMnjiexcbi ceMencTB SWI/SNF h ISWI Hcnojib- 
3yiOT rHApojiH3 ATO AJifl BpameHHH RHK m noBepxHoera 
HyioieocoMbi. Ecra xocBeHHbie CBHAeTejibCTBa Toro, hto sto 
C03AaeT MexaHHHecxyio cnjiy, noMoraiomyio HeóojibinoMy 
cerMeHTy flHK BbiCBOÓOAHTbea c noBepxHoera HyxjieocoMbi 
h noMeHHTb CBoe nojioxceHHe. 

OAHa H3 BaxcHbix peaxuHH, npoBOAHMbix KOMnjiexcaMH 
peMOAejinpoBaHHH, co3AaeT acjjcjjeKT cKOJibxceHHH HyKjieo- 
com. Bbuio ycTaHOBJíeHO, hto KOMnjiexcbi ceMencTBa ISWI 
MoryT H3MeraTb no3HUHOHnpoBaHHe HyxjieocoM óe3 ot- 
pbiBa rncTOHOBbix oKTaMepoB ot AHK: ohh ABHXcyTca BAOJib 
Hee, ÓJiaroAapa neMy peaxuHio Ha3BajiH peaxuHen cxojibxce- 
HHa. CxojibxceHHe moxcho 3anperaTb, yAajiHB y thctohob H4 

HX N-KOHUeBbie «XBOCTbI» (HO (J)yHKUH5I «XBOCTOB>> B AaHHOM 
cjiynae aohoajihhho He H3Becraa). KoMimeKCbi SWI/SNF 
Toxce MoryT 3acTaBHTb HyKjieocoMy noMeHara nojio)KeHHe 
oraocHTejibHO nocjieAOBaTejibHOCTH Jl HK; peaxuHio moxcho 
npeAOTBparaTb BHeceHHeM b H HK óapbepa, hto CBHAeTejib- 
CTByeT OÓ HCTHHHOM CKOJIbXCeHHH, npn KOTOpOM THCTOHO- 
Bbin OKTaMep ABHJKeTca no RHK óojiee hjih MeHee paBHO- 
MepHO, He Tepaa c Hen xomaKTa. 

Oahoh H3 3araAOK b paóoTe SWI/SNF HBJíaiOTca pa3Me- 
pbi KOMnjieKca. B HeM OAHHHaAuaTb cyó'beAHHHu, oóuj,eH 
MOJieicyjiapHOH Maccon -2 x 10 6 . PHK-nojiHMepa3a h Hyx- 
jieocoMbi OTKpoBeHHO MejiKH no cpaBHeHHio co SWI/SNF, 
h TpyAHO ceóe npeACTaBHTb, xaxHM oópa30M MHoacecTBy 
KOMnoHeHTOB KOMnjiexca yAaeTca B3aHMOAencTBOBaTb c 
/(HK, 3a(f)HKCHpOBaHHOH Ha nOBepXHOCTH HyKJieOCOMbl. 
riojiHOCTbio aKTHBHbíň KOMnjiexc TpaHCKpnnuHH, Ha3BaH- 
HbiH «xojioc{)epMeHTOM PHK-nojiHMepa3bi II», coAepxcHT 
caMy nojiHMepa3y, Bce 4)aKTopbi TF„ (xpoMe TBP h TF n A), 


30.3 PeMOfle/iMpoBaHne xpoMaTHHa - bto aKTMBHbm npoLiecc 813 










a TaiOKe xoMmiexc SWI/SNF, accouHHpoBaHHbin c C-koh- 
ueBbiM xboctom no;iHMepa3bi. Ha npaxraxe, Becb x/ieTon- 
Hbíň 3anac xoMmiexca SWI/SNF mo>kho sxcTparnpoBaTb 
b cocTaBe npenapaTOB xojiocf)epMeHTa. 3 to, b HacraocTH, 
03HanaeT, hto peMOAejinpoBaHne xpoMaTHHa h y3HaBaHne 
npOMOTOpOB TpaHCKpHnUHH npOH3BOAflTCfl eAHHbIM óea- 
KOBblM KOMnjieKCOM. 


30.4 


HyxjieocoMHafl 
opraHM3auMA npoMOTopa 

MONteT 6blľb HeaaHflapTHOH 


% 


fOuoneBbie rohat m: 


• ripHB/ieneHneM KOMn/ieKCOB peMOfle/iMpoBaHmi k paóoie HaA 
M3MeHeHneM cipyKTypbi xpoMaimna 3aHMMaiOTca aKTMBaiopbi 
TpaHCKpnn4MM, KOTOpbie Cnei4M(J)MHHbl no OTHOlUeHMK) K 
npoMOTopaM. 

• KaKTo^bKO peMOfle/iMpyioiMMíí KOMn/iexc CBJBajica c 
npoMOTopoM, (JjaKTop, npnB/ieKÍiJMÍí ero TyAa, MO>KeT 6biTb 
CBOÓOfleH. 

• fl/ifl Toro HTOÓbi aKTMBaiop TpaHCKpnni4nn cMor CBfl3aTbCfl c 
flHK b npoMOTope MMTV, Tpeóyeica M3MeHHTb poiaLiMOHHoe 
no3nunoHnpoBaHne oahoíí m 3 HytuieocoM. 


Kax npoHexoAHT HauejiHBaHHe óejixoBbix KOMruieKCOB 
peMOACJIHpOBaHHH xpoMaTHHa Ha KOHKpeTHbie CaHTbl? 
CaMH KOMruieKCbi He coflepacaT cyó'beAHHHu, cneijH(f)HH- 
HblX K KOHKpeTHbIM nOCJieAOBaTeJIbHOCTHM flHK. B ro;io- 
By npnxoAHT MOAejib, H3o6pa^ceHHaa Ha pmc. 30.6: htoóh 
KOM njieKc peMOAejinpoBaHHfl paóoTaa Ha npoMOTope, ero 
pexpyrapyiOT (cJ)H3HHecKH npnBJíexaiOT TyAa) Apyrne óea- 
kh — aKTHBaTopbi jihóo, hto Toace óbiBaeT, penpeccopbi 
TpaHCxpnnijHH. 

YnacTHe xoMnjiexcoB peMOAejinpoBaHna xpoMaTHHa b 
aKTHBauHH renoB óhjio OTKpbiTO nepe3 H3yneHne cf)axTopoB 
TpaHCKpnnuHH, Hya<AaK)mHxcfl b sthx xoMnjiexcax, htoóh 
aKTHBHpoBaTb cboh reHbi- MHineHH. Oahhm H3 nepBbix npn- 
MepoB óbui (J)aKTop GAGA, axTHBnpyiomHH in vitro npoMO- 
Top hsplO D. melanogaster. CBH3biBaHHe GAGA c neTbipbMa 
(CT)„-6oraTbiMH caňTaMH npoMOTopa BHAOH3MeHaeT Hyx- 
jieocoMHyio opraHH3auHio, C03AaeT rHnepHyBCTBHTejibHbin 
caňT h no3Hu,HOHHpyeT HyxaeocoMbi Ha cmokhhx ynacT- 
Kax. BMemaTeAbCTBO b HymieocoMHyio opraHH3aijHK) — sto 
3Hepro3aBHCHMbiň npouecc, xoTopbin óbui 6bi HeB03M0>xeH 
6e3 ynacTHH peMOAejinpyiomero KOMnjieKca NURF. B pe- 
3yAbTaTe AeaTejibHOCTH NURF b noc/ieAOBaTe/ibHOCTH flHK 
B03HHKaeT rpaHHua, 3aAaK)m,aa no3mjHH HyxaeocoM Ha 
cmokhhx ynacTxax. TeM BpeMeHeM cf)axTop GAGA CBH3biBa- 
eT flHK no cbohm caHTaM-MHineHHM; npncyTCTBHe Ha flHK 
(})aKTopa GAGA (J)HKcnpyeT xpoMaraH b peMOAejinpoBaH- 

HOM COCTOflHHH. 

B3aHMOAencTBHe xoMnjiexcoB peMOAejinpoBaHHa c 
(})aKTOpaMH TpaHCKpnnUHH — STO KJIIOH K nOHHMaHHK) 
hx modus operandi Y Apoaoxen (J)aKTop Swi5 axTHBnpy- 
eT jioxyc HO. 3aMeTHM, hto Swi5 He bxoaht b xoMmiexc 
SWI/SNF. B KOHue MHT03a cf)axTop Swi5 nonaAaeT b HApo 


h CBH3biBaeT TaM npoMOTop HO. 3aTeM Swi5 pexpyrapy- 
eT SWI/SNF h noKHAaeT npoMOTop, ocTaBHB Ha HeM SWI/ 
SNF. 3to 03HanaeT, hto (})aKTop TpaHcxpHnijHH MoaceT 
aKTHBHpoBaTb npoMOTop no npnHqnny «yAapb h 6ern», 
coraacHO KOTopoMy (J)aKTop BbinojiHHji cboio paóoTy, Kax 
TOJibKo KOMnjieKc peMOAeanpoBaHHa xpoMaTHHa CBfl3ajica 
c npoMOTopoM. 

Oahhm H3 nepBbix peryjiaTopHbix xomypoB, jym koto- 
pbix óbuio noxa3aHO, hto b aKTHBaumo reHa BOBJíeneHO H3- 
MeHeHne b HyKJieocoMHon opraHH3auHH ero npoMOTopa, 
óbma CHCTeMa PHO. C npoMOTopoM PH05 accouHHpoBaH 
(J)aKTop rana bHLH (aomch co CBOHCTBaMH ocHOBaHHa, 
npHMbixaioiAHH k cTpyKType «cnnpajib-neTJifl-cnHpajib»), 
Ha3biBaeMbin PH04. OaKTop PH04, b OTBeT Ha HexBaTKy 
(J)oc(})aTa, HHAyUHpyeTycTpaHeHne c npoMOTopa PH05 ne- 
Tbipex TOHHO n03HIJH0HHp0BaHHbIX HymieocoM. 3 tot 3(j> 
(J)eKT He3aBHCHM ot TpaHCKpnnqHH (nocKOJibxy tohho Tax 
ace npoHexoAHT y MyTamoB TATA~) h He3aBHCHM ot pen- 


KoMnjieKcaM peMOAe/mpOBaHHR Heo6xoAHMo 
nOCpeAHMHeCTBO (paKTOpOB TpaHCKpMnAMM 


1. OaKTop CBA3biBaeT KOHKpemyK) 
noc/ieflOBaie^bHOdb AH K 
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2. Kown^eKC peMOfle^MpoBaHMB cBB3biBaeTCB 






PMC. 30.6 KoNin/ieKC peMOAe/iupoBaHMfl CBB3biBaeTCfl c xpoMaTMHOM 
nepe3 aKTMBaiop (nnn nepe3 penpeccop) 


814 MABA 30 Kompo/ib cipyKTypbi xpoMaTMHa 










jíHKauHH. B npoMOTope PH05 ecTb Aea caňTa CBH 3 biBaHHH 
PH04. Oahh H3 hhx pacnojioaceH Mexcfly nyioieocoMaMH n 
MOXeT 6bITb CBfl3aH H30JlHp0B3HHbIM ,H,HK-CBfl3bIBaK>LU,HM 
AOmchom PH04. flpyroň caflT HaxoflHTca b HyioieocoMe, 
rfle PH04 ero He y3HaeT. Pacmennenue stoh HyioieocoMbi, 
Aaromee PH04 B03MO)KnocTb cBH3aTbca co btopmm cbohm 
caňTOM, HeoôxoAHMO fl/m aKTHBau,HH reHa. Htoôm BTopoe 
CBH3biB3HHe npoH3onuio, TpeóyeTca npHcyTCTBHe Apyroro, 
aKTHBHpyiomero TpaHCKpunumo, flOMeiia PH04. floMen- 
3KTHB3TOP B ÓCJIKC PH04 M05KH0 33MCHHTb aHanOľHHHblM 
Aomchom Apyroro (JiaKTopa TpaHCKpHnuHH, VPI 6: pa3Ba;i 
HyKfieocoM npoňfleT c Toň xce eneuHtfíHHHOCTbio. 3to 03- 
HanaeT, hto npnue/ibHbíň pa3Baji HyioieocoMHoň opraHH- 
3auHH Ha npoMOTope PH05 oóecnenHBaeTCH 6ejioK-6eji- 

KOBblMH B33HMOfleňCTBHHMH, B KOTOpblX ynaCTByCT TOT XCe 
flOMeH (JjaKTopa, KOTopbifi 3aTeM aKTHBHpyeT TpaHCKpun- 
UHio: Toa<e nepe3 o6pa30BaHHe 6e;i0K-6e;iK0Bbix koht3k- 
tob, ho yxce He c komiuickcom peMOflejiHpoBaHHH xpoMa- 
THHa, a c coóctbchho annapaTOM TpaHCKpHnuHH. KaKoň 
HMeHHO H3 KOMnjieKCOB peMOflejlHpOBaHHfl 33HHMaeTCH 
STHM npOMOTOpOM, He H3BCCTHO. 

MacniTaÔHoe oócjieflOBaHne ApoxoKCBoro reHOMa Ha 
npeflMeT pacnojiO/KeHna HymieocoM noKa3aiio, hto 6o;ib- 
UIHHCTBO eaflTOB CBH3bIBaHHfl CjľiaKTOpOB TpaHCKpHnuHH OT 
HyKfieocoM CBOÔOflHO. ľlpOMOTOpbl flJIfl PHK-nO/lHMepa3bI 
II, KaK npaBHJio, hmciot ynacTOK -200 nH, cboôoahmh ot 
HymieocoM h HaxoflamHfiai Bbiiue tohkh cTapTa TpaHC¬ 
KpHnuHH. 3TOT ynaCTOK (J)JiaHKHpOB3H n03HUH0HHp0BaH- 
HblMH HyKJieOCOMaMH. 

HHHIÍHaUHB TpaHCKpHnUHH He 06fl3aTenbH0 flOJDKHa 
conpoBOKflaTbca HCionoHeHHeM HyioieocoM. HeKOTopbie 
3KTHBaTOpbI MOryT CBH 33 Tb /I,HK Ha HOBepXHOCTH HyK- 
jieocoMbi. 3AeMeHTbi HRE (coKpameHHe ot aHľAHňcKoro 
“hormone response element”) — sto ynacTKH /)HK, npn- 
cyrcTByioiitHe b npoMOTopax HeKOTopbix reHOB: nepe3 
HHX HAeT KJieTOHHblH OTBCT Ha CTHMyAflUHÍO (CTepOHfl- 
hhm) ropMOHOM. B HeKOTopbix HRE HyioieocoMbi no 3 H- 
UHOHHpOBaHbl CO BCeň B03M05KH0H TOHHOCTblO, TaK HTO 
peuenTopbi cTepoHflHbix topmohob hmciot rapaHTHpo- 
B3HHbIH flOCTyn K CaňTaM CBH3bIBaHHH. CBH3bIB3HHe pe- 
uenTopa c flHK moxcct noBJíHHTb Ha ee B3aHMOfleficTBHe c 
THCTOH3MH H flaXCe nOBJICHb 3a COÔOH OTKpbIB3HHe HOBblX 
caňTOB CBfl3biB3HHfl. ToHHoe no3HUHOHHpoB3HHe Hymie- 
ocom b stom cjiynae motkct TpeóoBaTbca jihóo ajih «npe- 
3eHTaUHH» ,ZI,HK B KOHKpeTHOfi pOTaUHOHHOH c[sa3e, JIHÔO 
flJIfl 6e^OK-6ejIKOBbIX B3aHMOfleňCTBHň Me>Kfly 3KTHB3TO- 
p3MH H THCTOHaMH (HJIH flpyľHMH KOMnOHeHT3MH XpO- 
MaTHHa). TaKHM oôpa30M, mm yxe hcmhoto otoui/ih ot 
BHfleHHH XpOM3THHa HCKJHOHHTe/IbHO KaK penpeccHBHOH 
CTpyKTypbl H npH6jIH3HJIHCb K paCCMOTpeHHIO XpOM3TH- 
Ha KaK HHTepaKTHBHOH C(J)epbI AeHCTBHH aKTHB3TOpOB 
TpaHCKpHnuHH. 

OflHH H3 npOMOTOpOB, HyxAaiomHxai B CneUH(f)HHeC- 
koh HyioieocoMHOH opraHH3auHH, — sto npoMOTop MMTV 
BHpyca. HymieoTUfluaH nocjieflOBaTenbHOCTb npoMOTopa 
MMTV coflepxHT MaccuB H3 mecra h3CThhho nanHHApoM- 
HblX eaflTOB, Ka>KflbIH H3 KOTOpblX CBH3bIBaeTCH OflHHM flH- 
MepoM peuenTopa ropMOHa (hormone receptor, HR). Bce 


BMeCTe 3TH CaHTbl COCTaB/IHK3T SJieMCHT HRE. KpOMe TOTO, 
b npoMOTope MMTV ecTb oahhohhmh caflT CB«3biBaHHH 
cjjaKTopa NF1, a no eoeeflCTBy — ABa caňTa jyw (Jjaicropa 
OTF. PeuenTop ropMOHa HR h (Jjaicrop NF1 He Moryr oa- 

HOBpeMeHHO CBH33TbCH CO CBOHMH CaHT3MH Ha CBOÔOAHOH 
(6e3HyKneocoMHoň) flHK. Ha P n c. 30.7 noKa3aHO, KaK npH 
noMontH HymieocoMHOH opraHH3auHH KompojrapyeTCH 
CBH3bIBaHHe (JiaKTOpOB c npOMOTOpOM MMTV. 

ByAyHH 3KTHBHpOB3H TOpMOHOM, HR nOKpbIBaeT 
cboh caňTbi, ho He oôecneHHBaeT 3antHTbi npoMOTopa ot 
MHKpOKOKKOBOH HyiOiea3bI (CaHTbl ))HK, HyBCTBHTeJIbHbie 
k STOMy cfiepMemy, pacno^oaceHM no KpasM Hyioieoco- 
Mbl). 3TO ľOBOpHT O TOM, HTO HR CBfl3bIBaeTCfl C flHK Ha 
noBepxHOCTH nymieocoMbi. Oah3ko ao npoBeAeHHH cth- 
MyJIBUHH ropMOHOM pOTaUHOHHOe n03HUH0HHp0B3HHe 
/(HR Ha noBepxHOCTH HyioieocoMbi A03B0^aeT AOCTyn 
nHUIb K AByM CaňTaM CBH3bIBaHHH HR. HTOÔbl AHMepbl 
HR MorjiH CBH3aTb b HRE eiue ABa caňTa, TpeôyeTca H3- 
MeHHTb pOTaUHOHHOe n03HUH0HHp0B3HHe STOH HyKJieO" 
eoMbi. M3MeHeHHe motkho ACTeKTHpoBaTb no noHB/ieHHio 
caňTa, HyBCTBHTejibHoro k Hymiea3aM, pobho no pempy 
HyioieoeoMbi (KaK pa3 noeepeAHHe s^eMema HRE). OaK- 
Top NF1 (footprint) Ha HyioieoeoMe TonbKo noe^e cth- 
MyjuiuHH ropMOHOM. no Bceň bhahmocth, CTpyKTypHbie 
H3MeHeHHB, oóyc^OR/ieHHbie CBH3biBaHneM HR, enocoôc- 
TByiOT CBH3bIBaHHIO NF1. OTH3CTH STOT StJxJjeKT MOXCeT 
OÔTjBCHHTbDI CHHTHCM CTepHHeCKOľO npenHTCTBHH, eC^H 
HR co3AaeT 3arpoMo>KAeHHe h npemtTCTByeT cBH3biBa- 
hhk) NF1 co CBOÔOAHOfl flHK, ho He c flHK b cocTaBe 
HyioieoeoMbi. 



PMC. 30.7 PeĽiemop ropMOHa n <})aKTop TpaHCKpnnmni NF1 He mo- 
ryT oflHOBpeMeHHo cBA3aTb npoMOTop MMTV, ecjiM oh HaxoflMTCfl b 
tjjopMe HMHeMHOM flHK 6e3 btopmhhom crpyKTypbi. HyoeocoMHafi 
opraHM3auMíi flHK npoMOTopa MMTV peuiaeT 3Ty npoó^eMy 


30.4 HyK/ieocoMHan opraHH3aunfl npoMOTopa MOweT ôbiTb HecraHflapTHOň 815 








30.5 


«XBOCTbl» mCTOHOB COAepMOT MHOrO CaífTOB MOAM(|)MKai4HM 


MoflM(|)MKaUMfl mCTOHOB 
KaK KJIIOMeBOÍÍ (JjaKTOp 
M3MeHeHMB CTpyKTypbl 
XpOMaTMHa 


KmoneBbie noHíumí: 


• ľMCTOHbi noA/ie>KaT MOAncfíMKaAnn M6TMjiMpoBaHM6M, 
aUeTM/lMpOBaHkíeM MJ1M (})OC(})OpMJlMpOBaHMeM. # 

3KcnpeccHpyeTCH reH hah hct, 3aBHCHT ot CTpyKTypbl 
xpoMaTHHa h b oÓJiacTH npoMOTopa, h b OKpy>KaK)m,eM 
XpOMOCOMHOM ROMtHC. CrpyKTypa xpoMaTHHa MOXCeT 
peryAHpoBaTbca KaK OT/jeAbHbiMH coóhthhmh aKTHBa- 
U,HH, TaK H H3MeHeHHHMH, 3aTparHBaiOIHHMH OÓllIHpHyiO 
OÓAaCTb XpOMOCOMbl. CaMbie AOKaAbHbie COÓbITHfl H3Me- 
HeHHH CTpyKTypbl xpoMaTHHa KacaiOTca AHinb OT/jeAbHO 
B3HToro reHa-MHineHH, TOHHee, HyícneocoMHOH opraHH- 
3auHH ero npoMOTopa h/hah ÓAracaniiiHX oKpecraocTeH 
npoMOTopa. B Apyrnx CAynaax H3MeHeHHA MoryT 3aTpo- 
HyTb 6ojiee oóniHpHyio oÓAacTb, BnjiOTb a o ijejioň xpo- 

MOCOMbl. 

CTpyKTypHbie H3MeHeHHA, oxBaTbiBaiomHe oóiiiHpHyio 
oÓAacTb reHOMa, KompojiHpyioT noTeHijHaAbHyio B03- 
MOACHOCTb SKCnpeCCHH reHOB B 3TOH OÓJiaCTH. TepMHHOM 
yMOJiKaHHe (caraeHCHHr) noAb3yiOTCfl, htoóm o6o3Ha- 
HHTb penpeCCHK) aKTHBHOCTH reHOB B HeKOTOpOH AOKaAb- 
hoh oÓJiacTH xpoMocoMbi. TepMHH «rerepoxpOMaTHH» 
HCnOJIb3yiOT /yiH 0603HaHCHHA XpOMOCOMHblX OÓAaCTeň, 
OÓllIHpHblX HaCTOJIbKO, HTO HX MOACHO HaÓAIOAaTb no/j 
MHKpOCKOnOM KaK (J)OpMaUHK) C OCOÓO KOMÍiaKTHOH CTpyK- 

Typoň. 06a rana h 3 mchchhh (yMOAKaHHe hah nepexo/j b 
reTepoxpoMaTHH), no cyra, o/jho h to xce. Ohh oóycAOBAe- 
Hbl TeM, HTO C XpOMaTHHOM CBH3bIBaiOTCH AOnOAHHTeAbHbie 
ÓeJIKH H, npHMO HAH KOCBCHHO, MeiliaiOT (J)aKTOpaM TpaHC- 
KpnnuHH h PHK-noAHMepa3e aKTHBHpoBaTb npoMOTopbi b 
A aHHOH OÓAaCTH. 

PiHHUHHpyeTCH HAH HCT TpaHCKpHniJHfl KOHKpeTHOľO 
reHa, 3aBHCHT ot h 3 mchchhh (aKTHBHpyiomHX ah 6 o pen- 
peCCHpyi011J,HX) COCTOAHHA eľO npoMOTopa. 3TH H3MCHeHHA 
3aBHCHT OT B3aHMOAeHCTBHfl THCTOHOB C ApyTHMH ÓeAKaMH 
H C Jl HK. H3MeHeHHA B CTpyKType xpoMaTHHa HHHIJHHpy- 
KDTCH MOAH(J)HKaUHeH N-KOHIjeBbIX «XBOCTOB» B MOAeKyAaX 
rHCTOHOB, B OCOÓeHHOCTH H 3 H H4. «XBOCTbI» COCTOHT H3 
15-30 aMHHOKHCAOT N-kohľ^boh oÓAacTH KaxcAoro H3 ne- 
rapex thctohob cepAueBHHbi; y racroHa H2A TaKon «xboct» 
ecTb TaiOKe Ha C-KOHije. «XBOCTbi» H2B h H3 nponymeHbi 
MOK/iy CBepXCnnpaAbHblMH BHTKaMH HyKAeOCOMHOH flHK 
(cm. pne. 29.21 b pa3A. 29.7 «OpraHH3au,HH rncTOHOBoro ok- 
TaMepa). Ha pmc. 30.8 noKa3aHO, KaK sto «xboc™» Moryr 
6biTb MOAH(j)H4HpoBaHbi no HecKOAbKHM caňTaM nocpe/jc- 

TBOM MeTHAHpOBaHHH, aijeTHAHpOBaHHfl HAH ({)OC(f)OpHAH- 
pOBaHHH. flpyrne MOAH({)HKaUHH, TaKHe KaK yÓHKBHTHHH- 
AnpoBaHHe hah npHiiiHBaHHH noAnnenra/ía sumo, Toxce 
B03M0)KHbi, ho He TaK xopoino H3yneHbi. 

ALíeTHAHpOBaHHe H MeTHAHpOBaHHe HAyT no CBOÓOA- 
hoh (s) aMHHorpynne AH3HHa. KaK bh/jho H 3 pmc. 30 . 9 , 
aueTHAHpoBaHHe HernpaAH3yeT noAOxarreAbHbiH 3ap*m, 




CaíÍTbl MOAM(t)MKaUMM B «XBOCTe» H3 

[Me] 

ALa Ary Thr ľ, l • GLn f hr ALa (Arg L., Ser tnr 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 



CaíÍTbl MOAMC()MKaUMM B «XBOCTe» H4 
| Me ^ 

Ser a} ~rg Uj) .e» ^ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 


PMC. 30.8 N-KOHAeBbie«xBOCTbi» thctohob H3 m H4 MoryT 6biTb aue- 
TMjiMpoBaHbi, MeTM/iupoBaHbi m/im (J)oc(})opM/iMpoBaHbi no HeCKOJlb- 
KMM n0/10)KeHMBM 


npncyrcTByiomHH Ha pa/jHKaAe AH3HHa b NH 3 + -c{)opMe. 
MeTHAHpOBaTbCH KpOMe AH3HHa MOACCT aprHHHH. OoC(})0- 
pHAHpOBaHHe THCTOHOB npOHCXOAHT no rHApOKCHAbHOH 
rpynne cepHHa hah TpeoHHHa; AOÓaBAeHHe cf)oc(f)aTHOH 
rpynnbi npHHOCHT OTpnuaTeAbHbiH 3apaA. JIh3hh mojkct 
6 biTb MOHO-, m~ hah TpnMeTHAHpoBaH (bo Bcex Tpex CAy- 
naax noAOACHTeAbHbíň 3apaA Ha pa/jHKaAe AH3HHa coxpa- 

HHeTCA; aprHHHH MOXCeT ÓblTb MOHO- HAH AHMCTHAHpOBaH 
(CHMMeTpHHHO HAH aCHMMCTpHHHO). 


HeKOTOpbie X1H3HHbl M CepMHbl nOAJiemaT MOAMC|)MKai4MM 
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PMC. 30.9 AueTM/iMpoBaHMe nmma m/im (J)oc(})opM/iMpoBaHMe cepM- 
Ha CHM>KaeT o6iamíí no/io/KMTe/ibHbm 3apaA 6e/iKa 


816 MABA 30 KoHTpoAb CTpyKTypbl xpoMaTHHa 

















riepeHHCJieHHbie MOAHcjDHKaijHH thctohob hodiť Bpe- 
MeHHbíň xapaKTep. Ohh Moiyr H3MeHHTb 3ap nj\ MOJieicyjibi 
ÔCJIK2 H, C^e^OBaTe^bHO, C03Aai0T nOTeHLl.HaJI H3MCHeHHfl 
CBOHCTB HyiOieOCOMHblX OKTaMepOB. MOAHCjDHKaiJHfl THC- 
TOHOB aCCOIJHHpOBaHa CO CTpyKTypHbIMH H3MeHeHHflMH, 
npoHcxoA^iu.HMH b xpoMaTHHe npn penjíHKaijHH hjih 
TpaHCKpHimHH. OocejDOpMHpOBaHHe pa3HbIX THCTOHOB 
no cneijHcjDHHecKHM nojioxceHHiiM hcoôxoahmo a-^ ocy- 
mecTBjíeHHfl KOHKpeTHbix npoqeccoB. HanpHMep, no;io- 
xceHne 10 Ser b thctohc H 3 (j)oc(}DopH;iHpyeTai npn koh- 
AeHcaqnH xpomocom bo BpeMa MHT03a. 

B CHHxpoHH3npoBaHHbix no KJieTonHOMy ijHKJiy 
KneTKax KyjibTypbi n npeAcymecTByiomHe, n hobochh- 
Te3npoBaHHbie rncTOHbi cepAijeBHHbi b S-(j)a3e, no Bcen 
bhahmocth, aijeTHJiHpoBaHbi n MerajiHpoBaHbi. ,I],a;iee no 
xoAy KJieTonHoro ijHKJia rncTOHbi TepmoT sth aiiemnb- 
Hbie n MeTHJibHbie rpynnbi. CoBnaAeHne MOAH(j)HKaijHH 
rncTOHOB bo BpeMeHn c penjíHKaijHeH roBopnT o tom, 
hto aqeTH^npoBaHne n MeTHjmpoBaHHe thctohob MoryT 
HMeTb oTHomeHne k côopKe HyioieocoM. EbiJio CAejiaHO 
npeAno^oxceHne, hto yMeHbmeHne nojioxcHTejibHbix 3a- 
paAOB Ha rncTOHax moxcct CHHXcaTb nx cpoactbo k flHK, 
cnocoôcTBya 6o;iee Tin,aTejibHOMy kohtpojiio côopKH 
HyK/ieocoM. OAHaKo sto npeAnojioxceHHe OKa3a;iocb He 
oneHb cocToaTe^bHO BBHAy Toro, hto HymieocoMbi MoryT 
6biTb CMOHTnpoBaHbi (bo bcakom oiynae, in vitró) m He- 
MOAn(J)HUHpoBaHHbix thctohob. AiierajiHpoBaHHe rnc- 
tohob npnHqnnna^bHO BaxcHO j\m côopKH HyKJieocoM y 
Apoxcxcen n, BepoaTHee Bcero, TpeôyeTca nnn HeKOTopbix 
6e;iOK-6e;iKOBbix B3aHMOACHCTBHH, npoHCxoAflmnx Ha 
n03AHHX CTaAHflX CÔOpKH (CM. pa3A- 30.6 «AljeTHJIHpOBa- 
hhc thctohob npoHCxoAHT b AByx cjiyHaax»). 

OoccjDopraHpoBaHHe h AecjDoccjiopHJiHpoBaHHe rac- 
TOHa Hl npoHCxoAHT b pexcHMe, otjihhhom ot moahcJdh- 
Kau,HOHHoro ijHK/ia Apyrnx thctohob. B KyjibTHBnpye- 
Mbix KneTKax MjieKonHTaiomHx, b S-({)a3e, b Hl bhochtoi 
no oahoh hjih no ABe cjDoccjDaTHbix rpynnbi Ha MOJieicyjiy. 
no3AHee, npn MHT03e, npoHCxoAHT 6o;iee HHTeHCHBHoe 
CjDOCCjDOpraHpOBaHHe: HHCJIO (jDOCCjDaTOB B MOJieKyjie Hl 
AOBOAHTca ao meč™. noA KOHeq K/ieTonHoro Raiemm 
nponcxoAHT yAa^eHHe H3 Hl Bcex (})oc(J)aTHbix rpynn. 
Ooccj)opraHpoBaHHe Hl KaTajiH3HpyeT KHHa3a M-(j)a3bi, 
Hrpaiomaa b kjictohhom ijHKJie po;ib npHHijHnHajibHoro 
nepeK/nonaTejia Ha mhto3. Ha caMOM Aejie, stot cjDepMem 
nacTo Hcc^eAyioT Ha npeAMeT ero Hl-KHHa3Hon aKTHB- 
hocth. O (jDOC(jDaTa3ax, yAajunoiAHx (jjoccjjaTbi c Hl b koh- 
ije MHT03a, h3bcctho HeMHoro. 

Momcht AOÔaBjíeHHa k racTOHy Hl óojibiiiHHCTBa ero 
(jpoccjpaTOB nopoAHJi AoraAKH o ôyATO 6bi npmacTHOCTH 
(J)OC(j)OpHJlHpOBaHHH Hl K MHTOTHHeCKOH KOHACHCaiJHH 

xpoMocoM. fljm oAHOKJieTonHoro npocreHiiiero Tetrahyme- 
na sth AoraAKn He nojiynHJiH noATBepxcAeHna, nocm/ibicy 
AejieijHfl reHa Hl HapymaeT oóiAHe cBOňcTBa xpoMaTHHa 
jiHiiib He3HanHTe^bHO. B nacraocTH, enoeoÔHOCTb xpoMa- 
THHa KOHAeHCHpoBaTbea npn MHT03e ec^n h cTpaAaeT ot 
OTcyTCTBHfl Hl, to AOBO^bHO c^aôo. B Lje;iOM npn ACJieqHH 
Hl HeKOTopbie reHbi aKTHBHpyiOTca, Apyrne xce OKa3bmaioT- 
ca penpeccHpoBaHHbiMH, hto roBopm o pa3HOo6pa3Hbix 


^OKajibHbix H3MeHeHHHx cTpyKTypbi xpoMaTHHa. MyTaijHH, 
s^HMHHHpyiomne b Hl caHTbi 4)oc(jDopHJiHpoBaHHa, (Jdcho- 
™na He hmoot, 3aTo MyraijHH, HMHTHpyioiAHe cjDocýopH- 
jiHpoBaHHe, no CBoeMy cjDeHOTHny noxoxcH Ha ACJieqHio Hl. 
3to roBopHT o tom, hto (J)oc(J)opraHpoBaHHe Hl HeňTpa- 
^H3yeT BJiHHHHe 3Toro rncTOHa Ha ^OKajibHyio CTpyKTypy 
xpoMaTHHa. 

HCKaXCaiOT ^H MOAHCjDHKaqHH THCTOHOB HenoepeAC- 
TBeHHO CTpyKTypy HyioieocoM, hjih scJdcJdckt cKopee koc- 
BeHHbíň h aApecoBaH 6o^ee bmcokhm ypoBHHM opra- 
HH3aU,HH xpoMaTHHa? J\ aHHblX, KOTOpbie yKa3bIBa^H 6bl 
Ha pa3HHqy b CBOHCTBax HyioieocoM, oôyc^OB^eHHyio 
HMeHHO MOAH(j)HKaiJHeH THCTOHOB, CyiB,eCTByeT HeMHO- 
ro. MexcAy TeM, onncaHO yxce HecKOJibKo cjiynaeB, KorAa 
ó^aroAapa MOAHcjDHKaqHH y thctohob B03HHKai0T caň- 
Tbl CBH3bIBaHHa C HeľHCTOHOBblMH ÔeJIKaMH, hto MeHaeT 
CBOHCTBa xpoMaTHHa. 

BbiôopKa HyioieocoM, b KOTopbix thctohm noAJiexcaT 
MOAH(J)HKaiíHH, MOXCeT BapbHpOBaTb. MOAHCjDHKaUHH THC- 
TOHOB MOXCeT 6bITb ^OKaJIbHblM COÔblTHCM, orpaHHHHBaio- 
iAHMca, HanpHMep, HyioieocoMaMH OAHoro npoMOTopa, h 
MOXceT HOCHTb xapaKTep r^oôajibHoro MeponpnaTna b Mac- 
uiTaôax, HanpHMep, qe^OH xpoMOCOMbi. Ha p M c. 30.10 no- 
Ka3aHa oóiAaa 3aK0H0MepH0CTb, b cootbctctbhh c kotopoh 
aqeTraHpoBaHne thctohob accou,HHpoBaHo c aKTHBHbiM 
XpOMaTHHOM, MeTHJIHpOBaHHe THCTOHOB aCCOIJHHpOBaHO c 
HeaKTHBHbiM xpoMaTHHOM. 3to, OAHaKo, He TaKoe npocToe 
npaBH^o; BaxcHbi KOHKpeTHbie caňTbi, KOTopbie moahcJdhľíh- 
pOBaHbl (TOHHO TaK xce, KaK KOMÔHHaiJHH CaHT-CneqHCjDHH- 
HblX MOAH(})HKaĽíHH), H, KOHeHHO XCe, H3 OÓIACH 3aKOHOMep- 
HOCTH eCTb HCKJIIOneHHH. TaK, THCTOHbl, MeTHJIHpOBaHHbie 
no KOHKpeTHOMy no^oxceHHio, oÓHapyxcnBaiOTca b aKTHB- 
hom xpoMaTHHe. MyTaqHH b oahom H3 Apoxc^ceBbix thcto- 
HaijeTHJia3Hbix KOMiuieKCOB, npoTHB oxcHAaHna, npenaTC- 
TByioT caHjieHCHHry HeKOTopbix reHOB, hto noAnepKHBaeT 
OTCyTCTBHe eAHHCTBa epeAH 3(jD(jDeKTOB aueTHJIHpOBaHHfl. 

CneqncjDHnHOCTb MOAncjDHKaqnH ycyryôJiaeTca TeM, 
HTO MHOľHe H3 (J)epMeHTOB, KaTajIH3HpyiOLAHX MOAH(j)H- 
KaUHH, HMOOT CBOH HHAHBHAyaJIbHbie CaHTbl-MHUieHH 


MOAM(|)i4Kai4Hfl niCTOHOB pery^Mpyet aKTMBHOCTb reHOB 


N-KOHueBbie «xB 0 CTbi» 

H3 H4 H3 H4 



AKTMBHblíí xpOMaTMH HeaKTMBHblíí xpOMaTMH 


PHC. 30.10 AueTMjiMpoBaHHoe cocTOHHMe «xboctob» H3 m H4 xa- 
paKTepHO A/ifl aKTMBHoro xpoMaTHHa, a MeimiMpoBaHHoe — A-n* He- 
aKTMBHoro xpoMaTHHa 


30.5 MoflM(J)MKauMfl tmctohob KaK KAioneBoPI (J)aKTop M3MeHeHMB CTpyKTypbi xpoMaTMHa 817 









MOAM(|)MKamifl THCTOHOB BJ1HH6T Ha CTpyKTypy M C|)yHK4MO xpoMatHHa 


ľMCTOH CaŕÍT MoAM(J)MKai 4 Mfl OyHKUMfl 


H3 

Lys-4 

MeTHAMpOBaHHe 

H3 

Lys-9 

MeTHAMpOBaHHe 


Lys-9 

MeTHAMpOBaHMe 


Lys-9 

AueTHjiMpoBaHMe 

H3 

Ser-10 

0OCC|)OpMAMpOBaHMe 

H3 

Lys-14 

AueTMAMpoBaHMe 

H3 

Lys-79 

MeTMAMpOBaHMe 

H4 

Arg-3 

MeTMAMpOBaHMe 

H4 

Lys-5 

AueTMAMpoBaHMe 

H4 

Lys-12 

AueTMAMpoBaHMe 

tl4 

Lys-16 

AueTMAMpOBaHMe 


Lys-16 

AueTMAMpoBaHMe 


AKTMBaUMfl 

KoHAeHcaunfl xpoMaimna 
Tpeóyeicfl aaa MeTnnnpoBaHMA flHK 

AKTMBaUMB 

AKTMBaUMfl 

ripenBTCTByeT MeTMAMpoBaHMK) no Lys-9 
CawieHCMHr b TeAOMepax 

HeM3BeCTHO 

Cóopxa 

Cóopxa 

CóopKa HyK/ieocoM 
AKTMBaUMB X-xpOMOCOMbl y Myx 


PH C. 30,11 EOAbllJHHCTBO CaíÍTOB MOAHí})HKai 4 HH B «XBOCTaX» THCTOHOB nOAJie>KMT MOAMCt)MKaUMM 
eAMHCTBeHHoro Tuná. MHorne MOAncf)HKai4nn thctohob HMeiOT peryAHTopHbiíí cmwca 


Ha KOHKpeTHbix racTOHax. B Taôjmije Ha phc. 30.il ne- 
peHHC^eHbl 3(Jx})eKTbI HeKOTOpblX MOAH(})HKailHH. EOJIb- 

uihhctbo MOAHcJmijHpoBaHHbix caHTOB He noA-neacaT a^b- 
TepHaTHBHblM MOAH^HKaiJHflM. B HeKOTOpblX cnyHaax 
MO/JH(j)HKailHfl OAHOrO CaHTa MOXCeT aKTHBHpOBaTb HJ1H 
HHraôHpoBaTb MOAH(J)HKaiiHK) Apyroro cama. Komôh- 
HailHH MO^H(J)HKailHH-CHrHa^OB, KOTOpbie, COTJiaCHO 
o/jhoh H3 KOHiieniiHÍí, MoryT Hcno^b30BaTbca b K/ieTKe 
pm o6o3HaHeHHa ranoB xpoMaTHHa, HHor/^a Ha3biBaiOT 
zucmoHoebiM koôom. 


paMep BKJnoHaeTca b cocTaB HyioieocoMbi h Bcxope nocne 
3Toro TepaeT cboh aijeTHjibHbie rpynnbi. 

O BaxcHOCTH aijeTHJiHpoBaHHfl thctohob npn pemiH- 
KailHH TOBOpHT TOT (J)aKT, HTO eCJIH O/JHOBpeMeHHO npeAO- 

TBpaTHTb aiieTHJiHpoBaHHe H3 h H4, to ApoxoKeBbie kjictkh 
TepmoT ^Gi3Hecnoco6HOCTb. B KanecTBe cyôcTpaTOB pim 
aiieTHJiHpoBaHHH H 3 h H4 AyônHpyiOT ppyr Apyra, nocKOJib- 

Ky /jpOXOKH OTJ1HHHO OÔXOAflTCfl B03M0)KH0CTbK) aijeTHJIH- 
pOBaTb BO BpeMa S-(J)a3bI, XOTfl 6bl OAHH H3 3THX thctohob. 
AljeTHJIHpOBaHHK) OTBOA^T ABC B03M0)KHbIX pOJIH: B03M0)K- 


30.6 


AueTMAMpoBaHMe 
THCTOHOB npOMCXOAMT 
b AByx cayMaax 


KniOHeBbie noHATHa: 


• KpaTKOBpeMeHHoe aiieTMAMpoBaHMe thctohob npoHCxoAHT b 
npouecce penAHKauHH. 

• BHe penAHKaLjMH, aueTHAHpoBaHne thctohob accouHnpoBaHO c 
aKTHBauHeíí aKcnpeccHH reHOB. 


Bce racTOHbi HyioieocoMHOH cepAiieBHHbi MoryT 6biTb aije- 
THJIHpOBaHbl. ľAaBHbie MHUieHH PPX. aqeTHJIHpOBaHHH — 
3TO JIH3HHM B N-KOHIjeBblX «XBOCTaX» THCTOHOB H3 H H4. 
AijeTHJiHpoBaHHe npoHCxoAHT npn AByx pa3Hbix ctchchh- 
flX OÔCTOHTeJIbCTB: 

• bo BpeMfl penjíHKaiiHH R HK hjih 

• KOTAa reHbi aKTHBHpyiOTca. 

KorAa b S-(f)a3e kjictohhoto ijHKJia reHOMHaa RHK 
perniHiiHpyeTca, thctohm BpeMeHHO aijeTHJiHpoBaHbi. Kax 
noKa3aHo Ha n . 12, aijeTHJiHpoBaHHe npoHCxoAHT po 

BKJHOHCHHH THCTOHOB B HyKJieOCOMH. H3BCCTHO, HTO THCTO- 
Hbl H3 H H4 K TOMy BpeMeHH, KOTAa OHH aCCOIlHHpyiOT H 
o6pa3yiOT TcrpaMep H3 2 -H4 2 , yace aqenwHpoBaHH. TeT- 


HyKiieocoMbi o6pa3yK>TCfl M3 auemnHpoBaHHbix tmctoho j 



PHC. 30.12 Bo BpeMA penAHKauHH aiieTHAHpoBaHHe thctohob npo- 

HCXOAMT AO HX BKAlOHeHHA B HyKAeOCOMbl 


818 TJ1ABA 30 KoHTpoAb CTpyKTypbi xpoMaTMHa 



















HO, OHO TpeÔyeTCfl pjm y3HaBaHHH THCTOHOB (J)äKTOpäMH 
côopKH HyioieocoM, ;ih6o oho hcoôxoahmo pw caMoro 
npoijecca côopKH h/hjih npH^aHHH HyioieocoMaM ocoóeH- 
HOH CTpyKTypbl. 

OaKTopbi, npo KOTopbie H3Becrao, hto ohh ynacTByiOT 
b côopKe xpoMaTHHa (HyioieocoM), He oTjmnaioT aijerajiH- 
pOBaHHHbie THCTOHbl OT HeaijeTHJIHpOBaHHblX H HCnOJIb- 
3yiOT hx 6e3 pa36opa. OieA0BaTe;ibH0, CKopee Bcero, h2jih- 
nne aiierajibHOH rpynnbi TpeôyeTca pm B3aHMO/jeHCTBHH 
Ha nooieAyiomHX 3Tanax côopKH. flojiroe BpeMa cnHTa- 
;iocb, hto au,eTHJiHpoBaHHe Heoôxo^HMo pjm kohtpojib 

6 eJIOK-6e;iKOBbIX B3aHMO/JCHCTBHH, B03HHKai0LHHX no 
Mepe Toro, xax thctohm BiononaiOTca b cocraB HyioieocoM. 
B no/ib3y HMeHHO stoh po™ roBopm noBeAeHHe thcto- 
HaijeTH;ia3bi SAS y /jpoxoKeň. KoMmieKc SAS CBa3braaeT 
KOMn/ieKCbl CÔOpKH xpoMaTHHa B penJlHKaTHBHOH BHJIKe, 
vpc oh aiierajiHpyeT 16 Lys racTOHa H4. Bo3mo>kho, paóoTa 
KOMn^eKca SAS — sto nacrb kjictohhoh «nporpaMMbi» no 
ynpexcAeHHK) narrepHOB auemnHpoBaHHfl thctohob noc- 
jie pemíHKaijHH. 

BHe penjíHKaijHH h S-cjDa3bi, craTyc au,eTHJiHpoBaHHa 
thctohob xpoMaTHHa b ije;iOM KoppejmpyeT co CTaTycoM 
OKcnpeccHn reHOB, KOTopbie b hcm coAepxcaTca. B xpo- 
mocomhom poMme, co/jepxcameM aKTHBHbie reHbi, nacTo- 
Ta aqeTraHpoBaHHa thctohob noBbimeHa; b to xce BpeMa 
xpoMaTHH, aqeTraHpoBaHHbíň no THCTOHaM, 6o;iee nyBC- 
TBHTejieH k ,Z],HKa3e I, a 3anacryio h k mhkpokokkoboh 
Hyioiea3e. Ha p m c. ?o.r3 noKa3aHO, nTo MHineHbio pm 
au,eTHJiHpoBaHHa cnyxcaT «xboc™» thctohob b Hymieo- 
coMax. 3thm oTnac™ o6i>acHaeTca, noneMy aKTHBHbin 
xpoMaTHH 6o;iee nyBCTBHTejieH k Hyioiea3aM: bo mhotom 
H3-3a aqeTraHpoBaHHoro cocToaHHa HyioieocoM b 06- 
jiacTH npoMOTopa h ero oKpecraocTeH, Kor/ja reH aKTH- 
BHpOBaH. 

KpoMe coôbiTHH, HoamjHx jioKa^bHbin xapaicrep h ot- 
HOcauj.Hxca k (yrpaibHbiM npoMOTopaM, h3mchchhh craTy- 
ca aqeTHjiHpoBaHHa ôbreaiOT niHpoKOMacniTaÔHbiMH. 3 to 


TMCTOHbl B HyK/ieOCOMaX MOryT 6 blTb aueTM/IHpOBaHbl 



P M C. 30,13 AueTM/iMpoBaHMe, accounnpoBaHHoe c aKTMBauMeíí re- 
hob, npoMcxoflm c mcroHaMM HenocpeflCTBeHHO b HymieocoMax 


ocoôeHHO xapaKTepHO piw nojiOBbix xpomocom h flBjíaeTCfl 
nacTbio MexaHH3Ma, nocpeacTBOM KOToporo npoHCxoflHT 
KOppeKl^HH H36bITOHHOH aKTHBHOCTH TCHOB, BbI3BaHHOH 
npHcyrcTBHeM /jByx X-xpomocom b joieTKax ocoôen opno- 
ro nojia, no cpaBHeHHio c c/jhhctbchhoh X-xpoMocoMon, 
b KOMnjieKTe c Y-xpoMOcoMoň, b icneTKax ocoóeň /jpyroro 
nojia (cm. pa3 p. 31.5 «X-xpoMocoMbi npeTepneBaioT tjio- 
ôajibHbie H 3 MeHeHHa»). B HeaKTHBHoň X-xpoMocoMe caMOK 
M^eKonHTaioiij.Hx y racTOHa H4 CTeneHb aiieTHJinpoBaHHa 
noHHXceHa. HanpoTHB, b «cynepaKTHBHOH» X-xpoMocoMe y 
caMiioB Drosophila CTeneHb aiiemjiHpoBaHHa rncTOHa H4 
noBbimeHa. 3to tobopht o tom, hto npHcyTCTBHe aijeTHJib- 
Hbix rpynn Ha racTOHax HyioieocoM moxcct oiyxcHTb npcp- 
nocbuiKoň 6 ojiee pbix^on (MeHee KOH^eHCHpoBaHHoň), 
«aKTHBHOH», CTpyKTypbl. y caMijOB Drosophila X-xpoMO- 
coMa aqerHJiHpoBaHa npniie^bHO no 16 Lys racTOHa H4. 3a 
3to oTBenaeT THCTOHan,eTHJia3a (rHCTOHan;eT™TpaHC(j)epa- 
3 a) MOF; no/íxoA k xpoMOcoMe MOF coBepmaeT b cocraBe 
óojibiiioro ôe^KOBOro KOMmieKca. 3tot komhjickc oTBenaeT 
3a BHeceHHe b X-xpoMOcoMy 061 B.HX h3mchchhh, npn^aio- 
1 B.HX ee reHeTHHecKOMy MaTepna^y cnocoÔHOCTb 3Kcnpec- 
CHpOBaTbCa C nOBbimeHHOH HHTeHCHBHOCTbK). Maccnpo- 
BaHHoe aiieTHJiHpoBaHHe racTOHa H4 — oto ^Huib opm m 
aKTHBHOCTeH 3TOTO KOMTLJieKCa. 


30.7 


rMaoHaueTiuia3bi 
acco 4 nnpoBaHbi c aKTMBaiopaMM 

TpaHCKpMnuMM 


KjnoneBbie noHíiTM5i: 


• fleaueTM^MpoBaHHOMy xpoMaimny cBOíícTBeHHa óo^ee pbix^aB 
(fleKOHfleHCMpoBaHHaíi) cipyKTypa. 

• AKTMBaTOpbl TpaHCKpMnUMM aCCOUMMpOBaHbl c 
rncTOHaueTM^a3aMM b cocraBe 6o/ibiuMx óe^KOBbix KOMn/ieKCOB 

• ľncTOHaueTM^a 3 bi pa 3 ^MHaiOTC 5 i no cneunct)MMHocTn k cy 6 cipaiy 
(MmueHn). 

• ÄueTM^MpOBaHMe THCTOHOB MO>KeT B/lMTlTb Ha TpaHCKpMnumO 
KO/IMHeCTBeHHO MJ1M KaHeGTBeHHO. 


AqeTH^HpoBaHHe thctohob oópaTHMo. Kaxc^oe H3 Ha- 
npaBjíeHHH peaKi^HH KaTajiH3HpyeTCfl ocoóbiM cjDepMeH- 
tom. OepMeHTbi, cnocoÓHbie aueTHjinpoBaTb thctohm, 
Ha3biBaioT THCTOHaueTHjia3aMH, hjih (6o^ee npaBrabHo) 
rHCTOHa4eTn^iTpaHC(J)epa3aMH (histone-acetyltrans- 
ferases, HATs). y^a^nTb y rncTOHa aijeTHJibHyio rpynny 
MoryT Apyrwe (})epMeHTbi, riicTOHAeapeTii.Ta3bi (his- 
tone-deacetylases, HDACs). rHCTOHaiieTHJiTpaHC(J)epa3bi 
moxcho noApa3Ae^HTb Ha ^Be rpynnbi. OepMeHTbi rpynnbi 
A ^encTByiOT Ha thctohm, yxce BomeAiuHe b cocTaB xpo¬ 
MaTHHa, h ynacTByiOT b xompojie TpaHCKpnnqHH. Oep- 
MeHTbi rpynnbi B paóoTaioT c H0B0CHHTe3Hp0BaHHbiMH 
THCTOHaMH B ĽJHTOnjia3Me H HMeiOT OTHOineHHe cóopxe 
HyioieocoM. 

Jpw H3yneHHa oôpaTHMoro aueTHJiHpoBaHHfl thcto- 
hob OKa3ajiHCb BecbMa no^e3HbiMH ^Ba BeniecTBa: Tpnxoc- 
TaTHH h MacjiflHaa KHCJiOTa. 3 th BemecTBa HHTHÔHpyiOT 
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racT 0 H/jeaqe™;ia 3 bľ, c npHcyTCTBHeM jnoôoro H 3 hhx cba- 
3 aH 0 HaKon^eHHe b KJieTKe auerajiHpoBaHHbix HyioieocoM. 
B 3 KcnepHMeHTax, r/je Hcno;ib 30 Ba;iHCb 3th HHraÔHTopbi, 
c ycnexoM npomeji npoBepKy oóiijhh Te 3 HC o B 3 aHMOCBa- 
3 H au,eTHJiHpOBaHHa thctohob c 3 KcnpeccHeň reHOB. Ha 
caMOM /je;ie, enoeoÔHOCTb Macjumon khcjiotm Bbi 3 bmaTb 
b xpoMaraHe H 3 MeHeHHa, no^oÔHbie TeM, Kaicue óbmaioT 
npn aKTHBaqHH reHOB, KaK pa 3 h nocjiyxcHJiH nepBbiMH 
yKa 3 aHHAMH Ha B 3 aHM 0 CBA 3 b au,eTHJiHpoBaHHa c arniB- 
HOCTbK) reHOB. 

EojibiiiOH npopbiB b noHHMaHHH CMbiejia auerajiH- 
pOBaHHH THCTOHOB 6 bIJl CBfl 3 aH C HACHTHCjDHKaiJHeH aije- 
THjiHpyiomHx h AeaqeTHJiHpyiomHx (JjepMeHTOB, a Taoce 

C BblHBJíeHHeM B3aHMOOTHOIIieHHH 3THX (jDepMCHTOB C 
ApyrHMH ÔeJIKaMH-yMaCTHHKaMH COÔbITHH aKTHBaiJHH H 
penpeccHH, oÓJiaAaiomHMH eneijH(j)HHHOCTbK) k kohk- 
peTHbiM reHaM. KopeHHoe H3MeHeHHe b bhachhh CMbicjia 
aijeTHJIHpOBaHHfl rHCTOHOB ÓbIJIO BbI3BaHO OTKpbITHeM, 
hto rHCTOHaueTH^a3bi — sto He cneuHajibHbie cJ)epMeH- 
th, nocToaHHO accoqHHpoBaHHbie c xpoMaTHHOM. Kax 
BbmcHH^ocb, rHCTOHaueTH^TpaHC(})epa3Haa aKTOBHocTb 
CBOHCTBeHHa MHOľHM H3BeCTHbIM aKTHBaTOpaM TpaHC- 
KpnnijHH. 

3 aqenKa noaBHjiacb, Kor/^a KaTajíHTHnecKaa cySTeAn- 
HHqa rHCTOHaqeTHJiTpaHC(jDepa 3 bi rpynnbi A 6 buia hach- 
TH(J)HL] l HpoBaHa KaK roMo;ior peryjurropHoro ôoikz Gcn 5 
ApoxoKeň. riocjieAyiomHe 3 KcnepHMeHTbi noKa 3 a;m, hto 
rHCTOHaqe™^TpaHC(J)epa3HOH aKTHBHocTbio oô/iaAaeT 
caM Gcn 5 , c racTOHaMH H3 h H4 b KanecTBe cyôcTpaTOB. 
Ee;iOK Gcn 5 aBjíaeTCfl nacTbio KOMnjieKca-aAanTopa, He- 
OÓXOAHMOrO RJ 1 K B 3 aHMOAeHCTBHfl HeKOTOpblX 3 HXaHCe- 
poB c npoMOTopaMH hx reHOB-MHineHerí. B nacraoc™, 
/yifl aKTHBau,HH reHa-MHiueHH HeoóxoAHMa npHcymaa 
KOMn;ieKcy-aAanTopy aKTHBHOCTb rHCTOHaijeTHjnpaHC- 
cjDepa 3 bi. 

C yneTOM 3 THX HOBblX 3 HaHHH MOXCHO OÔHOBHTb BCK) 
KapTHHy paÓOTbl aKTHBaTOpOB TpaHCKpHniJHH TaK, KaK 
3to noKa 3 aHO Ha p m c. 30 . 14 . PHK-no^HMepa 3 a CBjmHa c 
rHnepHyBCTBHTejibHbiM canTOM, a KoaKTHBaTopbi aijeTH- 
JIHpyiOT THCTOHbl OKpeCTHblX HyKJieOCOM. KOHKpeTHblX 
npHMepoB TaKoro po^a Ha ceroAHaiiiHHH AeHb h3bcctho 
AOBOJlbHO MHOrO. 

HHTb pacc^eAOBaHHa (j)yHKijHH Gcn 5 npHBOAHT k 
OAHOMy H 3 caMbix BaxcHbix rHCTOHaue™^a 3 Hbix kom- 
n^eKCOB. Y ApoxoKeŕí Gcn 5 flBjíaeTca nacTbio 1,8 Mfla 
ôe^KOBoro KOMn^eKca. 3tot Spt-Ada-Gcn 5 aijeTHjnpaHC- 
cjDepa 3 HbiH KOMnjieKC, coKpameHHo SAGA, coAepxcHT He- 
CKOJibKo ôe^KOB, ynacTByioiij.Hx b TpaHCKpHnijHH, b tom 
HHCJie HeCKOJlbKO CjDaKTOpOB TAF„. rHCTOHaU,eTHJlTpaHC- 
(J)epa 3 oň Taoce flBjmeTca cyô'beAHHHija (J)aKTopa TF„D 
ApoxoKerí, TAF n 145 . (BMecTe c roMo;ioroM, TAF „250 Mjie- 
KonHTaioiAHx, ohh H 3 BecTHbi noA HMeHeM TAF 1 .) OyH- 
kuhh TF„D h SAGA oT^acTH nepeKpbmaiOTca; npHMena- 
TejibHO, hto ApoxoKH Bno;iHe cnocoÔHbi oôxoAHTbca 6e3 
Gcn 5 jih6o TFuD, ho CTpaAaiOT ot rcjicľ, hh oôohx. 3to 

ľOBOpHT O TOM, HTO RJlft HOpMaJIbHOH 3 KCnpeCCHH reHOB 
rHCTOHaqeTraTpaHC(jDepa3Haa aKTHBHOCTb 3HaHHT oneHb 
MHoro, h oóecnenHTb ee b AOCTaTOHHOM oó^eMe totob b 


OAHHOHKy juoôoíí H3 KOMnjieKCOB, SAGA hjih TFuD. KaK 
moxcho 6bmo oxcHAaTb, cyaa no pa3MepaM KOMn^enca 
SAGA, aqeTHjmpoBaHHe thctohob — TO^bKO OAHa H3 ero 
(JjyHKu.HH, xoth Apyrne po/rn KOMn^eKca SAGA b aKTHBa- 
ijhh reHOB H3yneHbi He TaK xoporno. 

Oahhm h 3 nepBbix aKTHBaTopoB TpaHCKpnnij.HH, oxa- 
paKTepH30BaHHbix b KanecTBe rHCTOHaqeTraTpaHC(J)epa3, 
6 bin p300/CBP (rAe CBP — sto coKpameHHe ot CREB-bind- 
ing protein). Boo6iAe-To, p300 h CBP — sto pa3Hbie ôe/iKn, 
ho ohh Tax noxoxcH, hto hx nacTo oĎTCAHKaioT. p300/CBP 
paÔOTaeT KOaKTHBaTOpOM, TO eCTb HaBOAHT CBfl3b MOKAy 
aKHBaTopoM h annapaTOM TpaHCKpHnu,HH (cm. pne. 25.7). 
B 3tom KanecTBe p300/CBP paôoTaeT c pa3JiHHHbiMH aK- 
THBaTopaMH, b HHCJie KOTopbix peqenTopbi ropMOHOB, 
AP-1 (c-Jun h c-Fos), MyoD. KoaKTHBaijHfl MoxceT 6biTb 
HHrHÔHpOBaHa pery^aTopHbiMH ôejiKaMH BHpycHoro npo- 
Hexo^CAeHHa, E1A aAeHOBHpyca wm T-aHrareHOM SV40, 
KOTopbie CBa3biBaiOTca c p300/CBP h npenaTCTByioT ero 
B3aHMOACHCTBHK) C (J)aKTOpaMH TpaHCKpHnUHH; B 3T0M, 
coôcTBeHHo, h 3aioiK)HaeTca MexaHH3M noAaB^eHHa mie- 
TOHHOH TpaHCKpHnU,HH yKa3aHHbIMH BHpycaMH. HHrnÓH- 

poBaHHe cjDyHKí^HH p300/CBP — BaxcHaa cocTaB^aioiAaa 
BKJiaAa 3thx BHpycoB b AOBeAeHHe khctkh ao onyxojie- 
poAHoro cocToaHHa. p300/CBP aqeTMHpyeT N-KOHqeBbie 
«xBOCTbi» Mo^eKyji racTOHa H4 b cocTaBe HymieocoM. flpy- 
roH KoaKTHBaTop, PCAF, npeAnonHTaeT aqeTH^HpoBaTb b 
H yioieocoMax MOJieKyjibi H3. p300/CBP h PCAF o 6 pa 3 yiOT 
KOMnjieKC, 3 aAeHCTBOBaHHbIH B aKTHBaU,HH TpaHCKpHnU,HH. 

/ípyraa rHCTOHaqeTH^TpaHccjDepasa — KoaKTHBaTop ACTR, 
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KOMfl/ieKCbl MOAM(j)MKai4MM XpOM3THH3 COCTOAT 
H3 HeCKOUbKMX KOMIlOHeHTOB 


«Cy6beflM h m 14a 
HaBefleHMfl» 
cneuM(()MHHO 
CBB3biBaeiflHK 



(fle)auein^a3a 

BHOCMTM3MeHeHMfl 
B «XBOCTbl» 
TMCTOHOB 


Be^KM-3C|)Ct)eKTOpbl 
AeMCTByKDT Ha xpOM3TMH 

MJIM flHK 



P m. 15 BeAKOBbie KOMruieKCbi, MOAM(|)MAMpyioiAMe CTpyKTypy 
mam aKTMBHOdb xpoMaTMHa, MMeiOT HecKO/ibKO cyóbeAMHMu: AAB Ha- 
BefleHMB Ha KOHKpeTHOe MeCTO AGMCTBMA, flAA aUeTMAMpOBaHMA MAM 
AeaueTMAMpOBaHMA ľMCTOHOB, A^fl APyrMX B03AGMCTBMM Ha XpOMaTMH 
MAM flHK 


paôoTaioiu.Hň c peijenTopaMH ropMOHOB h He TOJibKO caM 
aqeTHAHpyioiij.HH thctohm H 3 h H4, ho Tarace npHBjíeKa- 
lOlKHH P300/CBP H PCAF K BCTynjieHHK) B KOaKTHBHpyiO- 
1B.HH KOMÍIJieKC. OAHOBpeMCHHOe ÍIpHCyTCTBHe MHO^CeCTBa 
racTOHaqeTHAa3Hbix aKTHBHOCTeň b cocTaBe KoaKTHBHpy- 
iomero KOMiuieKca moxcho 06'bflCHHTb pa3AHHHAMH b hx 
cneuH(J)HHHOCTH k cyôcTpaTy h noTpeÔHOCTb bo MHOXcec- 
TBe pa3HbIX COÔbITHH aU,eTHAHpOBaHHA, flJIfl Toro, HTOÔbl 
<<pa36yAHTb» 3KcnpeccHio. 

ľHCTOHaqeTHjiTpaHccjDepa3bi rpynnbi A, hto xapaKTep- 

HO, (JjyHKL^HOHHpyiOT B COCTaBe ÔOAblIIHX ÔeAKOBblX KOMn- 
jieiccoB. Ha fhc. 3i), 1 b npe/jcraBAeHa ynpomeHHaa Mopenb 
«noBeACHHa» TaKoro KOMnAeKca. flocraBKa aijeraATpaHccjie- 
pa3Hbix KOMnjieKcoB no MecTy Ha3HaneHHA Ha JX HK MoxceT 
KOOpAHHHpOBaTbCa nOCpeACTBOM B3aHMOAeHCTBHa KOMn- 
JieKCOB C ^HK-CBa3bIBaiOmHMH (JiaKTOpaMH: OHH AHKTyiOT 
rHCTOHau,eTHJiTpaHC(jDepa3e Bbiôop MHiiieHH. B KOMmieKce 
ecTb n cy6'beAHHHqbi-3(JxjDeKTopbi; hx 3a/jana — BMerna- 
TejibCTBO b CTpyKTypy xpoMaraHa hah Henocpe/jCTBeHHO 
B TpaHCKpHnUHK). ľlOXOXCe, HTO 3(J)(J)eKTOpbI (no KpaHHeH 
Mepe, HeKOTopbie H3 hhx) Hyxc/jaiOTCfl b tom, nToôbi b no;ie 
HX ACATeAbHOCTH THCTOHbl ÔblAH aU,eTHAHpOBaHbI. COOT- 
BeTCTBeHHO, orpoMHyio poAb b peryjiauHH SKcnpeccHH re- 
hob HrpaeT AeaueTHAHpoBaHHe thctohob, KaTajiH3HpyeMoe 
rHCTOHAeaqeTHAa3aMH. 

AnerajiHpoBaHHe thctohob HMeeT mccto KaK npn pen- 

AHKaU,HH (Ha KOpOTKHH npOMOKyTOK BpeMCHH), TaK H npH 
TpaHCKpHnu,HH (b stom CAynae oho noA^epxcHBaeTca BnAOTb 
po 3aBepuieHHa tchom cBoen aKTHBHocTH). HrpaeT ah aije- 
THAHpoBaHHe b Kaxc/joM H3 3 thx CAynaeB opny h Ty xce pOAb? 
Opm H3 B03M0XCH0CTeH COCTOHT B TOM, HTO 3(J)(J)eKT 2 l \ C ~ 
THAHpOBaHHA THCTOHOB, yHHBepcaAbHblH H OAHOTHnHblH, 
BbipaxcaeTca nepe3 CTpyKTypy HyKAeocoM. AijeTHAHpoBaHHe 
MoxceT paôoTaTb KaK «pa3pbixAHTeAb» HyKAeocoMHoň cep- 
AueBHHbi. CooTBeTCTBeHHO, npn penAHKaqHH aqeTHAHpo- 
BaHHbie THCTOHbl MOiyT 6bITb C ÔOAbllieH AerKOCTbK) BMOH- 
TnpoBaHbi b HOBbie cjiopMHpyiomHecfl cepAueBHHbi, a npn 


TpaHCKpnnLiHH 3(}x})eKT Toro xce po/ja MoxceT 6biTb npn- 
MeHeH c pe3yAbTaTOM BnAOTb po CMCuxcnm racTOHOBoro 
oKTaMepa c /(HK. /(axce ecAH cMemeHHA He npeflnoAaraeTca, 
aqeTHAHpoBaHHe thctohob moxcct no/jroTaBAHBaTb caňTbi 
JX HK K CBA3bIBaHHI0 ÔeAKOB, HeOÔXO/JHMbie PJW TpaHCKpnn- 
ijhh. B KaxcAOM cAynae scjxJieKT aijeTHAHpoBaHHfl oôpaiKa- 
eTca BcnaTb AeaqeTHAHpoBaHHeM. 

3(jD^)eKT aqeTHAHpoBaHHA — KOAHnecTBeHHbíň hah 
K anecTBeHHbiH? B oahhx CHTyauHax, ppn cpaôaTbiBaHHA 
HeKOToporo 3(JxJieKTa HeKOTopoň coBOKynHOCTH thcto- 
hob HeoóxoAHMo HaópaTb HeKOTopoe 3a£aHHoe hhcao 
aueTHAbHbix rpynn, h KaKne hmchho no3HqHH 3aňMyT 3 th 
aijeTHAbHbie rpynnbi, no ĎOAbuiOMy cneTy, He cym,ecTBeH- 
ho. B CHTyaqHAX npoTHBonoAOXCHoro rana, KaxcAoe kohk- 
peTHOe COÔbITHe aqeTHAHpOBaHHA HMeeT 3KCKAK)3HBHyi0 
3HanHM0CTb. CymecTBOBaHHe KOMnAeKcoB c MHoxcecTBeH- 
HOH rHCTOHaijeTHATpaHC(j)epa3HOH aKTHBHOCTbK) MOXCHO 
HHTepnpeTHpoBaTb c yneTOM CHTyauHíí oôohx THnoB: ecAH 
({lepMeHTbi HMeiOT pa3Hyio cneqHcjiHnHOCTb, to pj m Toro, 
nToôbi aqeTHAHpoBaTb thctohm no AOCTaTonHOMy nHCAy 

nOAOXCeHHH H AOCTaTOHHO ÔblCTpO, Hy)KHO HCn0Ab30BaTb 
BCe AOCTynHbie aKTHBHOCTH; HAH xce aKTHBHOCTb KaXCAOrO 
OTAeAbHO B3ATOrO (JiepMeHTa HMeeT PJW TpaHCKpHnn,HH 
cboh ocoôbiH cmhca. noxoxce, hto npn penAHKaqHH yMecT- 
Ha, cKopee, KOAHnecTBeHHaa Mo^eAb (no KpaHHeH Mepe, /yw 
THCTOHa H4) aqeTHAHpOBaHHe no AIOÔblM AByM n03HU,HAM 
(h 3 Tpex AocTynHbix) (JiyHKUHOHaAbHO aAeKBaTHO (to ecTb 
npHAaeT MOAeKyAe H4 ro^HOCTb k HHKopnopaqHH b HyKAe- 
ocoMy). B ApyroM kacto^hom KOHTeKcre, Kor^a H3MeHeHHA 
CTpyKTypbi xpoMaTHHa conyrcTByiOT H3MeHeHHio CTaTyca 
3KcnpeccHH oÔAacTH reHOMa, h aqeTHAHpoBaHHe thctohob 
npH3BaHO OKa3aTb bahahhc Ha TpaHCKpHnu,Hio, oneHb Baxc- 
HO, no KaKHM HMeHHO nOAOXCeHHHM B MOAeKyAax THCTOHOB 
upor sto aqeTHAHpoBaHHe (cm. pa3A. 31.3 «Cyn],ecTBOBaHHe 
reTepOXpOMaTHHa OÔyCAOBAeHO B3aHMOAeHCTBHA THCTOHOB 
C APyTHMH 6eAKaMH»). 


30.8 


r MCTOHAeáueTMJia 3 bl 
aCCOUMIipOBaHbl 
c penpeccopaMM TpaHCKpwnuMM 


KAfoneBbie hohatma: 


• fleaueTMAMpoBaHMe tmctohob accoLjMMpoBaHo c penpeccMeíí 
aKTMBHOCTM reHOB. 

• ľMCTOHAeai4eTMAa3bi coctoat b KOMľiAeKcax c óeAKaMM- 
penpeccopaMM. 


y ApoxoKen MyTaijHH no SIN3 h RPD3 Bcpyr ce6a TaK, KaK 
6yATO npoAyKTbi sthx AOKycoB penpeccHpyioT MHOXcec- 
tbo reHOB. B AencTBHTeAbHOCTH, nx 6eAKH BCTynaioT b 
KOM nAeKC C /],HK-CBA3bIBaK)mHM ÔeAKOM Ume6, KOTOpblH, 
b cbok) onepeAb, CBA3biBaeTca c sacmchtom URSl. KoMn- 
AeKc penpeccnpyeT TpaHCKpHnu,Hio Ha npoMOTopax, co- 
AepxcaiKHx URSl, KaK sto noKa3aHO Ha pmc. 30.16. Rpd3 
«yMeeT» AeaqeTHAHpoBaTb thctohm; HacneT Sin3 noKa He 


30.8 rncTOHAeaueTMAa3bi accouMMpoBaHbi c penpeccopaMM TpaHCKpMnuMM 821 











nOHflTHO: TO JIH OH AOJI5KCH JIHIHb AOCTaBJIflTb Rpd3 Ha 

npoMOTop, to jih oh HrpaeT b penpeccHH xaxyio-To ao- 
nojiHHTejibHyio pojib. 

noxoxcaa CHCTeMa ajui penpeccHH TpaHCxpHnijHH 
6biJia oÔHapyxceHa b KJieTKax MjiexonHTaiomHx. K ceMeňc- 
TBy peryjiaTopoB TpaHCKpHnu.HH bHLH othocatoi ôejiKH- 
aKTHBaTopbi, (JjyHKUHOHHpyioiij.He b (JjopMe reTepoAHMe- 
poB. THnHHHbíň npeACTaBHTejib ceMeňcTBa — MyoD (cm. 
pa3A. 25.15 «BejiKH c AOMeHaMH «cnHpajib-neTjm-cnHpajib» 
AHMepH3yiOTca b pa3JiHHHbix coneTaHHHx» ). K TOMy xce 
ceMeňcTBy bHLH othocatoi h HeKOTopbie penpeccopbi, b 
nacTHOCTH, reTepoAHMep MadiMax, (r^e Mad — sto jiioóoh 
npeACTaBHTejib rpynnbi 6jiH3xopoACTBeHHbix ôejixoB Mad). 
ľeTepoAHMep Mad:Max CBa3bmaeTca c KOHKpeTHbiMH carrra- 
mh flHK h B3aHMOACHCTByeT c roMOJioroM Sin3 (xoTopbíň y 
MbiuiH Ha3bmaeTca mSin3, a y nejiOBexa hSin3). Bejiox mSin3 
bxoaht b cocTaB xoMiuiexca-penpeccopa, KOMnoHemaMM 
KOToporo Taxxce aBjunoToi rHCTOHCBfl3biBaiomHe ôejixn h 
racTOHAeaqeT™a3bi, HDAC1 h HDAC2. AKTHBHOCTb ac a- 
u,emm3 HeoôxoAHMa rjvi penpeccHH. OyHKíjHOHajibHaa 
caMocToaTejibHOCTb (MOAyJibHOCTb) stoh CHCTeMbi noA^ep- 
KHBaeTca apythmh BapnaHTaMH ee ncnojib30BaHH5i: xopen- 
peccop SMRŤ, noMoraiomHH peijenTopaM pcthhohahhx 
ropMOHOB penpeccHpoBaTb HeKOTopbie reHbi-MHiueHH, Bbi- 
nojmaeT cboio (jjyHxu.Hio, CBfl3biBaacb c mSin3, xoTopbíň, b 
cbok) onepeAb, peKpyTHpyeT HDAC c hx rHCTOHAeaueTHJia3- 
hhmh aKTHBHOCTAMH. flpyrHM cnocoôoM npHBJíenb HDAC 
k paôoTe Ha kohkpcthom caňTe MoxceT 6biTb xoHTaxr c 
MeCP2, 6e;iKOM, xoTopbíň CBa3bmaeTca c MeTHJiHpOBaHHbi- 
MH IJHT03HHaMH (CM. pa3A- 24.19 «CpG-OCTpOBKH flBJDHOTOI 
MHineHHMH rjw peryjmqHH»). 

OTcyTCTBHe aueTHJiHpoBaHHa no racroHaM flBjmeTCfl 
Taioice OTjiHHHTejibHOH nepToň reTepoxpoMaTHHa. 3 to 
B epHO h aa« KOHCTHTyTHBHoro reTepoxpoMaTHHa (k ko- 


Aeai 4 eTMJinpoBaHMe rucroHOB noftaB/iaer TpaHCKpnnuMK) 


Sin3 


(Kopenpeccop R p d 3 
Ume6 (i;eauemna3 ) 



Pial. 30.16 B KOMn/ieKC penpeccHH bxoaattpm KOMnoHema: flHK- 
CB5i3biBaiOLna5i cyó-beAMHMLja, Kopenpeccop n rncTOHAeaueTmia3a 


TopoMy, Kax npaBHJio, othochtch oôjiacra nempoMep h 
T ejioMep), h ajih cpaKyjibTaTHBHoro reTepoxpoMaTHHa (to 
ecTb oôJiacTeň, cneijH(j)HHecKH HHaKTHBHpoBaHHbix b oa- 
HOH KJieTKe, HO CnOCOÔHblX npn STOM ÔbITb aKTHBHbIMH B 
KaKOH-HHÔyAb Apyroň KneTKe). Kax npaBH/io, b oôjiacnix 
reTepoxpoMaTHHa N-xoHijeBbie «xbocth» thctohob H3 h 
H4 He aqeTH^HpoBaHbi 


30.9 


MeTMilMpOBaHMe ľMCTOHOB 
M MeTMJlMpOBaHMe AHK 
B3aMMOCBB3aHbl 


KniOHeBbie noHímifl: 


• MeTH^HpoBaHHOCTb — m no rMCTOHaM, m no flHK — 
OTjiMHmejibHafl nepia HeaKTMBHoro xpoMaimna. 

• Co6blTMfl MeTM/IMpOBaHMB 3TMX AByX CyÓCTpaTOB MOryT 6blTb 
B3aMMOCBfl3aHbl. 


B xpoMaTHHe, rAe MeranHpoBaHbi h thctohm, h flHK, reHbi, 
Kax npaBHJio, He sxcnpeccHpyiOTai. MeTHJiHpoBaHHe thcto- 
HOB npOHCXOAHT no KOHKpeTHbIM aMHHOKHCJIOTHblM nOJIO- 
XCeHHHM: B naCTHOCTH, no AByM JIH3HHaM B «XBOCTe» H 3 H 
aprHHHHy b «xboctc» H4. 

MeTMHpoBaHHe 9 Lys b thctohc H3 flBjíaeTca otjihhh- 
TejibHOH nepTOH KOHAeHcnpoBaHHbix oĎJiacreH xpoMa- 
THHa (b nacTHocTH, reTepoxpoMaTHHa, b oĎmeň Macce) h 
MeHee xpynHbix oôJiacTax, npo KOTopbie Toxce h3bcctho, 
hto ohh He 3KcnpeccHpyiOTca. OepMeHT rncTOHMeTHji- 
TpaHC(Jjepa3y, MHiueHbio KOTopoMy cjiyxcHT 9 Lys, Ha3biBai0T 
SUV39H1 (noneMy ero Tax npHnyAJiHBO Ha3BajiH, Mbi y3Ha- 
eM H3 pa3A. 30.13 «Y ôejixoB, MOAHcjDHqHpyioiAHx xpoMa- 
THH, ecTb OÔIAHe aMHHOKHCJIOTHbie MOTHBbI»). AKTHBHblH 
ijemp 3Toro (JjepMeHTa coAepxaiT oôjiacTb, H3Becmyio xax 
SET-AOMeH. flpyrHM rHCTOHMeTHJiTpaHC(jDepa3aM MHuieHbio 
cjiyxcHT aprHHHH. BAOÔaBOx, MeTHJinpoBaHHe MoxceT hath 
no 79 Lys b rjioôyjwpHOH cepAueBHHe Mo^exy^bi H3; 3Ta pe- 
axuna MoxceT 6biTb HeoôxoAHMa aa** cJJopMHpoBaHHH reTe¬ 
poxpoMaTHHa Te^OMep. 

flo HeAaBHHx nop cnHTajiocb, hto MemnHpoBaHHe rnc- 
tohob HeoôpaTHMo. Ha ceroAHfl, OAHaxo, 6bmo hachthcJjh- 
L^npoBaHO yxce Hecxo^bxo rHCTOHAeMeTHJia3; b hx nncjie — 
jiH3HH-cneqH(jDHHHaa ACMeTHjia3a LSD1, AeňcTByiomafl Ha 
4 Lys racTOHa H3, a Tax>xe (JjepMeHT, kotophh AeMeTHjinpyeT 
aprHHHH b racTOHax H 3 h H4. Kax pery^HpyeTca acmcthjih- 
poBaHHe, noxa HeacHO. 

Hto xacaeTca flHK, ôojibiiiHHCTBO caňTOB MeTHJinpo- 
BaHHa b Hen — sto CpG-ocTpoBKH (cm. pa3A. 24.19 «CpG- 
octpobkh HBjíaioTca MHiiieHflMH tým pery^aqHH»). B re- 
TepoxpoMaTHHe nocjieAOBaTe/ibHocTH CpG, xax npaB™o, 
MerajiHpoBaHbi. HaoôopoT, CpG-ocTpoBxaM, HaxoAnmHMca 
B aKTHBHblX npOMOTOpax, CBOHCTBeHHO ne ÔbITb MeTHJIH- 
poBaHHbiMH (cm. pa3A- 24.18 «3xcnpeccHa reHOB CBa3aHa c 
AeMeTHJiHpoBaHHeM»). 

npoueccbi MeTranpoBaHHa flHK h MeTHjiHpoBaHHa 

THCTOHOB B3aHMOAeHCTByiOT no THny nO^OXCHTeJIbHOH 


822 U1ABA 30 KoHTpoAb CTpyKTypbi xpoMaTMHa 











OÓpaTHOH CBA3H. MeTHJiHpoBaHHe THCTOHa H3 CJiyTKHT 
cnrHajiOM, npHB^eKaioiij.HM flHK-MeTraa3y b xpoMaraH. 
riopa^OK coôbiTHň TaKOB, hto CHanajia 9 Lys noABepra- 
eTca ^eaqeTraHpoBaHHio h tcm caMbiM npeBpamaeTca 
b cyócTpaT pjvl MeTHjiHpoBaHHa. 3aTeM H3 nepeBOAHTCfl 
b cocToaHHe Me 9 Lys hjih Me 2 9 Lys, oôecnenHBaa flHK- 
MeTraa3e caňT j\m CBfl3biBaHHa. HeKOTopbie racTOHMe- 
TH^TpaHC(J)epa3bi hmciot noTeHijHajibHbie caňTbi Rjm 
CBa3biBaHHa MeTH/iHpoBaHHoro AyôJieTa CpG: bo3mo>kho, 
MeTHjiHpoBaHHaa flHK npoH3Bo/^HT cboh ycraHBaiomHň 
3(jD(j)eKT (b paMKax KOHTypa nojio>KHTe;ibHoň oôparaoň 
CBA3H C MeTHJIHpOBaHHeM thctohob) 3a CHeT Toro, HTO 
oôecneHHBaeT cyôcTpaT rHCTOHMeTH;npaHC(j)epa 3 aM. Ta- 
khm o6pa30M, MeTHJiHpoBaHHe o/jHoro cyôcTpaTa (flHK 
hjih thctohob) cpaôaTbiBaeT Ha 3anycK MemjmpoBaHHa 
Apyroro. 3to B3aHMOAeňcTBHe Ha ypoBHe npoijeccoB 
— oneHb pacnpocTpaHeHHoe, nocKOJibicy hmootoi AOKa- 
3aTe^bCTBa ero cymecTBOBaHHa b KJieTKax rpHÔOB, pacTe- 
hhh h jkhbothmxx— peryjumHH TpaHCKpHnu,HH Ha 

npoMOTopax, Hcno;ib 3 yeMbix PHK-no;iHMepa 3 aMH I h II, 
a Taoce /yia no^epxcaHra reTepoxpoMaTHHa b ero HHep- 
THOM COCTOflHHH. 


30.10 


nepexoAbi Me>KAy 

COCTOflHMflMM XpOMaTMHa 

npoMcxoflflT qepe3 
MOflM(})MKamiK) ero 

KOMÍlOHeHTOB 


KmoneBbie noHflTMfi: 


• AueTM^MpoBaHMe tmctohob cBA 3 aHO c aKTMBauMeíí reHOB. 

• MeTM^npoBaHne flHK m/mjim tmctohob xapaKTepHo Ana 
HeaKTMBHoro xpoMaimna. 


Ha ph c. 3u. í / npocyMMHpoBaHbi Tpn THna pa3JiHHHň, 06 - 
HapyxcHBaeMbix MOK/jy aKTHBHbiM h HeaKTHBHbiM xpoMa- 

THHOM: 

• AKTHBHblH xpOMaTHH ai],eTHJIHpOBaH no «XBOCTaM» rac- 
TOHOB H3 H H4. 

• HeaKTHBHbíň xpoMaraH MeTHJinpoBaH no 9 Lys thcto- 
Ha H3. 

• HeaKTHBHbíň xpOMaTHH MeTHJIHpOBaH no U,HT03HHaM 

Ayô^eTOB CpG. 

OÔpaTHblň XOA COÔbITHH motkho npoHa6;noAaTb, epaB- 
HHB npoueccbl aKTHBaqHH npOMOTOpa H B03HHKH0BCHHfl 
reTepoxpoMaTHHa. fleňcTBHa cjDepMeHTOB, MOAH^HqHpyio- 
ujhx xpOMaTHH b KaxcAOM H3 3thx cjiynaeB, BcejunoT yBe- 
peHHOCTb B TOM, HTO COÔbITHfl aKTHBaiJHH H COÔbITHfl HHa- 
KTHBaU,HH CTporO aJIbTepHaTHBHbl. TaK, MeTHJIHpOBaHHe 
rncTOHa H3 no 9 Lys h ero xce aijeTHjiHpoBaHHe no 14 Lys He 
MOryT H/^TH O^HOBpeMeHHO. 

AqeT™a3bi h /jeaueTH.na3bi Moryr 3anycKaTb HHHu,HHpy- 
ioiij 1 He coôbiTHfl. fleaqeTMHpoBaHHe no3Bo;weT npoH3oňTH 
MeTHjiHpoBaHHK), HTO Bbi3biBaeT o6pa30BaHHe reTepoxpo- 


AKTMBHOCTb XpOMaTMHa 

o 6 yc/iOBJieHa tpeMfl TiinaMM ero MOAU(|>MKaiufM 



PHC. 30/17 AueTM^MpoBaHMe tmctohob aKTMBMpyeT xpOMaTHH, Me- 
TM/lMpOBaHMe flHK M THCTOHOB HHaKTHBHpyeT XpOMaTHH 


MaranecKoro KOMnueKca (cm. pa3 a. 31.3 «CymecTBOBaHHe 
reTepOXpOMaTHHa OÔyC^OBJíeHO B3aHMOAeHCTBHflMH thcto- 
HOB C /ipyTHMH 6eJIKaMH»). Al^eTH^HpOBaHHe THCTOHOB no- 
MenaeT oôJiacTb xpoMaraHa xax aKTHBHyio (cm. pa3A. 30.11 
«AKTHBaiiHa npoMOTopa npe/iCTaB^aeT coôoň ynopa^oneH- 
HyiO eepHK) C 06 bITHH»). 


30.11 


AKTMBai4M5) npoMOTopa 
npeAcraBjíjieT coôoň 
ynopBAoqeHHyio cepwio 

COÓbITMM 


K/noneBbie noHATMfl: 


• KoMn^exc peMOfle^npoBaHM 5 i xpoMaimna MO>KeT peKpyinpoBaTb 
KOMľl/ieKC aiieTM/lMpOBaHMfl THCTOHOB. 

• AueTM^MpOBaHMe THCTOHOB CTa 6 M^M 3 MpyeTXpOMaTMH B 
aKTMBMpOBaHHOM COCTOflHMJI. 


KaKHM xce o6pa30M rHCTOHaiieTraa3bi h rncTOH/ieäu.eTH- 
^a3bl OKa3bIBaiOTOI npHBJíeneHHbIMH K KOHKpeTHbIM MH- 
rneHflM? Kax 6bmo noKa3aHO rjm peMO/ie^Hpyioiij.ero kom- 
n^eKca, npoiiecc 3tot onocpe/jOBaHHbiň. AKTHBaTop (h^h 
penpeccop), cneiiHcjDHHHbíň no OTHomeHHio k HymieoTH/i- 
hoh nocjieAOBaTejibHocTH, moxcct, nepe3 B3aHM0/ieHCTBHe 
c KOMnoHeHTOM aiieT™a 3 Horo (ymu AeaiieT™a 3 Horo) 
KOMn^eKca, npHBjíenb ero k npoMOTopy. 


30.11 AKTMBauMB npoMOTopa npeACTaB^aeT coóoíí ynopBAOHeHHyto cepMto coóbiTMíí 823 




















KpoMe Toro, KOMmieKCbi peMo/jejiHpoBaHHfl xpoMa- 
THHa H KOMnneKCbl MO^H(J)HKaUHH THCTOHOB MOľyT B3aH- 
MO^eňcTBOBaTb MCTKjjy coôoh HanpaMyio. npHBjíeneHHe k 
npoMOTopy peMOAe^Hpyiomero KOMiuieicca SWI/SNF mo- 
xceT npHBecTH k npHxo/iy Ha otot npoMOTop aqeTraa3Horo 
KOMn^eKca SAGA. nocneAyiomee aijeTHJiHpoBaHHe racro- 
hob MoxceT cTa6™H3HpoBaTb accoqHaqHK) npoMOTopa c 
KOMnjieKCOM SWI/SNF, co3/jaBaa BsaHMHO-noAKpemwiomHe 
OTHomeHHa Mexc^y achctbhhmh komíiohchtob ôe^KOBoro 
annapaTa HHHijHauHH TpaHCKpunuHH. 

Bce coôbľraa, KOTopbie hmoot mccto Ha npoMOTo- 
pe, mo)kho BbicTpoHTb b iienomcy, npe^CTaB^eHHyio Ha 
P H C. 30.18. MHHUHÍipyiOIIlHM COÓbITHeM BblCTynaeT CBfl3bI- 


ÄKTMBaMMfl npOMOTOpa COCTOHT H3 MHOJKeCTBa COÓblTHM 


0aKTOp TpaHCKpMnUMM CBÍ13blBaeT 
KOHKpeTHyK) nocneAOBaiejibHOCTb 





KoNiruieKC peMOAejiMpoBamifl npuB^eKaeT KOMn/ieKC 
C aueTMJia3HOÍÍ aKTMBHOCTbK) 



Kvll 30.10 AKTMBauMfl npoMOTopa HaHMHaeTCfl c y3HaBaHM5i ero 
HyK/ieoTMflHOM noc/ieflOBaTe/ibHOCTM cneunc()MHHbiM 6e/iKOM-aKTM- 
BaTopoM. 3aieM k paóoie Ha npoMOTope npMB/ieKaioTCfl KOMruieKCbi 
peMOfle/iMpoBaHMA m aueTM/iMpoBaHM^. ToHHbiíí nopjiAOK coóbiTMÍí 
AJlfl pa3HblX npOMOTOpOB MO>KeT OT/lMHaTbCfl 


BaHHe KOMnoHeHTa, cneijHc})HHHoro no othoihchmk) k Hyx- 
jieoTH£HOH noaie,aoBaTeAbHOCTH caňTa R HK (h cnocoÓHO- 
ro pa 3 bicKaTb cboio MHiueHb b kohtckctc xpoMaraHa). Oh 
peKpyTHpyeT KOMnjieKc peMO/je/iHpoBaHHfl; b HyioieocoM- 
hoh opraHH 3 au,HH npoMOTopa npoHCxoA^T H 3 MeHeHna. 
3th H3MeHeHHB no3BOJiaiOT CBa3aTbca aijeTHJiHpyiomeMy 
KOMnjieKcy, h yxce aijeTHJiHpoBaHHOCTb rncTOHOB-MHrneHen 
B Aa^bHeHUieM CJiyXCHT KOBaJieHTHOH MapKHpOBKOH aKTHBH- 

poBaHHoro jioicyca. 

Taicxce b npoMOTope npoHCxo£HT MOAHCj)HKauHfl RHK. 
MeTHAHpoBaHHOCTb ijhto3hhob b jjyôj \ cľ2x CpG 03HanaeT 
OTcyTCTBHe OKcnpeccHH (cm. pa3/j. 24.18 «3KcnpeccHa reHOB 
CBH3aHa C A0MeTHJlHpOBaHHeM»). OCHOBaHHfl On03Ha- 
HHa ynacTKa RHK b KanecTBe mhuichh /yia MeTHjinpoBaHHfl 
H3BeCTHbI JlHUIb npH6jIH3HTeJIbHO (CM. pa3/J. 31.8 «MeTRHH- 
poBaHHe RHK oôycnoBjíHBaeT HMnpnHTHHr»). 

ľloHaTHo, hto peMOAejiHpoBaHHe xpoMaraHa b oô/iac- 
th npoMOTopa TpeôyeT pa3Hoo6pa3Hbix MOflHcjDHKauHH 
HyioieocoM, b tom HHCJie aueTHJiHpoBaHna thctohob; a Ka- 
KHe H3MeHeHHa aojdkhh npoH30Hra b caMOM reHe, htoóh 
PHK-noAHMepa3a CMoma ero nponHTaTb? H3Becrao, hto 
PHK-no;iHMepa3a MoxceT TpaHCKpHÔHpoBaTb RHK in vitro 
CO CKOpOCTbK), COnOCTaBHMOH C peajIbHbIMH H3MepeHHa- 
MH CKOpOCTH TpaHCKpHniJHH in VÍVO (25 HyKJieOTH/JOB B 
cexyHAy), TOJibKO Ha MaTpnije cboôo/jhoh (ne opraHH30- 
BaHHOH b BH^e HyioieocoM) RHK. HecKOJibKo 6e;iKOB ot- 
ji HnaioTca CBoeň cnocoÔHOCTbio yBe/iHHHBaTb CKopocTb 
nponTeHHa RHK PHK-no;iHMepa30H. Hx oômen ocoóeH- 
HOCTbK) HBJíaeTCa TO, HTO eCTeCTBeHHbIM MeCTOM HX pa6o- 
Tbl flBJíaeTOI xpOMaTHH. Mo RO\b paÔOTbl 3THX ÔeJIKOB, npn- 
HHTaa Ha cero/jHa, 3aioiK)naeTca b tom, hto ohh BCTynaiOT 
b KOHTaKT c PHK-nojiHMepa3oň h nepeHocaTca BMecTe c 
Heň BAOJib MaTpHiibi, nonyTHO bhocb H3MeHeHHa b Hyioie- 
ocoMHyio opraHH3aijHK) reHa nepe3 B03AeňcTBHe Ha rac- 
TOHbi. Cpe/^H KaTaAH3Hpyioiij 1 Hx ôejiKOB ecTb h rncTOHaue- 
THjia3bi. no oähoh H3 BepCHH, nepBaa PHK-noAHMepa3a, 
npoHHTbraaiomafl reH, BblCTynaeT b ponu nepBonpoxo/jua, 
Heca c co6oh (JiaKTopbi, MemnomHe CTpyKTypy eAHHHiibi 
TpaHCKpHnilHH, HTOÔbl CJie/jyiOmHM nOAHMepa3aM npOHTH 

6bmo yxce jieme. 


30.12 


Ooc(|)opMiiiipoBaHiie 
rMCTOHOB BilMBeT 
Ha crpyicrypy xpoMaTMHa 


KnioHeBbie noHATMa: 


• 1/13 HeTbipeX TMCTOHOB HyKiieOCOMHOÍÍ CepAUeBMHbl MMĽJeHflMM 
f\nn c})occJ)opmiMpoBaHMfl c/iy>KaT Kax MMHMMyM Aea. 


Ooc(})op™HpoBaHHe thctohob HMeeT mccto npn oahom h3 
AByx oôcToaTenbCTB: 

• b xo/^e joieTOHHoro iiHioia, hjih 

• B CBA3H C peMOAeAHpOBaHHeM xpOMaTHHa. 

RZBHO H3BCCTHO, HTO THCTOH Hl (J)oc(})opHAHpyeTca 
npH MHT03e; OAHaKO CpaBHHTeJlbHO HeAaBHO 6bUIO OTKpbITO, 


824 TJ1ABA 30 Kompo/ib CTpyKTypbi xpoMaTMHa 















Pili, 30 : ' y Myx, He MMeioiUMx KMHa3bi JIL-1, nojimeHHbie xpoMO- 
COMbl Bbir^flflflT ypOfl^MBO: OHM CJ1MIUKOM KOHfleHCMpOBaHbl. Ooto- 
rpa(()Mfl /iio6e3HO npeAOCTaBjíeHa Jorgen Johansen and Kristen M. 
Johansen, Iowa State University 


KOTOpblH CBH3bIBaeTCH C X-XpOMOCOMOH, HTOÔbl HHTeHCH- 

cjDHitHpoBaTb 3KcnpeccHio ee reHOB y caMijOB Drosophila 
(cm. pa3/j. 31.5 «X-xpoMocoMbi npeTepneBaioT nnoôajibHbie 
H3MeHeHHfl»). 

BnenaTjieHHe o po™ (jDoccjDopHJiHpoBaHHa thcto- 
HOB, TaKHM 0Ôpa30M, AOBOJIbHO npOTHBOpeHHBOe. ECJIH 
CjDOCCjDOpHAHpOBaHHe THCTOHOB — BaXCHafl COCTaBAínOmaH 

KJieTOHHoro ijHKJia, to, CKopee Bcero, oho cjDyHKíjHOHH- 
pyeT Kax CHTHaji k KOHAeHcaijHH. Ho b tom, hto KacaeTca 
peMOACJIHpOBaHHa xpOMaTHHa, S({)({)eKT (jDOCCjDOpHJIHpO- 
BaHHfl KaK pa3 npOTHBOnOJIO>KHbIH. B03M0XCH0, KOHeHHO, 
HTO 3(J)(J)eKTbI Cf)OC(jDOpHJIHpOBaHHfl pa3HbIX THCTOHOB 
HJIH /jaxce pa3HbIX aMHHOKHCJIOTHblX OCTaTKOB OAHOrO 
THCTOHa MOryT 6bITb pa3JIHHHbIMH BIUIOTb £0 nOJIHOH 
npOTHBOnOAOXCHOCTH. 


30.13 


y ÓeilKOB, MOflM(|)MUMpyH)lMMX 
XpOMaTMH, eCTb o6mwe 
aMMHOKMCJlOTHbie MOTMBbl 


K/noneBbie noHATMfl: 


• B HeKOľopbix óe/wax xpoMaTMHa ecib xpoMOAOMeH; a^eKT 
B03AGMCTBMÍ1 T3KMX Óe/IKOB Ha CTpyKTypy XpOM3TMHa MO>KeT 
6bUb aKTMBMpyioiAMM n m6o penpeccMpyioiAMM. 

• Hacľbio aKTMBHoro ueHTpa MeTM/upaHC(})epa3 oiywMTSEľ- 
AOMeH. 

• Bo MHOTMX B3aMMOAGMCTByiOlAMX C XpOM3TMHOM Óe/lKaX 
ecTb ópoMOAOMeH; oh Mcnojib3yeicfl AJifl y3HaB3HMfl 
aAeTM/iMpoBaHHbix caííTOB b MOJiexy/iax tmctohob. 


hto Hl Hpe3BbraňH0 xoporn Kax cyôcTpaT /yra KHHa3bi 
Cdc2, ocymecTBjunomeH KOHTpojib Ha/j KJieTOHHbiM /jejieHH- 
eM. 3TO OTKpbITHe CnpOBOItHpOBaJIO Te3HC O TOM, HTO (})OC- 
CjDOpHAHpOBaHHe Hl MOXCeT ÔbITb B3aHMOCBa3aHO C KOH/jeH- 
caitHeň xpOMaTHHa. OflHaKo npaMbix AOKa3aTejibCTB Toro, 
hto Cdc2 (jDOCcjDopHJinpyeT Hl in vivo, nojiyneHO He 6biJio, 
TaK hto HeacHO, nrpaeT oho KaKyio-HHÔy/tb po;ib b nenemm 
KJieTKH, HJIH HeT. 

YrpaTa KHHa3bi, cjjoccjjopHJiHpyiomeH thctoh H 3 no 
10 Ser, ryÔHTejibHa /yw cTpyKTypbi xpoMarara. Ha Pne. 30.19 
npoBeAeHO cpaBHeHHe oôbiHHOH, pacnpaBjíeHHOH, cTpyKTy- 
pbi Haôopa nojíHTeHHbix xpomocom Drosophila melanogas- 
ter (BepxHflfl (jDOTorpacfjHa) c aHajioranHoň crpyKTypoň H3 
KJieTOK MyTaHTa, y KOToporo OTcyTCTByeT cjDyHKqna KHHa3bi 
JIL-1 (HHäCHflfl cjDOTorpacjDna). OTcyTCTBHe JIL-1 neTajibHO, 
HO XpOMOCOMbI MOXCHO yCneTb BH3yaJIH3HpOBaTb AO Toro, 
KaK AHHHHKH-MyTaHTbi norHÔHyT. 

HapymeHHe cTpyKTypbi xpOMaTHHa b stom cjiynae Bbi- 
3BaHO, CKopee Bcero, HeB03M0)KH0CTbI0 (j)OC(j)OpHJIHpOBaTb 
thctoh H3 (xoth, KOHenHO xce, y JIL-1 MoryT 6biTb h Apyrae 
MHiueHH). 3 to yKa3bmaeT Ha Heoôxo/tHMocTb (J)oc$opH- 
jinpoBaHHa H 3 jyw npH/taHHa xpoMaraHy ôojiee pacnpaB- 
jieHHOH CTpyKTypbi, cbohctbchhoh oÓJiacTaM syxpoMaTH- 
Ha. SKcnepHMeHTa^bHoe no/tTBepjKAeHHe TOMy, hto JIL-1 
AeňcTByeT Henocpe/tCTBeHHO Ha xpoMaTHH, coctoht b tom, 
HTO 3Ta KHHa3a aCCOIJHHpOBaHa C ÔeJIKOBbIM KOMnjieKCOM, 


Harne noHHMaHHe MexaHH3MOB KOHTpojia CTpyKTypbi xpo- 
MaTHHa HanaAOCb c HAeHracjDHKaijHH MyraHTOB, y koto- 
pbix HapymeHa M03aHHH0CTb, oóycjiOBjíeHHaa scjjcjjeKTOM 
nojioxceHHa. Y Drosophila HanjjeHO okojio 30 reHOB c Ta- 
khmh MyTaitraMH. Hm CHCTeMaranecKH npHCBaHBajincb 
Ha3BaHHa Su(var) (suppressed variegation; ecjiH achctbhc 
A ecjDeKTHoro noAyKTa cynpeccHpoBajio M03aHHH0CTb) wm 
E(var) (enhanced variegation; ecjiH achctbhc accJdcktooto 

npOAyKTa yCHJIHBaJIO SCJdcJdCKT M03aHHH0CTH). MyTaitHHMH 
Su(var) oTMeneHbi reHbi, HbH npoAyKTbi HyxcHbi rjik cjDop- 
MHpoBaHHa reTepoxpoMaTHHa. 3 to, b nacraocTH, (J>ep- 
MeHTbi, AeňcTByiomHe Ha xpoMaTHH (HanpHMep, thctoh- 
AeaiteTHAa3bi), a Tarace 6 cakh, KOTopbie AOKajiH3yiOTca b 
reTepoxpoMaTHHe. MyTaqHH E(var) coAepxcaTca b reHax, 
HbH npoAyKTbi HyxcHbi Rjm aKTHBaijHH SKcnpeccHH b Apy- 
thx jioKycax. TaK, MyTaitraMH E(var) npoMapKHpoBaHbi 
KOMnoHeHTbi KOMnjieKca SWI/SNF. OTcio^a, KCTara, He- 
3aMeAJinTeAbHO c^e^yeT, hto peMOAe/iHpoBaHHe h Apyrne 
CTpyKTypHbie MOAHcjDHKaqHH xpOMaTHHa noMoraioT koht- 
pojiHpoBaTb cjDopMHpoBaHHe reTepoxpoMaTHHa. O Bceoó- 
IAHOCTH STOH (J)yHKLtHOHaJlbHOH CBA3KH TOBOpHT TO, HTO 
MHorne jiOKycbi, r^e HMeiOT MecTo MyTaitHH Su(var) hjih 
E(var), HMeiOT rOMOAOrOB (c aHaJIOTHHHblMH (jDyHKHHHMH 
npoAyKTOB) b reHOMe Apoxcxceň. TaK, y Schizosaccharomy- 
ces pombe MyraijHH no reHaM clr (cryptic loci regulátor) 
HapymaioT caňjieHCHHr. 
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y MHorax 6e;iKOB Su(var) h E(var) ecTb oôiiihh mothb 
H3 60 aMHHOKHCJIOT, COOTBeTCTByiOmHH TaK Ha3bIBaeMOMy 
xpoMO/jOMeHy. ripncyTCTBue 3Toro AOMeHa b 6e;iKax oôeHX 
rpynn yKa3bmaeT Ha to, hto oh ynacTByeT b 6e;i0K-6e;iK0- 
BblX B3aHMO^eHCTBHaX C MHIDeHflMH B COCTaBe xpOMaTHHa. 
XpoMO^OMeH npe/íHa3HaHeH /yia npHBjíeneHHa (peKpyTHH- 
ra) ôejiKOB, KOTopbie ero co/iepxcaT, Ha paôoTy b xpoMaTHHe. 
3Ta cjjyH klika BbinojiHAeTca 3a cneT y3HaBaHHA xpoMO/jOMe- 
HOM MeTHJIHpOBaHHblX JIH3HHOB B «XBOCTaX» THCTOHOB (CM. 
pa3/j. 31.3 «CymecTBOBaHHe reTepoxpoMaTHHa oôycnoBJíe- 
HO B3aHMO^eHCTBHaMH THCTOHOB C ApyTHMH 6eJIKaMH» H 
pa3/j. 31-4 «Penpeccopbi h aKTHBaTopbi: 6ejiKH-aHTaroHHCTbi 
Polycomb h Trithorax»). 

BenoK Su(var)3-9 HMeeT xpoMO/jOMeH, aomch, Ha3bma- 
eMbíň Su(var)3-9, enhancer-of-zeste, Trithorax, coicpameH- 
ho SET. Ero mothb oÔHapyxcHBaeTca y HecKOJibKHx 6e;iKOB 
Su(var). y M^eKonHTaioiij.Hx ôejioK c roMOJioraHHbiM mo- 
thbom jioKaaH3yeTca b ijeHTpoMepHOM reTepoxpoMaTHHe 
h ABjífleTca rHCT0HMeTHjnpaHC(j)epa30H, /jeHCTByiomaA Ha 
9 Lys racTOHa H3 (cm. pa3/i. 30.9 «MerajiHpoBaHHe thctohob 
h MeTHJiHpoBaHHe RHK B3aHM0CBa3aHbi»). SET-/joMeH, xax 
nacTb ero aKTHBHoro ijempa, no cyTH, CBH/ieTejibCTByeT o 
MeTHJia3HOH aKTHBHOCTH. 

BpoMo^OMeH oÔHapyxceH y MHoxcecTBa ócjikob, B3a- 
HMO^eHCTByiOmHX C XpOMaTHHOM, HanpHMep y THCTOHa- 
qeTraTpaHC({)epa3. AHa;iH3 KpHcrajuiHnecKOH CTpyKTypbi 
noKa3a^, hto b 6 poMO/jOMeHe ecTb caňT cBA3biBaHHa c 
aijeTHjmpoBaHHbiM jih3hhom. CaM no ce6e 6poMOAOMeH 
y3HaeT TOJibKo oneHb KopoTKyio nenTM/jHyio nocne/jo- 
BaTe^bHOCTb H3 neTbipex aMHHOKHCJIOT (b HHCJie KOTO- 
pbix — au,eTHJiHpOBaHHbiH jih3hh), Tax hto cneqH(})Hn- 
HOCTb K MHUieHH flOJDKHa 3aBHCeTb OT B3aHMO/ieHCTBHH, 
b KOTOpbix ynacTByiOT h ^pyrae oôjiac™ ôejiKa. KpoMe 


rHCTOHaueTHJiTpaHC(jDepa3 6poMOAOMeH oÔHapyxcHBa- 
eTCfl BO MHOľHX /ipyrHX ÔeJIKaX, B3aHM0AeHCTByi011J 1 HX c 
xpoMaTHHOM, b HHCJie KOTopbix — KOMnoHeHTbi annapa- 
Ta TpaHCKpHniJHH. BpOMOAOMeH, HeCOMHeHHO, HCnOJIb- 
3yeTca /ym y3HaBaHHA au,eTHJiHpoBaHHbix thctohob, TaK 
HTO ÔeJIKH, B KOTOpblX OH eCTb, 3a^eHCTBOBaHbI, KaK npa- 
BHJIO, B aKTHBaU,HH reHOB. 

HeCMOTpa Ha OÔIIiyiO 3aKOHOMepHOCTb, HTO aKTHB- 
HblH XpOMaTHH aiT,eTHJIHpOBaH, a HeaKTHBHblH — MeTH- 
jiHpoBaH no THCTOHaM, H3 3Toro npaBHjia cymecTByeT 
p a/i HCK/noneHHH. CaMoe H3BecTHoe HCKjnoneHHe — sto 
au,eTHJiHpoBaHHe H4 no 12 Lys, cneijH({)HHHoe /yia reTe¬ 
poxpoMaTHHa. 

Ha «xB0CTe» o/jhoh MOJieicyjibi racTOHa MoxceT HMeTb 
MeCTO MHOXCeCTBO KOBaJieHTHblX MO/l 1 H(J)HKaU l HH, npHHCM 
ORH 2 MO^HCjDHKaniHa MOXCeT BJIHflTb Ha B03M0XCH0CTb Apy- 

roň. OoccjDopmHpoBaHHe cepHHa no o/iHOMy nojioxceHHio 
MoxceT 6biTb HeoôxoAHMbiM ycjiOBHeM /yw aiieTHjiHpoBa- 
hha jiH3HHa no ApyroMy nojioxceHHio. Ha R M c. 30.20 rpa- 
(J)HnecKH H3Jio>KeHa CHTyaijHfl c «xboctom» H3; 3tot «xboct» 
MoxceT Haxo^HTbca b o/jhom h 3 ^Byx ajibTepHaTHBHbix co- 
CTOflHHH. B HeaKTHBHOM xpOMaTHHe «XBOCTaM» H3 CBOHC- 
TBeHHO HMeTb Meran- 9 Lys, a b aKTHBHOM — aijeTHJi- 9 Lys n 
(J)occjDo- 10 Ser. Kax^oe H3 coctoahhh «xBOCTa» H3 mojkct 
/^OMHHH poBaTb Ha oóiiiHpHbix ynacTKax xpoMaTHHa. Ooc- 
(})op™HpoBaHHe H 3 no 10 Ser h MeTHJiHpoBaHHe H 3 no 9 Lys 
B3aHMHO HCioiionaiOTca; 3 to ynTeHO Ha pncyHKe npn boc- 
npoH3Be^eHHH nopa^Ka coôbiTHH (/^ecjDoecjDopH^HpoBaHHe 
no 10 Ser npe/uiiecTByeT MeTHJiHpoBaHHio no 9 Lys). TaKHM 
o6pa30M, noepe^CTBOM KOBajieHTHbix MOAH^HKaqHH no 
pa3HbIM aMHHOKHCJlOTHbIM nOJIOXCCHHaM, «XBOCT» THCTOHa 
H3 MOXceT nepexo/^HTb Mexg^y «aKTHBHbiM>> h «HeaKTHBHbiM» 
COCTOaHHaMH. 


y «xB0CTa» rHCTOHa H3 ecTb a/ibTepHaTMBHbie coctobhmb 


Ala Ajf thr Thr Ala Ar g Ij^Ser 1 hr ý 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 


Ala 

1 


KnHa3a 

^Tnr ^Gln 

2 B 4 5 


í 

O 

rr Ala Thr 

6 7 8 9 10 11 12 13 14 


AueTMjia3a ^ 

AKTMBHbIM XpOMaTHH 5>0 

Ala ^)ôln Thr ,Ala Aj ^I^Ser Thr 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 


fleaueTM^MpoBaHMe . 
flect)oc(t)opMjiMpoBaHMe I 
MeTH^HpoBaHHe ▼ 

HeaKTMBHbIM XpOMaTHH Me 

Ala Arj thr Ly> Gm f hr Ala Arg Ly> Šer thr jjj 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 


PMC. 30.20 Pa3^MHHbie MOflM(})MKaLlMM «XBOCTa» H 3 B/1M51IOT Ha aK- 
TMBHOCTb xpoMaTHHa 


30.14 


Pe3ioMe 


ľeHbi, HbH pery^aTopHbie oô^acTH hmciot CTaH/rapTHyio 
HyKJieocoMHyK) opraHH3ariHK), oôbinHO He 3KcnpeccHpyiOT- 
ca. B oTcyTCTBHe cneriHajibHbix pery^aTopHbix 6e;iKOB, npo- 
MOTopbi h /rpyrne perymrropHbie oô^acra CTpyKTypnpoBa- 

Hbl THCTOHOBblMH OKTaMepaMH AO COCTOaHHa, B KOTOpOM 

ohh He MoryT 6biTb aKTHBHpoBaHbi. Crporo per^aMeHTH- 
poBaHHoe no3Hu,HOHHpoBaHHe HyioieocoM b OKpecTHOCTax 
npOMOTOpOB MOXCHO 06T)aCHHTb nOTpeÔHOCTbK) B /lOCTyne K 
BaxcHbiM peryjiflTopHbiM caňTaM flHK. HeKOTopbie (J)aKropbi 
TpaHCKpHnuHH yMeiOT y3HaBaTb flHK Ha noBepxHOCTH HyK- 
^eocoMbi, ho Bce paBHO, npeôbmaHHe R HK b KOHKpeTHOM 
nOJIOXCeHHH OTHOCHTeJlbHO THCTOHOBOrO OKTaMepa MO>KeT 
ÓbITb TpeÓOBaHHeM, HeOÔXO/lHMbIM /Via HHHU,HaU,HH TpaHC- 
KpnniiHH. 

AKTHBHblH XpOMaTHH H HeaKTHBHblH XpOMaTHH He Ha- 
xoAaTca b paBHOBecHH. HTo6bi nepeBecTH oahh b Apyron, 
HyxcHbi coébiTHH, Hocau/He xapaKTep BHe3anHoro BMerna- 
TeabCTBa. BeaKOBbie KOMn/ieKCbi peMOAeanpoBaHHa xpo¬ 
MaTHHa oô^a^aiOT cnoeoôHOCTbK) H3MeHaTb MecTonoJio- 
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aceHHe thctohob OTHOCHTejibHO AHK, Hcno;ib3yfl /yia 3Toro 
THAP0^H3 ATO. KOMn^eKCbl peMOAeJIHpOBaHHfl OTJIHHaiOT- 
ca ôojibiiiHMH pa3MepaMH; hx miaccH(})Hij,HpyK)T no rany 
ATOa3Hon cyô'be/jHHHu,bi. CaMbie pacnpocTpaHeHHbie H3 
hhx — sto KOMn^eKCbi rana SWI/SNF h Tnna ISWI. Hanôo- 
jiee nacTo BcrpeHaioii;aflca čpopM2 peMo/tejiHpoBaHHa xpo- 
MaTHHa 3amnoMaeTCH b CMemeHHH o/tHoro vm h HecKOJibKnx 
rncTOHOBbix oKTaMepoB c KOHKpeTHbix noc^eAOBaTe^bHOC- 
Ten flHK: tcm caMbiM 3a/taeTca rpaHnua /yia tohhoid jihôo 
npnopHTeTHoro no3HLi,HOHHpoBaHHH npHjieacamnx Hyioie- 
ocom. Bmccto no;iHoro HounoHeHna HymieocoM, peMO/te- 
^npoBaHHe xpoMaTHHa MoaceT CBecTHCb k H3MeHeHHaM b 
nojioaceHHHx HyioieocoM, HanpnMep, 3a cneT CKOJibxceHHa 
rncTOHOBbix OKTaMepoB B/to;ib J\ HK. 

AijemjiHpoBaHHe thctohob nponcxoAHT KaK npn pernin- 
Kan,HH, TaK H npn TpaHCKpHnL],HH; OHO MOXCeT ÔbITb Heoôxo- 
Ahmo /yia npujwim xpoMaTHHy MeHee KOMnaKTHOH crpyK- 
Typbi. HeKOTopbie KoaKTHBaTopbi, HaBO/tamne B3aHMOCBa3b 
MOKjjy (})aKTopaMH TpaHCKpHnu,HH h ochobhoh annapaT 
TpaHCKpHnLl,HH, OÔJia/jaiOT rHCTOHaLl,eTHJia3HOH aKTHBHOC- 
Tbio. Penpeccopbi, HanpoTHB, Moryr ôbiTb accou,HHpoBaHbi c 
rncTOH/íeaij,eTRJia3aMH. OepMeHTbi, ocymecTB^nonj,ne KOBa- 
^eHTHbie MOAH(})HKaij,HH rncTOHOB, KaK npaBRJio, cneu,H(})HM- 
Hbl K KOHKpeTHbIM aMHHOKHCJIOTaM KOHKpeTHblX THCTOHOB. 
CaňTbi /yia MOAH(})HKaij,HH, Hcnoab3yeMbie Hanôojiee nacTO, 
pacnoaoaceHbi b N-kohucbhx «xBOcrax» thctohob H3 h H4, 
KOTOpbie, npoxo/vi MOKfff BHTKaMH J\ HK, BblCOBblBaiOTCA H3 
HymieocoM Hapyacy. AKTHBHpyiomHe (h penpeccnpyiomHe) 
KOMimeKCbi o 6 hmho oneHb KpynHbie h 3aMacTyio oôaa/jaiOT 
HeCKOJIbKHMH 3H3HMaTHMeCKHMH aKTHBHOCTHMH, KOTOpbie 
3aHHMaiOTCa pa3JIHHHbIMH MO/tH(})HKaiJ,HaMH xpoMaTHHa. y 
ôejiKOB, MOAH(})Hij,HpyK)iij,Hx xpoMaTHH, oÔHapyacHBaeTca 
pKR 06 lU,HX MOTHBOB, KOTOpbIM COOTBCTCTByiOT ROMtUb] C 
onpe/jejieHHOH (JiyHKí/HeH. Tax, xpoMO/tOMeH oôoiyxoiBaeT 
6ejiOK-6ejiKOBbie B3aHMO/teHCTBHa, 6poMO/tOMeH y3Hacr aue- 
THJIHpOBaHHblH J1H3HH, 2 SET-flOMCH HBJíaeTCH HaCTbK) aKTHB- 
Horo u,eHTpa rHCTOHMe™iTpaHC(})epa3bi. 

MoAH(})HKaij,Hfl «xboctob» thctohob cpaôaTbiBaeT KaK 
nepemnonaTeab Ha 3 anycK peopraHH 3 au,HH xpoMaTHHa. Ak- 
THBau,HH reHOB, b oômeM cjiynae, conpoBOxcAaeTca aLtemaH- 
pOBaHHeM «XBOCTOB». FHCTOHaU,eTH;ia 3 bI M 05 KH 0 BCTpeTHTb 
b cocTaBe aKTHBHpyioiij,Hx KOMimeKcoB, a rHCTOH/teau,eTH- 
;ia 3 bi — b HHaKTHBnpyiomHx KOMmieKcax. MeTHjinpoBaHHe 
rncTOHOB, HanpoTHB, conyTCTByeT HHaKTHBau,HH reHOB. 
HeKOTopbie MO/tH(})HKaij,HH rncTOHOB Moryr ôbiTb B 3 anMHO- 
HOUIIOMaiOIIJ,HMH HJ1H, HaOÔOpOT, CHHepľHHHblMH nO OTHO- 
IIieHHK) K ApyTHM MO/tH(})HKaiJ,HaM. 
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BBefleHne 

• SnMreHeTMHecKMe acJjcJjeKTbi MoryT oóecneHMBaibCfl 
M/l M MOflM(|)MKa4MeM HyK/ieMHOBOM KMC/lOTbl 

noc/ie ee CMme 3 a, m/im cymecTBOBaHMeM 
caMOBOcnpoM 3 BOflíUiiMxcB 6 e/iKOBbix dpyKTyp. 

ľeiepoxpoMaTMH pacnpocipaHfleToi ot Mečia 

3 apo>KAeHM 5 i 

• ľeiepoxpoMaTMH 3 apo>KflaeTCB Ha oco6oíí 
nocjieflOBaTe/ibHocTM flHK, noc/ie nero 06/iacTb c 
HeaKTMBHOM CTpyKTypOM pacnpOCTpaHBeTCB BflO/lb 
Xp 0 M 3 TMHB 0 r 0 BO/lOKHa. 

• ľeHbi, HaxoflBmMecB BHyipM reiepoxpoMaiMHa, 
MHaKTMBMpOBaHbl. 

• ľlpoTíDKeHHocTb KOHKpeTHoro HeaKTMBHoro ynacTKa 
B pa 3 HblX K/ieTKaX OT/lMHaeTCfl, TaK HTO MHaKTMBaUMB 
oKpecTHbix reHOB — coóbiTMe Heonpefle/ieHHoe m 
MO)K eT CKa 3 blBaTbCB B (JjeHOTMne KaK M 03 aMHH 0 CTb, 
o 6 yc/ioB/ieHHaB acJjcJjeKTOM no/io>KeHMB. 

• ľloxo)KMM 3 (J) 4 )eKT pacnpocipaHeHMB CTpyKTypHbix 
coctoahmm xpoMaTMHa MMeeT MecTo b Te/ioMepax, a 
T 3 K>Ke b /íoKycax, rfle xpaHBTCB Mo/inamne KacceTbi a/ib 
A eiepMMHauMM TMna cnapMBaHMB y flpo>K>KeM. 

CymecTBOBaHne reiepoxpoMaiMHa oóyc/iOB/ieHo 

B 3 aMMOAeMCTBMBMM TMCTOHOB C APyľMMM 
6 e/iKaMM 

• y M/ieKOľlMTaiOmMX K/llOHeByiO po/lb B (J)OpMMpOBaHMM 
reiepoxpoMaiMHa MrpaeT 6 e/ioK H PI; oh pa 6 oiaeT ; 
CBB 3 blBaBCb C MeTM/IMpOBaHHbIM TMCTOHOM H3. 

• OopMMpoBaHMe reiepoxpoMaiMHa y Apo>K>KeM 
MHMUMMpyeicfl 6e/iKOM Rapl, Koiopbiíí CBfl3biBaeiflHK 
no cneuMíJjMHecKMM noc/ieAOBaie/ibHocTBM-MMiueHBM. 

• K MMiueHBM Rapl othocatca Te/ioMepHbie noBTopbi, a 
Taione caíí/ieHcepbi b HML m HMR. 

• Rapl peKpyTMpyei Sir3 m Sir4, Koiopbie 
B 3 aMMOAeMCTByiOT C N-KOHLjeBblMM «XBOCTaMM» 
tmctohob H3 m H4, a T3K>Ke Apyr c ApyroM. 

Penpeccopbi m aKTMBaiopbi: óe/iKM-amaroHMCTbi 
Polycomb m Trithorax 

• ľlpM MMT 03 e, 6 e/iKM rpynnbi Polycomb (Pc-G) 
yAGp>KMBaiOT xpoMaTMH b penpeccMpoBaHHOM 
COCTOflHMM. 

• ľloc/ieAOBaie/ibHocTb flHK, HeoóxoAMMyio ajib (J/yHKLjMM 
Pc-G, Ha3biBaiOT PRE. 
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• OTAe/ibHO B3íiToro 6e/ma Pc-G, cnocoÓHoro CBB3aib PRE, 
noKa He H3 Magho. 

• fleíícTBMB 6e/iKOB rpynnbi Trithorax npoTMBono/io>KHbi 
AeMCTBMBM 6e/iKOB Pc-G. 

X-xpoMOCOMbi npeiepneBatOT r/ioóa/ibHbie 

M3MeHeHMfl 

• Y caMOK n/iaueHTapHbix M/ieKonMTatomMx b 
3M6pMoreHe3e b Ka>KAOM K/ieTKe MHaKTMBMpyeTCB oAHa, 
Bbi6paHH3B c/iynaMHbiM o6pa30M, X-xpoMocoMa. 

• B MCK/itOHMTe/ibHbix c/iynaflx, KorAa b K/ieTKe 
coAep>KMTCB 6o/ibiue Aeyx X-xpomocom, 

MHaKTMBMpyiOTCB BCe, KpOMe OAHOÍÍ. 

• ĽleHTp MHaKTMBaUMM — 3TO l(l/C-AeMCTByiOmafl 06 /iaCTb 
X-xpoMOCOMbi, oKa3biBaiomafl CBoe AeíícTBMe b u,uc- 
MaHepe M AB/lfllOmaflCfl HeoÓXOAMMOM M AOCTaTOHHOÍÍ 
rapaHTMeíí Toro, hto M3 X-xpomocom, npMcyTCTByiomMx b 
K/ ieTKe, 3KTMBH0M OCTaHeTCfl JlMUJb OAHa. 

• ĽleHTp MH3KTMB3I4MM C0A6p>KMT reH XlSť, OH KOAMpyeT 
PHK, KOTOpyiO MO)KHO o6Hapy>KMTb TO/lbKO Ha 
HeaKTMBHblX X-xpOMOCOMaX. 

• MexaHM3M, npenBTCTByiomMM HaKon/ieHMio PHK Xist Ha 
aKTMBHblX XpOMOCOMaX, HeM3BeCTeH. 

KOHAeHCaAMB XpOMOCOMbl — (fjyHKAMB KOHAeHCMHOB 

• Ee/IKM SMC flB/lfllOTCfl AT0a3aMM,* K hmm othocbt 
KOHAeHCMHbl M KOre3MHbl. 

• ľeiepoAMMep 6e/iKoň SMC accouMMpyei c ApyrMMM 
cy6-beAMHMuaMM. 

• KoHAeHCMHbi CBepxcnMpa/iM3yeT xpoMaTMH 

3a cnei Toro, hto bhocbt b flHK no/io>KMTe/ibHbie 
CBepXBMTKM. 

• KOHAeHCMHbl OTBeTCTBeHHbl 3a KOHAeHCaUMK) XpOMOCOM 
npM MMT03e. 

• y C. elegans oco6aa pa3H0BMAH0CTb kohachcmhob 

OTBeTCTBeHHa 3a KOHAGHCaUMlO X-XpOMOCOM, 
nOHM)KaiOmyiO MX aKTMBHOCTb. 

ľloAAep>KMBaK)LAaB MeTM/ia3a oóecneHMBaei 

BocnpoM3BOACTBO CTaiyca Mein/iMpoBaHMB flHK 

• Eo/ibiĽMHCTBO MeiM/ibHbix rpynn flHK o6Hapy>KeHo y 
Umto3mhob o6eMx i\euev\ Ay6/ieTOB CpG. 

• Pen/iMKaLjMfl nepeBOAMT no/iHOdbio MeTM/iMpoBaHHbiíí 
caíiTflHK b Aea Hano/iOBMHy MeTM/iMpoBaHHbix 
caiíTa. 


ľloc/ieAOBaie/ibHocTb PRE c/iy>KMT opraHM3aiopoM, ot 
Kdoporo, npM ynacTMM 6e/iKOB Pc-G, b xpoMaTMHe mact 
pacnpocipaHeHMe HeaKTMBHOM cipyKTypbi. 


ľlo/iyMeTM/iMpoBaHHbie caíiTbi npeBpamaioicfl b 
no/iHocTbK) MeTM/iMpoBaHHbie caííTbi noA agmcibmcm 
(J jepMeHia — noAAep/KMBaiomeM MeTM/ia3bi. 






BO MeTM/iupoBaHne flHK oóyc/iOB/iMBaeT MMnpMHTMHr 

• ľlpn on/ioflOTBopeHMM flBa a/uie/ia oflHoro m toto >Ke 
reHa, otljobckmm m MaTepnHCKMÍí, MoryT o6^aflaib 
pa3HbiMM nanepHaMM MeTM/iMpoBaHMA. 

• MeTM^MpoBaHMe, KaK npaBM/io, accouMMpoBaHo c 
MHaKTMBauMeíí reHa. 

• Ecjim reHbi MeTM/iMpoBaHbi no-pa3HOMy 
(MMľipMHTMpOBaHbl), 3M6pMOH BbDKMBeT npM yCJlOBMM, 
HTO (J)yHKI4MOHa/lbHblM (He HecyiilMÍÍ MHaKTMBMpyiOmeM 
MyiauMM) a/uie/ib AOCTajica eMy ot poAMTe/ia, y 
KOTOporO OH He MeTMJIMpOBaH. 

• BbDKMBaeMocTb reiepo3MroT no MMnpMHTMpoBaHHbiM 
reHaM pa3/iMHaeTCfl b 3aBMCMM0CTM ot HanpaB/ieHMfl 
CKpemMBaHMfl. 

• UMnpMHTMpyeMbie reHbi BcrpenaiOTCfl b cociaBe 
miacrepoB, rfle mx ciaiyc Mo>KeT HaxoflMTbCB nofl 
KOHTpo/ieM jioKa/ibHoíí peryjiflTopHoíí o6/iacTM, a 
MeTM/iMpoB3HMe de novo npoMcxoAMT b c/iynae OTcyrcTBMfl 
npeflOTBpamaioiiiMx MeTmiMpoBaHMe MexaHM3MOB. 

ÉAthM MMnpMHTMHr reHOB c npoTMBono/iowHOM no/iOBOM 

Cne'UMCjjMHHOCTbK) MO>KeT KOHTpO/IMpOBaTbCB M3 

OAHoro ueHTpa Ha xpo.MOCOMe 

• MeTM^MpOBaHMe MO>KeT 6blTb npMHMHOíí MHaKTMBaLJMM 
oflHMx reHOB m aKTMBauMM Apyrwx reHOB. 

• MMnpMHTMHr npOMCXOflMT B pe3y^bTaTe MeTMJlMpOBaHMfl 
Líl/C-fleMCTByiOmMX CaMTOB. 

riltlbl 3 nMreHeTMHecKMe 3 cJ)(t)eKTbi MoryT Hac/ieAOBaTbCB 

• HacneAOBaHMe anMreHeTMnecKMx ac^eKTOB 
MO>KeT OÓecneHMBaTbCB BOCnpOM3BOAMMblMM 
nOCTCMHTeTMHeCKMMM MOAM(})MKai4MflMM HyK/ieMHOBblX 
KMC/IOT J]\a6o 3a CHeT CaMOnOAAep>KMBaK)mMXCB 
6enKOBbix CTpyKTyp. 


OKB HeoóbiHHoe Hac/ieAOBaHMe npMOHOB y APO>K>KeM 

• Ee/ioK Sup 35 b pacTBopMMoíí cfiopMe (amkoto TMna) 
AB/lBeTCB (fiaKTOpOM TepMMHaLJMM TpaHCJlflLJMM. 

• Tot >ne 6 e/ioK Mo>KeT cymecTBOBaTb b a/ibTepHaTMBHOM 
cfiopMe onMroMepHoro arperaTa; 3 Ta cfiopMa Sup 35 He 
npMroflHa ajia ynacTMa b cMHTe 3 e 6 e/iKa. 

• ľlpMcyTCTBMe onMroMepHoíí cfiopMbi Sup 35 3acTaBJiaeT 
HOBOCMHTe3MpOB3HHblM Sup 35 npMHMM3Tb 
K0H(J)0pMai4MK), MCK^lOHaiOmyiO ero aKTMBHOCTb. 

• ľlepexoA Sup 35 M 3 oahoíí cfiopMbi b APyryío npoMcxoAMT 
noA B/iMBHMeM luanepoHOB. 

• OopMa Sup 35 AHKoro TMna MMeeT peueccMBHbiíí 
reHeTMHecKMíí cTaTyc psŕ , a MyTaHTHafl (JjopMa — 
AOMMHaHTHblíí reHeTMHeCKMM CTaTyc PSľ . 

OKB ľlpMOHbi KaK npMHMHa 3 a 6 o^eBaHMM 

M/ieKOľlMTatOLAMX 

• Ee/ioK, kotopwm o6yoiOB/ieHo 3 a 6 o/ieBaHMe cKpanM y 
OBeu, cymecTByeT b Aeyx cfiopMax; HeMHcfieKUMOHHafl 
cfiopMa AMKoro TMna, PrPS pacmen/ifleTca npoTea3aMM, a 
6 o^e 3 HeTBopHaB cfiopMa, PrP Sc , ycToííHMBa k npoTea3aM. 

• HeBpo/iorMHecKoe 3 a 6 o/ieBaHMe MOweT 6biTb nepeAaHO 
OT OBeU MbllUaM npM nOMOlMM MHteKLJMM oHMmeHHoro 
6 e/iKa, npMOHa PrP Sc . 

• HTo6bi 3a6oneTb, Mbiujb-peijMnMeHT ao/DKHa MMeTb 
(J)yHKi 4 MOHa/ibHyio KonMio reHa PrP. 

• ľlpMOH PrP Sc Mo>KeT noAAep>KMBaTb ce 6 a, 3 acT3BJiflfl 
HOBOCMHTe3MpOB3HHblM 6e/10K PrP npMHMM3Tb (f)OpMy 
PrP Sc BMecTo PrP c . 

• ľlpMOH PrP Sc cymecTByeT b pa3Hbix BapnaHTax, 
OT/lMHaiOmMXCB MOKAy C 060 ÍÍ K 0 H(J) 0 pMai 4 MeM 
cyóteAMHMU. 

riwH Pe3tOMe 


31.1 


BBeAeHMe 


KjnoneBbie noHBTMB: 


• 3nMreHeTMHecKMe 3(f)(t)eKTbi MoryT oóecneHMBaTbca mjim 
M 0AM(J)MKai4MeM HyK/ieMHOBOM KMC/iOTbi noc/ie ee CMHTe3a, mjim 
cymecTBOBaHMeM cfvjBocnpoM3BOAflmMxcfl 6enK0Bbix CTpyKTyp. 


noA anHreHeTH^ecKHM HaoieAOBaHneM noApa3yMeBa- 
eTca cnocoÔHOCTb pa3JiHHHbix coctohhhh reHeTHHecKoro 
MaTepna^a (HMeiomHx pa3Hbie (J)eHOTHnHMecKHe OTOôpa- 
^ceHHH) ôbiTb nepeAaHHbiMH no HacjieACTBy 6e3 KaKHx-jinôo 
H3MeHeHHH b nocjieAOBaTejibHOCTH flHK. 3to 03HanaeT, 
HTO ABe OCOÔH C OAHOH H TOň ^Ce nOCJieAOBaTeJIbHOCTbK) 
flHK b ^OKyce, ot KOToporo hcxoaht otot 3(})(J)eKT, MoryT 
HMeTb pa3Hbie (})eHOTHnbi. OcHOBHaa npnHHHa (J)eHOMe- 
Ha 3amnoHaeTCH b HajiHHnn b a^hhom ^OKyce caMonoAAe- 
p^HBaioiij,eHca CTpyKTypbi, (J)yHKLi,HOHajibHO He 3aBHCHiij,eH 
ot nooieAOBaTejibHOCTH flHK. CnocoÔHOCTbio 3aKpen^HTb 
snnreHeTHHecKHe 3(J)(})eKTbi caMHM cbohm cymecTBOBaHH- 
eM o6;iaAaiOT c^eAyioiij,He Tnnbi CTpyKTyp: 

• KoBajiemrm MOAH(J)HKaij,HH flHK (MeTHjinpoBaHHoe 
OCHOBaHHe). 

• EejiKOBaa CTpyKTypa, coôpaHHaa Ha flHK. 

• E>e;iKOBbiH arperaT, KOHTpo^Hpyioiij,HH KOH(})opMaij,Hio 
hobhx cy6 r btj\imm\ no Mepe nx CHHTe3a. 


B KaxcAOM H3 nepeHHCJieHHbix cJiynaeB snnreHeTHHec- 
Koe cocTOHHHe flBjíaeTCH cjieACTBneM ocoôeHHOCTen (})yHK- 
qnoHnpoBaHHH reHa (name Bcero, ero HHaKTHBau,HH), o6yc- 

JlOBJíeHHblX A^HHOH CTpyKTypOH. 

B c^ynae c MeTHJinpoBaHHeM flHK, nooieAOBaTejibHocTb, 
MOAH(})Hij,HpoBaHHaa TaKHM oôpa30M, Mo^ceT He no/waBaTb- 
ch TpaHCKpnnij,HH, b to BpeMfl KaK HeMeTHjinpoBaHHaa noc- 
^eAOBaTe^bHOCTb 6yAeT 3KcnpeccnpoBaHa. KaK Haoie/^yeTca 
TaKoe cocTOHHne, noKa3aHO Ha . Oahh H3 aAnejien 

HMeeT nooieAOBaTejibHOCTb, MeTHjinpoBaHHyio no oôenM ue- 
naM flHK, b to BpeMfl KaK HAeHTHHHaa nocjieAOBaTe^bHOCTb 
Apyroro a juitm He MeTunnpoBaHa. PenjiHKau,na MeTnnnpo- 
BaHHoro xuitjw nopoxcAaeT HanonoBHHy MeTHjinpoBaHHbie 
AonepHne /jymieKCbi, KOTopbie aoboaatch ao no^HOCTbio 
MeTHJIHpOBaHHOrO COCTOHHHH KOHCTHTyTHBHO-aKTHBHbIM 
(J)epMeHTOM MeTHJia3on. PerníHKau.HH Apyroro ajmejia TO)Ke 
coxpaHaeT CTaTyc ero McmimpoBmm (to ecTb OTcyrcTBne 
MerajibHbix rpynn). Ec^h CTaTyc MeTruinpoBaHHH bjihact Ha 
B03M05KH0CTb TpaHCKpnnUHH, TO ABa ZJUltJW OTJlHHaiOTCa no 
CTaTycy SKcnpeccnn, HecMOTpa Ha hx HAeHTHHHbie Hyioieo- 
THAHbie noejieAOBaTejibHOCTH. 

CaMonoAAep^cHBaioiij.HecH ôe^KOBbie crpyKTypbi, npo- 
xoAAiAHe côopxy Ha flHK, oôhhho npon3BOAA T penpec- 
cnpyioiAHH 3(j)(})eKT tcm, hto 3anycKaiOT (J)opMHpoBaHne 
reTepoxpoMaTHHa, BHyTpn KOToporo reHbi He SKcnpeccn- 


832 TJ1ABA 31 Hac^eAOBaHMe 3nnreHeTMHecKMx ac^c^eKTOB 






OnpeAe/ieHHbte cažrrbi AH K no f ^,ep>KHBaiOTCfi 
MeTH/ia30H B MeTM/IMpOBaHHOM COCTOflHMM 


MeTM^upoBaHHbiŕí a/i/ie/ib HeMeimiMpoBaHHbiŕí a/i/ie/ib 
Me 

V\W- VvVv 

GC GC 

Me 

Pen/iMKauMfl 


VVW- 

GC GC 

+ 

GC GC 

Me 

J, MeTM^upoBaHne 
Me 

wV\/. VvW- 

GC GC 

Me 


PUČ. 31*1 Pen^MKauMA MeTM/iMpoBamnoro caíiTa flHK AaeT caíiT, Me- 
TM/iMpoBaHHbiií HanonoBMHy (TonbKo no TonbKo MaTpMHHoŕi uenM). 
CneuMa^bHbiPi (JjepMem, noAflep>KMBaiomafl MeTMna3a, y3HaeT b flHK 
Hano/iOBMHy MeTM/iMpoBaHHbie caŇTbi m AOÓaBnaeT MeTM/ibHyio rpyn- 
ny k HyK^eoTMfly AOHepHeíí uenM. 3 to coóbiTMe BOccTaHaB/iMBaeT mc- 
xoflHyio cMTyauMio: Tenepb caŇT MeTM/iMpoBaH no o6eMM LjenflM. A 
jho6oíí HeMeTM/iMpoBaHHbiíí caiVr nocne pennMKaLjMM TaK m ocraeTCfl 

HeMeTM/lMpOBaHHblM 


pyioTCH. CoxpaHeHHe oóJiacTen reTepoxpoMaTHHa 3aBHCHT 
ot cnocoÔHOCTH onpefle;ieHHbix ôe^KOB TaKOH o6;iacTH co- 
xpaHHTb CBoe b Heň npncyTCTBHe h noc;ie penjiHKau,HH, a 3a- 
TeM BOBJíexaTb b cboh KOMruiexc b KanecTBe noAKperweHHH 
em,e 6o;ibme ôe^KOBbix cyô'beflHHHij. Ecjih npn perníHKaijHH 
OTfle;ibHbie cyô'beAHHHLi.bi pacnpeAejurrca no a onepHHM 
AymieKcaM cjiynaHHbiM o6pa30M, to Kaxc^bin flonepHHH flyn- 
;ieKC ôy/jer no-npoKHeMy noMeneH 6e;iKOM, xoth mioTHOCTb 
ero pacno^oxceHHH Ha flHK ôyfleT b a Ba pa3a Hnxce, neM ao 
pemíHKauHH. Ha p n c. 31.2 noKa3aHo, hto cymecTBOBaHne 
onnreHeTHHecKHx 3(})(})eKTOB 3acTaB;weT npeAnojiaraTb y 
ôe^KOB, o6yc;iOB;iHBaiomHx Taxyio CHTyau,Hio, cnocoÔHOCTb 
k caMOCÔopxe, ÔJiaroflapa KOTopoň H3 MaTepnajia cyÔTeflH- 
HHL1, MOXCCT BOCCTaHOBHTbCH HHTaKTHblH KOMIUieKC. 

3a snHreHeTHnecKHH 3(})(})eKT MoxceT OTBenaTb He 
npncyTCTBHe 6e;iKa KaK TaKOBoro, ho ero MOflH(J)HKaij,Hfl. 
TaK, B KOHCTHTyTHBHOM TeTepOXpOMaTHHe «XBOCTbI» rnc- 

tohob H3 h H4 oôbiHHO He aueTranpoBaHbi. Ecjih B3HTb 
Li,eHTpoMepHbiH reTepoxpoMaTHH h noflBeprayTb au,e- 
THJlHpOBaHHIO, TO MOJIHaiflHe B HCM TeHbl MOľyT CTaTb 
aKTHBHbIMH. 3(})(J)eKT MOXCCT ÔbITb «npOHeCeH» CKB03b 
mhto3 hjih Meno3, MTO xapaKTepH3yeT ero KaK snnreHe- 
THnecKHH, B03HHKIHHH b pe3yjibTaTe H3MeHeHHH CTaTyca 
an,eTHJlHpOBaHHH THCTOHOB. 

He3aBHCHMbie ôejiKOBbie arperaTbi — npHOHbi — o6yc- 
jiOBjíHBaiOT snHreHeTHMecKne 3(})(})eKTbi tcm, hto, CBH3biBaa 
ôejiOK, npenaTCTByioT BbinojmeHHio ero HopMajibHoň (J)yH- 
ku,hh. TaKoň ôejiKOBbíň arperaT, c MOMeHTa, KaK oh ccjjop- 
MHpoBajica, 3acTaBJiaeT HOBOCHHTe3HpoBaHHbie ôejiKOBbie 
cyô'beAHHHu.bi npnMbiKaTb k ce6e, npHHtfB HeaKTHBHyio 
KOH(})OpMaiJ,HIO. 


reTepoxpoMaTHH no/mepníMB eľ b 
CaMOCOÓHpaiOlMMMMCB 6ei1KOBblMM KOMfliieKCdMU 


ľeTepoxpoMaTMH ByxpoMaTMH 



I CaMonpoM3Bo^bHa« ynopflAoweHHaa 
y KOMn^eKTaunfl óe/woBbix cyóbeAMHMA 



? H C - ľeTepoxpoMaTMH o6pa3yeTCB ÓAaroAapíi óenKaM, CBA3aH- 
HblM C TMCTOHaMM. ľloaie penAMK314MM flHK B S-(f)a3e T3KMe 6eAKM 
ocTaiOTCB accouMMpoBaHHbiMM c KawAbiM M3 AOHepHMx AyniieKcoB 
m npMBneKaiOT HOBbie cy6-beAMHMUbi k ynacTMio b nocTpoeHMM pen- 
peccMpyiomero KOMnneKca. ľlo3TOMy penpeccMpoBaHHoe cocTOBHMe 
xpoMaTMHa Mo>KeT nepeAaBaTbCB «cKB03b» Ae/ieHMe kactkm 


31.2 


ľeTepoxpoMaTMH pacnpocrpaHBeTCB 
ot Meaa 3apo>KAeHMB 


KAioneBbie noHBTMB: 


• ľeTepoxpoMaTMH 3apo>KAaeTCB Ha oco6om nocneAOBaTeAbHOCTM 
flHK, nocne nero o6nacTb c HeaKTMBHOíí CTpyKTypoíí 
paCnpOCTpaHBeTCB BAO/lb XpOM3TMHBOrO BOAOKHa. 

• ľeHbi, HaxoA^mMecB BHyrpM reTepoxpoMaTMHa, MHaKTMBMpoBaHbi. 

• ľlpOTJOKeHHOCTb KOHKpeTHOTO HeaKTMBHOTO yHaCTKa B pa3HblX 
KAeTKaX OTAMHaeTCB, TaK HTO MH3KTMB314MH OKpeCTHblX reHOB — 
coóbiTMe HeonpeAeneHHoe m MO>neT cKa3biBaTbCfl b cfieHOTMne 
KaK M033MHH0CTb, OÓyCAOBAeHHaB 3(f)(t)eKTOM nOAO>KeHMB. 

• ľloxo>KMM 3(f)(t)eKT pacnpocTpaHeHMB CTpyKTypHblX COCTOHHMÍÍ 
xpoMaTMHa MMeeT MecTo b TenoMepax, a T3K>Ke b AOKycax, 
rAe xpaHHTCB MonnaiAMe KacceTbi a/i« AGTepMMHauMM TMna 
cnapMBaHMfl y Apo>K>KeM. 


B HHTepcJ)a3Hbix flflpax KpoMe syxpoMaTHHa ecTb n reTepox¬ 
poMaTHH, KOTopbíň no CTeneHH CBoen KOHAeHcnpoBaHHoe- 
TH ÓJIH30K K MHTOTHHeCKHM XpOMOCOMaM. ľeTepOXpOMaTHH 
HHepTeH. B npoflOJDKeHHe HHTepcJ)a3bi oh ocTaeTca kohach- 
cnpoBaHHbiM, h TpaHCKpHnu,HH b hcm nojiHOCTbio noAaBJíeHa. 
ľeTepoxpoMaTH pemiHLi.HpyeTca b no3AHeň S-(})a3e h moxcct 
ji0KajiH30BaTbca Ha nepn(})epHH ímpa. U,eHTpoMepHbiH reTe¬ 
poxpoMaTHH opraHH3yeTca, b THnmHOM c^ynae, Ha noc^ie- 


31.2 ľeTepoxpoMaTMH pacnpocipaHaeica ot Mecra 3apo>KAeHMa 833 



















PMC. 31.3 Y Myx Drosophňa ljbct nia3 33 bmcmt ot (J)yHKi 4 MM reHa 
white. Mo>kho Haó/noflaTb HHTepecHbiíí (J)eHOTMnMHecKMíí 3cf>c}DeKT: 
M033MHH0CTb, oóyc/iOBJíeHHyio nojio)KeHMeM reHa (3c}Dc}3eKT no/io- 
weHMfl). Kjictkm, b Kcrropbix white MHaKTMBMpoBa/iCB, noflnaB nofl 
3KcnaHCMK) reTepoxpoMaTHHa, o6pa3yiOT b r/ia3y Myxw BKpan/ieHHfl 
6e/ioro UBeia — Ha KpacHOM cfioHe aKTHBHoro white. HacKO/ibKo 
apKO Bbipa>KeH cfieHOTMn, 3aBMcm ot paccTOBHHfl Me>Kfly reiepoxpo- 
M3TMH0M m caŇTOM HHTerpaLiHH reHa white. OoTorpacfíMB Jiio6e3HO 
npeflocTaB^eHa Steven Henikoff, Fred Hutchinson Cancer Research 
Center 


AOBaTe^bHOCTHX CäTeJUIHTHOH J\ HK; B TO XCe BpeMa CKa3aTb, 
HTO (})OpMHpOBaHHe TeTepOXpOMaTHHa CTpOTO npOAHKTOBa- 
ho nooieAOBaTe^bHOCTbio J\ HK, He^b3a. Eoih KaKOH-HHÔyAb 
aKTHBHbíň reH pacno^oxcHTb no-coce/jCTBy c reTepoxpoMaTH- 
hom (jihôo 3a cmct xpomocomhoh TpaHCJiOKau,HH, jih6o ny- 
TeM TpaHC(})eKllHH H HHTerpailHH), 3TOT reH B CBOeM HOBOM 
nojioaceHHH Mo^ceT CTaTb HeaKTHBHbiM, hto CBH£eTe/ibCTByeT 
o ero nepexoAe b cocToaHne reTepoxpoMaTHHa. 

riOAOÔHaH HHaKTHBailHH HOCHT SnHreHeTHHeCKHH 
xapaKTep (cm. pa3j\. 31.10 «3nHreHeTHHecKne 3(})(})eKTbi 
Moryr Hac^eAOBaTbca»). OHa MoaceT cocTaBjíaTb npe/jMeT 
pa3JiHMHH MOK/jy HHAHBHAyajibHbiMH mieTKaMH b opraHH3- 
Me XCHBOTHOrO, MTO npHBOAHT K (JteHOMCHy M03aHMH0CTH, 
oôycjiOB^eHHOH 3(J)(J)eKTOM nojioxcemui (position effect 
variegation, PEV); cyTb 3(})(})eKTa coctoht b tom, hto mieT- 
kh, HAeHTHMHbie reHeranecKH, oô/ia/jaioT, TeM He MeHee, 
pa3HbiMH (})eHOTHnaMH. y Drosophila stot (JieHOMeH onn- 
caH AOBO^bHO noApoÔHO. Ha P n c. 31.3 noKa3aHa Myxa, b 
rj\23y KOTopoň Haô^iOAaeTca Kax pa3 Taxaa M03anHH0CTb. 
HeKOTopbie ynacTKH r;ia3a 6ecu,BeTHbie, Apyrne — KpacHbie. 
Pa3JiHMHe o6yc;iOB;ieHo tcm, mto b oahhx mieTKax reH white 
H3-3a 6^h30Cth k reTepoxpoMaTHHy OKa3ajica HHaKTHBnpo- 
BaHHblM, B Apyrnx 7KC — OCTaJICH aKTHBHbIM. 

Pa3T>HCHeHHio MOJieKyjiapHOH npnpoAbi 3Toro HBJíeHna 
nocBHiij,eH pmc. 31.4. ScJxJíeKT HHaKTHBau,HH, HexoAfl ot re- 
TepoxpoMaTHHa, pacnpocTpaHaeTca no cmokhhm oômcrm. 
OôaacTb TaKoro pacnpocrpaHeHna M03annHa: b HeKOTopbix 
mieTKax oho 3axoAHT /jocTaTOHHO /jajieKo jyw Toro, hto6h 
HHaKTHBHpoBaTb 6;iH3;ie}KamHH reH (HanpnMep, white), Bppy- 
rnx mieTKax j\ o 3Toro He aoxoaht. npnneM aiynaeTca sto Ha 
onpeAe^eHHOM 3Tane SMÔpnoHa^bHoro pa3BHraa, h c 3Toro 


ľetepoxpoMaTH h pacnpocTpaH«eTca Bflo/ib xpoMocoMbi 



B K/ieTKax 
flMKoro Tuná 
reH paócrraeT 



HeaKTMBHbiŕí reH 



Y ľlOTOMCTBa 
reH He paôoiaeT 


PMC i A PaciuMpeHMe rpaHHLj reiepoxpoMaTMHa npHBOflHT k HHaKTHBai 4 MM reHOB. BepoaT- 
HOCTb MHaKTMBaUMM fl/lfl KOHKpeTHOrO reHa 33BMCMT OT paCCTOflHHfl (b nH flHK) Me>KAy 3TMM reHOM 
m oóaacTbio reTepoxpoMaTHHa 
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MOMeHTa cocTOHHne 6^H3^e^canj,ero reHa (aKTHBHoe kjih 
H eaKTHBHoe) HBJíaeTCH yxce cbohctbom mieTOHHOH jihhhh, 
nocKo^bKy Haoie/iyeTCH aohcphhmh mieTKaMH npn KaxcAOM 
nooie/]yK)iij,eM ppicumi. Kjictkh, Be^ymne CBoe nponcxoac- 
AeHne ot imeTKH-npeAKa c HHaKTHBnpoBaHHbiM reHOM, o6pa- 
3yiOT BKparuieHHH c (JieHOTHnoM noTepn c^yHKíjHH b MaccHBC 
TKaHH c HopMajibHbiM (})eHOTHnoM. TaK, HHaKTHBau,HH reHa 
white BbipaxaeTCH b oTcyrcTBHH nnrMeHTa, b pe3y;ibTaTe nero 
b ma3y Myxn noaBJunoTca 6ecu,BeTHbie BKparuieHHa. 

HeM 6mmt k reTepoxpoMaTHHy pacnojioaceH reH, TeM 
ôojibiiie BepoHTHOCTb ero HHaKTHBau,HH. OopMHpoBaHne re- 
TepoxpoMaraHa MoaceT hath b ABa npneMa: CHana^a, Ha cne- 
u,HajibHO npeAHa3HaHeHHoň pjm 3Toro nocjieAOBaTejibHOCTH 
JX HK, npoHexoAHT Hymieau,HH reTepoxpoMaTHHa, a 3aTeM 
HeaKTHBHaa CTpyKTypa xpoMaTHHa pacnpocrpaHfleTCH BAOJib 
xpoMaTHHOBoro BO/iOKHa. OÔJiacTb pacnpocTpaHeHHH tohho 
He 3aAaHa; pa3Max 3KcnaHCHH MoaceT onpeAejiaTbca ctoxhh- 
ho, noA BJiHHHHeM TaKHx napaMeTpoB, KaK JlHMHTHpyiOmHe 
KOJIHMeCTBa ÔeJIKOBblX KOMnOHeHTOB. OAHHM H3 (JttKTOpOB, 
KOTopbie Moiyr BJiHHTb Ha npouecc pacreKaHHH, HBJíaeTCH 
CTaTyC aKTHBHOCTH npOMOTOpOB AäHHOH OÔJiaCTH; aKTHBHblH 
npoMOTop MO^ceT npnocTaHOBHTb pacTeKaHHe. 

3(})(})eKT TejiOMepHoro 3aMOJiKaHHH (caôjieHCHH- 
ra) y Apo^oKeň HMeeT aHajiornHHyio npnpoAy. IeHbi, TpaHC- 
J10Ll,Hp0BaHHbie B OKpeCTH OCTH TeJIOMepbl, npOHBJUnOT 
c/iyHaHHyio noTepio aKTHBHOCTH; 3(J)(})eKT oôyaiOBjíeH pac- 
TeKaHneM HeaKTHBHoro coctohhhh xpoMaTHHa, pacnpo- 
CTpaHHK)III,HMCH OT Te;iOMep. 

y Apo^oKeň cymecTByeT h Apyraa čpopM2 canjieHCHHra. 
Tnn cnapHBaHHH apo^okcboh mieTKH, KaK h3bcctho, onpe- 
AejiaeTca aKTHBHOCTbio jiOKyca MAT , OAHaKO b mieTOHHOM 
reHOMe coAepacHTca eme Asa 3K3eMmuipa noaieAOBaTejib- 
HOCTeň (KacceT), cnocoÔHbix AHKTOBaTb ran cnapHBaHHH. 
Ohh HaxoAATCH b jiOKycax HML h HMR h yAepxcHBaiOTCH 
imeTKOH b HeaKTHBHOH (J)opMe. Mojinamne jiOKycbi HML h 
HMR HMeiOT paa cbohctb, o6iu,hx c reTepoxpoMaTHHOM, TaK 
HTO HX MOXCHO paCL],eHHBaTb KaK MHHHaTIOpHbie OÔJiaCTH 
reTepoxpoMaTHHa (cm. pa3A- 19.22 «MojiHaiu,He KacceTbi b 
HML h HMR penpeccHpoBaHbi»). 


ESS CymeaeoBaHMe reTepoxpoMaTHHa 
OÓyCJlOBJíeHO B 3 aMM 0 A 6 HCTBMBMM 
TMCTOHOB C APyrMMM Óe/KOMM 


KjnoneBbie noH 5 iTMH: 


• Y MjieKonMTaiomMx K/HoneByio po/ib b (J)opMMpoBaHMM 
reiepoxpoMaTMHa MrpaeT 6e/ioK HP1; oh paóoiaeT, CBfl3biBaflCb 
C MeTM/IMpOBaHHbIM TMCTOHOM H3. 

• OopMMpoBaHMe reiepoxpoMaTMHa y ApotoKeíí MHMLjMMpyeicfl 
6e/iKOM Rapl, KOTopbiíí CBB3biBaeiflHK no cnei4M(J)MHecKMM 
nOC/ieflOBaie/lbHOCTBM-MMlUeHBM. 

• K MMweHflM Rapl othocatca Te/ioMepHbie noBTopbi, a TaK>Ke 
caííJieHcepbi b HML m HMR. 

• Rapl peKpyTMpyeiSir3 m Sir4. KOTopbie B3aMMOfleMCTByiOT c 
N-KOHUeBbIMM «XBOCTaMM» TMCTOHOB H3 M H4, a T3K>Ke Apyr c 
ApyroM. 


HHaKTHBaUHH xpoMaTHHa npOHCXOAHT 3a CHeT AOÔaBJíeHHH 
ÔeJIKOB K BOJlOKHy, COCTOHmeMy H3 HyiOieOCOM. HHaKTHBa- 
L],Hfl MO^CeT ÔbITb CJieACTBHeM MHOXCeCTBa pa3HbIX COÓbITHH, 
b tom HHCJie, KOHAeHcau,HH xpoMaTHHa (KOTopan Ae^aeT ero 
HeAOCTynHbiM aa^ annapaTa 3KcnpeccHH reHOB), a TaiOKe 
noHBjíeHHH ôe^KOB, HanpaMyio ÔJiOKHpyioiAHx AOCTyn k pe- 
ryjíHTopHbiM camaM wm HHrnÔHpyroiAHx TpaHCKpHnu,Hio 

ZJ.Be CHCTeMbI HHaKTHBaiJ,HH xpoMaTHHa AOBOJlbHO xo- 
porno H3yneHbi Ha MOJieKyjinpHOM ypoBHe: OAHa, c ynacTneM 
ôe^Ka HP1, y M^eKonHTaioiAHX; Apyran, c ynacTneM KOMn- 
^exca SIR, y ApoxoKeň. Xoth MOKAy KOMnoHemaMn sthx 
AB yx CHCTeM HeT ACTajibHoro cxoACTBa, oôujhh npHHLi,Hn 
peaKn,HH y hhx oahh h tot ^ce: b KanecTBe tohck KOHTaicra 
c xpoMaTHHOM BbicTynaiOT N-KOHLi,eBbie «xboc™» Hyioieo- 
COMHblX THCTOHOB. 

BejiOK HP1 (heterochromatin protein 1) — sto oahh H3 
caMbix BaxcHbix ôcjikob Su(var). y Drosophila ero CHanajia 
HAeHTH(J)HLi,HpoBajiH KaK ôe^oK, noKajiH30BaHHbiH b reTepox- 
pOMaTHHe: 3TO BblHCHHJIOCb npH OKpaiIlHBaHHH nOJlHTCHHblX 
xpoMOCOM aHTHTejiaMH k HeMy. Bnoc^eACTBHH OKa3ajiocb, 
hto stot ôe^oK — npoAyKT reHa Su(var)2-5. Ero roMO^or 
y ApoxoKen Schizosaccharomyces porube KOAnpyeTca reHOM 
swi6. Ee^OK, hcxoaho o6o3HaneHHbiH KaK HP1, Tenepb Ha3bi- 
BaiOT HPla, noTOMy hto c Tex nop 6buio HAeHTH(J)HiiHpoBa- 
ho eme ABa poACTBeHHbix ôe^Ka, HP1(3 h HPly. 

y HP1 ecTb xpoMOAOMeH, pacnojioxceHHbiH HeAajieKo 
ot N-KOHiia; Apyroň noxoxcHH aomch (chromo-shadow do- 
main, hto moxcho nepeBecTH c aHrjiHHCKoro KaK «TeHeBOH 
XpOMOAOMeH») COOTBeTCTByeT C-KOHLl,eBOH OÔJiaCTH nOJIH- 
nenTHAa (cm. pne. 31.6). BaxcHOCTb xpoMOAOMeHa HP1 AOKa- 
3bIBaeTCa TeM, HTO MHOaceCTBO (})yHKlJ 1 HOHaJIbHO 3HaHHMbIX 
MyTaLl,HH CKOHLl,eHTpHpOBaHO HMeHHO B HeM. 

MyTau,HH b AeaueTMa 3 e, AeHCTByioiAeH Ha au,eT™- 14 Lys 
rncTOHa H3, nperwTCTByeT MeTHjiHpoBaHHio H3 no 9 Lys. 
Thctoh H3, MeTHJinpoBaHHbiH no 9 Lys, CBH 3 biBaeT HP1 no 
xpoMOAOMeHy. OcHOBbiBaacb Ha sthx (J)aicrax, moxcho noc- 
TpoHTb MOAe^b HHHu,Hau,HH (J)opMHpoBaHH^ reTepoxpo- 
MaTHHa, H 3 o 6 paxceHHyio Ha P n c. 31 . 5 . CHana^a npnxoAHT 
Aeau,eTHJia 3 a h yônpaeT au,eTRJibHyK) rpynny c 14 Lys; 3 a- 
TeM HacTynaeT onepeAb MeroLTa 3 bi SUV39H1: ACHCTByn Ha 
«xboct» H3, OHa co 3 AaeT MeTHjiHpoBaHHbiH cnma^, c ko- 



PMC. 31.5 Ee/iOK SUV39H1 BB/iBeTCB rMCT0HMeTM/upaHC(J)epa30M, 
AeŕicTByiomeM Ha 9 Lys rMCTOHa H3. C MeTM/iMpoBaHHbiM H3 cBH3biBa- 
eTCB 6e^0K H PI 


31.3 CymecTBOBaHne reiepoxpoMaTMHa oóycBOB^eHO B 3 aMMOAeMCTBMBMM tmctohob c ApyrMMM 6 e/iK 3 MM 835 








C Merní m po Ba h h bi m Lys rMCTOHa H 3 cBB3biBaeTCB xpoMOAOMeH 
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P MC. 31.6 ľlpn MeTMJiMpoBaHMM y rMCTOHa H3 o6pa3yeTca cačiT cBB3biBaHMfl c HP1 


TOpbIM CBÍDKCTCH HP1. Ha PMC. 31.6 B3aHMOAeHCTBHe HP1 
c <<xboctom» H 3 pa3o6paHO KpynHbiM rniaHOM: oho nponc- 
XOAHT, COOTBCTCTBeHHO, MOK^y XpOMO/JOMeHOM H MeTHJIH- 
poBaHHbiM jih3hhom. 3to B3aHMOAcňcTBHe paôoTaeT KaK 
nepeKAioHaTe;ib Ha (Jx>pMHpoBäHHe reTepoxpoMaTHHa. Kax 
noKa3aHO Ha p m c. 31.7, HeaKTHBHaa oéjiacTb xpoMaTHHa 
moxcct ôbiTb pacniHpeHa ÔJiaroflapa npHTOKy hobhx MOJie- 
Kyji HP1, cnocoÔHbix B3anMOAeHCTBOBaTb ppyr c ApyroM. 

Y Apo^oKen jiioôoh caíuieHCHHr onnpaeTca Ha o/jhh h 
tot xce Haôop reHeTHnecKHx jioKycoB, hto roBopm o Ha- 
jihhhh oômero MexaHH3Ma. MyTaunn no JiioôoMy jioKycy 
H3 3TOrO Haôopa He TOJIbKO npHBOAHT K aKTHBHpOBaHHOMy 
COCTOHHHK) HML H HMR , HO H OÔJieľHaiOT HHaKTHBaU,HIO re- 
hob, HHTerpnpoBaHHbix no6jiH30cra ot TejiOMepHoro reTe¬ 
poxpoMaTHHa. OieAOBaTeJibHO, npo/iyKTbi sthx JioKycoB pa- 
6oTaK)T Ha noMepxcaHHe HeaKTHBHoro coctohhhh pa3Hbix 
TnnoB reTepoxpoMaTHHa. 

Ha pmc. 31.8 npe/yioxceHa MO/jejib (^yHKíjHOHHpoBaHHtf 
3thx ôe^KOB. Jlmub oahh H3 hhx, Rapl, npoaBJweT cne- 


Be/iOK HP1 pacnpocrpaHiieT reTepoxpoMamH no xpoMocoMe 


HP 1 CBB3biBaeTCfl c MeimiMpoBaHHbiM tmctohom H3 



cyóbeflMHMUbi HP 1 
CaMOnpOM3BO^bHO 
arpernpyiOT 



PMC. 31.7 CBfl3blB3HMe HPl C MeTMJIMpOBaHHbIM TMCTOHOM H3 CTM- 
Niy/iMpyeT nocaflKy m arperaLjMio noc/ieAyiomMx cyóteflMHMu HPl Ha 
nepefle HytuieocoM. TeopeTMnecKM cBA3biBaHMe xpoMaTMHOM oahoíí 
MO/ ieKy/ibi HPl MoweT noB/ienb 3 a coóoŕi MHaKTMBauMio ue/iOM 06 - 
/íacTM reHOMa 


u,H(J)HHHOCTb k onpe/iejieHHOH nocjie/iOBaTeJibHOCTH J\UK 
Rapl CBH3biBaeT R HK no C^A-noBTopaM b Te^OMepax, a 
TaioKe no 3;ieMeHTaM-caHJieHcepaM, AcncTByiomHM b i^uc- 
MaHepe h HeoôxoAHMbiM /y m penpeccnn HML h HMR. C 
Rapl B3anMOAeHCTByioT ôejiKn Sir3 h Sir4, B3anMOAencTBy- 



PMC. 31.8 06pa3OBaHMe reTepoxpoMaTHHa MHMAMMpyeTca AHK-cbb- 
3biBaiomMM 6e/iKOM Rapl. Ee/iKM Sir3/Sir4 cBA3biBaiOT Rapl m oaho- 
BpeMeHHO - rMCTOHbi H3 m H4. KoMruieKc Sir3/Sir4 no/iMMepM3yeTCfl 
BflO/lb BOJIOKOH XpOMaTMHa; B03M0)KH0, oh KpenMT Te/lOMepbl XpOMO- 
COM K flflepHOMy MaipMKcy 


836 ľJlABA 31 Hac/ieAOBaHMe snMreHeTMHecKMx scfecJjeKTOB 




























IOIIJ,HC TaiOKe MOKfly COÔOH (h, B03M0JKH0, (j)yHKĽI,HOHHpy- 

lomne KaK rcrepoMy^bTOMep). KoMruieicc Sir3/Sir4 B3aHMO- 
AencTByeT c N-KOHijeBbiMH «xBOCTaMH» thctohob H3 h H4. 
Ha caMOM aejie, nepBbiM HH^HKaTopoM Toro, hto rHCTOHbi 
MOiyr npHHHMaTb HenocpeACTBeHHoe ynacrae b (})opMHpo- 
BaHHH reTepoxpoMaTHHa, nocjiyacHJio OTKpbiTHe, hto MyTa- 
u,hh, npHBO/mmHe k otmchc eanjieHCHHra no HML u HMR , 
npnxo/yrrcfl Ha reHbi, KO/jHpyiomHe racTOHbi H 3 h H4. 

PoJib Rapl b (J)opMHpoBaHHH reTepoxpoMaTHHa, b 6yx- 
BajibHOM CMbiejie, KjnoneBaa: oh y3HaeT nocjieAOBaTejibHOCTH 
AH K, c KOTOpbix cTapTyeT Becb npou,ecc. Rapl peKpyTHpyeT 
Sir3/Sir4, h ohh HanpaMyio B3aHMOAencTByiOT c racTOHaMH 
H3 n H4. Kan tojimco Sir3/Sir4 CBíi3ajiHCb c racTOHaMH H3 
h H4, MOxceT 6biTb 3anynj,eHa nojinMepn 3 au,Hfi 3Toro KOMn- 
JieKca (Tax Ha3biBaeMoro «KOMnjieKca eanjieHCHHra*) c 3<J>- 
(JjeKTOM pacnpocTpaHeHna no xpoMaraHOBOMy BOJioKHy. 
ÓÔJiacTb, oxBaneHHaa kommckcom eanjieHCHHra HHaKTHBH- 
petncz: jihóo H3-3a HHraóHpyiomero AencTBHa oôKJiaAKH H3 
Sir3/Sir4, jihóo H3-3a Toro, hto hx CBA3biBaHHe c rncTOHaMH 
H3/H4 HH/iyu.HpyeT Kaicne-To AonojiHHTejibHbie CTpyicrypHbie 
H3MeHeHna. 4eM jiHMHTHpoBaHO pacTenaHMe KOMmieKca, He 
H3BecTH0. CBoen C-KOHu,eBon oóJiacTbio Sir3 HanoMHHaeT 
jiaMHHbi (óejiKn ^mepHoro MaTpHKca) h mojkct oTBenaTb 3a 
npHBH3biBaHHe reTepoxpoMaTHHa k ncpuf^cpm a/jpa. 

noxoxcaa cepmi coóbn™ o^opivumeT MOJinamne ynac- 
tkh b HML h HMR (cm. TaiOKe pa3fl. 19.22 «MojiHamHe Kac- 
ceTbi b HML h HMR penpeccHpoBaHbi»). B 3anycKe (jjopMH- 
poBaHHa KOMmieKca ynacTByioT Tpn óejiKa, cneu,H(})HHHO 
CBH3biBaioiij,Hx onpe/íe^eHHbie noejieAOBaTeJibHOCTH AHK. 
3 to Rapl, (Jjaicrop TpaHCKpHnu,HH Abfl h ORC (origin repli- 
cation complex; «KOMnjieKC penjiHKau,HH opH/pcHHa»). C o a- 
hhm H3 3thx ócjikob, coBepiiiHBiiiHx cbok) noca/my Ha AHK, 
CBH3biBaeTCfl Sirl, KOTopbin peKpyTHpyeT Sir2, Sir3 h Sir4 
/yia (J)opMHpoBaHHa penpeccHBHon cTpyKTypbi (KOMmieKca 
caraeHCHHra). Sir2 paóoTaeT KaK rHCTOHAeaijeTHJia3a; pe- 
aKUHH AeaijeTHJiHpoBaHHfl HeoóxoAHMa ju m nopjxtpyKmm 
CBH3H MOKfíy KOMnJieKCOM SIR H XpOMaTHHOM. 

KaK (no KaKOMy MexaHH3My) KOMmieKCbi eanjieHCHH- 
ra noAaBJíaioT aKTHBHOCTb xpoMaTHHa? HanpHMep, TaKon 
KOMnjieKC Mor 6bi KOH/jeHCMpoBaTb xpoMaTHH, hto6h pery- 
jíHTopHbie óejiKH He Haxo/íHJiH b HeM cbohx MHineHen. Jpm 
npocTOTbi npeflnojioxcHM, hto npHcyTCTBHe KOMmieKca can- 
jieHCHHra hccobmcctomo c npHcyTCTBHeM (JjaicropoB TpaHC- 
KpHnu,HH h PHK-no^HMepa3bi. npnpoAa HeeoBMecTHMOCTH 
MOxceT 6biTb b tom, hto KOMnjieKC eanjieHCHHra npenaTC- 
TByeT CBH3bIBaHHIO (})aKTOpOB TpaHCKpHniJ,HH, npíIMO (3a- 
KpbiBaa coóoh AHK) hjih kocbchho (HanpHMep, ÓJiOKnpya 
peMOAe^HpoBaHHe xpoMaraHa). O^HaKO CHTyau,mi mojkct 
Ó bITb H He TaKOH npOCTOH, nOCKOJIbKy H (})aKTOpbI TpaHC- 
KpHnu,HH, h PHK-noJiHMepa3a Ha npoMOTopax b MOJinameM 
xpoMaTHHe Bce xce npHcyTCTByiOT. Hx npHcyTCTBHe mojkct 
03HanaTb, hto KOMnjieKC cameHCMHra npenaTCTByeT, cko- 
pee, paóoTe (})aKTopoB, neM hx CBfl3biBaHHio KaK TaKOBOMy. 
Ha caMOM ^e, MOKfíy aKTHBaTopaMH reHOB h penpeccHpy- 
ioiij,hmh 3(})(})eKTaMn b xpoMaTHHe Bno^He MOxceT cynj,ecT- 
BOBaTb KOHKypeHIJHfl, B paMKaX KOTOpOH aKTHBan,HH npo- 
MOTopa HHraóHpyeT pacTeKaHHe KOMn^eKca canjieHCHHra 
nO XpOMaTHHOBOMy BOJIOKHy. 


OopMHpoBaHHe reTepoxpoMaTHHa y flpoaoKeH S. pombe 
oôycJiOBJíeHO KOMnJieKCOM caraeHCHHra, b kotopom, no- 
mhmo óe^KOB, coAep^CHTca HecKOJibKO Mo;ieKy;i PHKi (cm. 
pa3A-13-10, «PHK-HHTep(})epeHu 1 Htf — npnnHHa Moimmm 
reHOB»). 3 th MO^eKy^bi PHKi HB^aiOTca npoAyKTaMH TpaHC- 
KpHnU,HH U,eHTpOMepHbIX nOBTOpOB, Hape3aHHbIMH Ha 6o- 
^ee MeJiKne (})parMeHTbi. Komujickc Taioce eo/íep^CHT 6eji- 
kh, roMOJiornHHbie TeM, hto ynacTByioT b (J)opMHpOBaHHH 
reTepoxpoMaTHHa y Apyrnx opraHH3MOB: HanpHMep, 6ej iok 
A rgonaute, KOTopbin ynacTByeT b ^ocTaBKe peMO^ejinpy- 
lomero KOMmieKca RISC (PHK-induced silencing complex; 
<<KOMn^eKC pjvi PHK-HHAyu,HpoBaHHoro carnieHCHHra») k 
ero MHineHaM b xpoMaTHHe. KoMnoHeHTbi PHKi b cocTaBe 
KOMn^eKca OTBenaiOT 3a ero jioKa™3au,Hio b u,eHTpoMepax. 
CBjmBiiiHCb TaM c xpoMaTHHOM, KOMnjieKC cnocoôcTByeT 
ABOHHOMy MeTHJIHpOBaHHIO (AHMCTHJIHpOBaHHIO) THCTOHa 

H 3 (J)epMeHTOM rHCT0HMeTHjiTpaHC(J)epa30H. 

B u,eHTpOMepHOM xpoMaTHHe (JjopMHpyeTca eme oj\m 
cneuHaJiH3HpoBaHHaa CTpyKTypa. Khiohom k ee npHpo/íe y 
Saccharomyces cerevisiae cjiyjKHT cjjeHOTnn MyraHTOB no 
cse4 c Ae({)eKTaMH b cTpyicrype u,eHTpoMep. BejiOK Cse4 no- 
xojk Ha rncTOH H3. Eme o/jhh poACTBeHHbin hm óeJiOK (c 
rOMOJIOrHHHOH aMHHOKHCJIOTHOH nOCJie/íOBaTeJIbHOCTblO), 

óeJiOK CENP-A (centromeric protein A; «ijeHTpoMepHbiH 
óeJiOK A»), ecTb y MjieKonnTaiomHx. leHeTHHecKHe B3an- 
MOAencTBHa MOK^y MyTauHHMH b cse4 n CDE-I1, a TaiOKe 
MOK^y MyTauHHMH b cse4 h reHe rncTOHa H4, 3acTaBJiaioT 
npeflnojiaraTb, hto Ha ochobc KOMnjieKca Cse4-H4 mojkct 
C^O pMHpOBaTbCH rHCTOHOBblH OKTaMep, K KOTOpOMy 3a- 
TeM npHKpenjiaioTca u,eHTpoMepHbie KOMnjieKCbi CBF1 h 
CBF 3, HTOÔbi o6pa30BaTb u,eHTpoMepy. 

06pa30BaBuiHCb, i^empoMepa moxcct npHHHTb ynac- 
Tne b (jjopMHpoBaHHH reTepoxpoMaTHHa CBoen oôJiacTH 
B KjieTKax neJiOBeKa, ôejioK CENP-B, cneu,H(})HHHO jioKa^H- 
30BaHHbIH B UeHTpOMepe, BblCTynaeT HHHU,HaTOpOM MOAH- 
(J)HKau,HH rncTOHa H3: Acau,eTHJiHpoBaHHa no 9 Lys h 14 Lys, c 
nocjie/iyiomHM MemjiHpoBaHHeM no 9 Lys. 3 th MO/íH(J)HKa- 
u,hh 3anycKaioT accounauMio H 3 co Swi6, hto Be^eT k (})op- 
MHpOBaHHio reTepoxpoMaTHHa. 


31.4 


Penpeccopbi m aKTMBaiopbi: 

6eiiKM-aHTaroHMCTbi 

Polycomb m Trithorax 


KjnoneBbie noHania: 


• ľlpu Nimo3e 6eaKM rpynnbi Polycomb (Pc-G) yAepmnBaiOT 
xpoNianíH b penpeccupoBaHHOM cocToaHMM. 

• riocaeAOBaTeabHOCTb flHK, HeoóxoAMNiyio pj\í\ cjDyHKAMu Pc-G, 
Ha3biBaiOT PRE. 

• nocneAOBaTe/ibHocTb PRE caymm opraHM3aTopoM, ot KOToporo, 
npn yMacTMM 6eaKOB Pc-G, b xpoMaTHHe MAeT pacnpocTpaHeHMe 
HeaKTMBHOÍÍ CTpyKTypbi. 

• OTAe/ibHO B3aToro 6e/iKa Pc-G, cnocoÓHoro CBa3aTb PRE, noKa 
He HaŕÍAeHO. 

• fleíícTBMa 6e/iKOB rpynnbi Trithorax npoTMBonoao>KHbi 
AeíícTBMaM 6e/iKOB Pc-G. 


31.4 Penpeccopbi m aKTMBaiopbi: óeaKM-aHTaroHMCTbi Polycomb m Trithorax 837 





PÍT3K, xpOMaTHH MOTKCT HaXOAHTbCfl B COCTOflHHH CneiJH- 
(J)HHecKOH penpeccHH; xoponiHM TOMy npHMCpOM aiy^CHT 
rcrepoxpOMaTHH. /Jpyron npHMep 6biJi OTKpbiT b cba3h c 
noBefleHHeM roMeo 3 HCHbix reHOB y Drosophila., hx H3yne- 
HHe npHBe;io k H^eHTH^HKaij.HH óe^KOBoro KOMrnienca, 
cnocoÓHoro no/wepxcnBaTb onpeAe;ieHHbie reHbi b pen- 
peCCHpOBaHHOM COCTOflHHH. OKa3a^OCb, HTO MyraHTaM Pc 
CBOHCTBeHHbl TpaHC(})OpMaiJHH KACTOHHblX THÍIOB, T20OKC 

npHcynj,He (J)eHOTHnaM MyTaijHH c oópcreHHeM (f)yHKu,HH b 
reHax Antennapedia ( Antp ) hjih Ultrabithorax, bcjicactbhc 
T oro, hto y MyTaHTOB no Pc oth reHbi 3 KcnpeccnpyiOTca b 
TK aHtfx, r/je oóhhho ohh penpeccnpoBaHbi. ÍIooTOMy Pc 
6bma npnnncaHa po;ib b peryjiflu,HH TpeHCKpnnu,HH. IeH Pc 
n b caMOM j\a\c OKa3a ncn npoTOTnnoM ije;ioro KJiacca re- 
hob, pacno^oxceHHbix b ~15 JiOKycax. Knacc 6bui Ha3BaH Pc- 
group ( Pc-G)\ MyTaunn b othx reHax hmoot, b oómeM, o/jhh 
h tot xce pe3y^bTaT: /jepenpeccHio roMeo3HCHbix reHOB, hto 
roBopHT o HajiHHHH y Bcex reHOB Knacca Pc-G oômen pery- 

JiaTOpHOH (JtyHKlJHH. 

BejiKH Pc-G cJ)yHKij ) HOHHpyK)T b cocTaBe oómnpHbix kom- 
ruieKCOB. O/jhh H3 TaKHx kommckcob, PRC1 (Polycomb-repres- 
sive complex) co/cepacnT caM Pc, HecKOJibKO Apyrax ócjikob 
P c-G, a Taoce mrrb (f)aKTopOB TpaHCKpnnu,HH oóu^ero Ha3Ha- 
hchhh. flpyron komríickc, Esc-E(z), co/jepxcHT Esc, E(z), Apyrne 
ôejiKH Pc(G), racTOHCBa3biBaiom,HH ôejiOK, a Taoce rncTOH^e- 
au,e™ria3y Ecíiok Pc uuccv xpoMO/jOMeH, KOTopbin CBA3biBa- 
eTca c McmjiHpoBaHHbiM thctohom H 3, a ôejiOK E(z) aBjíaeTca 
Me™rrpaHC(})epa30H, /jencTByioiijeH Ha H3. Tanoe coHeraHne 
OTflejibHbix (j)yHKu,HH no/mepxcHBaeT npaMyio B3anMOCBfl3b 
MOK^y peMOAejiHpoBaHHeM xpoMaTHHa h ero penpeccHeň. 
nepBOHanajibHO npeACTaB^eHne o Tanon B3aHMOCBA3H bo3- 


HHKJIO Ha OCHOBaHHH HCGJICAOBaHHfi MyTaU,HH B flpyrOM reHe 
Drosophila: brahma (roMOJior ^po^oKeBoro Swi2\ Ko/cnpy- 
K)wpM KOMnoHeHT peMO/jejiMpyiomero KOMruieKca SWI/SNF. 
noTepa ero (fsyHKu.Hn cynpeccHpyeT MyTaijHH b Polycomb. 

n^enoTponHOCTb MyTaijHH no Pc (MHoroo6pa3He cf)e- 
HOTHnHHeCKHX 3(J)(J)eKTOB) CBH/],eTeJIbCTByeT O TOM, HTO 

Pc flBjmeTca a/íepHbiM ôe^KOM. Ero mokho BCTpeTHTb b 80 

CaHTaX nOJIHTCHHblX XpOMOCOM (b HHCJie 3THX CaHTOB Ha- 
xoAHTca h reH Antp). Ha Tex xce no;iocax nojíHTeHHbix xpo- 

MOCOM, HTO H PC, MOXCHO BCTpeTHTb OI^C O/JHH ÓCAOK, npO- 

AyKT flpyroro reHa H3 loiacca Pc-G, polyhomeotic. 06a 6enKa 

MOäCHO OCaAHTb npH nOMOIIJH aHTHTeJI, CneU,H(f)HHHbIX 
k OflHOMy h3 hhx, no MeTOAHKe HMMyHonpeu,HnHTau,HH. 
Ohh npeóbiBaiOT b cocTaBe e#HHoro óe^KOBoro KOMrnienca, 
oneHb MaccHBHoro (~2,5 x 10 6 Jl a), Biunonaiomero Apyrae 
6e^KH (Bcero ot 10 j\o 15 no^Hnenra/íOB). Cootbctctbhc 
MC>Kffy 3thmh 6ejiKaMH h npo/íyKTaMH ~30 reHOB Pc-G eme 
npeflCTOHT ycTaHOBHTb (wm yóeAHTbca b ero OTcyTCTBHH). 
Bo3mokho, hto npo/iyKTbi HeKOTopbix reHOB Pc-G (})opMH- 
pyiOT ocHOBy penpeccHBHoro KOMn^enca, noc^e nero k hhm 
npHcoeflHHfliOTCfl HeKOTopbie Apyrne 6enKH, np^aiomne 
BceMy KOMn^ency cneu,H(})HHHOCTb. 

B oôbiHHOM noHHMaHHH, óejiKM Pc-G He aB^aiOTca pen- 
peccopaMH: nepBOHanajibHbiH naTTepH OKcnpeccHH tchob- 
MHmeHen 3 a/íaeTca He hmh. B oTcyrcTBHe ócjikob Pc-G, eoín 
HeKOTopbie reHbi CHana^a penpeccHpoBaHbi (b cootbctctbhh 
c no3HUHeň, KOTopyio KneTKa 3aHHMaeT b Tejie 3 apoflbiiua), 
to no3AHee no xo/iy pa3BHTna opraHH3Ma penpeccna cxoaht 
Ha hct. 3to roBopHT o tom, hto 6cjikh Pc-G KaKMM-To 06 - 
pa30M 0n03Hai0T xpOMaTHH B yCTaHOBHBIIieMCH COCTOHHHH 
penpeccHH, h 3aTeM 0Ka3biBai0T /jencTBHe, HanpaB^eHHoe Ha 
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no/wepacaHHe 3Toro coctohhhh (BonpeKH rpH/jyni,eH nepeAe 
KJieTOHHblX U.HKJIOB, C HX perUlHKaiJHflMH H ACJieHHnMH) BO 
Bcex KjieTKax-noTOMKax. Ha p m c. 31.9 H3o6paxceHa MOAejib, 
COľJiaCHO KOTOpOH ÔeJIKH Pc-G CBfl3bIBaiOT xpOMaTHH COB- 
MecTHO c penpeccopoM, ho npoAOJDKaiOT TaM ocraBaTbcn, 
Kor/ja penpeccopa y>Ke hct. 3Ta Mepa HeoôxoAHMa, htoôm 
no/wep>KHBaTb penpeccHio, h eoiH ôcíikob Pc-G Ha Mecre He 
oKa3a^ocb, to reH, b kohuč kohu,ob, 6yo,eT aKTHBHpoBaH. 

y^acTOK ^HK, AOCTaTOHHbiH j\jm Toro, hto6m otbct Ha 
HajiHHHe npoAyKTOB tchob Pc-G coarajicn, Ha3biBaiOT PRE 
(Polycomb response element). 3tot ynacroK onpeAejweT- 
ca 3KcnepHMeHTajibHO, mctoaom noflšopa, no cnocoÔHOc- 
th no/wep)KHBaTb penpeccHio no6;iH30CTH ot ce6n, bo Bce 
npo/tojDKeHHe nepno^a pa3BHTna opraHH3Ma. CTaHAaprabin 
no/txo a 3aKjnonaeTca bo BHeApeHHH PRE no6;iH30CTH ot pe- 
nopTepHoro reHa, Haxo/tHiiteroca noA KOHTpoJieM OHxaHcepa, 
KOTopbíň b paHHeM pa3BHTHH penpeccHpyeTcn: noaie 3Toro 
Haó^io/taiOT 3 a 3KcnpeccneH reHa-penopTepa y KjieTOHHoro 
noTOMCTBa; eaiH PRE 3(}x})eKTHBeH, 3Kcnpeccnn He 6yj\cr. 

SjieMeHT PRE, /y ihhoh ~10 toh, yKOMiweKTOBaH cjioxc- 

HOH ÓeJIKOBOH CTpyKTypOH. EeJIKOB, OÓ^a/taiOIItHX CpOACTBOM 
k caňTaM J\HK b npeAenax PRE, 6 buio oÓHapy^ceHO a Ba, ho 
M oryr 6biTb h Apyrne. Ecjih KaKOH-HHÓyAb JiOKyc CTaji oÔTeK- 
tom penpeccHH co cropoHbi Pc-G, penpeccHpyiomHH kom- 
mieKC OKKynHpyeT o6;iacTb JJJňK 3HanHTejibHO npeBocxoAA- 
myio PRE. TaK, ôejiOK Pc moxcho BCTpeTHTb Ha npoTJDKeHHH 
HeCKOJIbKHX TnH C Ka^KAOH CTOpOHbl OT PRE. 3TO ľOBOpHT o 
tom, hto PRE MOxceT cjiy>KHTb opraHH3aTopoM Hymieau,HH 
b xpoMaTHHe CTpyKTypHoro cocroflHHa, onpeAejweMoro 
ÓeJIKaMH Pc-G, H, COOTBeTCTBeHHO, U,eHTpOM, H3 KOTOporO 
HAeT pacnpocTpaHeHHe 3Toro cocTOHHna. TaKyio MOAejib 
noAKpemiaiOT HaÔJiiOACHHfl 3a 3(})(})eKTaMH, noAOÔHbiM mo- 
3aHHHOCTH, o6ycnoB^eHHOH 3(}x})eKTOM nojioxceHHn (CM. 
pne. 31.4): reH, pacnoJioxceHHbin 6 jih3ko KJioKycy, penpeccHH 
KOToporo noAAepxcHBaeTca Pc-G, MoxceT cTaTb Hacne/iyeMO 
HHaKTHBHpOBaHHbIM B HCKOTOpblX, HO He BO BCeX, lUieTKaX. 
SKcnepHMeHTbi c BHeceHHeM HCKyccTBeHHbix cuihbok in vivo 
noica3a™, hto 6caok Pc pacnpeAejieH no oôniHpHbiM He- 
aKTHBHbiM oôJiacTHM reHHoro KOMmieKca Bithorax, ho npn 
3TOM HCKJIIOHeH H3 yHaCTKOB, COAepXCaiAHX aKTHBHbie reHbl. 
ľHnoTe3a o KoonepaTHBHbix B3aHMOAencTBHHx ôejiKOBbix 
MOJieKyji BHyrpH My/ibTHMepHoro KOMrnienca noATBepxcAa- 
eTca cyiyecTBOBaHHeM b Pc Myraunn, KOTopbie He TOJibKO 
MemnoT pacnpeAejieHHe óejina Pc b a/tpe, ho Taioxe JiHinaiOT 
npoAyKTbi Apyrnx reHOB Knacca Pc-G cnocoÓHOcrn jioiojih- 
30BaTbca b aApe. To, hto po;ib ôcíikob Pc-G coctoht hmchho 
B nOAAepXCaHHH, HO He HHHU.HaU.HH, penpeccHH, AOJDKHO 03- 
HanaTb, hto cfjopMHpoBaHHe KOMrnienca b PRE 3 aBHCHT Tanúce 
ot jioKajibHoro CTaTyca 3Kcnpeccnn reHOB. 

Ha ceroAHaniHHH ACHb, CBH3biBaHHe 6e;iK0B Pc-G b PRE 
onHCbiBaeTca paóonen MOAejibio, ocHOBaHHon Ha CBOHCTBax 
HHAHBHAyaJIbHblX ÔeJIKOB. COHiaCHO 3T0H MOAeJIH, ÓeJIKH 
Pho h Phol CBa3biBaiOTCH b PRE co cbohmh nooieAOBa- 
TejibHOCTHMH-MHineHaMH, noc^e nero KOMraeKC Pho/Phol 
peicpyrapyeT Esc-E(z), KOTopbíň, npn noMOiyH CBoen Me- 
TraTpaHC(})epa3H0H aKTHBHOCTH, MeTHjiHpyeT 27 Lys thcto- 
Ha H3. 3to C03AaeT canT CBH3biBaHHa jym PRC1, nocKo;ibKy 

XpOMOAOMeH Pc CBH3bIBaeTCH C MeTHJIHpOBaHHbIM JIH3HH0M. 


KoMn^enc PRC1 nepeBOAHT xpoMaTHH b ôo^ee KOMnaKTHyio 
CTpyKTypy; Ka)KAaa eAHHnua Tanoro KOMn^enca 3aTpyAHaeT 
AOCTyn 4)aKTopoB k npHMepHO TpeM HymieocoMaM. 

XpOMOAOMeH, Ha caMOM Aene, 6bm nepBOHana^bHO 
HAeHTH(J)HitHpoBaH KaK ynacTOK roMOJiorHH MexcAy Pc h 
A pyrHM óe^KOM, KOMnoHemoM reTepoxpoMaTHHa HP1. 
CBH3biBaHHe xpoMOAOMeHa Pc c 27 Lys racroHa H3 aHa^o- 

THHHO TOMy, KaK HP1 HCnOJIb3yeT C BOH XpOMOAOMeH, HTOÓbl 
CBH3aTbca c 9 Lys. Mo3aHHHOCTb B03HHKaeT H3-3a BapHaóejib- 
Horo paCnpOCTpaHeHHH HHaKTHBan.HH OT KOHCTHTyTHBHOrO 
reTepoxpoMaTHHa, nooTOMy BecbMa BepoaTHO, hto xpoMO- 
AOMeHbi HP1 h Pc Hcno;ib3yK)TCfl cxoahhm o6pa30M, htoóh 
HHA yu,HpoBaTb (J)opMHpoBaHHe reTepoxpoMaTHHa h^h Apy- 
roH HeaKTHBHOH CTpyKTypbi (cm. pa3A. 30.13 «Y ôe^KOB, mo- 
AH^HllHpyiOIAHX XpOMaTHH, eCTb OÔlAHe aMHHOKHCJIOTHbie 
MOTHBbi»). TaKHM o6pa30M, MOAe^b noApa3yMeBaeT cynj.ec- 
TBOBaHHe CXOXCHX MexaHH3MOB AA^ penpeccHH HHAHBHAy- 
anbHbix noKycoB h a^h o6pa30BaHHn reTepoxpoMaTHHa. 

EejiKH rpynnbi Trithorax (npoAyKTbi reHOB trxG) C03Aa- 
iot 3(})(})eKT, npoTHBononoKHbiH 3(})({)eKTy ôejiKOB Pc-G: ohh 
noAAepxcHBaiOT reHbi b aKTHBHOM coctohhhh. B MexaHH3Me 
AencTBHa óenKOB oôenx rpynn MOxceT cyni,ecTBOBaTb hckoto- 
poe cxoactbo, nocKonbKy MyTau,HH no pAAy JioKycoB MemaiOT 
(J)yHKiiHOHHpoBaTb KaK éenKaM Pc-G, TaK h óejiKaM trxG; oto 
03HanaeT, hto ôejiKH oôeHx rpynn, b CBoen cjiyHKLiHH, Moryr 
onnpaTbca Ha napTHepCTBO oahhx h Tex xce KOMnoHeHTOB 
xpOMaTHHa. OaKTop GÁGA, KOAnpyeMbíň reHOM trithorax-like, 
HMeeT canT CBH3biBaHHH b PRE. OKa3anocb, hto caňTbi, no ko- 
TopbiM Pc h GAGA CBn3biBaiOTflHK, coBnaAaioT. 

BeponTHO, (})aKTop GAGA HyaceH aa^ Toro, hto 6 h aKTH- 
Bnpyjomne (})aKTopbi, b tom nncne ôenKH trxG, Mor jih cbh- 
3aTbcn c RHK. HyxceH im oh Taioxe ôenKaM Pc-G, hto 6 h cba- 
3aTbcn c RHK h 0Ka3aTb penpeccnpyiontee achctbhc, noKa 
He ncHO, ho TaKan MOAenb noTpeôoBana 6bi ynacTHn, KpOMe 
GAGA, AononHHTenbHoro (f)aKTopa, onpeAenmontero, KaKOH 
Tnn KOMnneKca (HaueneHHoro Ha noAACpxcaHne aKTHBHoro 
m\6o penpeccHpoBaHHoro cocTonHnn xpOMaTHHa) ôyAeT 
coôpaH Ha stom MecTe. 


31.5 


X-xpoMOCOMbi npeiepneBaiOT 
Mo6a/ibHbie M3MeHeHMn 


KniOHeBbie noHaTMa: 


• Y caMOK naaueHTapHbix MaeKonmaioiHMx b 3Ni6pnoreHe3e b 
K amAoŕí KaeTKe MHaKTMBMpyeTca oAHa. BbiópaHHaa cayMaííHbiM 
o6pa30M, X-xpoNiocoMa. 

• B MCKatOMmeabHbix caywaax, KorAa b mieTKe coAepmmca 
óoabuje Aeyx X-xpomocom, MHaKTUBupyKDTca Bce, KpoMe oahoíí. 

• ĽleHTp MHaKTMBaAMM — 3 to Híic-AeíícTByioiAaa oóaacTb 
X-xpoMOCOMbi, oKa3biBaioiAaa CBoe AeíícTBMe b u,uc- MaHepe m 
aB/iaiomaaca Heo6xoAHNioíí m AociaTOMHoíí rapaHTueíí Toro, 

MTO M3 X-XpOMOCOM, ľipMCyTCTByiOLMMX B KaeTKe, aKTMBHOÍÍ 
ocTaHeTca Jimub OAHa. 

• ĽleHTp MHaKTMBaAMM coAepwm reH Xist; oh KOAHpyeT PHK, KOTopyto 
MO>KHO OÓHapymMTb TOabKO Ha HeaKTMBHblX X-XpOMOCOMaX. 

• MexaHH3M, npenaTCTByioiAMM HaKonaeHmo PHKX/sŕHa 
aKTHBHblX XpOMOCOMaX, HeM3BeCTeH. 


31.5 X-xpoMOCOMbi npeTepneBatOT TAOÓaAbHbie M3MeHeHMa 839 






CymecTBOBaHHe no;iOB (coóctbchho, to o6cT05rre;ibCTBO, 
HTO nOJI >KHBOTHOrO 3aAaeTCH pa3JIHHHÍIMH no nOJIOBblM 

xpoMOCOMaM) cTaBHT nepe/j cncreMaMH peryjMiinn okc- 
npeccnn reHOB /jOBOJibHO HHTepecHyio n BecbMa Hacym- 
Hyio npoóneMy. OHa 3aioiK)HaeTCfl b otjihhhh no nnaiy 
X-xpomocom. Ecjih reHbi, cijenjieHHbie c X-xpoMoeoMon 
(to ecrb pacno^oxceHHbie Ha X-xpoMOCOMe), óyzjyT okc- 
npeccnpoBaTbca c paBHbiMH HHTeHCHBHOCTflMH y ocoóen 
oóonx no;iOB, to b mieTKax Tena caMKn kojihhcctbo npo- 
AyKTOB Tannx reHOB oKaxceTca B^Boe óojibine, neM y caM- 
U,OB. O TOM, KaK BaXCHO H3ÓOKaTb TaKOH CHTyaU,HH, TOBO- 
pHT caMO HajiHMHe HBJíeHna KOMneHcau,HH ^03 reHOB 
h MHoroo6pa3He ero MexaHH3MOB cpe/jn pa3Hbix rpynn 
XCHBOTHblX. CyTb flBJICHHfl COCTOHT B BblpaBHHBaHHH HH- 
TeHCHBHOCTH OKcnpeccnn reHOB, pacno^oxceHHbix Ha X- 
xpoMocoMe, MOK^y nojiaMn. MexaHH3Mbi Tanoro BbipaB- 
HHBaHHa y pa3Hbix bh/job xcHBOTHbix oóoómaeT TaÓJIHIja 
Ha PMC. 31.10. 

• Y MiieKonHTaiomHx oj\m H3 £Byx X-xpomocom b mieT- 
Kax caMKH HHaKTHBHpyeTca nojmocTbio. B pe3y;ibTaTe y 
eaMOK aKTHBHa TOJIbKO OflHa X-XpOMOCOMa, HTO 3KBH- 
BajieHTHO CHTyau.HH y caMijOB. ľeHbi aKTHBHon X-xpo- 
MOCOMbl eaMOK H eflHHCTBeHHOH X-xpOMOCOMbI CaMIJOB 
OKcnpeccHpyiOTca c paBHon HHTeHCHBHOCTbio. 

• 3KcnpeccHH reHOB e/jnHCTBeHHon X-xpoMoeoMbi caM- 
u,ob Drosophila bj\boc npeBocxoflHT no HHTeHCHBHOCTH 
OKcnpeccHK) reHOB Ha Kaxcflon H3 X-xpomocom eaMOK. 

• SKcnpeccnfl reHOB Ha KaJK^on H3 X-xpomocom caMKn 
Caenorhabditis elegans B/jBoe cjiaóee, neM OKcnpeccna 
Tex xce reHOB Ha oahhohhoh X-xpoMoeoMe caMu,a. 

Bce nepeHHC^eHHbie MexaHH3Mbi KOMneHcaiinn ro3 re- 

hob oÔTeAHHaeT to, hto MumeubK) dm pezymi^uu uiyMum 
xpOMOCOMa e ufijiOM. To ecTb HMeeT mccto nioóa^bHoe H3- 
MeHeHne, 3aTparnBaiomee Bce npoMOTopbi Ha xpoMoeoMe, 
npnneM b KOJinHecTBeHHon MaHepe. KaK oto nponcxojíHT, 
6oJiee hji n MeHee bhatho onncaHO rjvi cjiynaa HHaKTHBa- 
u,nn X-xpoMoeoMbi y eaMOK MjieKonHTaiomnx, Kor/ja MaTe- 
pna^ ijejioň xpoMoeoMbi nepexoflHT b cocToaHne reTepox- 
poMaTHHa. 

/J,ByMa HeorbeNuieMbiMH CBoncTBaMn reTepoxpoMaTHHa 
HBJíaiOTca ero KOH/jeHcnpOBaHHOCTb n HeaKTHBHOCTb. IeTe- 
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PMC. 31.10 IKuBOTHbie ncnojib3yiOT pa3/iMMHbie CTpaTernn BbipaB- 
HMBaHMfl 3KCnpeCCMM reHOB X-xpOMOCOMbI B My>KCKOM M meHCKOM 
opraHM3Max 


poxpoMaTHH, KaK H3BecTHO, mojkho noflpa3jíejiHTb Ha R Ba 
rana: 

• KOHCTHTyTHBHWH reTepOXpOMaTHH COflep>KHT 
noe^e/íOBaTe^bHOCTH R HK, He Hecymnx KOAnpyiomeň 
(J)yHKLI,HH. HX THnHHHblH KOMnOHCHT — CaTeJIJIHTHbie 

KOTopbie nacTO oÔHapy^KHBaiOTCH b ijeHTpoMepax. 
Taione ynacTKn HenpeMeHHO n Bcer/ja reTepoxpoMaTn- 
necKne b cnjiy CBoen ocoóon npnpoflbi. 

• OaKyjibTaTHBHbíň rerepoxpoMaTHH mojkct 6 biTb 
(f)opMOH cymecTBOBaHna uejibix xpomocom, KOTopbie b 
K aKOH-HHÓyAb H3 KJieTOHHblX JIHHHH He aKTHBHbl, 3aTO 
b KneTKax /jpyron jihhhh hx reHbi npeKpacHO OKcnpec- 
cnpyiOTca. TnnnHHbin npnMep — X-xpoMOCOMa mjicko- 
nnTaiomnx. HeaKTHBHaa X-xpoMoeoMa reTepoxpoMa- 
THHHa, B TO BpeMfl KaK aKTHBHaa X-xpoMOCOMa flBTWeTCfl 
nacTbio oyxpoMaTHHa. TaKHM o6pa30M, udenmunnue 
nocjiedoeamejibnocmu RHK 0KO3ueaK)mcn e deyx npo- 
mmonojioMHbix cocmonnun xpOMamuna. KaK TOJibKo 
HeaKTHBHoe cocToaHne ycTaHOBHJiocb, oho HannHaeT 
Hac^eAOBaTbca KneTOHHbiM hotomctbom. 3to npnMep 
snnreHeTOHecKoň Hacjie^CTBeHHOCTn, nocKo^bKy Ha- 
c^eAOBaHne n^eT BHe 3aBnenMOCTn ot noe^eAOBaTCJib- 
HOCTn flHK. 

OcHOBa coBpeMeHHbix npe/íCTaB^eHnň o cnTyau,nn c X- 
xpoMoeoMon y eaMOK M^eKonnTaiomnx 6buia 3a^oxceHa em,e 
b 1961 r., b (f)opMe ranoTe3w 06 oahhohhoh X. CaMKn 
Mbirneň, reTepo3nroTHbie no MyraunaM, oóyc^OB^nBaiomnM 
OKpacKy rnepcTn b MaHepe, cu,en;ieHHoň c X-xpoMoeoMoň, 
hmoot M03anHHbiň (})eHOTnn: rnepcTb Ha nx Tene OKpameHa 
necTpo, ynacTKn u,BeTa rukoto Tnna nepeMOKaiOTca ynacr- 
KaMn «MyTaHTHoro» iiBcra. Ha p m c. 3i.n pa3T>HCHeHO, hto 
TaKoň (J)eHOTnnnHecKnň 3(})(J)eKT mokho othccth Ha cneT 
cjiyHaúno unaKmueaUfUU odnou m deyx X-xpOMOCOM e 
Kajfcdoú KJiemKe neôojibiuoú nonymiyuu KJiemoK-npediuec- 
meennuKoe. Knencn, b KOTopbix 0Ka3a^acb nHaicrnBnpoBa- 
Ha X-xpoMOCOMa, Hecyn^aa reH rukoto Tnna, noepe^CTBOM 
Ae^eHnň /jaiOT Hana^o noTOMCTBy (b CMbie^e, nonyjiau,nn 
KJieTOK), B KOTOpOM OKCnpeCCHpyeTCH TOJIbKO MyTaHTHblň 
aji^e^b (pacno^oxceHHbíň Ha aicrnBHoň xpoMoeoMe). IOieT- 
kh, nponcxoAamne ot KJieTKH-npe/jinecTBeHHHKa, b koto- 
poň 6bma nHaicrnBnpoBaHa pyraa xpOMOCOMa, Hecyr b 
ce6e aKTHBHbíň reH /jnKoro Tnna. B cjiynae c OKpacKoň iuep- 
cth, KJieTKn, Be/iymne CBoe nponcxo^KAeHne ot KOHKpeTHon 
KJieTKn-npeAniecTBeHHHKa, ocTaiOTca BMecTe, (})opMnpyH 
TaKHM o6pa30M oAHOijBeTHbíň ^ocKyT b naTTepHe OKpacKn 
HCHBOTHOrO; 3TO OÓCTOHTe^bCTBO ^C^aeT M03anHH0CTb Ha- 
rjia/íHOň. B Apyrnx cjiynaax mieTKH OKcnpeccnpyiOT oahh 
n3 AByx a^Jieneň, pacno^oxceHHbix b nx X-xpoMoeoMax, b 
HH/jHBH/iyajibHOM nop^Ke. TaK, y reTepo3nroT no o^HOMy 
n3 ^oKycoB X-xpoMoeoMbi, G6PD, Ka^aa OT^bHO B3«Taa 
KpacHaa KpOBHHaa KJieTKa, 3pnTpou,nT, óy^eT sKcnpeccnpo- 
BaTb KaKoň-Hnóyflb o^hh n3 AByx a^^e^eň. 

HHaKTnBaiina oahoh X-xpoMOCOMbi no Bbióopy cjiy- 
naňHbiM o6pa30M HMeeT mccto y n^au,eHTapHbix NuieKonn- 
Taiomnx. Y cyMnaTbix otot Bbióop HanpaBJíeHHbíň: HHaKTn- 
BnpyeTca Bcer^a X-xpoMoeoMa, nojiyneHHaa ot 0 Tu,a. 

HHaKTnBau,na X-xpoMoeoMbi noflHHHaeTCfl npaBii^y 
n-1: CKOJIbKO 6 bl HH ÔblJIO B KJieTKe X-XpOMOCOM, HHaKTH- 
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y CaMOK MHeKOnMTaiOlUMX OftHa M3 X-XpOMOCOM MHaKTMBMpyeTCfl 
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PH C, 31.11 Mo3anMHocTb, cuen^eHHan c ricmoM, npoflB/iaeTCíi y 
caMOK M/ieKonmaiomMx. 3 to 3cjDcjDeKT c/iyvaÚHoao Bbičopa oahoíí m 
X-xpomocom b Ka>KAOM cyóbeKTe Heóojibiuoŕí nony/iíiAMM reiepo3M- 
roTHbix KJieTOK-npeAwecTBeHHMKOB. KneTKM, y KOTopbix ocra/iacb 
aKTMBHoíí X-xpoMocoMa c a/uie/ieM AMKoro Turia, AaAyT pmm c()eHO- 
TMn; APyrue K/ieTKM (c aKTMBHOÍí X-xpoNiocoMoíí, Hecymeíí MyTaitmo) 
6yAyT npoBB/iBTb MyTaHTHbiŕí (JjeHOTnn 


ctch ot Xic no Bcen X-xpoMOCOMe. Ecjih Xic npncyTCTByeT 
b xpoMOCOMe-xHMepe, B03HHKinen b pe3y;ibTaTe TpaHCJio- 
Kan,HH MOKffy X-xpOMOCOMOH H ayTOCOMOH, HHaKTHBaUHH 
pacnpocTpaHaeTca n Ha ayrocoMHbie ynacTKH (xoth stot 
3(jxf)eKT He Bcer^a oTJiHnaeTCH noJiHOTon). 

B Xic coflepxcHTca reH, Ha 3 BaHHbin Xist, KOTopbin skc- 
npeccnpyeTCH TOJibKO Ha nearniuenoú X-xpoMOCOMe. B 
rniaHe SKcnpeccHH, reH Xist Be/jeT ce 6 n npoTHBononoxcHO 
OCTa^bHblM reHaM X-xpOMOCOMbI, Ha KOTOpOH OH HaXOAHT- 
ch (ecjiH Xist aKTHBeH, ocranbHbie reHbi BbiKjnoneHbi). fle- 
jieijHfl Xist npeAOTBpamaeT HHaKTHBaunio X-xpoMOCOMbi, 
b KOTopon oh OTcyTCTByeT, ho He «c 6 HBaeT noACHeTa» X- 
xpoMOCOM (nocmribKy npn stom ocranbHbie X-xpoMOCOMbi 
Moiyr HHaKTHBHpOBaTbca). TaKHM o6pa30M, y Xic mohcho 
pa3JIHHHTb ABe XapaKTepHblX CTpyKTypHO-CjiyHKUHOHanb- 
HblX OCOÓeHHOCTH: HeyCTaHOBJíeHHblH 3JieMCHT (HJIH 3Ae- 
MeHTbi), HeoóxoAHMbie /y ih noAcneTa, h reH Xist, hcoôxoah- 
MblH HM HHaKTHBaUHH. 

Ha p m c. 31.12 pasTHCHneTCH ponb PUK Xist b HHaKTHBa¬ 
UHH X-xpoMOCOMbi. ľeH XÍSt CJiyHCHT MaTpHUCH AJIH CHHTe3a 
PHK, B KOTOpOH HeT OTKpbITblX paMOK CHHTbIBaHHH. BmCCTO 
Toro, HTOÔbi KOAHpOBaTb ôenoK, PHK Xist «o6Bo;iaKHBaeT» 
X-xpoMoeoMy, Ha KOTopon OHa 6buia CHHTe3HpoBaHa. ľle- 
peA TeM, KaK np0H30HTH HHaKTHBaUHH, 3Ta PHK CHHTe3H- 
pyeTca Ha oóenx X-xpoMOCOMax. nocne HHaKTHBaUHH Ta- 
Kyio PHK AaeT TOJibKO HeaKTHBHan X-xpoMocoMa (me ee h 

MOHCHO BCTpeTHTb). HHTCHCHBHOCTb 7KC TpaHCKpHnUHH XÍSt 
ocraeTCH npoKHen, TaK hto nepeMeHa coctohhhh xpoMoeo- 
Mbl 3aBHCHT He OT Hee, a OT KaKHX-TO nocT-TpaHCKpHnu,H- 
OHHblX COÓbITHH. 


BHpoBaHbi 6yAyT Bce, KpoMe oahoh. Y HopManbHbix caMOK 
X-xpomocom, KOHenHO xce, ABe, ho b Tex peAKHx aiynaHx, 
KorAa HenpaBHJibHoe pacxoncACHHe xpomocom npHBOAHT 
k reHOTHny c TpeMH hjih 6o;iee X-xpoMOCOMaMH, aKTHB- 
hoh ocTaHeTca Jiniiib OAHa H3 hhx. 3to oôcroHTejibCTBO 
HaBOAHT Ha oômyio MOACJib, b cootbctctbhh c KOTopon c 
OAHOH H TOJIbKO OAHOH H3 X-XpOMOCOM npOHCXOAHT He- 
Koe ocoóeHHoe coóbiTHe, oxpaHaiomee ee ot bo3achctbh5i 
HHaKTHBHpyioiAero MexaHH3Ma, KOTopbíň TeM BpeMeHeM 
npHMeHaeTca no othoiuchkio ko bccm ocTanbHbiM X-xpo- 

MOCOMaM KJieTKH. 

JXnn HHaKTHBaUHH X-xpoMOCOMbi AOCTaTOHHO HZJímm 
b Hen onpeAe;ieHHoro AOKyca. Ecah BApyr MOKAy X-xpo- 
MOCOMOH H ayTOCOMOH npOHCXOAHT TpaHCJlOKaiJHfl H JIO- 
Kyc nonaAaeT b OAHy H3 xpoMOCOM-xHMep, stot npoAyKT 
TpaHCJioKau,HH 6yAcr HHaKTHBHpoBaH. JIoKyc mokho Kap- 
THpOBaTb nyTeM CpaBHeHHH pa3JIHHHbIX TpaHCJIOKai^HH; 
Ha3bIBaeMbIH lieHTpOM HHaKTHBan,HH X-xpoMOCOMbi Xic 
(X-inactivation center). lOiOHHpoBaHHbíň ynacTOK reHOMa 
npoTímceHHOCTbio 450 TnH o6;iaAaeT bccmh CBOHCTBaMH 
Xic. Eoih, b KanecTBe TpaHcreHa, TaKyio nocAeAOBaTeAb- 
HOCTb BHeApnTb b ayTocoMy, 3Ta ayTocoMa noABeprHeTca 
HHaKTHBaUHH (B CHCTCMe C KyJIbTHBHpyeMbIMH KJieTKaMH). 

CoAepxcHMoe AOKyca Xic OKa3biBaeT CBoe achctbhc b 
Uftic -MaHepe h HeceT b ce6e HH^opMauHio, AOCTaTOHHyio 
AAH Toro, HTOÔbl «nOACHHTaTb» X-xpoMOCOMbi H HHaKTHBH- 
pOBaTb HX BCe, KpOMe OAHOH. HHaKTHBaUHH pacnpocTpaHH- 



PUC. 31.12 UHaKTMBauMíi X-xpoMocoMbi nponcxoAMT noc/ie cia6n- 
m 3aunn PHK Xist, KOTopaíi b 6yKBa/ibHOM CMbic/ie oÓBO/iaKMBaeT 
HeaKTMBHyiO XpOMOCOMy 


31.5 X-xpoMocoMbi npeiepneBatOT rAOÓaAbHbie M3MeHeHna 841 








































nepefl HHaKTHBauHeň X-xpoMocoMbi, PHK Xist Aerpa- 
AHpyeT; nepnoA ee no;iypacnaAa cocraBJíaeT ~2 naca. HHa- 
KTHBauHa X-xpoMocoMbi onocpeAOBaHa cTa6HJiH3au,HeH 
PHK Xist Ha HeaKTHBHOH X-xpoMOCOMe. PHK Xist pacnpe- 
Ae;ieHa no rji imt X-xpoMocoMbi b bhac tohck, yKa3biBaa 
Ha TO, HTO B OCHOBy CTa6HJIH3aU,HH MOXCeT 6bITb 3a^OXCeHa 
ec accou,Hau,Hfl c 6cjiKaMH aah (J)opMHpOBaHHa cTpyioypbi 
b bh j\c nacTHu,. Mbi nona He 3HaeM, hh KaKHe eme (jiaKTopbi 
Moryr 6biTb 3 aflencTBOBaHbi b otoh peaKijHH, hh noneiviy 
PHK Xist b cbocm pacnpocTpaHeHHH orpaHHHHBaeTca cbo- 
en xpoMOCOMOH. TaKHe xapaKTepHbie nep™ HeaKTHBHOH 
X-XpOMOCOMbI, KaK OTCyTCTBHe aU,CTHJIHpOBaHHB no rac- 
TOHy H4 h MeTHJiHpoBaHHOCTb noaieAOBaTejibHOCTen CpG 
(CM. pa3fl. 24.19 «CpG-OCTpOBKH flBJMIOTCfl MHIIieHflMH 
pery^Hu,HH»), BepoaTHO, oópeTaiOTca xpomocomoh no3A- 
Hee, KaK pe3y;ibTaT achctbhh McxaHH3Ma HHaKTHBaijHH. 

npaBHJio n-1 npeAno;iaraeT, hto CTa6HJiH3au,Hfl PHK 
Xist npoHexoAHT no yMOJinaHHio, h hto hckhh 6;iOKHpy- 
ioiahh MexaHH3M npeflOTBpamaeT TaKyio cTa6HjiH3au,Hio 
JIHĽĽb Ha OflHOH H3 X-xpOMOCOM, KOTOpOH npeACTOHT 
ocraTbCfl aKTHBHon. 3to 03HanaeT, hto xota Ha;iHHHe Xic 
HeOÓXOAHMO (H AOCTaTOHHO), HTOÓbl XpOMOCOMa OKa3a- 
jiacb unaKmueupoeana , /yia ycraHOBJíeHHa aKmuenozo 

COCTOflHHfl X-XpOMOCOMbI MOTyT 6bITb HeOÓXOAHMbI npO- 

AyKTbi Apyrnx jioKycoB. 

Jp m aKTHBHOCTH X-xpoMocoMbi hcoóxoahmo «nora- 
CHTb» Ha Hen OKcnpeccHio Xist. CaŕuieHCHHr Xist mokho 
npe/íOTBpaTHTb AeJieijHeH reHa fl,HK-Me™rrpaHC(})epa3bi; 
CKopee Bcero, 3(})(f)eKT oóycjioBjíeH tcm, hto MeTHJinpoBa- 
HHe npoMOTopa Xist hcoóxoahmo nm npeKpameHHfl ero 
TpaHCKpHnU,HH. 


31.6 


KOHAeHCaUMJI XpOMOCOMbl — 
((jyHKUMfl KOHAeHCMHOB 


KiuoneBbie noHflTMfl: 


• Be/iKM SMC flB/ifltoTCfl AT0a3aMM; k hmm othocat KOHAeHCMHbi m 
Kore3MHbi. 

• ľeTepoAMMep 6e/iKOB SMC accouMMpyeT c ApyruMM 

Cy6"beAM H M Lja M M. 

• KoHAeHCMHbi CBepxcnnpa^M3yiOTxpoMaTMH 3 a CMeTToro, mto 
bhocat b flHK no/ic»KMTejibHbie CBepxBMTKM. 

• KOHAeHCMHbl OTBeTCTBeHHbl 3a KOHAeHCaiJMK) XpOMOCOM npn 
MMT03e. 

• y C. eiegans ocoóaa pa3H0BMAH0CTb kohachcmhob oTBeTCTBeHHa 
3a KOHAeHcaAMio X-xpomocom, noHumaiomyio mx aKTMBHocTb. 


CTpyKTypHbie coctohhhh ijejibix xpomocom HaxoflflTca 
nOfl BJIHHHHCM B3aHMOACHCTBHH C ÓCJIKaMH CCMCHCTBa 

SMC (SMC, structural maintenance of chromosome). 

3th 6eJiKH HBJíaiOTCfl ATOa3aMH h noflpa3fle;i5noTCfl Ha 
ABe 4)yHKu,HOHa^bHbie rpynnbi. KoHfleHCHHbi ynacTBy- 
K)T B KOHTpOJie OÔIACH CTpyKTypbl H OTBCTCTBCHHbl 3a 
KOHACHcau,Hio xpomocom b bh/jc KOMnaKTHbix Te;i npn 
MHT03C. Kore3HHbI 3aACHCTBOBaHbI B 0Ópa30BaHHH CBfl- 
30K MOKAy CCCTpHHCKHMH XpOMaTHAaMH, KOTOpbie B XO^C 


Y 6 eiiKOB SMC ecTb cnMpaneBHAHbie AOMeHbi 


N-KOHeLl 

flOMeH CBfl3blBaHMfl -( ATO 

ATO m ah K 


Cnnpa/ieBMAHbiíí AOMeH - 

LUapHMp- 

CriMpa/ieBMAHbiM AOMeH - 


AOMeH A-™ CBB3blBaHMB- 

ATOwflHK 



ATO 


C-KOHeu 


P M C. 31.13 KawAaa cyó-beAMHMLja SMC — 3to «MOAy/ib YoKepa». 
KoHueBbie KOMnaKTHbie AOMeHbi npeAHa3HaMeHbi A-nfl CB5i3biBaHMfl 
ATO m flHK; k hmm npMMbiKatOT cnMpa^eBMAHbie AOMeHbb pa3Ae/ieH- 
Hbie LUdpHMpOM 


MHT03a AOJOKHbi ocBoóoAHTbCfl Apyr ot Apyra. H KOHAeH- 
CHHbl, H KOre3HHbI npeACTaBJIHIOT COÓOH AHMepbl Ôe^KOB 
SMC. KoHAeHCHHbi (J)opMHpyiOT KOMnjieKCbi, y KOTopbix 
cepAUCBHHa, reTepoAHMep SMC2-SMC4, accon,HHpoBaHa 
c ApyrnMH (He SMC) 6eJiKaMH. Y Kore3HHOB noxoxcaa op- 
raHH3au,HH ctpohtch Ha cepAueBHHe H3 reTepoAHMepa 
SMC1-SMC3. 

Ha P M c. 31.13 noKa3aHa AOMeHHaa CTpyKTypa ôe^Ka 
SMC. H,eHTpa^bHyio nacTb noAHnenTHAa, CTpyKTypnpo- 
BaHHyio no THny cynepcnnpa^H, pa3fle;ifleT thókhh iuap- 
HHpHbin ynacTOK. 06e KOHU,eBbix oó^ac™ nojiHnenTHAa, 
N n C, coAepxcaT ATO-CBH3biBaioiAHe h ,/IHK-CBH3biBaK)- 
IAHe aMHHOKHCJIOTHbie MOTHBbl. OnHCaHHH paÔOTbl 
6e;iKOB SMC 6bmH npefl^oxceHbi pa3Hbie moacjih, b 3a- 
BHCHMOCTH OT TOTO, Ha KaKHX B3aHMOfleHCTBHHX OCHO- 

BbiBaeTca hx AHMepH3au,Ha: BHyTpHMOJieKyjiapHbix hjih 
MOKMOJieKyjmpHblX. 

SKcnepHMeHTbi c 6aicrepHa^bHbiMH roMO^oraMH 6eji- 
kob SMC noKa3a^H, hto hx A^Mepu o6pa3yioTCH 3a cneT 



PMC. 31.14 ľlo/iOBMHKM cy6-beAMHMAbi KOHAeHCMHa o6pa3yK)Tyro/i b 
6°. Kore3MH pa3BepHyT WMpe, noA yr/iOM 86° 


842 TJ1ABA 31 HacAeAOBaHne 3nnreHeTMHecKnx 3cj)c))eKTOB 




















Kore3MHbi o6pa3yiOT AWMepw, cnocoÓHbie Aexiatb cuimbkh b AH K 


CnnpajieBMflHbie AOMeHbi KoHLieBbie AOMeHbi 

B3aMMOAeííCTByK)T CBB3blBaiOT flHK 



P M C. 31.15 Ee/iKM SMC AMMepn3yiOTC5i 3a CMeT aHTnnapa/uiejibHbix B3anMOAeňcTBnň Me>KAy uern- 
paAbHbiMM cnupaAeBMAHbiMM AOMeHaMM. 06a KOHijeBbix AOMeHa Kamfloň cyó-beAMHHAbi SMC coflep- 
)KaT aMMHOKMCAOTHbie MOTMBbl CB513blBaHH51 ATO H flHK. Kore3HHbl MOryT 06pa30BblBaTb CLUHBKH 
Me>KAy AByM51 pa3HblMH MOAeKyAaMM flHK 


aHTHnapa^JieJibHbix B3aHMOflCHCTBHH MOKfly cynepcnnpa- 
jiflMH. npH TaKOM B3aHMOflCHCTBHH N-kohoj, nojinnenrafla 
oflHoň H3 cyô'beflHHHu, npHMbiKaeT k C-KOHuy nojinnenrafla 
Apyron cyô'beflHHHu.bi. Ejiaroflapa cymecTBOBaHHio rnapHH- 
pa BHyTpn MOJieKynbi SMC, (j}yHKu,HH Kore3HHOB h kohach- 
chhob Moryr onpeAejíHTbca pa3HbiMH cnocoôaMH achctbhh 
co CTOpOHbi flHMepa. HaPMC. 3 i.i 4 noKa3aHO, hto Kore3H- 
HaM CBOHCTBeHHa V-o6pa3Haa CTpyKTypa, c njienaMH, pac- 
xoaaiahmhch nofl yrjiOM 86°, a b MOJieKyjiax kohachchhob 
3to yroji ocTpee, Bcero 6°. Pa3JiHHne npoaBJíaeTca b tom, hto 
K ore3HHbi yflepxcHBaiOT BMecTe cecrpHHCKHe xpoMaraflbi, a 
KOHfleHCHHbl KOHACHCHpyiOT OTflCJIbHyiO XpOMOCOMy. Ha 
PMC. 31.15 nOKa3aHO, HTO KOre3HH MOXCCT npHHHTb (J)Op- 
My pacTonbipeHHoro flHMepa, ciiiHBaiomero ABe MOJiCKyjibi 
flHK. Ha pmc. 31.16 noKa3aHO, hto kohachchh moxcct npn- 
HHTb cpopMy V-o6pa3Horo flHMepa, b kotopom ochobhoh 
H 3ra6 npHxoAHTca Ha mapHHpHbie ynacTKH cyô'beflHHHu,, h 
KOT opbíň npHTHľHBacT flpyr k flpyry OTAa^eHHbie ynacTKH 
oahoh h toh xce MOJieKyjibi flHK, 3acTaBjura ee kohachch- 
pOBaTbCH. 

3 KcnepHMeHTbi c 6 e/iKaMH flpoaoKen npHBeJiH k co 3 fla- 

HHIO aJIbTepHaTHBHOH MOflCJIH, B COOTBCTCTBHH C KOTOpOH 

ôctikh SMC AHMepH3yK)Tca 3a cneT BHyTpHMOJicKyjiapHbix 
B3aHMOACHCTBHH, BepHee, hx roMOAHMepbi o6pa3yiOTca 3a 
CHCT OAHHX JIHLĽb B3aHMOACHCTBHH MOKfly HACHTHHHbIMH 
cyô'beAHHHu.aMH. Yxce noaie 3Toro flHMepbi AByx pa3Hbix 
ôejiKOB (b KOHKpeTHOM 3KcnepHMCHTe, SMC1 h SMC3) MO¬ 
ryT, B3aHMOACHCTBya rOJIOBKaMH H IIiapHHpaMH, C(J)OpMHpO _ 
BaTb KOJibu,eByK) crpyKTypy, KaK oto noKa3aHO Ha p m c. 31 . 17 . 
Bmccto Toro, hto6h CBjmTb HenocpeACTBeHHO flHK, CTpyK¬ 
Typa Tanoro rana b coctoahhh yflepxcnBaTb MOJieKyjibi flHK 
BMecTe, oôxBaTbiBaa hx. 

BH3ya^H3an,HH mhtothhcckhx xpomocom, b coneTa- 
HHH C OKpaiUHBaHHeM aHTHTeJiaMH, ACMOHCTpHpyeT, HTO 
KOHACHCHHbi pacnpefleJieHbi no Bcen j\jm He xpoMOCOMbi; 
3TO BHAHO Ha PMC. 31.18. (B OTJIHHHe OT KOHACHCHHOB, KO- 
re3HHbi pacnpefle;ieHbi BflOJib xpoMOCOMbi no AHCKpeTHbiM 
MeCTOnOJIOXCeHHHM.) KOHflCHCHHOBblH KOMnJieKC nOJiyHHJI 



PMC. 31.16 KoHAeHCMHbi, CKJiaAbiBaacb no wapHnpaM, MoryT Ae/iaTb 
flHK 6onee KOMnaKTHoň 


Kore3HHbt oôpasyioT no/ibuo BOKpyr AHK 



PMC. 31.17 CnMpa^eBMAHbie AOMeHbi Kore3HHOB MoryT AHMepn3o- 
BaTbCíi BHyTpn oahoíí cy6i>eAHHHAbi. B My/ibTMMepax cyóbeAnHnAbi 
Kore3HHOB KOHTaKTnpyiOT APyr c APyroM KOHLjeBbiMn AOMeHaMn n 
ujapHnpaMn. OKpywaíi MoneKy/ibi flHK, My/ibniMepbi Kore3HHOB Mo¬ 
ryT yAep>KHBaTb nx BMecTe, KaK nyMOK 


31.6 KOHAeHCaUMB xpoMOCOMbi — CjjyHKUMB KOHfleHCMHOB 843 
















KoHAeHCMHbi pacnpeae/ieHbi 

BflO/lb OCM X POMOC O M bl 


PMC. 31.18 KoHfleHCMHbi pa36pocaHbi no Bceíí A-nwHe MmoTMMec- 
koíí xpoMOCOMbi. Ha cf)OTorpact)MM KpacHbiíí usei cooTBeTCTByeTflHK, 
>Ke/iTbm — KOHfleHCMHaM. OoTorpalt)MB jito6e3Ho npeAocTaB/ieHa 
Ana Losada and Tatsuya Hirano 


TaKHM 0Ópa30M, H3MCHeHHfl, BJIHHIOmHe Ha 3KCnpeCCHK) 
Bcex reHOB xpoMocoMbi oTpHLjaTejibHO (KaK y MJieKonHTa- 
ioiij,hx h C. elegans) hjih nojioxcHTeJibHO (KaK y Drosophilä) 

HBJIHIOTCfl o6meň HepTOH MCXaHH3MOB KOMneHCailHH A03 
reHOB. ripH stom KOMnoHeHTbi annapaTa KOMneHcau,HH A03 
reHOB Moiyr 6biTb pa3JiHHHbiMH, tohho TaK xce, KaK BapnaH- 
Tbl HX JIOKaJIH3aiJ I HH Ha XpOMOCOMaX H cnocoóbl HX ACHC- 
TBHfl: OHH B pa3HbIX CJiyHaflX pa3JIHHaiOTCfl. 


31.7 


rioAA£p>KMBaioLiiafl NieTn/ia 3 a 
oóecneHMBaeT BOcnpon 3 BOACTBO 
craiyca MeniiiMpoBaHMB AH K 


KniOMeBbie noHama: 


• EojibWMHCTBo MeTM/ibHbix rpynn flHK oÓHapymeHo y amto3mhob 
o6enx ueneíí Ayč/ieTOB CpG. 

• Pen/iMKauMa nepeBOAm no/iHocTbio MeTM/uipoBaHHbiíí caííTflHK 
b Aea Hano/ioBMHy MeTM/iupoBaHHbix caŕna. 

• ľlo/iyMeTM/uipoBaHHbie caíÍTbi npeBpamaioTca b no/iHocTbio 
MeTM/iupoBaHHbie caŇTbi noA agmctbuom (JjepMema — 
noAAepwMBaiomeŕí Memna3bi. 


CBOe Ha3BaHHe 3a CnOCOÔHOCTb 3aCTaBJIHTb XpOMaTHH 

KOHAeHCHpoBaTbca in vitro. KOMnjieKC o6;iaAaeT enocoô- 

HOCTblO BHOCHTb B RUK nOJIOXCHTCJIbHbie CBepXBHTKH, HC- 
noAb3ya Rnn 3Toro rHApo;iH3 ATO h eoAeňcTBne TonoH30- 
Mepa3bi I. 3Ta cnoeoÔHOCTb KOHAeHCHHOBoro KOMnjieKca 
KOHTpOJIHpyeTCfl nOCpeACTBOM (J)OC(J)OpHJIHpOBaHHH ero 
BcnoMoraTejibHbix, He SMC, cyó'btRimmx, TaKoe (f)oc(f)opH- 
jinpoBaHHe npoHcxoAHT npn MHT03e. Mbi noKa He 3HaeM, 
KaK OHO COOTHeeeHO C APyrHMH MOAH^HKauraMH xpo- 
MaTHHa — HanpHMep, C (})OC(f)OpH;iHpOBaHHeM thctohob. 
AKTHBau,HH KOHAeHCHHOBoro KOMnjieKca cneu,H({)HHHa rjm 
MHT03a; 3 to 3acTaBjiaeT yeoMHHTbca b tom, hto KOMnjieKC 
3aAeňcTBOBaH eme h b (J)opMHpoBaHHH HHTep(})a3Horo 
xpoMaTHHa. 

ľjioóa^bHbie H3MeHeHHH xpomocom, xapaKTepH3yio- 
mnecfl H3MeHeHHeM cTaTyca hx KOHAeHcaijHH, CBjmHbi c 
pa3HbiMH THnaMH KOMneHcau,HH A03 reHOB. TaK, y caMijOB 
Drosophilä ecTb cneu,HajiH3HpoBaHHbiň ôejiKOBbíň kom- 
mieKc, JioKajiH30BaHHbiH Ha X-xpoMoeoMe. Y C. elegans 
eCTb ÓeJIKOBblH KOMnjieKC, aCCOUHHpOBaHHblH C OÓeHMH 
X-XpOMOCOMaMH B KJICTKaX OMÓpHOHOB XX; KOMnOHCHTbl 
3Toro KOMnjieKca, 6e;iKH, ecTb h b OMÓpHOHax XO, ho TaM 
hm cBoňcTBeHHo AH(jx{)y3Hoe paenpeAejieHHe b kjictohhom 
AA pe. KOMnjieKC coAepxcHT cepAueBHHy H3 SMC h noxoxc Ha 
KOHAeHCHHOBbie KOMmieKCbi, accou,HHpoBaHHbie c mhto- 
THHeCKHMH XpOMOCOMaMH y XCHBOTHblX APyTHX BHAOB. TaK 
hto KOMnjieKcy npHnHCbiBaiOT CTpyKTypHyio po;ib: CKopee 
Bcero, oh 3acTaBAaeT xpoMoeoMy nepeňra b 6o;iee kohach- 
CHpoBaHHoe, MeHee aKTHBHoe cocTOflHHe. Htoóh KOMnjieKC 
pacnpeAejiracH no nmme X-xpoMoeoMbi nojmocTbio, mo- 
iyr 6biTb c HeoóxoAHMOCTbio 3aAeňcTBOBaHbi MHoronHC- 
jieHHbie caňTbi stoh xpoMocoMbi. KOMnjieKC CBfl3biBaeTca c 
3 thmh caňTaMH, a 3aTeM pacnpocTpaHaeTca no xpoMOCOMe, 
noKpbiBaa ee 6o;iee TmaTejibHO. 


MeTMHpoBaHHe.fl.HK npoHcxoAHT no cneu,Ha^bHbiM caňTaM. 
y ÓaKTepHH OHO aCCOUHHpOBaHO C CHCTeMOH peCTpHKIlHH- 
MeTHJiHpoBaHna, KOTopon KJieTKa noAb3yeTca aah 3am,HTbi ot 
6aicrepHO(})aroB, a TaK^ce c chctcmoh pacno3HaBaHHa pernin- 
UHpOBaHHOH JJtfK B CpaBHCHHH C HepenJlHLI,HpOBaHHOH (CM. 
pa3A. 20.7 «Kompo;ib HanpaBJíeHHa penapau,HH HecoBep- 
UieHHblX nap OCHOBaHHH»). H3 H3BeCTHbIX (j)yHKLlHH MeTH- 
jiHpoBaHHH ^3,HK y syKapnoT, ocHOBono^araiouieH HBJíaeTca 
ynacTne b Kompojie TpaHCKpHnri,HH: MeTraHpoBaHne acco- 
n,HHpoBaHO c HHaKTHBan,HeH reHOB (cm. pa3A. 24.18, «3 kc- 
npeccHa reHOB CBH3aHa c ACMeTHJiHpoBaHHeM»). 

y ^CHBOTHblX MeTHJIHpOBaHO OT 2 % A O 7 % KJieTOHHOH 
^3,HK (TOHHblH npOU,eHT 3aBHCHT OT BHAa XCHBOTHOro). 
BoAbniHHCTBO MeTHJibHbix rpynn oÔHapyiKeHO Ha «AyôJie- 
Tax» CpG, h, Ha caMOM Aene, MeTHJiHpOBaHHbiMH HBJíaeTca 
ôoJibiiiHHCTBO noe^eAOBaTe^bHOCTeH CG. Oôhhho mcthah- 
poBaHbi u,HTHAHHOBbie rpynnbi b oôeHx u,enax KopoTKoro 
nanHHApOMa CG, hto npHAaeT eMy ocoôyio CTpyKTypy. 

CanT Jl HK c HecTaÔHJibHbiMH npH3HaKaMH no o6e- 
hm iienaM Ha3biBaiOT nojiHOCTbio MemjiHposaHHbiM. 
PaccMOTpHM noejieACTBHH penjiHKau,HH TaKoro caňTa. Ha 
PHCo 31.19 noKa3aHO, hto Ka^bin AonepHHH AynjieKC ôyAer 
coAepxcaTb OAHy MeTHJiHpoBaHHyio u,enb h OAHy HeMeTHJiH- 
poBaHHyio u,enb. TaKon canT ^HK Ha3biBaiOT nojiyMeriuiH- 
pOBaHHblM. 

Tenepb BocnpoH3BOACTBO MeTHJiHpOBaHHoro caňTa (e 
coxpaHeHHeM CTaTyca MeTHJiHpoBaHHa) 3aBHCHT ot Toro, 
hto npoH3oňAeT c noJiyMeTHJiHpOBaHHOH ^HK. C^ynneb 
MeTHJiHpoBaHHe HeMeTHjiHpoBaHHoň u,enH, h caňT 6yAeT 
BOCCTaHOBJíeH KaK nOJIHOCTblO MeTHJIHpOBaHHblH. Ecjih 
AO MeTHJiHpoBaHHa npoH30HAeT penjiHKau,HH, TO no;iy- 
MeTHJIHpOBaHHOe COCTOHHHe BOCnpOH3BeAeTCB JIHLĽb B 
oahom H3 AonepHHx Ayn^eKCOB, a ApyroMy AonepHeMy 


844 ľJlABA 31 Hac/ieAOBaHMe anureHeTMHecKux acpcpeKTOB 






MeTMUMpoBaHHoe cocTOflHMe AH K HyMuaeTOi b noAAepxoHMM 


ľlo/lHOCTbK) MeTM/llipOBaHHbie caíiTbi 
Me Me 



ľlo^yMeTM/iupoBaHHbie caŕÍTbi 
Me Me 



Me Me 


^ MeTM^MpoBaHne 


Me 



Me Me 


^ PeruiMKauMB 


HeMeTM^MpoBaHHbiŕí caňT 



+ 


ľlo/iyMeTM/uipoBaHHbiM caňT 



GC GC 

Me Me 


PMC. 31.19 MemnnpoBaHHoe coaroíiHMe onpeAe/ieHHbix caiŕroB 
flHK MoweT noAAep>KMBaTbC5i cjDepMemoM, KOTopbiíí y3HaeT b KanecT- 
Be cyócTpaia To/ibKo nojiyMemnnpoBaHHyio flHK 


AynjieKcy AOCTaHeTca HeMeTHJiHpOBaHHbíň caňT. Ha p m c. 
31.20 noKa3aHO, hto CTaTyc MeTHJiHpoBaHHfl flHK Kompo- 
jiHpyeTca (J)epMeHTaMn, cpe/jH KOTopbix ecTb Merana3bi 
(ohh floóaBJíaioT MeTHJibHbie rpynnbi no naTOMy nojioxce- 
hhk) u,HTHAHHa) h fleMeTiuia3bi (yflaAaioiflne MeTHjibHbie 
rpynnbi). Bojiee (})opMa;ibHO oth (})epMeHTbi Ha3biBaiOT 
MeTmiTpaHC(J)epa3aMH. 

CyiflecTByeT ABa Tnna flHK-MeTn;ia3, pa3JiHHaiomHx- 
ea no CTaTycy MeTHJinpoBaHna cyócTpaTHoň flHK. Hto- 
6bi MeTHJinpoBaTb flHK «c Hy;m», hcoóxoahmo fleňcTBne 
de novo Memjia3bi, y3Haiomeň cneu,H(})HHecKyK) noc- 
JieAOBaTeJibHOCTb flHK, npnroAHyio /yia MeTHJinpOBaHna. 
OepMeHT AeňcTByeT mojibxo Ha HeMeTHJinpoBaHHyio flHK 
n floóaBAaeT MeTHJibHyio rpynny k oahoh H3 ee u,eneň. y 
Mbiiueň ecTb de novo Mera;ia3bi, Dnmt3A n Dnmt3B c 


pa3HbiMn caňTaMn-MniueHaMH; o6e KpaňHe BaxcHbi b 3m6- 
pHOHaJIbHOM pa3BHTHH. 

noflflepmíBaioiiiiaH Menuia3a KOHCTHTyTHBHo 
fleňcTByeT mojibxo na nojiyMemwiupoeaHHue caúmu , 
npeBpamaa nx b nojmocTbio MeTHJinpOBaHHbie caň™. Cy- 
[flecTBOBaHne 3Toro (})epMeHTa 03HanaeT /yw kjictkh boc- 
npoH3BOACTBO Kaacfloro MeTHJinpoBaHHoro caňTa nocjie 
penjiHKau,Hn. y Mbiiueň oÓHapy^ceHa oj\m no/mepacnBaio- 
[flaa MeTnjia3a, Dnmtl, n OHa oneHb BaxcHa: Mbirnn c flejieu,n- 
eň reHa MeTHJia3bi rnÓHyT b paHHeM 3M6pnoreHe3e. 

no/mepxcnBaiomee MeTnjinpoBaHne 3(})(})eKTHBHO npan- 
ranecKH Ha 100%; sto rapaHTnpyeT CHTyaijHio, H3o6pa^ceH- 
Hyio Ha JieBoň cTopoHe pne. 31.19 h npeBa^Hpytomyio in 
vivo . B pe3yjibTaTe, ccjih oahh H3 flByx, hcxoaho hachtoh- 
Hbix, a^JieJieň noflBepmeTCfl MeTHJiHpoBaHHio de novo , oho 
ôyflcr BocnpoH3BOAHTbca b nepefle KjieTOHHbix noKOJieHHň, 
TO eCTb, B03HHKUiee pa3JIHHHe MOKfly aJIJieJIHMH, HHKaK He 
oôycjiOBJíeHHOC hx noeJieflOBaTeJibHOCTHMH, 6yj\tT no/ifle- 
pxcHBaTbca. 

flAfl MeTHJiHpOBaHHa Ha flHK cymecTByiOT pa3HOo6- 
pa3Hbie THnbi MHineHeň. CaMaa pacnpocrpaHeHHaa mh- 
rneHb — npoMOTopbi tchob. Kor/ja reH HeaKTHBeH, ero 
npoMOTop MeTHJiHpoBaH, Korfla xce reH paôoTaeT, ero npo- 
MOTOp HeMeTHJIHpOBaH. npOMOTOpbl MblIIieň, y KOTOpblX 
HeT Dnmtl, ACMeTHJiHpoBaHbi. npeflnojiaraiOT, hto hmch- 
ho 3to fleMeTHjiHpoBaHHe jieTajibHo, TaK nan oho oôyc- 
jiaBJíHBaeT 6ecKOHTpoJibHyio OKcnpeccnio reHOB. flpyroň 


MeTHiia3bi 6biBaK>T A®yx tmiiob 
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PHC. 31.20 CiaTyc MemnnpoBaHMíi flHK KOHTpo/iMpyeTCíi c()epMeH- 
T3MM Tpex TMľlOB. Memna3Hbie aKTMBHOCTM, de novo M nOAAep>KMBa- 
lomaa, npncyiAM M3BecTHbiM 6e^KaM; AGMeTM^a3bi noKa He machtm- 

CjDMAMpOBaHbl 


31.7 noAflepwMBatomafl MeTMAa3a oóecnenuBaeT BOcnpon3BOflCTBO CTaTyca MeTMAMpoBaHMB flHK 845 



















MHiueHbio oiyacHT caTe;uiHTHafl JX HK. MyTaijHH no Dn- 
mt3B npenaTCTByioT MeTHJinpoBaHHio caTejuíHTHOH ÄHK, 
MTO, Ha KJieTOHHOM ypOBHe, npHBOAHT K HeCTaÓHJIbHOCTH 
u,eHTpoMep. MyraijHH b eooTBeTCTByiomeM reHe HejiOBena 
HBJIHIOTCa npHHHHOH 3aÓOJieBaHHfl ICF HMMyHOfle^HIJHT/ 
HecTaÓHJibHOCTb ijempoMep, /inijeBbie aHOMajiHH. Baxc- 

HOCTb MeTHJIHpOBaHHH nOAHepKHBaeTCfl CyiIJ,CCTBOBaHHeM 

Apyroro 3aóo;ieBaHHfl ne;iOBeKa, CHHApoMa Perra; 3aóo- 
/ieBaHHe Bbi3BaHO MyTaunen b reHe, KOflnpyiomeM 6e;iOK 
MeCP2, KOTopbin CBA3biBaeT MeTHJiHpoBaHHbie noejieAO- 
BaTeJIbHOCTH CpG. 

B oôbiHHOM npe/íCTaBJíeHHH, MeTwia3bi — sto npo- 
CTbie ({)epMeHTbi, caMocTOflTeJibHO AencTByiomHe Ha flHK- 
MHiueHb. Bo3mo)kho, Hapa/jy c hhmh cymecTByeT h Apyraa 
CHCTeMa MeTHjiHpoBaHHa, trc nm HaijejiHBaHHfl (})epMeHTa 
Ha JX HK Hcno;ib3yeTCfl KopoTKaa PHK c eooTBeTCTByiomeH 
nocaeflOBaTejibHOCTbio (cm. pa3A. 13-6 «HHaKTHBau,Hfl skc- 
npeccHH reHOB c noMombio aHTHCMbicjiOBOH PHK»). Mexa- 
hh3m, b eooTBeTCTBHH c KOTopbiM onepHpyeT STa CHCTeMa, 
noKa HeaceH. 

,II,eMeTHJiHpOBaHHbie ynacTKH JXUK: KaKHM xce o6pa30M 
ohh ynpoKAaiOTca h no/wepxcHBaiOTca b TaKOM coctoh- 
hhh? Ecjih canT ÄHK H3HanaabHO He óbi/i MeTHjiHpoBaH, 


to 6 e;iOK, y3HaBiiiHH TaKyio (HeMeTHJiHpOBaHHyio) noaie- 
AOBaTeabHOCTb, moxcct 3aiu,HTHTb ee ot MeTHJiHpoBaHHa. 
Ecjih ace KaKon-jiHÓo canT 0Ka3aaca MeTHjiHpoBaH, ecTb 
ABa enoeoóa ero ACMeTHJiHpoBaTb. ľlepBbiH cnocoó — 3a- 
ÓJiOKHpoBaTb paóoTy noAAepjKHBaiomeH Merajia3bi Ha 
stom canTe bo BpeMH penaHKau,HH; Tor^a, noejie BToporo 
ijHKJia penaHKau,HH, oahh H3 AonepHHx AynJieKCOB oKa- 
xceTca HeMerajiHpoBaHHbiM (KaK sto noKa3aHO Ha npaBon 
CTopoHe pne. 31.19). flpyron cnocoó 3aKjnoHaeTca b ax- 
THBHOM ACMCTHJIHpOBaHHH cama, KaK STO nOKa3aHO Ha 
p M C. 31.21: jihóo y^aaHB c ijHTHAHHa MeTHJibHyio rpynny, 
jihóo Bbipe3aB MeTHJiHpoBaHHbin u,hto3hh (hjih ijhthahh) 
H3 ^HK, npeAOCTaBHB chctcmc penapaijHH 3aMeHHTb ero. 
PÍ3BCCTHO, HTO aKTHBHOe ACMCTHJIHpOBaHHe npHMCHHeTCH 
k otiiobckoh nac™ reHOMa 3HroTbi BCKope noejie onjio- 
AOTBopeHHa; HcnoJib3yeMbin /ym SToro MexaHH3M He H3- 
BecTeH. PiHTepecHO, hto b npou,ecce mojkct ynacTBOBaTb 
ilHTHAHH-AeaMHHa3a AID; stot (J)epMeHT yMeeT AeaMHHH- 

pOBaTb MCTHJIHpOBaHHbie U,HTHAHHbI, TCM CaMbIM eo3AaBaa 
b JXHK HeKOMnjieMeHTapHOCTb, KOTopyio CHCTeMa penapa- 
U.HH MOXCeT CKOppeKTHpOBaTb, 3aMCHHB Ha CTaHAaprayio 

(HeMeTHJiHpoBaHHyio) napy G-C. 


AeMeTMiiMpoBaHMe AH K mojkct matu TpeMfl cnoco 6 aMM 
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PMC. 31.21 flHK mo>kgt 6 biTb fleMeTM/iupoBaHa 3a cmgt yAa/ieHna 
MeTM/ibHoíí rpynribi, a30TMCToro ocHOBaHM* m/im ije/ioro HyK/ieoTMfla. 
OTCyTCTBMe OCHOB3HMÍ1 M/ 1 M HyK/ieOTMfla AO/DKHO 6blTb BOCnO/lHeHO 
CMCTeMoíí penapauMM 


31.8 


MeTM/iupoBaHMe AH K 

o6yc/iOB/iMBaeT MMnpwHTMHr 


K/iiOMeBbie noHaTMa: 


• ľlpM on/ioAOTBopeHMM Aea a/uie/iíi OAHoro m Toro >Ke reHa, 
0TI40BCKMÍÍ M MaTepMHCKMÍÍ, MOryT 06/iaAaTb pa 3 HblMM 
naTTepHaMM MeTM/iMpoBaHMíi. 

• MeTM/IMpOBaHMe, KaK npaBM/lO, aCCOAMMpOBaHO C MHaKTMBaAMeíí 
reHa. 

• Ec/1M reHbl MeTM/IMpOBaHbl nO-pa 3 HOMy (MMľipMHTMpOBaHbl), 
3 MÓPMOH BbDKMBeT npM yC/lOBMM, MTO ^yHKUMOHa/lbHblíí (He 

HecymMÍí MHaKTMBMpyioiAeM MyiauiMM) a/uie/ib Aocia/ic/i eMy ot 
poAMTe/iíi, y KOToporo oh He MeTM/iMpoBaH. 

• BbDKMBaeMocTb reTepo3MroT no MMnpMHTMpoBaHHbiM reHaM 
pa3/lMHaeTCíl B 3aBMCMMOCTM OT HanpaB/ieHMíl CKpeiAMBaHMÍl. 

• UMnpMHTMpyeMbie reHbi BCTpeMatOTca b cocraBe miacTepoB, rAe mx 
CTaiyc MoweT HaxoAMTbc/i noA KOHTpo/ieM /íoKa/ibHoíí pery/iírropHoíí 
06 /iacTM, a MeTM/iMpoBaHMe de novo npoMexoAMT b cnyMae 
OTcyTCTBMíi npeAOTBpamaioiAMX MeTM/iMpoBaHMe MexaHM3MOB. 


narrepH MeTHJiHpoBaHHa Jl HK b nojioBbix KneTKax (raMe- 
Tax) MAeKonHTaioiAHxycTaHaBAHBaeTca bo BpeMa raMerore- 
He3a. npou,ecc npoTeKaeT b abc CTa^HH: CHana^a hcxoahhh 
narrepH 0Ka3biBaeTca CTepTbiM b pe3y^bTaTe ACMeTHJinpo- 
BaHna b MacniTaóax reHOMa, noc^e nero nponcxoAHT Ha^o- 
xceHHe narrepHa, xapaKTepHoro j\m AaHHoro no^a. 

Kor^a y SMÓpnoHa pa3BHBaiOTCH npHMopAna^bHbie no- 
jiOBbie KJieTKH, Bce pa3JiHHHH narrepHOB Mera/iHpoBaHHa, 
KOTopbie cyiyecTBOBa^H Mexc^y aiuiaiftMu j \o SToro momch- 
Ta, TepaiOTOL Bhc 3aBHCHMOCTH ot no^a SMÓpnoHa, paHee 
cynj,ecTBOBaBiiiHe naTTepHbi MeTHJiHpoBaHHH 0Ka3biBai0TCH 
CTepTbIMH, a ÓOJIbLĽHHCTBO TCHOB — He MeTH/IHpOBaHHbIMH. 
y caMyoB ycTaHOB/ieHHe HOBoro naTTepHa MeTHJiHpoBaHHa 
npoHexoAHT b ABa npneMa. naTTepH, xapaKTepHbin Rjm 3pe- 
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jioro cnepMaT 030 H/ja, ycTaHaBjíHBaeTca 3 apaHee, Ha CTa/jHH 
cnepMaTOUHTa, h noejie/iyiomHe H 3 MeHeHHa bhocatca yxce 
nocjie onjioAOTBopeHHa. y caMOK HajioxceHne Ha flHK TaK 
Ha 3 biBaeMoro MaTepnHCKoro narrepHa MerajiHpoBaHHfl 
npoHcxoAHT nocjie poxcAeHna, Kor/ja aniieKjieTKH, eo 3 pe- 
Baa, npoxoAaT Meno 3 . 

Kax moxcho npeAnojioxcHTb, nexo/ja H 3 OTcyTCTBHa ax- 

THBHOCTH reHOB B raMCTaX, HX THFIHHHOe COCTOflHHe — Me- 
THjinpoBaHHoe. O^HaKO no OT/jejibHbiM reHaM mokay noJia- 
mh ecTb pa 3 JiHHHa (Kor/ja y o/jHoro H 3 nojiOB KaKOH-HnóyAb 
jiOKyc He MeTHjinpoBaH). Bo 3 HHKaeT Bonpoc: KaKHM o 6 pa- 
30 m AeTepMHHHpyeTca eneu.HcjiHHHOCTb MeTHjinpoBaHHfl b 
M yxccKHx h xceHCKHx raMeTax? 

nocjie onjioAOTBopeHHa, HanHHaa c paHHero 3 MÓpn- 
oreHe 3 a, flHK 3 apoAbima no/jBepxceHa CHCTeMaTHnecKHM 
H 3 MeHeHHaM. HeKOTopbie caňTbi npoAOJDKaioT ocTaBaTbca 
MeTHJIHpOBaHHbIMH, ApyTHe )KC OKa 3 bIBaiOTCfl CneilHCjlHHHO 
He MeTHjinpoBaHHbiMH b KjieTKax, r/je reH Hanaji OKcnpec- 
cnpoBaTbca. Cyaa no narrepHy h 3 mchchhh, moxcho 3 aKjno- 
HHTb, HTO HHAHBHAya^bHbie COÔbITHfl AeMCTHJIHpOBaHHfl, 
c npnijejiOM Ha KOHKpeTHbie noejieAOBaTejibHoera flHK, 
npoHcxoAaT b nepno/j eoMaranecKoro pa 3 BHTna, no Mepe 
aKTHBabl,HH KOHKpeTHblX reHOB. 

Cneu,H(J)H i iecKHM narrepHOM paenojioxceHna Merajib- 
hhx rpynn Ha flHK (b nojiOBbix KjieTKax) oóyejiOBJíeH (J>eHO- 
MeH HMnpHHTHHra. noA HMnpnHTHHroM noApa3yMeBaioT 
pa 3 HHuy, c KOTopon, b ruiaHe OKcnpeccHH, BeAyr ce 6 a aji- 
jiejín, yHac^eAOBaHHbie omóphohom ot pa 3 Hbix po/MTejien. 
Tax, y SMÓpnoHOB MbiníH SKcnpeccHfl onpe/jejieHHbix reHOB 
3 aBHCHT ot nojia poAHTejia, KOTopbin nepe/jaji hx SMÓpnoHy. 
HanpnMep, ajmejib, KO/jnpyiomHH HHcyjiHHonoAOÓHbin (J>aK- 
Top pocTa II (IGF-II), yHacjie/i.OBaHHbiH ot OTija, 3 KcnpeccH- 
pyeTca, a ajmejib Toro xce reHa, yHaejieAOBaHHbin ot MaTepn, 
MOJIHHT. 3 tO CBfl 3 aHO C TCM, HTO B OOIJHTaX reH, KOflHpyiO- 
LU,HH IGF-II, MeTHJIHpOBaH, 2 B CnepMaT 030 HAaX — HeT; H 3 - 3 a 
3 Toro b 3 nroTe ABa ajmejia Bejjyv ce 6 a no-pa 3 HOMy. TaKon Ba- 
pnaHT HMnpHHTHHra — caMbin nacTbin, xota jyw HeKOTopbix 
reHOB 3 aBHCHMOCTb aKTHBHOCTH ajuiejia ot nojia poAHTejia, 
ero nepe/jaBiuero, Kax pa 3 nporaBonojioxcHaa. HanpnMep, 
npoTHBonojioxcHbin BapnaHT HMnpHHTHHra, SKcnpeccHH Ma- 
TepHHCKon KonnH, 6 bui npoAeMOHCTpnpoBaH pflsi reHa, ko- 
Anpyiomero IGF-IIR (peijenTop IGF-II). 

HTo 6 bi TaKon cnocoó Hacjie/jOBaHna paóoTaji, Heoóxo- 
Ahmo, HTOÓbi narrepH MeTHJinpoBaHHa, c yneTOM nojiOBOH 
eneríHcJjHHHOCTH, neTKO BoenpoH 3 BOAHJica b KaxcAOH raMe- 
Te. Ha P M c. 31.22 H 3 o 6 paxceHa ey/jbOa ajuiejien b rnnoTe- 
THnecKOM jioKyce MbiniH. B SMÓpnoHe, Ha paHHen CTa/jHn 
pa 3 Bm™, ajuiejib, kotopmh 6 bui nojiyneH ot 0 Tn,a, He Me- 
THjinpoBaH h SKcnpeccHpyeTca, b to BpeMa KaK MaTepnHC- 
khh ajmejib MeTHjinpoBaH h mojihht. Hto xce nponexoAHT, 
Kor/ja y stoh MbiníH HannHaioT (fjopMHpoBaTbca coócTBeH- 
Hbie raMeTbi? Ecjih Mbinib — caMeii, to a^jiejib, OTxoAamHH b 
cnepMaT 030 HA, aojixcch 6 biTb He MerajiHpoBaHHbiM, 6 e 30 T- 
HOCHTeJIbHO Toro, 6 bIJI OH HCXOAHO MeTHJIHpOBaHHbIM, HJIH 
HeT. TaKHM o 6 pa 30 M. Ecjih MaTepnHCKHH ajuiejib OKaxceTca b 
cnepMaT 030 HAe, oh, k 3 TOMy MOMeHTy, aojixcch 6 biTb AeMe- 
THjinpoBaH. Ecjih Harna Mbinib — caMKa, to ajuiejib otxo/ai- 
lu,hh b anueiuieTKy, aojixcch 6 biTb MeTHjinpoBaH; ecjín stot 


ajuiejib hcxoaho 6biJi otiiobckhm, Ha Hero aojdkhh 6biTb 
«nocaxceHbi» MeTHJibHbie rpynnbi. 

CjieACTBneM HMnpHHTHHra HBjmeTca to, hto 3m6phoh 
HyxgiaeTca b otu,obckom (pexce — b MaTepHHCKOM) ajmejie 
eooTBeTCTByioiij,ero reHa. PaccMOTpnM reTepo 3 HroTHbin 3m- 
6 pnoH: y Hero ajmejib, npHmeAiiiHH ot o^Horo H 3 po^HTe- 
jien, HeceT HHaKTHBHpyiomyio MyTau,Hio, b roM 03 nroTe jie- 
TajibHyio. Ecjih stot ajmejib AOCTajiea 3 MÓpnoHy ot OTn,a (a 
ajmejib AHKoro Tnna yHacjie^OBaH smóphohom ot MaTepn), 
3 M 6 pnoH nornÓHeT. Ecjih xce ajmejib AHKoro Tnna AOCTajiea 
eMy, HaoóopoT, ot oma, to smóphoh BbDKHBeT. TaKon Tnn 3a- 
bhchmocth ncxo^a CKpein,HBaHHH ot ero HanpaBJíeHna (reHe- 
TnnecKHH TepMHH, caHanaioiAHn BaxcHOCTb eoneTaHna nojia 
poAHTejia e bhochmoh hm nacTbio reHOTnna) He «yKjiaAbiBa- 
eTca» b reHeTHKy MeHAejia. 3to — npnMep snHreHeTHnecKOH 
HaejieACTBeHHOCTH, npn KOTopon scjxjjeKTbi reHOB oóyejiaB- 
jiHBaeT HeKHH cjjaKTop, He 3 aBHcanj,HH ot hx HyioieoTHAHbix 
noejieAOBaTejibHOCTen KaKTaKOBbix (cm. pa 3 A. 31.10 « 3 nnre- 
HeTHnecKHe scfxJieKTbi Moryr HacjieAOBaTbea»). HecMOTpa Ha 
to, hto HyioieoTHAHbie noejieAOBaTejibHOCTH omoBCKoro h 
MaTepnHCKoro ajmejien HAeHTHHHbi, 3th ajmejín npoaBJíaioT 
pa 3 Hbie CBOHCTBa B 3 aBHCHMOCTH OT TOľO, KTO H 3 pOAHTCJieH 
nepe^aji hx CBoeMy noTOMCTBy. C tohkh 3 peHna memonubuc 
noKOJieHHH, 3th CBOHCTBa ajmejien Hacjie^yiOTca nepe 3 Men- 
03 h noejieAyioiij,He eepnn coMaTnnecKHx mhto30b. 

HeKOTopbie HMnpnHTnpyeMbie (AHcfjcfjepeHiiHajibHO 
MeTHjinpoBaHHbie b 3aBHCHMOCTH ot nojia poAHTejia) reHbi 
eoópaHbi b KjiacTepbi. Bojiee neM nojiOBHHa H3 17 H3BecT- 


B no/ioBbix K/ieTKax naTTepH MeTHiiMpoBaHHfl AHK 
cooTBetcTByeT no/iy oco6n-npoH3BOAHTe/ifl 


3m6pmoh 

Mein^bHbie rpynn bi 

I 

Me 

HEAKTMBHbIM MaiepnHCKnň a^e^b 

Me 


AKTnBHbm OmoBCKnň a^^e^b 

I 


f :M*Tbi c,neAyK)i 4 ero noK( 


CaMKM npOM 3 BOflflT 
Bííi^eK/ieTKn 
Me 

Me 

n/in 


CaMLlbl np0M3B0flBT 
cnepMaT03onflbi 


n/in 


Me 

Me 




PMC. 31.22 B KJiaccnHecKOM Bapname MMnpMHTMHra MeimiupoBaHHbiM 
^OKyc He aKTMBeH. npeflno/iCDKMM, b flŕíueKJieTKax KaKOM-HMÓyflb reH Me- 
TM/iMpoBaH. Torfla y noTOMCTBa 6yflei aKTMBHbiM To^bKO otuobckmm a^- 
jie/ib 3Toro reHa, m oh oamh 6yflei onpefle^íiTb (fjeHOTMn. B (fjopMMpyio- 
mMxcíi raMeiax nanepH MeimiMpoBaHMíi flHK 3aflaeicíi b cooTBeTCTBMM 
c nojiOM oco6m, Tax hto bo Bcex cnepMaT030Mflax nairepH MeTM/iMpoBa- 
HMfl flHK OTUOBCKMM, a BO BCeX AMUeKJieTKaX — MaiepMHCKMÍÍ 


31.8 MeTM^upoBaHne flHK oóyc/iOB/iMBaeT MMnpMHTMHr 847 








3Kcnpeccn* Igf2 m H19 33bmcmt ot MeTHjmpoBaHH* ICR 


HblX HMnpHHTHpyeMblX reHOB MblOIH cocpeAOToneHa b AByx 
KOHKpeTHbix oóJiacTflx reHOMa; b xax<AOH H3 sthx oĎJiacTen 
ecTb reHbi, sxcnpeccnpyeMbie y noTOMCTBa ot OTija, n reHbi, 
sxcnpeccnpyeMbie ot MaTepn. 3 to roBopHT o tom, hto Aeňc- 
TBHe MexaHH3MOB HMnpHHTHHra MOXceT noKpbmaTb b reHOMe 
óojibiune paccToaHHa. 06 stom Taxxce moxcho cyAnTb no /je- 
jieuHHM b reHOMe ne;iOBexa, kotophmh oóyc^OBJíeHbi cnHA- 
poMbi npaAepa-Bmmn h AHre;iMaHa. B óojibiiiHHCTBe c^yna- 
eB 3 th 3a6ojieBaHna oóyc^OBJíeHbi OAHoň h toh xce Aejieijneň 
neTbipex MnH R HK, a pa3Jinnna Maxay AByMii cnHApoMaMn 
onpeAe^aioTca nojiOM po/jnTe^fl, ot KOToporo naiinemy ao- 
CTajiaeb AeJien,na. 06;iacTb reHOMa, Ha xoTopyio npnxoAnTca 
3Ta ACJieiina, coAepxcnT, no MeHbmen Mepe, oahh reH, hm- 
npHHTHpyeMbin ot OTija h, no MeHbmen Mepe, oahh reH, hm- 
npHHTnpyeMbin ot MaTepn. CymecTByiOT OTAejibHbie peAKne 
cjiynan, KorAa Te xce cnHApoMbi pa3BHBaioTca Ha nonBe ro- 
pa3A0 óojiee Menxnx Aejieijnň. Tax, chhapom EípaAepa-B™- 
jih MoxceT 6biTb Bbi3BaH Acuciineň 20 TnH RHK ppjieuw 
3acTaB^aeT 3aMo;maTb reHbi, pacnojioxceHHbie no o6e CTopo- 
hh ot Hee, npnneM AOBOJibHO Aa^exo. Ochobhoh scjxjiexT Ae- 

JieUHH COCTOHT B TOM, HTO B CliepMaTOIJHTaX MyXCHHH C TaXOH 
Aejieijneň xpoMocoMa, yHac^eAOBaHHaa hmh ot MaTepn, oxa- 
3biBaeTca He b cocToaHnn oópecTn narrepH MeTKnnpoBaHna, 
TpeóyeMbíň aaa noc^eAyiomero ÓJiaronojiyHHoro OTijOBCTBa. 
3 to npnBOAnT x TOMy, hto reHbi 3Toň xpoMocoMbi nepeAa- 
iotch noTOMCTBy b MaTepnHcxoM cTaTyce; b pe3y;ibTaTe, moji- 
namnMn oxa3biBax)Tca a^jie™, nojiyneHHbie xax ot OTua, Tax 
n ot MaTepn. 3c]xf)exT Toro xce poAa, c «3aMopa^cnBaHneM», 
HaoóopoT, OTiíOBCXoro CTaTyea MeraimpoBaHna, oÓHapy- 
5xnBaeTca npn HexoTopbix Me;ixnx Aeneiinax, Bbi3biBaiom,nx 
cnHApoM AHre^MaHa. Moxcho npeAnojiaraTb, hto ynacTOX, Ha 
xoTopbíň npnxoAATca sth Aejien,nn, 3ax^xmeT b ce6e Hexnň 
«ijeHTp HMnpnHTHHra», xoTopbíň, AeňcTBya Ha OTAa^eHnn, 
nepexnioHaeT oahh poAHTejibcxnň naTTepH MeTunnpoBaHna 
Ha npoTHBonoJioxcHbiň. 

Taxxce MeTnjinpoBaHneM o6yc;iOB;ieHbi snnreHeTnnexne 
3(f>4)exTbi, noA xoHTpojieM xoTopbix HaxoAHTca sxcnpeccna 
pPHK. 3(]xf)eXT HApbiniKOBOrO AOMHHHpOBaHHH 3ax^l0- 
naeTca b tom, hto y noTOMCTBa TpaHexpnónpyeTca TOJibxo 
oahh n3 AByx xoMnjiexTOB reHOB pPHK. ľlpnnnHa scjxjiexTa 
b tom, hto npoMOTopbi reHOB pPHK, yHac^eAOBaHHbix ot 
OAH oro n3 poAHTejieň, MeTnjinpoBaHbi no u,HT03HHaM. 


31.9 


MMnpMHTMHr reHOB 
C np0TMB0n0/10)KH0M ÍIOJIOBOM 
CneUM(J)MHHOCTbK) MOHteT 
KO HTpOil M poBaTbCfl M3 OflHOrO 
ueHTpa Ha xpoMocoMe 


K/uoMeBbie noHHTMa: 


• Mein^upoBaHne MO>KeT 6biTb npuHMHOíí MHaKTMBaiiMM oahmx 
reHOB m aKTMBauMM ApyrMx reHOB. 

• UMnpMHTMHr npOMCXOflMT B pe3y^bTaie MeTMJlMpOB3HMfl u,uc- 
AeíícTByiomMx caíÍTOB. 


lg}2 ICR H19 3HxaHcep 


Otuobckmíí a/uie;ib 
Me 

AKTMBEH Me HEAKTMBEH 


MaiepHHCKHÍí a;uie;ib 
HEAKTMBEH AKTMBEH 


P M C. 31.23 B flHK, yHac/ieflOBaHHOM ot on^a, ICR MeTM/iMpoBaH, M3- 
3a 3Toro Igf2 aKTMBeH, a H19 HeaKTMBeH. B flHK, yHacjieflOBaHHoií ot 
M aTepn, ICR, HanpoTMB, HeMeTMjiMpoBaH, c^eflOBaTe^bHo, Igf2 HeaK¬ 
TMBeH, H19 aKTMBeH 


MMnpnHTHHr oóycjiOBJíeH CTaTyeoM MeTHJinpoBaHna u,uc- 
AeňcTByioiij.ero caňTa no6jin30CTn ot OAHoro vum Hecxojib- 
xnx reHOB-MnmeHeň. ynacTxn reHOMa, C0Aep)xaiij,ne Ta- 
xne peryjurropHbie caň™, Ha3biBaioT «An(J)4)epeHiina^bHO 
MeTHjinpoBaHHbiMH AOMeHaMn» (differentially methylated 
domains, DMD) hjih «ynacTxaMn xompo^a HMnpnHTHHra» 
(imprinting control regions, ICR). Raienm Taxoro ynacTxa 
HeňTpa^n3yeT HMnpnHTHHr, nocjie nero reHbi-MnmeHn b 
otiiobcxoh n MaTepnHCXoň nacTax reHOMa HannHaioT Bec- 
th ce6a OAHHaxoBO. 

Hacxojibxo pa3HOo6pa3HbiM MoxceT 6biTb BjinaHne Me- 
TnjinpoBaHnu HHK m axTHBHOCTb reHOB, moxcho cyAHTb H3 
Haó^ioAeHnň 3a oóJiacTbio reHOMa, coAepxcanj,eň ABa reHa, 
Igf 2 n H19 . Ha p m c. 31.23 noxa3aHO, hto 3th reHbi npora- 
Bono^oxcHbiM o6pa30M pearnpyiOT Ha CTaTye MeTHJinpoBa- 
HHH ICR, XOTOpblň HaXOAHTCfl MeXCAy HHMH. Ha OTUOBCXOň 
xpoMocoMe ICR MeTnjinpoBaH, Ha 4 to H19 AaeT TnnnnHbíň 
OTBeT nHaxTHBaij,nn. 3aMeTHM, hto Igf 2 npn stom sxcnpec- 


B MaTepMHCKOM a/wie/ie lgf 2 MHaKTMBMpoBaH 
cneuna/ibHbiM 6e/iKOM «cmahiumm» Ha ICR 


Otuobckmíí a^^e^b 
3HxaHcepaKTMBMpyeT Igf2 


AKTMBEH Me 


MaTepMHCKMÍí a^e^b 

CTCF CBíi3biBaeTCíi c HeMeTM/iMpoBaHHbiM ICR 


Igf2 

/X/X/X.'V 


HEAKTMBEH 




AeňcTBMe aHxaHcepa 
3a6^0KMp0BaH0 


PMt. 31.24 ICR - 3TO MHCy/lHTOp, MeiliaiOmMM 3HxaHcepy aKTMBMpo- 
BaTb Ígf2. ICR pa6oTaeT KaK MHcy/íHTop, To^bKO ec^M oh He mctm/im- 
pOB3H M MO)KeT 6blTb CBH33H 6e^KOM CTCF 


848 I71ABA 31 Hac^eflOBaHMe anMreHeTMHecKMx acfjcfjeKTOB 


















CHpyeTCfl. Ha MaTepnHCKOH xpoMocoMe, ľne ICR neMCTvuivi- 
poBaH, HMeeT mccto oóparaaa CHTyauHfl: H19 SKcnpeecH- 
pycrca, a Igf2 HHaKTHBnpoBaH. 

KOHTpOJlb HaA Igf2 3aBHCHT OT 3(J)(J)eKTHBHOCTH ICR KaK 
HHcyjwTopa. Ha P m c. 31.24 noKa3aHO, mto HeMeraAHpoBaH- 
Hbíň ICR CBa3biBaeT óejiOK CTCF. 3 to npHAaeT ICR cbohc- 
TBa HHcyjiflTopa, 3anpemaiomero SHxaHcepy aKTHBnpoBaTb 
npoMOTop Igf2. 3c]xf)eKT HeoóbiHHbiH: MeTHjinpoBaHHe koc- 
BeHHbiM o6pa30M aKTHBHpyeT reH 3a eneT Toro, hto óaokh- 
pyeT HHcyjiflTop. 

B pery^auHH H19 HcnoAb30BaHO óojiee CTaHAapmoe 
HanpaBjíeHne KompoAA: MeraAHpoBaHHe nepeBOAHT reH b 
H eaKTHBHoe HMnpHHTnpoBaHHoe coctoahhc, KOTopoe mo- 
)KeT ÓbITb npflMbIM CJieACTBHeM HHrHÓHpOBaHHH aKTHBHOC- 
th npoMOTopa 3a eneT MeraAHpoBaHHfl ero JlHK. 


31.10 


BnureHenmecKMe 3(|)(|)eKTbi 

Moiyr HacjieAOBaTboí 


KmoHeBbie noHBTMa: 


• Hac^eflOBaHne anureHeTMHecKux a^eKTOB MO>KeT 
o6ecneHMBaTbCíi BocnpoM3BOAMMbiMM nocicnHieinHecKUMu 
MOflMcjjMKauMBMM HyK/ieuHOBbix kmcjiot jim6o 3a CHeT 
caMonoAflep>KMBaK)mMxcfi 6e/iKOBbix cipyKTyp. 


noA anHreHermecKHM HacAeAOBaHHeM noApa3yMeBaiOT 
CnOCOÓHOCTb (J)yHKLI 1 HOHaJlbHbIX COCTOAHHH reHOMa, y ko- 
Topbix Moryr 6biTb pa3Hbie (JieHOTHnHHecKHe cacactbha, 
HaCJieAOBaTbCfl npn OTCyTCTBHH KaKHX-AHÓO H3MCHCHHH B 

nocjieAOBaTe;ibHOCTH JlHK. KaK TaKoe moacct óbiTb? B u,e- 

AOM, MeXäHH3MbI B03HHKH0BCHHA SnHreHeTHHCCKHX 3(J)- 

(J)eKTOB moxcho noApa3AeAHTb Ha ABa rana: 

• J\HK MOXCeT ÓbITb MOAH(J)HĽÍHpOBaHa XHMHHeCKH: K HCH, 
KOBajieHTHOH CBa3bio, npHKperuraeTCfl rpynna aTOMOB 
(HanpHMep, MeTHAbHaa), h sto coctoahhc HanHHaeT 
noAAepxcHBaTbca. B pe3yAbTaTe ABa 2 juiam c OAHHaKo- 
boh HymieoTHAHoň noc^eAOBaTejibHocTbio Moryr HMeTb 
pa3Hbiň CTaTyc MeTHjinpoBaHHH, npnAaiomHH pa3HHu;y 
HX CBOHCTBaM. 

• Jljín HeKOTopbix ócakob Moryr ycTaHaBAHBaTbCA caMO- 
noAAep^KHBaioiAHecfl coctoahhh. CpeACTBaMH aocth- 
xceHHa TaKHx coctoahhh Moryr óbiTb oópa30BaHHe 
KOMmieKca, MOAHC^HKau.Ha cneiiHcfíHHecKoro óeAKa 
(HAh ÓeJIKOB), npHHATHe ÓeAKOM aJIbTepHaTHBHOH KOH- 
4}OpMaU,HH. 

MeTHAnpoBaHHe JlHK oóeenenHBaeT smreHeTmecKoe 
HacAeAOBaHHe ao Tex nop, noKa KOHCTHTyTHBHaa aKTHB- 
HocTb noAAep^KHBaioiij.eH MeTHAa3bi BoecTaHaBAHBaeT Me- 
THAHpoBaHHoe coctoahhc nocAe perníHKau.HH, KaK noKa3a- 
ho Ha pne. 31.19. CTaTyc MeTHAHpoBaHHA JlHK MoxceT óbiTb 
npoHeceH 6e3 h3mchchhh nepe3 óecKOHenHyio nepeAy eo- 
MaTHnecKHx mhto30b. CKopee Bcero, no yMOAnaHHio, HMe¬ 
eT MecTO HMeHHO Taxaa CHTyau,Ha. CTaTyc MeTHAHpoBaHHA 
MOXceT óbiTb npoHeceH h nepe3 Meno3: HanpHMep, y rpnóa 
Ascobolus snHreHeTHnecKHe sc^eicrbi Moryr nepeAaBaTboí 


AonepHHM KJieTKaM npn MHT03e h Meno3e KaK pa3 3a cneT 
noAAepxcaHHa CTaTyea MerajiHpoBaHHa /1HK. y MAeKonHTa- 
ioiahx snHreHeTHnecKHe scfxJieKTbi co3AaioTca 3a cneT ne- 
peycTaHOBKH CTaTyea MeTHAnpoBaHHA b MyxccKHx h xcchc- 
KHX nOAOBblX KJieTKax. 

CHTyau,HH, npn KOTopbix snHreHeTHnecKHe 3(]xf)eKTbi 
noAAep^HBaioTca, KaK óyATO óbi, nepe3 coctoahhc ócakob, 
H3yneHbi, b MOJieKyjiapHOM noHHMaHHH, He TaK xoporno. 
AHaAH3 M03aHHH0CTH, OÓyCAOBACHHOH SíJxJieKTOM nOAOXCe- 
hha, noKa3biBaeT, hto KOHCTHTyTHBHbiH reTepoxpoMaTHH 
MOxceT paenpocTpaHHTbca no reHOMy Ha HeKOTopoe (Ba- 
pnaóeAbHoe) paecTOAHHe, h oópeTeHHoe eocToaHHe óyAeT 
ycTOHMHBO k coMaTHHecKHM ACAeHHAM. y Sacchcvromyces 
MeTHAHpoBaHra JlHK He npoHexoAHT BOBce, a y Drosophila 
npOHCXOAHT AHIUb B HCHC3aiOIIJ i e MaAblX A03ax, TaK HTO 
HacjieAOBaHne snHreHeTHnecKHX coctoahhh, TaKHx KaK 
TeJIOMepHblH eaHAeHCHHr HAH Ta xce M03äHHH0CTb, oóye- 
AOBAeHHaa SCfxJieKTOM nOAOACeHHA, y STHX OpraHH3MOB, 
no-BHAHMOMy, noAHOCTbio 3aBHCHT ot noAAepxcaHHA ÓeA- 
KOBbix CTpyKTyp. 

Ha P M c. 31.25 noKa3aHO, KaK moacct CAOxcnTbCH eyAbóa 
óeAKOBoro KOMnAeKca, aeeoiiHHpoBaHHoro e Jl HK, nocAe 
penAHKaiiHH (paecMOTpeHbi KpaňHHe BapnaHTbi). 

• KoMnAeKC MoaceT noAAep^HBaTb eeóa, ecAH npn pen- 
AHKaiJiHH pa3AeAAeTCA CHMMeTpHHHO, H eľO nOAO- 
BHHKH OKa3bIBaiOTCA aCCOUiHHpOBaHbl C AOHepHHMH 

AynAeKcaMH JlHK. Ecah Ha ochobc TaKHx noAOBHHOK 
CMoryT 3aTeM ecfiopMHpoBaTbca ueAbie KOMnAeKCbi, 
HCXOAHOe COCTOAHHe ÓyAeT BOCCTaHOBAeHO. no CMbie- 
Ay 3T0 aHaAOľHHHO nOAACpACaHHIO MeTHAHpOBaHHA 


Kan no<viep>KMBaiOToi 6e/iKOBbie KOMn/iencbi xpowaiMHa 


CaMOBOcnpon3BefleHne CerperaunB 

/V ^ /A 

J J 


\S\ /\ 




ľlO/IOBMHMaTbie KOMn^eKCbl 

I HoBbie KäK oĎpa^/eTCíi 

T cy6i»eflMHMUbi H0BblŇ KOMn/ieKC? 


/V * V\ 


/\* c v\ 




PMC. 31.25 Hto npoMcxoflm c 6e^KOBbiMM KOMn/ieKcaMM xpoMaTMHa 
bo BpeMíi pen/iMKaunM? 


31.10 BnureHeTunecKue 3c()ct)eKTbi MoryT Hac/ieAOBaTbCB 849 









CraTyc auem/iMpoBaHHB tmctohob nepeAaeTcn no HacneACTBy 


B Hepen^m^upoBaHHOM xpoManiHe «xBOCTbi» mcroHOB ai^eTM/iupoBaHbi 


Ac Ac Ac Ac A c Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac 



ľlpu peruiMKaLimi auemnnpoBaHHbie 
rucroHOBbie OKTaMepbi c/iyMaííHbiM o 6 pa 30 M 
pacnpefle^BiOTCB Me>KAy flOMepHMMM Ayn/ieKcaMM flHK 


Ac Ac Ac Ac Ac Ac Ac Ac 



Kan npoMCxoAMT 
AoóaBOMHoe aLtemnnpoBaHne? 


Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac 



Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac 





Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac Ac 


PMC. 31.26 ľlpu perviMKauMM aueTH/iupoBaHHbie rucroHOBbie OKTaMepbi ocraiOTCfl HeipoHyTbiMM m 
pacnpefle/ifliOTCfl Me>Kfly flonepHMMM bo/iokh3mm xpoMaTMHa. ľloaTOMy b KawflOM flonepHeM BO/ioKHe 
c caMoro Hasa/ia ecib HytoieocoMbi, KOTopbie MMeiOT «ciapbie» aHeimiupoBaHHbie cepAueBMHbi 


flHK. IIpoóJieMa c stoh Mo/jejihio 3aKjnoHaeTca b tom, 
hto He oneHb noHamo, 3aneM óejiKOBbiM KOMiuieKcaM 
TaK ce6a Beem 

• KOMIUieKC MOXCCT COXpaHHTb CBOK) UeJIOCTHOCTb h ne- 
penra k OAHOMy H3 AByx AonepHHx AyruieKCOB. C stoh 
Mo/jejihio npoóJieMa b tom, hto b ee paMKax hobhh 
KOMnjieKC (Ha btopom AonepHeM AymieKce) aojdkch 
6biTb coópaH «c Hyjia», h He oneHb noHaTHO, oTnero sto 
flOJDKHO CJiyHHTbCH. 

PaccMOTpHM, k npHMepy, noTpeÓHOCTb b no/mepacaHHH 
CTpyKrypbi reTepoxpoMaTHHa, ocHOBaHHOH Ha npneyTC- 
tbhh 6e;iKOBbix KOMrweKCOB. ripejmojioacHM, hto óejiOK 
pacnpeAe;ieH no OTpe3Ky reTepoxpoMaTHHa óojiee hjih 
MeHee HenpepbiBHO, KaK H3o6paxceHO Ha pne. 31.4. Ecjih 
npn pemíHKaiiHH eyó'be/i.HHHiibi óejiKa paenpeAejiaTca no 
/jonepHHM AymieKcaM b HHAHBH/iyajibHOM nopa/jKe CJiy- 
nanHbiM o6pa30M, ab a AynJieKca ocTaHyrea MapKnpoBaHbi 
ôejiKOM, HecMOTpa Ha to, hto ero rniomocTb noHH3HTca 
B^Boe no cpaBHeHHio c tcm, hto 6bmo a o perníHKau.HH. Ecjih 
y AaHHoro óejixa ecTb enoeoôHOCTb k caMoeóopKe, h HOBbie 
cyó'beAHHHu.bi CTpeMaTca c hhm accoijHHpoBaTb, nexoAHaa 
CHTyau,Ha MOxceT 6biTb BoccTaHOBJíeHa. Cclmo cyu^ecmeoea- 
nue dnuzenemmecKUX d00eKmoe 3acmaejmem dyMamb, 
Hľno ôejiOK, oôycjioeuetuuú maKOú 300eKm, oôjiadaem 
cnocoÔHOcmbK) Konmpojiupoeamb caMoeocnpomeedenue u 
COMOCÔOpKy. 


B HeKOTopbix ejiynaax, snnreHeTHHecKHH scjjcjjeKT 
MoxceT 6biTb oóyejiOBjíeH, cKopee, MOAH^HiinpoBaHHbiM 
cocToaHHeM, HOKejín npocTbiM npneyTCTBHeM, óejiKa. Cy- 
m,ecTByeT oómaa Koppejiaijna MOKAy aKTHBHOCTbio xpoMa- 
THHa h CTaTyeoM aiieTH^npoBaHna thctohob, b ocoóeHHoe- 
TH N-KOHIieBbIX «XBOCTOB» THCTOHOB H3 H H4. AKTHBaU,Ha 
TpaHCKpnniiHH eonpoBoacAaeTca au.eTHjiHpoBaHHeM rnc- 
tohob b6jih3h npoMOTopa, a penpeecHa TpaHCKpnnijHH 
accoiiHHpoBaHa c hx Aeau,eTHjiHpoBaHHeM (cm. pa3/j. 30.7 
«rHCTOHau,eT™a3bi aceou.HHpoBaHbi c aKTHBaTOpaMH 
TpaHCKpHnu;HH»). C Hanóo^bniHM pa3MaxoM STa Koppejia- 
uhh npoaBjíaeTea b tom, hto HeaKTHBHbie X-xpoMocoMbi b 
K aeTKax caMOK MjieKonHTaiomHx «HeAoaiieTHjinpoBaHbi» no 
rncTOHy H4. 

coójnoAeHHa hhcpthocth KOHCTHTyTHBHoro reTe¬ 
poxpoMaTHHa MoxceT 6biTb HeoôxoAHMO, HTOÓbi ero rnc- 
TOHbi He óbuiH aiieTHanpoBaHbi. Ecjih b apoxokcboh KjieTKe 
(JiepMem rHCTOHaiieTHjiTpaHc4)epa3y npnKpenHTb k ynae- 
TKy TejiOMepHoro reTepoxpoMaTHHa, b stom reTepoxpoMa- 
THHe aKTHBnpyiOTca MOJinaiAHe reHbi. Ecjih noABepmyTb 
APOXOKH ACHCTBHIO TpHXOCTaTHHa (HHrHÓHTOp ACäUeTH- 
JIHpOBaHHfl), HX IieHTpOMepHblH reTepOXpOMaTHH CTaHeT 
au,eTHJiHpoBaHHbiM, h b oóJiacTax iiempoMep MOJinamne 
reHbi MoryT cTaTb aKTHBHbiMH. 900eKm MOMem ocma- 
eambCH e cwie dajtce nooie cmrnun oôpaôomm mpuxoc- 
mamuHOM. H /jaxce moxcct óbiTb npoHeeeH nepe3 mhto3 


850 I71ABA 31 HacaeflOBaHne anureHeTMHecKux acfK^eKTOB 














hjih MeH03. 3 to roBopHT o tom, hto H3MeHeHHe CTaTyca 
au,eTHjiHpoBaHHa thctohob cnocoÓHO o6yc;iOBHTb snnre- 
HeTHHeCKHH 3(£>4)eKT. 

KaKHM >Ke o6pa30M CTaTyc au,eTHjiHpoBaHHa thctohob 
MO)K eT ÓbITb 3a4)HKCHpOBaH BO BpeMCHH? TIpeAnOJIOXCHM, 

npn peruiHKaij,HH TeTpaMepbi H3 2 -H4 2 pacnpeAejiaioTca 
no AByM AonepHHM AynjieKcaM R HK cjiynaHHbiM o6pa30M. 
Co3AaeTCH CHTyaijHfl, H3o6pa^ceHHaa Ha pmc. 3 1 . 2 6: Ka^Abin 
AonepHHH AynjieKc HeceT oicraMepbi, KaK nojiHOCTbio au;e- 
THjinpoBaHHbie no «xBocraM» thctohob H3 h H4, TaK h bob- 
ce He aijeTHJiHpoBaHHbie. Htoóh snnreHeTHHecKHH scj^eKT 
3aKpennjiCH, moxcho npeAnojioxarrb, hto najimne Ha RHK 
nojiHOCTbio ai^eTHjiHpoBaHHbix oKTaMepoB cjiyxcHT cnma- 
JIOM K an,eTHJIHpOBäHHK) OCTaAbHblX OKTaMepOB. 

B AencTBHTejibHOCTH, CHTyau,Ha, CKopee Bcero, oócto- 
ht c;io>KHee, neM H3o6pa>KeHO Ha pncyHKe, nocKOJibKy H3- 
BeCTHO, HTO BO BpeMfl penJIHKaU,HH THCTOHbl, Ha KOpOTKOe 
BpeMa, o63aBOAaTca au,eTHjibHbiMH rpynnaMH, nocKOJibKy 
sto onTHMH3npyeT cóopxy OKTaMepoB. /^ajibme Henororr- 
ho: ec;iH no 3aBepmeHHH Momaxca HymieocoM sth au,e- 
THjibHbie rpynnbi c thctohob (b jiioóom cjiynae) yAaAfliOTCfl, 
to hmh moxcho npeHeópenb. AnbTepHaTHBHaa bo3moxc- 

HOCTb COCTOHT B TOM, HTO nOJIHOCTbK) aU,eTHJIHpOBaHHbie 
oKTaMepbi He HHAyiinpyiOT aiierajiHpoBaHHe ocTaAbHbix 
OKTaMepoB de novo , ho, npenaTCTBya ACäiieTHjinpoBaHHio 
rncTOHOB, npnAaioT «TexHHnecKOMy» au,eTHjiHpoBaHHio 
peryjiaTopHbin CMbieji. A, MoxceT 6biTb, ohh A,e;ia iot h to, 
h Apyroe. 


HHCJie, y jnoAen. y ApoxoKeň 6biJi oÔHapyxceH coBepmeHHO 
nopa3HTe^bHbin snnreHeTHHecKHH scfxjieKT: ab a pa3JiHHHbix 
HaejieACTBeHHbix CTaTyca, \psŕ] h [PSI + ] m reHeranecKOH 
KapTe jioxcaTca b oahh h tot xce JiOKyc, npnneM nyKJieomud- 
nan noaiedoeamejibHOcmb žena e smoM Jioicyce e oôoux 
cjiyuaHX odna u ma yce. nepeiononeHne eooTBeTCTByiomHx 
(J)eHOTnnoB c OAHoro Ha Apyron b ApoxoKeBbix KJieTKax cjiy- 
naeTca peAKO h BbirjiaAHT KaK pe3y;ibTaT caMonpoH3Bo;ib- 
hoh cMeHbi HaejieACTBeHHoro CTaTyca. 

TeHoran psi , no reHeranecKOH KapTe, eooTBeTCTBy- 
eT jiOKycy SUP35- TaM HaxoAHTca OAHOHMeHHbin reH, 
KOAHpyiOIAHH (JiaKTOp TepMHHan,HH TpaHCJIflU.HH. Ha 
pmc. 31.27 noKa3aHbi Bce B03M0>KHbie 3(]x|)eKTbi npn- 
eyTCTBna óe^Ka Sup35 b apoxokcboh icneTKe. B KJieTKax 
«AHKoro Tnna», xapaKTepn3yeMbix KaK \psi ~ ], reH aKTHBeH, 
h ero óe^OK, pacTBopnMbin cjiaKTop Sup35, TepMHHnpy- 
eT CHHTe3 óejiKOB Ha pnóocoMax. B KjieTKax-MyTaHTax 
[PSI + ] 4>aKTop Sup35 He (J)yHKu,HOHHpyeT, hto npnBOAHT 

K HeenOCOÓHOCTH TepMHHHpOBaTb CHHTe3 ÔCJIK2 mRne- 
xcaiAHM o6pa30M. (3Ta oeoóeHHOCTb 6buia hcxoaho 3a- 
(J)HKcnpoBaHa Ha ocHOBaHHH ;ieTa;ibHbix nocjieACTBHH 
yjiyHuieHna scjxjieKTHBHOCTH cynpeccopoB oxpa-KOAOHOB 
b niTaMMax [PSI + ].) 

C tohkh 3 peHna reHeTHKH, uiTaMMbi [PSI + ] oô^aAaícnr He- 

OÔblHHblMH CBOHCTBaMH. KOľAa IIITaMM \pst] CKpeiH,HBaiOT 

co iuTaMMOM [PSI + ], ece nomoMcmeo nojiynaemcR [PSI + ]. Y 
ApoxoKen, TaKoro naTTepHa HacjieAOBaHna moxcho 6bmo 6bi 


31.11 


HeoébmHoe HaaieflOBaHMe 

npMOHOBy ApoHOKeň 


KmoHeBbie noHATMa: 


• Be/iOK Sup35 b pacTBopuMoŕí (f)opMe AMKoro TMna ^BAíieTCíi 
(jjaKTOpOM TepMMHaUMM TpaHC/lflUMM. 

• Tot >ne 6e^0K MO>KeT cymecTBOBaib b a^bTepHaTMBHOM (fjopMe 
o/inroMepHoro arperaia; 3Ta (f)opMa Sup35 He npnroflHa A/ifl 
ynacTMíi b cnHTe 3 e 6e^Ka. 

• npMcyTCTBMe o^MroMepHoií (fjopMbi Sup35 3aciaB^íieT 
HOBOCMHTe3MpOBaHHblM Sup35 ľipMHMMaTb KOHífjOpMaUMK), 
MCKmonaioiMyK) ero aKTMBHOCTb. 

• nepexoA Sup35 M3 oahom (fjopMbi b Apyryío npoMcxoAm noA 
BjiMflHMeM uuanepoHOB. 

• OopMa Sup35 AMKoro TMna MMeeT peueccMBHbiií reHeTMHecKMM 
CTaTyc psŕ, a MyTaHTHaa (f)opMa — AOMMHaHTHbiií reHeTMHecKMM 
CTaTyc PSI + . 


Oahh h 3 caMbix acHbix npnMepoB snnreHeTHnecKOH Ha- 
CJieACTBeHHOCTH, OÓyCJIOBJíeHHOH COCTOaHHeM, B KOTOpOM 
HaxoAHTca KOHKpeTHbin óejioK, npeACTaBJíaeT coóoh no- 
BeAeHne npHOHOB. Ohh npeACTaBjíaioT coôoh arperaTbi 
óejiKOBbix cyó'beAHHHii c HecTaHAapraon KOH(J)opMaĽiiH- 
en, 3KcnaHCHBHbie b OTHOiueHHH óejiKOBbix cyó'beAHHHUi 
c oôbiHHon KOH(J)opMaiiHeH. npnoHbi 6biJiH oÓHapyxceHbi 
ABaX(AbI: B CBH3H C HCCTaHAapTHblMH HaCJieACTBCHHblMH 
3(J)4)eKTaMH y Apoxcxcen h b KanecTBe KjnoneBoro (JiaKTopa 
HeBpojiorHnecKHx 3a6ojieBaHHH y MjieKonnTaiomHx, b tom 


CocrofiHMe [psi-] HacTynaet M3-3a arperaAMH 6e/iKa 


A nfi cocTO^HMfl [psi ] xapaKTepHa 
3(})4)eKTMBHafl TepMMHaUMB 

Sup35 [psľ] 



CocTOBHMe [P5JT]: TepMMHai^Mfi HapyiueHa 


(J 


Sup35 [psi ] 


Sup35 [PST] 



PMC. 31.27 3(f)(t)eKTMBHOCTb TepMMHaUMM TpaHC/lBUMM 33BMCMT OT 
KOH(j)opMai 4 MM 6e/iKa Sup35 


31.11 HeoóbNHoe HacAeAOBaHMe npMOHOB y Apo>K>KeM 851 

















oacH/jaTb ot BHexpoMocoMHoro sjieMeHTa, OAHaxo (Jjchothii 
[PSI + ] He npHBa3aH hh k oahoh HyxjienHOBOH khoiotc TaKoro 
po/ja. OeHOTnn [PSI + ] MeTacTaómieH; stot TepMHH 03 HanaeT, 
hto, xoth (J)eHOTHn Hacae^yeTca noAaB/iaiomHM óojibniHHC- 
tbom noTOMCTBa, ero noTepa nponcxoAHT Hame, hcm moxcho 
6bUIO 6bl OXCHflaTb BOíeACTBHe OAHHX TOJIbXO MyTau,HH. 

OeHOTnn KneTOK [PSI + ] o6yc;iOBjieH KOH(J)opMaij,HeH 
6 eaxa Sup35. B xaeTxe /j,HKoro rana, \psi], stot 6 eaox Hop- 
Ma^bHbiM o6pa30M BbinoJiHaeT cboio cf)yHxijHK). B xaeTxe 
[PSI + ] 6 eaox ripncyTCTByeT b ajibTepHaraBHon xoH(f)opMa- 
u,hh, c noTepen CBoen HopMaabHon (j)yHXu,HH. Htoóbi o6t b- 
flCHHTb OAHOCTOpOHHee /JOMHHHpOBaHHe PSI + H2l# pSV npH 
CKpem,HBaHHHX, npn/i,eTca npe/ínojioxcHTb, hto npucymc- 
meue ôejiKa Sup35 e cocmomuu , xaparniepnoM dm [PSI + ], 
3 acmaejmem ocmajibHOu KJiemoHnuú ôejiOK Sup35 nepeií- 
mu e mame Jtce cocmonnue. Jpw 3Toro noTpeôoBajiocb 6bi 
B 3 aHMOAeňcTBHe Meac^y Sup33 [PSI + ] h HOBOCHHTe 3 npoBaH- 
hhm Sup33. TaKoe B3aHMOAencTBHe moxcct npe/jcTaBJíaTb 
coóoh HapaóoTKy ojinroMepHon (f)opMbi óeaxa, b xoTopon 
Sup35[P57 + ] npHHa/yiexcHT pojib 3aTpaBxn, xax noKa3aHO Ha 
PMC. 31.28. 

KpoMe SUP35 , noxoxcHM o6pa30M npoaBJíaeT ce6a jio- 
Kyc URE2\ b HeM 3 axo/i,HpoBaH 6eaox, HeoóxoAHMbin ,zyia 


COCTOflHtie [PSI*] flBJIf!6TC5I AOMMHaHTHblM 


CocTosHne [psí']: 6ejioK (jjyHKUMOHupyeT nopnia/ibHo 
Sup35 


I 


\ 

9 


CocTOfiHMe [ PSI + ]: Becb 6e/iOK nepexoflm 
B HeaKTMBHyK) KOH(t>OpMai4MIO 

Sup35 


l 


I 

3 

I 





PMC. 31.28 Ecjim b KneTKe ecib npnoH, xapaKTepHbiií a/ia cocroflHMfl 
[PSI + ], HOBOCMHTe3npoBaHHbm 6e/ioK Sup35 nepexoAm b HeaKTMB- 
HyK) KOH(()OpMaUMK) 


a30T-3aBHCHM0H penpeCCHH HeKOTOpblX KaTaÓOJIHHeCKHX 
(JiepMeHTOB. ripn nepexo/je nrraMMa b ajibTepHaTHBHoe co- 
CToaHne [URE3] 6 eaox Ure2 npexpamaeT (jDyHXijHOHHpoBaTb 
(npH stom niTaMM oôpeTaeT reHeTHHecxnn craTyc URE3). V 
óeaxoB Sup35 h Ure2 ecTb cxo/jctbo: xaa<AbiH coctoht h 3 

AByX AOMeHOB, (fjyHXIJHOHHpyiOIIJ.HX He3aBHCHMO. HaAHHHe 
C-KOHiieBoro AOMeHa aBjíaeTca AOCTaTOHHbiM ycaoBneM ax- 
thbhocth 6 e;ixa. Haannna N-xoHu,eBoro AOMeHa AOCTaTon- 
ho jyw (J)opMHpoBaHna CTpyioyp, KOTopbie Aejiaxyr 6 ejiox 
HeaKTHBHbIM. ľlOSTOMy APOXOKH, y KOTOpblX N-KOHlieBOH 

AOMeH Sup35 OTcyTCTByeT H3-3a ACJieijHH, He Moryr cTaTb 
[PSI + l a npHcyTCTBHa b xjieTxe N-xoHu,eBoro AOMeHa Sup35 b 
XOH(J)O pMaiJHH, XapaKTepHOH jyift [PSI + ], /JOCTaTOHHO, HTOÓbl 
y/jepacMBaTb Becb xaeTOHHbin Sup35 b c]x)pMe Sup35[£S7 + ]. 

ripHHĽI,HnHaJIbHOH OCOÓeHHOCTbK) N-KOHIieBOľO AOMeHa HB- 
nne Tca oÓHAHe nnoTaMHHOB (Gin) h acnaparHHOB (Asn). 

IloTepa (JiyHKíiHH Sup35 b KneTKax [PSI + ] nponcxoAHT 
H 3 - 3 a nepeBOAa Bcero icneTOHHoro nyjia Sup35 b cocTaB 
ojinroMepHbix KOMnjieKcoB. B KneTKax [PSI + ] 6 e^ox Sup35 
CKanjiHBaeTca b AHCKpeTHbix iiempax (4)OKycax), a b kjict- 
xax [psŕ ] tot xce 6 e^ox /i,H4)4)y3HO pacceaH b iiHTon^a3Me. 
In vitro , 6 e^ 0 K Sup35 H 3 ioictok [PSI + ] o 6 pa 3 yeT aMHjioHA- 
Hbie dpHÓpivmbi c xapaKTepHbiM bhcokhm co/jepxcaHHeM 
p-cjioeB. 

3HaHHMOCTb HMeHHO KOH(J)OpMaLI 1 HH ÓeJIKa (a He KOBa- 
jieHTHbix MOAH(J)HKaiiHH) moxcho BbiaBHTb, co3AaB onpeAe- 
jieHHbie yc^OBHa. Tax, Marxaa AeHaTypHpyioiij.aa oôpaôoTxa 
npHBOAHT X BbIXOAy XAeTXH H3 COCTOaHHa [PSI + ]. 

HaeaeACTBeHHbin xapaxTep cocToaHHa [PSI + ] oóecnenH- 
BaeT, b nacTHOCTH, manepoH Hspl04. MaHepa ero achctbhh 
AOBOJ ibHO napaAOxeaabHa. flejieu,Ha Hspl04 npenaTCTByeT 
noAAcpxcaHHK) cocToaHHa [PSI + ], ho h neperpy3xa xaeT- 
xh óeaxoM Hspl04 Taxxce npHBOAHT x noTepe cocToaHHa 
[PSI + ]. Bo 3 moxcho, Hspl04 hcoóxoahm pjw xaxoro-TO H3Me- 
HeHHa b CTpyxrype Sup35, HeoóxoAHMoro /yia oópeTeHna 
xoH(J)opMauHH Sup35 [PSI + ], npHneM sto H3MeHeHHe o6a3a- 
TejibHO AoaxcHO HOCHTb npoMexcyTOHHbiH xapaxTep. 

Ha enoeoÔHOCTH Sup35 4>opMHpoBaTb HeaxTHBHyio 
CTpyxrypy in vitro CTpoHTca ÔHOXHMHnecxoe AOxa3aTeab- 
CTBO XJIK)HeBOH pO^H STOľO 6e^Xa B CMeHe XJieTOHHblX co- 
CTOaHHH. PMC. 31.29 HAJlIOCTpHpyeT nopa3HTeJlbHbIH 3XC- 
nepHMeHT: 6eaox, nepeBeAeHHbin b HeaxTHBHyio (JiopMy in 
vitro , 6biJi noMenj,eH b jinnocoMbi (no cyro, oxpyxceH ncxyc- 
CTBeHHon MeMÓpaHon), a 3aTeM BHeceH HenoepeACTBeHHo 
b xaeTXH, nocpeACTBOM cnmum annocoM c xjieTOHHbiMH 
MeMÓpaHaMH Apoxoxen [p^ŕ]. flpoxoxn nepeman b cocto- 
aHne [PSI + ]\ 3tot pe3yjibTaT OTMeTaeT Bce B03paxceHna, xo- 
TopbiM noABepraancb yM03axai0HeHHa o tom, hto óejiox 
cnocoóeH 3aAaBaTb snnreHeTHHecxH-HacjieAyeMoe cocToa- 
Hne. B sxcnepHMeHTax, r^e xactxh npoxoAaT cnapnBaHHe, 
hjih r^e oahh xaeTXH oópaóaTbiBaioT axcTpaxTäMH Apyrnx 
xaeTOx, Bcer/ja cyiu,ecTByeT onacHOCTb c^ynanHoro «HecaH- 
xijHOHHpoBaHHoro» nepeHoca HyxjienHOBOH XHcao™. B 
TOJibXo hto onncaHHOM sxcnepHMeHTe CHTyaiina Apyraa: 
pa3HHiia Mexc^y npenapaTOM 6ejixa, xoTopbin Bbi3biBaeT 
nepexoA xaeTox b Apyroe cocToaHne, h npenapaTOM, xoto- 
pbin Taxoro nepexofla He Bbi3biBaeT, 3axjiK)naeTca TOJibxo b 
oópaóoTxe 6eaxa, a ee npoBOAHJín in vitro ; TaxHM o6pa30M, 
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31.12 


B03M0)KH0CTb 3aC0pa HyKJieHHOBOH KHCJIOTOH 6bIJia nOJlHO- 
CTbK) HCKJIIOHeHa. 

CnocoÔHOCTb ApoaoKeň nepexoAHTb b eocToaHne 
[PSI + ], oóycjiOBJíeHHoe npnoHaMH, 3aBHCHT ot ójiaronpn- 
HTHOľO COHeTaHHB APyTHX (JiaKTOpOB HaCJieACTBeHHOCTH 

(reHeTHnecKoro (f)OHa). Htoóm nepexoA b [PSI + ] eocToaji- 
ea, apoxcxch aojdkhh 6 biTb [PIN + ]. CocToaHHe [PIN + ] caMO 
no ce6e Taioxe aBjíaeTca snHreHeraHecKHM. Oho moxcct 
B 03HHKHyTb 3a CHCT 06pa30BaHHfl npHOHOB Ha OCHOBe 
Jlioóoro H3 HeCKOJIbKHX pa3HbIX ÔeJIKOB. ľlOAOÓHO Sup35, 
3 th óejiKH HMeioT Gln/Asn-6oraTbie aomchm. CBepxsKC- 
npeeena 3 thx AOMeHOB y ApoxoKen CTHMyjinpyeT nepexoA 
B COCTOflHHe [PSľ]. 

KaKHM ace o6pa30M npncyTCTBHe OAHoro Gln/Asn-óora- 
Toro ôejiKa moxcct BJinaTb Ha o6pa30BaHHe npnoHOB cobccm 
ApyTHM ÓeJIKOM? Mbl 3HaeM, HTO ({)OpMHpOBaHHe npHOHOB 
Sup35 cneu,H(J)HHHO jyw 6e;iKa Sup35, to ecTb, HHKaKoro 
CMemeHna (nepeicpecTHon arperaijHH) c ApyrnMH óeaKaMH 
npn stom He nponcxoAHT. Bo3HHKaeT npeAnojioxceHne, hto 
ApoaoKeBaa icieTKa MoxceT eoAepacaTb pacTBopnMbie ócjikh, 
npoTHBOAencTByioiij.He o6pa30BaHHio npnoHOB. B pe3y;ibTa- 
Te, noBbimeHne KOHu,eHTpau,HH Jiioóoro Gln/Asn-6oraToro 
óejixa, KOTopbin óyzjeT c hhmh B3aHMOAencTBOBaTb, chh3ht 
hx KOHi^eHTpaiíHK), hto no3Bo;iHT ApyrnM óeaxaM c Gln/Asn- 
ôoraTbiMH AOMeHaMH arpernpoBaTb óeenpenaTCTBeHHO. 


MHT>eKMHfl 6ejwa [PSľ] npwBOAMT k CMeHe 
3nnreHeTMMecKoro coctobhmb 
ApOXOKeBblX K/ieTOK 


6 e^ 0 K [psi ] óe/ion [ PSI + ] 

npOBeCTM KOHBepCMK) iľl VÍtľO 
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3 aK/lK)HMTb ÓeJlOK B JlMľlOCOMbl 
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C/IMTb /IMľlOCOMbl C KJieTKaMM [pSÍ ] 
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flpO>K>KM ApO>K}KM 

OCTaiOTCB [psľ] CTaHOBflTCfl [PSI + ] 



PMC. 31.29 riofl fleiícTBMeM OHnmeHHoro 6e/iKa [PSI + ] nponcxoflUT 
KOHBepcuB ApoxoKeŕí M3 coctobhmíi [psŕ] b cocrofl h ne[PS/ + ] 


FlpiiOHbl KaK npMHMHa 
3a6o/ieBaHMM MjieKonmaioiMiix 


KmoHeBbie noHíukia: 


• Ee/ioK, KOTopbiM o6yc/iOBjieHo 3a6o/ieBaHne cKpann y OBeu, 
cymecTByei b flByx 4)opMax; HenmjjeKLiMOHHafl 4)opMa AMKoro 
Tuná, PrPS pacmen/ifleioi npoiea3aMM, a 6ojie3HeTBopHaa 
4)opMa, PrP Sc , ycTOMHMBa k npoiea3aM. 

• HeBpo/ioruHecKoe 3a6o/ieBaHne Mo>KeT 6biTb nepeflaHO ot OBeu 
MbiiuaM npn noMomu HH-betojMU OHnmeHHoro 6e/iKa, npnoHa PrP Sc . 

• Hio6bi 3a6o/ieTb, Mbiiiib-peunnueHT flo/i>KHa MMeTb 
(j)yHKi 4 MOHa/ibHyK) Koňmo reHa PrP. 

• ílpuoH PrP Sc MO>KeT noAflep>KMBaTb ce6a, 3acraBJiflfl 
HOBOCMHTe3npoBaHHbiM 6e/iOK PrP npuHMMaTb (fjopMy PrP Sc 
BMedo PrP c . 

• ľlpMOH PrP Sc cymecTByei b pa3Hbix Bapnamax, oniMHaiomMxcfl 
Me>Kfly co6om KOH^opMauneM cyó-beflMHnu. 

Bo^e 3 HH, Bbi 3 biBaeMbie npnoHaMH, oÓHapyaceHbi y OBeij, 
KopoB h jnoAen. Ochobhoh chmotom, aTaxena, npeACTaB- 
jiaeT coóoh HenpoAereHepaTHBHoe paccTponcTBO, npo- 
flBJíaiomeecfl b HecnocoÓHOCTH coxpaHaTb npaMoe no;io- 
xceHne Te^a. Ha3BaHne 6o^e3HH y OBeii — nonecyxa, hjih 
CKp 9 nH — HMeeT OTHomeHne k ee BHeniHeMy npoaBjíe- 
hhk): HTOÓbi cTOflTb npaMO, OBu;a TpeTCa O CTeHbl. 3 AOpO- 
Byio OBiiy moxcho 3 apa 3 HTb CKpsnn, npnBHB en 3 KCTpaKT 
TKaHH óo^bHoro xcHBOTHoro. y nanyacoB Hoboh ľBHHeH 
6 bma oÓHapyxceHa 6 ojie 3 Hb Kypy, KOTopaa, no-BHAHMO- 
My, nepeAaBa^acb 3 a cneT KaHHn 6 ajiH 3 Ma (b ocoôchhocth, 
noeAaHHH M 03 roB). y 3 anaAHbix HapoAOB ecTb noxoxcne 
3 a 6 oJieBaHna: HanpnMep, chhapom repcTMaHHa-Uhpayc- 
cjiepa, npeApacno^oxceHHOCTb k KOTopoMy nepeAaeTca no 
HacjieACTBy, h noxoxcyio 6 oJie 3 Hb KpoHii(|)ejibAa->lKo6a 
(CJD), KOTopaa B 03 HHKaeT cnopaAnnecKH. He Tax a^bho 
6 buia onncaHa 6ojie3Hb, HanoMHHaioiAaa CJD h Bbi3BaH- 
Han, cy ah no BceMy, noTpeó^eHneM Maca KopoB, cTpaAaB- 
OIHX KOpOBbHM ÓeUieHCTBOM. 

Eam TKaHb OBu,bi, óoabHon cxponn, npnBHTb Mbirnn, 
to nepe3 73-130 ahch Mbmib 3a6oaeeT. Akthbhhh HH(J)eK- 
ilHOHHbíň arem npeACTaBjíaeT coóoh óejiOK, ycTOHHHBbin 
k npoTea3aM. 3 tot óeaoK 3aKOAnpoBaH tchom, 3Kcnpec- 
cnpyeMbiM b M03re. OopMy 6e;iKa, npncyTCTByK)iij,yK) b 
H opMajibHOM M03re, Ha3biBaioT PrP c ; OHa nyBCTBHTeJibHa k 
npoTea3aM (to ecTb, pacmemmeTca npoTea3aMH). nepexoA 
óejiKa b Apyry 10 ycTOHMHByio k npoTea3aM, ac- 

counnpoBaH c 3aóoaeBaHneM. HH^eKiiHOHHbin npenapaT, 
npnroTOBaeHHbiH Ha ochobc TKaHen óoabHoro xchbotho- 
ro, He coAepxcHT HyK/ieHHOBbix khcjiot h nyBCTBHTeaeH k 
yO-oójiyneHHio Ha pjiwHdx bo^h, npn KOTopbix noBpeacAa- 
eTca óejiOK. npenapaT oóaaAaeT hh3koh HH(J)eKTHBHocTbio 
(1 HH(J)eKn,HOHHaa eAHHHiia Ha 10 5 óeaKOBbix cyó'beAHHnu, 
PrP Sc ). TaKoe onncaHne noAnaAaeT noA KaTeropmo snnre- 
HeTHnecKOH HaeaeACTBeHHOCTH, npn KOTopon, b OTcyTCTBne 
H3MeHeHna reHeTHnecKOH HH(J)opMauHH (3AopoBbie kjictkh 
h óojibHbie KJieTKH HeeyT OAHy h Ty xce noc;ieAOBaTe;ibHOCTb 
reHa PrP), (JiopMa PrP Sc óejiKa PrP aBaaeTca HH(J)eKn,HOHHbiM 
areHTOM, b to BpeMa xax Apyraa ero 4>opMa, PrP c , 6e3BpeA- 
Ha. OopMa PrP Sc OTaHnaeTca bhcokhm eoAepxcaHneM (3 -cjio- 
eB, KOTopbie enoeoócTByiOT oópa30BaHHio aMHJiOHAHon 
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(JjHÓpnjumpHOH CTpyKTypbi; (JiopMa PrP c Taicyio crpyicrypy 
He o6pa3yeT. 

OcHOBa pa3JiHHHH MOKAy (J)opMaMH PrP Sc h PrP c , no 

BCen BHAHMOCTH, COCTOHT B H3MCHeHHH KOH(})OpMaLI 1 HH 
6e3 nOMOnj,H KaKHX-JIHÓO KOBaJieHTHblX MOAH(J)HKailHH. 
06e (J)opMbi 6ejiKa rjiHK03HjinpoBaHbi n 3aKpemieHbi b 
MeMÓpaHC rJIHĽíCp0JI-(J)0C(J)aTH/l 1 HJI-HH03HT0JIbHbIM HKO- 
peM (GPI-aKopb). 

Ha pmc. 31.30 H3o6paxceHbi pe3yjibTa™ HeKOTopbix 
SKcnepnMeHTOB. B oóbiHHon CHTyaijHH, óejiOK PrP Sc , skc- 
TparnpoBaHHbin m óojibHon Mbirnn h npnBHTbin 3Aopo- 
boh Mbirnn, HH^yuMpyeT y Hee pa3Bnrae CMepTejibHoro 
3a6o^eBaHna. Ecjih y 3aopoboh Mbiuín reH PrP «HOKayra- 
poBaH», Taxaa Mbmib, nojiynnB HH'beiojHio PrP Sc , ne 3a6o- 
jieem. 3/i,ecb BaxcHO oópaTHTb BHHMaHne Ha ABa MOMema. 
Bo-nepBbix, SHAoreHHbin óejiOK hcoóxoahm jym HHcjieK- 
u,hh, noTOMy hto oh oóecnennBaeT cbipbe rjik HapaóoTKH 
hobhx KOJinnecTB HHC^eKiiHOHHoro areHTa. Bo-BTOpbIX, 
npnHHHa 6ojie3HH He b ycTpaHeHHH PrP c ; 6ojie3Hb Bbi3bi- 
BaeTca 3a cneT oópeTeHna óejiKOM hoboh (JiyHKíjHH npn 
nepexoAe b (f>opMy PrP Sc . HmepecHO, hto ecjín reH PrP 
H3MeHeH, H ÓeJIOK, KOTOpblH OH KOAHpyeT, He MOXCeT ÓbITb 

3aaKopeH b MeMÓpaHe npn noMomn GPI, to y Mbirnen, ro- 
M03nroTHbix no TaxoMy H3MeHeHHOMy reHy, 6oJie3Hb He 
pa3BHBaeTca. 

3KcnepnMeHTa^bHaa cncTeMa c 3apaxceHneM Mbiuien 
nOAXOAHT RJM H3yneHHa 3aBHCHMOCTH HHCjieKIlHOHHOH 
aKTHBHocTH óe;iKa ot ero aMHHOKHCJioTHon nocjieAOBa- 
TejibHOCTH. KpoMe Toro, (J>aKT pa3BHTna AaHHoro 3aóojie- 
BaHna y xchbothmx pa3Hbix bhaob cjiyxcnT ochoboh nm 
H3yneHna MOKBHAOBbix óapbepoB, B03HHKaioiij 1 HX b ero 


nepe^ane ot xcnBOTHoro k xcnBoraoMy, a Taioxe no3BOJia- 
eT KOHCTpynpoBaTb rnópnAHbie óejiKH h no hx coBoícyn- 
hocth onpeAejiflTb oómne nepra ócjikoboh CTpyKTypbi, 
KOTOpbIMH MOXCeT ÓbITb OÓyCJIOBJíeHa HH(J)eKTHBHOCTb PrP. 
IlpenapaTaMH cxponn, nojiyneHHbiMH ot OBeij, yAajiocb 3a- 
pa3HTb (h Bbi3BaTb pa3BHTHe 3aóojieBaHna) xchbothhx He- 
CKOJIbKHX BHAOB. Ho y)Ke MOKAy 3THMH BHAäMH XCHBOTHblX 

3aóo^eBaHne nepeAaeTca He Bcer^a. HanpnMep, Mbirnn 
yCTOHHHBbl K HH(f>eKIJHH npHOHaMH XOMflHKa. Ho CyTH, 
3TO 03HanaeT, hto PrP Sc xoMamca He MOXceT nepeBecTH PrP 
Mbirnn H3 (J)opMbi PrP c b (f>opMy PrP Sc . H3MeHHTb CHTya- 
u,Hio c 3apaxceHHeM Mbirnen npnoHaMH xoMamca moxcho, 
ec;iH 3aMeHHTb y Mbirnn ee coócTBeHHbin reH PrP Ha reH 
PrP xoMAHKa. 3Toro Ha/jo bbccth reH PrP xoMamca b 
M bmib c «HOKayTnpoBaHHbiM» PrP (BbiBecra Taicyio HOByio 
jihhhk) MbirneH, TpaHcreHHbix no PrP xoManKa, Ha ochobc 
«HOK ayTHOH» jihhhh PrP _ /PrP"). Mbmib c reHOM PrP xo- 
MRHK2 BOCnpHHMHHBa K HH(J)eKU,HH ÓeJIKOM PrP Sc XOMflHKa. 
3TO rOBOpHT O TOM, HTO PJM KOHBepCHH lOieTOHHOrO óčji- 
Ka PrP c b (JiopMy PrP Sc TpeóyeTca onpeAejieHHaa CTeneHb 
CTpyKTypHoro cxoACTBa óejiKOB. 

Y Mbimen cymecTByeT mhoxccctbo pa3HOBHAHOCTen PrP Sc ; 
nx moxcho pacno3HaTb no xapaicrepHOH npoAOJDKHTCJib- 
hocth HHKy6au,HOHHoro nepno/ja, ot HHOKyjiau,HH (npn- 
bhbkh) a o noflBjíeHHfl CHMnTOMOB. 3 to 03HanaeT, hto óejiOK 
He orpaHHHHBaeTca AByMa aiibTepHaTHBHbiMH (JiopMaMH, 
PrP c h PrP Sc . CKopee Bcero, ecTb HeKOTopoe mhoxccctbo co- 
CTOaHHH PrP Sc . Pa3JIHHHH MOKAy HHMH AOJIXCHbl BbipaXCaTb- 
ca B enOCOÓHOCTH K 3KCnaHCHH, HO He B aMHHOKHCJIOTHOH 
noejieAOBaTejibHOCTH (KOTopaa y Bcex (JiopM OAHHaKOBaa). 
CorjiacHO TaKon KOHiienu,HH, ec^n PrP Sc OTJinnaeTca ot PrP c 


AeHCTBHe npHOHOB orpaHHNeHo MextBMAOBbiMM 6apbepaMw 



t í; i. 3u HH-beKUMíi 6emia Prp Sc npMBOflMT k 3a6o^eBaHMio b tom c/iynae, ec^n MH-beunpoBaHHbm 
Prp Sc M 3HflOreHHblM PrP C >KMBOTHOrO OTHOCÍ1TCÍ1 K OflHOMy TMny 


854 MABA 31 Hac^eflOBaHne anureHeTMHecKux acfK^eKTOB 










KOHíflOpMaĽI.HeH, TO 3THX aJIbTepHaTHBHblX naToreHHbix 
KOH(f)OpMaiJHH MOXCeT 6bITb MHOTO, npHHCM K2yKR2M H3 HHX 
cnocoÓHa nepeBO/jHTb b ce6e noAOÓHyio KOH(f>opMaijHK) 
HOpMaJIbHblH PrP c ». 

BepoaTHOCTb nepexoAa PrP c b cf)opMy PrP Sc bo mho- 
TOM 3äBHCHT OT aMHHOKHCJIOTHOH nOCJieAOBaTeJIbHOCTH 

PrP. TaK, pa3BHTHe CHHApoMa repcTMaHHa-IIlTpayccjiepa y 

JHO/jeH OÓyCJIOBJICHO OAHOH-CAHHCTBCHHOH aMHHOKHCJIOT- 
hoh 3 aMeHoň b PrP; npeApaenojioxceHHOCTb k 3 a6ojieBaHHio 
Hac^e^yeTca KaK AOMHHaHTHbin npH3HaK. Ecjih Taxyio xce 
3aMeHy npoH3BecTH y Mbinieň (h 3 mchhb rjm SToro Hymieo- 
THAHyio nocjieAOBaTejibHOCTb reHa PrP), y hhx pa3BHBaeTca 
aHa^oraHHaa 6ojie3Hb. no Bceň bhahmocth, MyTaHTHbin 6e- 
jiok noABepxceH noBbimeHHOMy pnexy nepexoAa b (J>opMy 
PrP Sc . noxoxcHM o6pa30M, npeApaenojioxceHHOCTb oboj, k 
cnoHTaHHOMy 3a6ojieBaHHio CKpsnn moxcct óbiTb oyeHeHa 
no hx reHOTnnaM, a hmchho, no KOM6HHau,HH aMHHOKHCJioT 
b Tpex KOHKpeTHbix nojioxceHHflx. KoMÓHHau,™ npoBepaeT- 
ca äHajiH30M HyioieoTH/jHoro nojiHMopcf)H3Ma no KO/jOHaM 

136,134 h 171 reHa PrP. 

npnoHbi BomiomaioT coóoh SKCTpeMa^bHbin eJiynaH 
annreHeTHHecKOH HacjieflCTBeHHocTH: HH(f>eKijHOHHbiM 
areHTOM aBjíaeTca 6e;iOK, enoeoÓHbin npnHHMaTb MHoacee- 
tbo KOH(J)opMau,Hn[, Kaxc^aa H3 KOTopbix cnocoÓHa k eaMO- 
BocnpoH3BOACTBy. 3 to cbohctbo no3BOJiaeT nepeBO/jHTb 
H/J,eHTH(J)HĽíHpOBaHHbIH ÓCJIOK B Ty 7KC KOH(f)OpMaĽl 1 HK), HTO 
h y npnoHa. 


SKB Pe3K>Me 

OopMHpoBaHne reTepoxpoMaTHHa nponexoAHT ÓJiaro- 
Aapa ocoóbiM óejiKaM: o/jhh h 3 hhx CBa3biBaioTca co ene- 
u,HajiH3HpoBaHHbiMH oójiacTHMH xpoMocoM (HanpHMep, 
c TejiOMepaMH), Apyrne B3aHMOAencTByK)T c rncTOHaMH. 
CTapTOBaB b u,eHTpe HHHu.Hau.HH, HeaKTHBHaa CTpyKTy- 
pa MoxceT, b CBoeM (J)opMHpoBaHHH, pacnpocTpaHHTbca 
no XpOMaTHHOBOH HHTH. V ApOXOKeH nOXOXCHe COÓbITHfl 
HHaKTHBaU,HH HMdOT MCCTO B JIOKyCaX, COAepXCailíHX MOJI- 
namne Kacce™ ]\m /jeTepMHHaijHH rana cnapnBaHna. Y 
Drosophila penpeccnBHbie CTpyKTypbi, HeoóxoAHMbie j\m 
no/wepxcaHHH onpe/jejieHHbix tchob b HeaKTHBHOM cocto- 
ahhh, oóecncHHBaioTca KOMnjieKCOM, b kotophh Bxo/yrr 
óejiKH Pc-G. 3 th CTpyKTypbi CBoen cnocoÓHOCTbio pae- 
npocTpaHaTbca ot HHHijHHpyiomero u,eHTpa HanoMHHaioT 
reTepoxpoMäTHH. 

OopMHpoBaHne reTepoxpoMaTHHa moxcct óbiTb hhh- 
u,HnpoBaHO Ha onpe/jejieHHbix ynacTKax reHOMa, noejie 
nero oho moxcct paenpocTpaHHTbea no reHOMy Ha pae- 
CToaHne, 3apaHee tohho He npeAonpeAejieHHoe. noejie 
nepexoAa HeKOTopon oójiaera reHOMa b eocToaHne reTe¬ 
poxpoMaTHHa, sto eocToaHne óy/jeT npoHeeeHO /ja hhoh 
oóJiacTbio nepe3 nocjie/íyiomHe /jejieHna; TaKHM oópa- 
30 m, cocTOflHne reTepoxpoMaTHHa, b KOTopoe nepeiima 
(jDHKcnpoBaHHaa oóJiacTb reHOMa, óy/jeT Hae;ie/],OBaTbCfl. 
B pe3yjibTaTe B03HHKaeT narrepH snHreHeTHnecKOH Ha- 


cjieACTBeHHOCTH, eorjiacHO ee npHHu,Hny, /jBe aóeojnoT- 
ho OAHHaKOBbix nocjieAOBaTejibHoera J\HK MoryT óbiTb 
aCCOU,HHpOBaHbI C pa3HbIMH ÓeJIKOBbIMH CTpyKTypaMH H, 
b enjiy 3Toro, OTJiHnaTbea no CBoen cnoeoÓHOcra k skc- 
npeecHH. TaK, y Drosophila M03aHu,H3M oóyejiOBjíeH 3cJ)- 
(J)eKTOM nojioxceHHH h B03HHKaeT H3-3a BapnaóejibHOCTH 
b paenpocTpaHeHHH sífxfieKTa eocToaHna reTepoxpoMa¬ 
THHa no reHOMHon noejie/i.OBaTejibHOCTH, b coneTaHHH c 
nocjieAyioiij,HM hctkhm snnreHeTHHecKHM Hac^e^OBaHneM 
rpaHHu, reTepoxpoMaTHHa b KJieTOHHbix jiHHHax. 

MoAnc^HKau,™ «xboctob» b MOJieKyjiax thctohob paóo- 
TaeT Ha 3anycK peopraHH3aríHH xpoMäTHHa; ai^eTRnHpoBa- 
Hne, b oónjeM c^ynae, accoĽíHHpoBaHo c aKTHBaijHeH tchob. 
r HCTOHan,eT™a3bI MOXCHO BCTpeTHTb B aKTHBHpyiOIIJ.HX 
KOMn^eKcax, a rncTOHfleaijeTHjia3bi bxo/^t b cocTaB pen- 
peccnpyioiij.Hx (HHaKTHBHpyiomHx) KOMnjieKCOB. Mcthjih- 
pOBäHHe THCTOHOB aCCOĽíHHpOBaHO C HHaKTHBau,HeH reHOB. 
HeKOTopbie MOAn^HKaunH thctohob no OTHomeHHio k 
flpyTHM MOAH(J)HKaĽíHaM, MoryT ÓbITb B3aHMOHCKJimaiOIIJ 1 H- 
MH, Apyrue — CHHeprHHHblMH. 

y /jpoxoKen penpeccna aKTHBHOCTH xpoMaTHHa b Te- 
jiOMepax h ^OKycax, r/je xpaH^Tca MOJinanj,He Kacce™ /y m 
AeTepMHHau.HH Tnna cnapnBaHHa, npoHcxo,aHT cxoxchm 
oópa30M: 3 a cneT B3aHMOAencTBHa onpe/jejieHHbix óe^KOB 
c Ň-KOHu,eBbiMH «xBOCTaMH» racTOHOB H3 h H4. Oópa30- 
BaHne HHaKTHBnpyioiyero KOMn^eKca moxcct óbiTb hhhu,h- 
npoBaHo CBa3biBaHneM oAHoro H3 óejiKOB co eneu,Ha^bHOH 
noejieAOBaTejibHOCTbio R HK; noe^e 3Toro Apyrne KOMno- 
HeHTbi KOMn^eKca KoonepaTHBHO nojiHMepH3yioTca BAOJib 
reHOMHoro OKpyxceHna stoh noejie/i.OBaTejibHOCTH. 

HHaKTHBauna oahoh h3 X-xpomocom y eaMOK njia- 
yeHTapHbix M^eKonnTaioiij.Hx b SMÓpnoHa^bHbix KneTKax 
nponexoAHT e^ynanHbiM oópa30M. JloKye Xic hcoóxoahm h 
AOCTaToneH pjw «noAcneTa» kjictkoh nne^a cbohx X-xpo- 

MOCOM. npaBHJIO n-1 TJiaCHT, 4T0 B KaXC^OH lOieTKe HHäK- 
THBHpyiOTCa BCe X-XpOMOCOMbI KpOMe OAHOH. JIOKye Xic 
eoAepxcHT reH Xist\ ero TpaHCKpnnT, PHK Xist, He KO/j.npyeT 
óejiOK. noejie eoóbiTna HHaKTHBayHH PHKXtónpneyTCTBy- 
eT TOJlbKO Ha HeaKTHBHOH X-xpOMOCOMe. CTaÓHJIH3aĽ(Hfl 
FHK Xist RBmcTca KjnonyBbiM (JiaKTopoM cTaHOB^eHna HHa- 
KTHBHpOBaHHOrO COCTOaHHa X-XpOMOCOMbl. 

CTaTye MeTHjinpoBaHHfl icneTonHOH R HK snnreHeTH- 
necKH HacJie^yeTca KJieTOHHbiM noTOMCTBOM. HenoepeAC- 
TBeHHbie npoAyKTbi pen^HKayHH flHK aB^aioTca noJiyMeTH- 
JIHpOBaHHblMH; aKTHBHOCTb nO/Wep5KHBaiOIIJ,eH MeT™a3bI 
AOBOAHT HX AO nOJIHOCTbK) MeTHJIHpOBaHHOTO COCTOflHHfl. 
CTaTye MeTHJinpoBaHHH HeKOTopbix eanTOB RHK b xpoMO- 
eoMax MjieKonnTaiOLUHx moxcct pa3JinnaTbca b 3aBHCHMoe- 
th ot Toro, KaKon H3 poAHTejien nepe/ja^ cBoeMy noTOMKy 
AaHHyio xpoMoeoMy. feHOMHbie R HK b enepMaT030HAax n 
anyeKJieTKax oó^a^aiOT eneu,H4)HnecKHMH h otjihhhmmh 
A pyr ot Apyra narrepHaMH MeTHJinpoBaHna. B pe3y^bTaTe 
a^jiejín, AOCTaBiuneca ot oTija, h a^Jie^H, AOCTaBiuneca ot 
M aTepn, SKcnpeecHpyiOTca b KneTKax SMÓpnoHa no-pa3HO- 
My. C 3THM OÓCTOflTeJlbCTBOM CBH3aHO aBJICHHe HMnpHHTHH- 
ra. KnaccHHecKHH Bapnam HMnpnHTHHra 3aKjnoHaeTCH b 
TOM, HTO HeMeTHJIHpOBaHHblH a^Jie^b, yHaCJieAOBäHHblH OT 
OAHoro H3 poAHTejien, cyiu,ecTBeH pjm SMÓpnoHa, noTOMy 
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HTO TOJlbKO 3TOT a^JieJIb äKTHBCH; ApyTOH a^JieJIb, yHaCJie- 

AOBaHHbíň ot pojmem nporaBonojioxcHoro no;ia, mojihht 
H 3-3a Toro, hto H HK MeTHJinpoBaHa. narrepHbi MeTHjinpo- 
BaHHH, cneuHcfíHHHbie jyin rmex KOHKpeTHoro no;ia, ycTa- 
HäBjíHBaioTca Ha R HK npn o6pa30BaHHH raMeT y ocoóeň 
AaHHoro no;ia, b Kax^OM íiokojičhhh. 

IlpHOHbl — 3TO HH(J)eKlJ 1 HOHHbie areHTbl ÓeJIKOBOH 
npnpoAbi, KOTopbiMH oóyoiOBjíeHO pa3BHTHe 3a6ojieBaHHa 
CKpsnn y oboj h noxoxcHx 3a6ojieBaHHH y jno/jen. HH(})eK- 
ij.HOHHbiH arem npeflCTaBjíaeT coóoh pa3HOBH^HOCTb Hop- 
Ma^bHoro KJieTOHHoro óejiKa. 3Ta pa3HOBH£HOCTb (PrP Sc ) 
HMeeT H3MeHeHHyio KOHcjDopMattHio h oóJia/jaeT cnocoó- 
HOCTbio k caMOBOcnpoH3BOACTBy nyTeM npeo6pa30BaHHfl 
HopMa^bHbix PrP c -6ejiKOB. HopMa^bHbíň óejiOK, PrP c , He 
npHHHMaeT TaxyiO KOHCjDOpMaĽtHK) B OÓblHHblX yCJIOBHflX, 
ho nepexoAHT b Hee b npncyTCTBHH PrP Sc . Hac/ie/jOBaHHe 
ajieMema [PSI\ y ApoxoKen oóctoht noxoxcHM o6pa30M. 
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C/iOBapb TepMiiHOB 


10-hm (JjMÓpM/uia. UenoHKH HymieocoM, oôpa3yiomHeai b pe3yjib- 

TäTe fleKOMnaKTH3aijHH xpoMaTHHa. 

30-hm <JjM6pnjuia. Cnnpaab H3 HyKneocoM. Ea30BbiH ypoBeHb op- 
raHH3au,HH HymieocoM b cocTaBe xpoMaTHHa. 

45S P H K. FIpeAiuecTBeHHHK, BKnioHaioiuHH b ceôa nocjieAOBaTejib- 
HOCTb oôenx ôo/ibiiiHx pnôocoMa^bHbix PHK (28S h 18S pPHK). 
5,8S PHK. He3aBHCHMaa Maaaa PHK, Bxoflamaa b cocTaB ôojibinoH 
CyÔ'beflHHHIJbl SyKapHOTHHeCKOH pHÔOCOMbl. ľOMOJlOrHHHa 5'- 
KOHijeBOH nacTH ôaKTepnajibHOH 23S pPHK. 

5S PHK. 120-HymieoTHAHaa PHK, BxoAamaa b cocTaB ôo/ibinon 

CyÔ'beAHHHUbI pHÔOCOMbl. 

Alu-AOMeH. BKjiioHaeT b ceôa ynacTKH 7S PHK SRP-nacTHijbi, rc>MO- 

aorHHHbie Alu-noaieflOBaTejibHOCTaM. 

ARS. flpo>K)KeBOH opn/pKHH penjíHKaijHH. Oômen nepTOH pa3JiHH- 
hhx nocjieAOBaTejibHOCTen ARS aBjíaeTca HajiHHHe KOHcepBaTHB- 
hoh nocjieAOBaTejibHOCTH H3 11 nH, Ha3brcaeMOH A-aomchom. 
Gtt-caŇTbi. ynacTKH (j)ara /iaMÔAa h ôaicrepHaabHOH xpoMOCOMbi, 
no KOTopbiM (j)ar HHTerpnpyeT hjih Bbipe3aeTca H3 ôaicrepHaabHOH 
xpoMOCOMbi 3a cneT peKOMÔHHauHH. 

Bam-ocTpoBKM. Cepnn kopotkhx noBTopaioiAHxca nooieAOBa- 
TeabHOCTen, oÔHapyxceHHbie b HeTpaHCKpHÔnpyeMbix cnencepax 
reHOB pPHK mnopijeBOH /iaryniKH. Ha3BaHne OTpaxcaeT hx oÔHa- 
pyaceHne npn noMom,H 3HAOHyKnea3bi pecTpHKu.HH BamL 
bZIP. EejiOK, oôaaAaioiAHH ochobhhm flHK-CBa3biBaK)mHM pern- 
ohom, coeAHHeHHbiM c AHMepH3yiomHM mothbom rana «/ieHLJH- 

HOBaa MOJiHna». 

B-K/ieTKa. J1hm(})ouht, npoAyu,HpyioiAHH aHTHTejia. Oôpa30BaHne 
B-mieTOK hact npenMymecTBeHHO b kocthom M03re. 

B-K/ieTOMHan naMnTb. CnocoÔHOCTb B-khctok k ôbicrpon npoAyK- 
U.HH aHTHTe/I B XOAC nOBTOpHOrO HMMyHHOľO OTBeTa. B-KneTKH 
naMaTH npoAyu.HpyioT aHTHTe/ia ôojiee bmcokoh a(jxj)HHHOCTH, 
neM HanBHbie B-KneTKH. 

B-K/ieTOMHbiií peuenTop. PeuenTop k aHTnreHy Ha noBepxHOCTH 
B-JlHM(})OUHTa, COCTOaiAHH H3 MeMÔpaHOCB5I3aHHOrO HMMyHOľJlO- 
ôy/iHHa, HeKOBajieHTHO npHCoeAHHeHHoro k Iga- h Ig|3-ijenaM. 
B-(J)opMa flHK. npaB03aKpyHeHHaa ABOHHaa cnnpaab c AčcaTbto 
napaMH HymieoTHAOB Ha bhtok (360°) cnnpaaH. OTKpbrraa Kpn- 
kom h Yotcohom, Hanôojiee pacnpocrpaHeHHaa npn HopMaabHbix 
ycjiOBHax (})opMa flHK. 

CAAT-6okc. HacTb KOHcepBaTHBHOH nocjieAOBaTeabHOCTH, pacno- 
jioaceHHOH nepeA CTapTOBbiMH TOHKaMH ayKapnoTHHecKHx TpaHC- 
KpHnu.HOHHbix eAHHHu,; y3HaeTca oôuihphoh rpynnoH (J)aicropoB 
TpaHCKpnnuHH. 


CD3. BejiKOBbiH KOMnjieKC, KOTopbiH accou,HHpyeT c ijenaMH a h (3 
peijenTopa k aHTnreHy Ha noBepxHOCTH T-kjictkh. Ka>KAbiH KOMn- 
jieKC BKjiKDHaeT b ceôa no oahoh ijenn ô, s h y h ABe ijenn 
CpG-octpobok. YnacTOK reHOMa MJieKonHTaiomero, ôoraTbin He- 
MeTHjinpoBaHHbiMH AyÔJieTaMH CpG. Tanne ynacTKH hmoot npo- 
TaxceHHOCTb 1-2 TnH. 

C-KOHueBoií AOMeH (CTD) ayKapiiOTimecKOií PHK-no/iMMepa3bi 

II. nOAJieXCHT (})OC(j)OpHJlHpOBaHHK) BO BpeMfl HHHU.HaU.HH. Oh 
ynaCTByeT B KOOpAHHHpOBaHHH HeCKOJlbKHX 3H3HMaTHHeCKHX aK- 
THBHOCTen, CBa3aHHbix c TpaHCKpnmjHeH. 

C-no/iocbi. flpKne TeMHbie tohkh — BHeuiHHH bha ueHTpoMep Ha 
npenapaTax xpomocom, oKpameHHbix c ncnojib30BaHHeM cneijH- 
aabHbix peaKTHBOB, B3aHMOAencTByioiAHx c LjempoMepaMH. 

D-neum. YnacTOK MHToxoHApnaabHOH flHK, rAe OAHa H3 ee ijenen 
B3aHMOACHCTByeT C KOpOTKHM ynaCTKOM PHK, BblTeCHfllOmeH KOM- 
njieMeHTapHyio uenb H3 AynJiexca c nepBOH. Tot xce caMbin Tep- 
mhh Hcnojib3yeTca ajm onncaHna BbiTecHeHHa ynacTKa oahoh h3 
uenen AynjieKca 3a cneT HHBa3HH hachthhhoh OAHOuenoneHHOH 
MOJieKyjibi. 

D-cerMeHT. flonojiHHTejibHaa nocjieAOBaTejibHOCTb, HaxoAaii;aacH 
Mex<Ay ynacTKaMH V h J Taxcejion uenn HMMyHorjioôyjiHHa. 
D-iunmibKa tPHK. OTjiHnaeTca bhcokhm coAepxcaHHeM a30THCT0- 
ro ocHOBaHHa AnrHApoypHAHHa. 

EF-Tu. Oaicrop 3JiOHraijHH, KOTopbiH CBa3bmaeT aMHHoaunji-TPHK 
h noMemaeT ee b canT A ôaicrepHaabHOH pHÔOCOMbl. 

GC-6okc. 3;ieMeHT, oôiahh AJifl npoMOTopoB flHK-noanMepa3bi II; 
npeACTaBJíaeT coôoh noejieAOBaTejibHOCTb GGGCGG. 

GMP-PCP. XHMHHeCKHH aHa^Oľ ľTO, KOTOpblH He MOXCeT ÔbITb 
rHApojiH30BaH. Hcnojib3yeTca b nccjieAOBaHHax cjioxchmx peax- 
Uhh — pjm BbiHJieHeHHa CTaAHH, TpeôyioiAHx rHApo;iH3a ľTO. 
G-no/iocbi. nonepenHaa HCHepneHHOCTb syKapnoTHHecKHx xpo- 
mocom, HaôJiKDAaeMaa Ha npenapaTax, OKpameHHbix no cneijH- 
aabHOH MeTOAHKe. naTTepHbi G-nojioc Hcnojib3yioTca jym xapn- 
OTHnnpOBaHHa (HAeHTH(J)HKau,HH KOHKpeTHblX XpOMOCOM H HX 
KOHKpeTHbix oôJiacTen). 

H b aHTM-Ilenop. ObK)xcH-reH, npoAyKT HepaBHoro KpoccHHroBepa. 
Ero ôejiOK npeACTaBjíaeT coôoh xHMepy N-kohucboh oôJiacTH (3- 
rjioÔHHa c C-KOHueBOH oôjiacTbio ô-rjioÔHHa. 

H b KeHMB. ObK)xcH-reH, npoAyKT HepaBHoro KpoccHHroBepa Mexc- 
Ay reHaMH tjioôhhob Ay h (3. 

H b Jlenop. ObK)xcH-reH, npoAyKT HepaBHoro KpoccHHroBepa mqk- 
Ay reHaMH tjioôhhob (3 h y. Ero ôejiOK, b qejiOM noxoxcHH Ha (3-rao- 



6 hh, npeflCTäBjífleT coôoh xHMepy N-kohucboh oôjiacra ô-rjio6n- 
Hä C C-KOHLI.eBOH OÔJläCTbK) |3-rjio6nHa. 

Hydrops fetalis. CMepTejibHoe 3a6ojieBaHne, Bbi3BaHHoe OTcyTc- 
TBneM reHa reMorjioÔHHa a. 

IF-1. BaKTepna^bHblH (})aKTOp HHHU.Haij.HH, KOTOpblH CTaÔHJlH3H- 
pyeT KOMruieKc HHHu.Hau.HH. 

IF-2. BaKTepna^bHblH (})aKTOp HHHU.HaiJ.HH, KOTOpblH CBfl3bIBaeT 
HHHU,HaTOpHyK) tPHK C KOMIlJieKCOM HHHLI.HaLI.HH. 

IF-3. BaKTepnajibHbiH (jjaKTop HHmjnaiiHH, HyxcHbin rjw. cbb- 
3biBaHHa 30S cyô'beAHHHu.bi c caíiTaMH HHHunaijHH b mPHK. Oh 
TaioKe MernaeT CBB3biBaHHio 30S cyô'be^HHHUbi c 5OS cyô'bCRu- 
HHLjeH. 

Inr. YnacTOK npoMOTopa PHK-no;iHMepa3bi II MOK/jy no3HijHflMH 
-3 h +5; oôoômeHHaa noejieAOBaTejibHOCTb HHTaeTca KaK Py 2 CAPy 5 . 

3TO npOCTeHLUHH H 3 B 03 M 0 >KHbIX npOMOTOpOB pol II. 

J-cerMeHTbi. KoAHpyiomne nocjie^OBaTejibHOCTH b jioxycax HMMy- 
Horjioôy^HHOB h peijenTopoB T-kjictok. J-cerMeHTbi pacnojioxce- 
hh MOK/jy Bapnaôe^bHbiMH (V) h KOHCTaHTHbiMH (C) cerMeHTaMH 
3 THX reHOB. 

N-HyK/ieoTMAHan noc/ieflOBaie/ibHocTb. KopoTKaa nocjieAOBa- 
TejibHOCTb, CHHTe3HpoBaHHaa 6e3 MaTpnijbi, KOTopaa cjiynaHHbiM 
oôpa30M AOÔaBjíaeTca b MecTa KOAHpyiomnx coeAHHeHHH bo Bpe- 
Ma nepecTpoHKH reHa HMMyHorjioôyjiHHa hjih reHa T-KjieroHHoro 
peuenTopa. N-HymieoTHAbi yBejinnHBaiOT pa3HOOÔpa3ne peuenTO- 
poB k aHTHreHaM. 

N-(J)OpMli/l-MeTliOHMJl-TPHK (TPHKf Met ). AMHHOaUHJl-TPHK, HHH- 
UHHpyioiAaa chhtc 3 ôejixa y ôaicrepHH. AMHHorpynna MeTHOHHHa 
(J)OpMHJIHpOBaHa. 

PrP. EejioK, aKTHBHbíň KOMnoHeHT npnoHa, Bbi3brcaiomero none- 
cyxy OBeu, (cxponn) h paA noxoxcnx 3aôojieBaHHH. OopMa PrP, 
npHBOAamaa k pa3BHTHio 3a6o;ieBaHHa, Ha3bmaeTca PrP Sc . 
P-HyK/ieoTMAHan nocneAOBaTejibHocTb. Kopotkhh najiHHApoM, 
Bbipe3aeMbiH H3 reHa npn nepecTaHOBKe cenvieHTOB V-, (D)-, J-reH- 
hhx cerMeHTOB HMMyHorjioôyjiHHOB h T-KjieroHHbix peijenTopoB. 
P-HymieoTHAbi OTAejiaioTca ot KOAHpyiomnx coeAHHeHHH, noc- 
KOJibKy ôejiKH RAG oôpe3aioT KOHijeBbie mnHjibKH, oôpa3yioiAHeca 
bo BpeMa nepecTpoHKH. 

P-ajieMem. Pa3HOBHAHOCTb TpaHcn030H0B D. melanogaster. 
rec-MyTa4MM E. coli npHBOAaT k hcbo 3 mo>khocth roMOJioranHon 
peKOMÔHHaUHH. 

RF1. EaKTepnaabHbiH pejiH 3 HHr-(j)aKTop, KOTOpblH y 3 HaeT Tpnmie- 
th UAA h UAG b KanecTBe CHmajiOB TepMHHau.HH CHHTe 3 a ôejixa. 
RF2. EaKTepnaabHbiH pejiH 3 HHr-(j)aKTop, KOTopbin y 3 HaeT Tpnmie- 
th UAA h UGA b KanecTBe CHmajiOB TepMHHau.HH CHHTe 3 a ôejixa. 
RF3. EaKTepnaabHbiH (})aKTop TepMHHau.HH CHHTe3a ôejixa, no- 
xoxchh Ha (})aKTop sjiOHraunn EF-G. Ero (jjyHKuna 3 aioiioHaeTca b 
ocboôojkachhh (jjaicropa RF1 hjih RF2 H 3 pnôocoMbi. 
rut. EIocjieAOBaTeabHOCTb PHK, y 3 HaBaeMaa (jjaicropoM TepMHHa- 
H.HH rho. 

R-cerMeHTbi. EÍOBTopaioiAHeca nocjieAOBaTejibHOCTH Ha Kpaax 
peTpoBHpycHOH PHK. 06 o 3 HaHaioTca xax R-U5 h U3-R. 


S (J)a3a. OrpaHHHeHHaa no BpeMeHH nacTb syKapnoTunecKoro 
KjieTOHHoro ijHKjia, b TeneHne KOTopon nponcxoAHT chhtc3 J\ HK 
SL-PHK. Heôojibinaa PHK, OTAaiomaa 3K30H b peaKunn TpaHC- 
cnaancHHra y TpnnaHOCOM h HeMaTOA. 

S 0 S-OTBeT. CKOopAHHnpoBaHHaa HHAyKu,Ha MHoacecTBa (JjepMeH- 
tob b KJieTKe E. coli (BKnmaa cncTeMbi penapaunn), b otbct Ha 
paAHau.Hio hjih Apyrne MHoacecTBeHHbie noBpejKAeHna J\ HK. Rb- 
jiaeTca cjieACTBneM aKTHBau.HH npoTeojíHTHHecKon aKTHBHOCTH 
RecA, pa3pymaiomeH penpeccop LexA. 

SOS-caŇT. noejieAOBaTejibHOCTb flHK (onepaTop) ajihhoh okojio 
20 nH, y3HaBaeMaa penpeccopoM LexA. 

SR- 6 e/ioK. ynacTByioiAHH b cnjiancHHre ôejiox, oôJiaAaiomHH Ba- 
pnaôejibHbiM no pjmm ynacTKOM c ôojibinnM kojihhcctbom aprn- 
HHHOB H CepHHOB. 

SWI/SNF. KoMnjieKC nepecTpoHKH xpoMaTHHa, ncnojib3yioiAHH 
rnApojiH3 ATO jyw. H3MeHeHna opraHH3au 1 HH HyKJieocoM. 
S-AOMeH. noejieAOBaTejibHOCTb 7S PHK b SRP; npocTpaHCTBeHHO 
OTAejieHa ot Alu-AOMeHa. 

S-yMacTOK. noejieAOBaTejibHOCTb, 3aAencTBOBaHHaa b nepemno- 
neHHH Kjiacca HMMyHorjioôyjiHHOB; coctoht h 3 noBTopaioiAHxca 
noejieAOBaTejibHOCTen Ha 5'-KOHuax cerMeHTOB, KOAHpyioiAnx 
KOHCTaHTHbie ynacTKn Taacejibix n,enen. 

TAF. Cyô'beAHHHijbi TpaHCKpnnunoHHoro (})aKTopa TF„D, noMora- 
lomne TBP CBa3aTbca c J\ HK. Taioxe ohh co3AaioT tohkh B3anMO- 
AencTBna c ApyrnMH KOMnoHeHTaMH annapaTa TpaHCKpnnunH. 
TF n D. Oaicrop TpaHCKpnnuHH, KOTopbin CBa3bmaeT nocjieAOBa- 
TejibHOCTb TATA, KOTopaa npeAinecTByeT tohkc Hanajia TpaHc- 
KpnniiHH b npoMOTopax AJia PHK-nojiHMepa3bi II. TF n D coctoht 
H3 TBP h cy6T>eAHHHu TAF, KOTopbie CBa3biBaiOT TBP. 

TATA- 6 okc. KoHcepBaTHBHbin A-T-6oraTbin oicraMep, oÔHapyacn- 
BaeMbin npnMepHO b 25 nH nepeA tohkoh Hanajia TpaHCKpnnunn 
syKapnoTHHecKOH PHK-nojiHMepa3on II. noejieAOBaTejibHOCTb 
BOBJíeneHa b no3Hu,HOHHpoBaHHe (JjepMeHTa Ha npoMOTope 
KOppeKTHOH HHHU,HaUHH CHHTC3a PHK. 

TATA-CBii3biBaioiAMÍí 6e/ioK (TBP). Cyô'beAHHnu.a TpaHCKpnnun- 
OHHoro (Jjaicropa TF n D, CBa3biBaioiAaa J\ HK 

Tn. 06o3HaneHHe ôaKTepnajibHbix TpaHcn030H0B, Hecynj,Hx Map- 
Kepbi, He oTHoeaiAHeca k hx (jjyHKíjHH (HanpnMep, reHbi ycTOHHH- 
bocth k aHTHÔHOTHKaM); pa3HOBHAHOCTH o6o3HanaioT HOMepaMH 
(HanpnMep, TnlO). 

7y-TpaHcno30H. nepBbin MOÔnjibHbin sjicmcht, oÔHapyaceHHbin b 
ApoaoKax (Ha3BaH ot transposon yeast). 

T-xe/inep. T-jihm(})ouht, KOTopbin aKTHBnpyeT MaKpoc})aroB, cth- 
MyjinpyeT npojincjjepaiiHK) B-jihm(})ouhtob h npoAyKunio aHTH- 
tcji. T-xejinepbi oômhho SKcnpeccnpyioT noBepxHOCTHbin CD4, 
ho He CD8. 

U3. noBTopaiomaaca noejieAOBaTejibHOCTb Ha 3'-KOHue peTpoBn- 
pycHon PHK. 

U5. noBTopaioiAaaca noejieAOBaTejibHOCTb Ha 5'-KOHije peTpoBH- 
pycHon PHK. 

V-reH. noejieAOBaTejibHOCTb, KOAnpyiomaH 3HaHHTejibHyio nacTb 
BapnaôejibHon (N-kohucboh) oôjiacTH HMMyHorjioôyjiHHa. 
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AóopTMBHafl MHMUMauMn. npoijecc, b xo^e KOToporo PHK-no- 
jiHMepa3a HäHHHäeT TpäHCKpHnij.Hio, npepbrcaiomyioai nocjie 
CHHTe3ä HecKOJibKHx nepBbix HyKneoraflOB, nocjie nero eme He 
noKHHyBmaa npoMOTop PHK-no;iHMepa3a HannHaeT Bce 3aHOBO. 
MoXCeT npOHTH HeCKOJlbKO TaKHX U.HKJIOB nepeA TeM, KaK CHHTC3 
PHK nepen^eT b craAHio 3JiOHraijHH. 

ABupy/ieHTHbie MyTambi. BaicrepHH hjih BHpycbi, yTpaTHBiiiHe 
CnOCOÔHOCTb K npOAyKTHBHOH HH(])eKlI 1 HH. 

ABTOHOMHbIM KOHTpO/lMpyiOUlMM 3/ieMeHT KyKypy3bl. AKTHBHblH 
TpaHcno30H, o6jiaAaK)nj,HH cnocoÔHOCTbio k TpaHcno3Hij 1 HH (cm. 
HeaBTOHOMHblH KOHTpOJIHpyiOmHH SJieMCHT). 

ABTOcn/iaiícMHr. CnocoÔHOCTb HHTpoHa k caMOBbipe3aHHio H3 
PHK nyTeM KaTajíHTHnecKOH peaKijHH, 3aBHcameH TOJibKo ot noc- 
jieAOBaTejibHOCTH AaHHoro HHTpoHa. 

ArponMHOBbie n/ia 3 MMflbi. njia3MHAbi, Hecymne reHbi CHHTe3a 
onHHOB arponHHOBOH rpynnbi. 

AflarmiBHbm MMMyHiiTCT. AjibTepHaTHBHoe Ha3BaHHe npnoôpe- 
TeHHoro HMMyHHTeTa. 

AAeHM^aTUMicna3a. OepMeHT, ncnojib3yiomHH ATQ b KanecTBe 
cyôcTpaTa jym CHHTe3a ljhkjioAMO (b kotopom 5'- h 3'-no3HijHH 
caxapa coeAHHeHbi (})0C({)aTH0H rpynnon). 

A-aomch. KoHcepBaTHBHaa nocjieAOBaTejibHOCTb H3 11 nap A-T b 
cocTaBe Apo)K>KeBoro ARS-3JieMeHTa (opn/pKHHa penjíHKau.HH). 
AKpuAMHbi. MyrareHbi, AencTBHe KOTopbix Ha RUK Bbi3biBaeT BcraB- 
KH HJIH fleJIOJHH OTAeJIbHblX HyKJieOTH^OB. AKTHBHO HCn0JIb30Ba- 
jiHCb npn BbmcHeHHH TpHnjieTHOH crpyKrypbi reHeTHnecKoro xo^a. 
AKCMa/ibHbiíí 3/ieM6HT. EejiKOBaa CTpyKTypa, BOKpyr KOTopon xpo- 
MOCOMbl KOH/jeHCHpyiOTCH npH 0Ôpa30BaHHH CHHanCHCa. 
AKTMBaTop CRP. Ee/iOK, no3HTHBHbin peryjiaTop TpaHCKpHnu.HH, 
aKTHBHpyeMblH LJHKJIOAMQ. HeOÔXOAHM RJín HHHĽJHaiI,HH TpaHC- 
KpnnuHH bo MHornx onepoHax E. coll 

AKTMBaTop. EejiOK, ycHJiHBaioiii,HH SKcnpeccHK) reHa nyreM cba- 
3biBaHHa npoMOTopa h npHBJíeneHHa k HeMy PHK-nojiHMepa3bi. Y 
ayKapnoT ynacroK CBa3biBaHna aKTHBaTopa b cocTaBe npoMOTopa 
Ha3bmaioT peryjiaTopHbiM ojicmchtom. 

AKuenTopHbiií kohca tPHK. Kopotkhh AynjieKC b cocTaBe tPHK, 
3aKaHHHBaioiii,HHca nocjieAOBaTejibHOCTbio CCA, k kotopoh npn- 
KpenjiaeTca aMHHOKHCJiOTa. 

Ailiie/lb. OAHa H3 AByX (HJIH HeCKOJlbKHX) aabTepHaTHBHbix (j)opM 

reHa. 

A/uie/ibHoe MCK/iioMeHiie. 3Kcnpeccna b jiHM(j)ou 1 HTe TOJibKo oa- 
Horo ajuiejia, KOAnpyiomero HMMyHorjioôyjiHH. OnpeAejiaeTca Ha- 
jiHHHeM MexaHH3Ma ÔJioKnpoBaHHa aKTHBau,HH ajuiejia Ha Apyron 
xpoMOCOMe npn 3anycKe OAHoro H3 ajuiejien. 

AjuiocTepHMecKaa peryjw4Hfi. CnocoÔHOCTb (j)epMeHTa MeroiTb 
KOH(J)OpMaUHK) (H, KaK CJieACTBHe, aKTHBHOCTb) npn CBa3bIBaHHH 
HeôojibinoH MOJieKyjibi b cnajnajibHOM canTe, otjihhhom ot cyô- 
CTpaT-CBa3biBaioiAero carrra h aKTHBHoro ijempa (jjepMeHTa. 
AjibTepHaTMBHbiií cruiaňcMHr. Oôpa30BaHHe HecKOJibKnx pa3Hbix 
PHK-npoAyKTOB H3 OAHoro npeAinecTBeHHHKa 3a cneT ncnojib30- 
BaHHa npn cnjiancnHre pa3Hbix 3K30h-hhtpohhmx cthkob. 
AMaHMTMH (a-aMaHMTMH). EnuHKJiHHHbiH oicranenTHA H3 HAOBH- 
Toro rpnôa Amanita phalloides , HHrnônpyiomHH paôoTy hckoto- 
pbix syKapnoTHHecKHX PHK-no;iHMepa3, b ocoôchhocth PHK-no- 
anMepa3bi II. 

AM6ep-KOAOH. TpnnjieT UAG, oahh H3 Tpex koaohob, oôycjiaBjín- 
BaioiAHx TepMHHauHio ôejiKOBoro CHHTe3a. 


AMMHoaunji-TPHK-CMHTeTa3bi. OepMeHTbi, ocyiAecTBjíaioiAHe ko- 
BaaeHTHoe npncoeAHHeHHe aMHHOKHCJiOT k ľ- hjih 3'-OH-koh- 
qaM tPHK. 

AMMHoaAM/i-TPHK. tPHK, Hecymaa aMHHOKHCJiOTy. COOH-rpynna 
aMHHOKHCJiOTbi coeAHHaeTca c 2'- hjih 3'-OH-rpynnoH KOHu,eBoro 
HyKJieoTHAa tPHK. 

Ahtm-Siti. AyTOHMMyHHaa CbmopoTKa, oôycjiOBJíHBaioiij.aa Sm-snn- 
Ton, oôiahh c rpynnoH ôejiKOB, oÔHapyxceHHbix b Sm-PHn, BOBjíe- 
neHHbix b cnjiancHHr PHK. 

AHTMreH TpaHcn/iaHTauMM. Bejiox, KOAnpyeMbiH jioicycoM rjiaBHO- 
ro KOMnjieKca rHCTOCOBMecTHMOCTH, npncyTCTByiomHH bo Bcex 
KJieTKaX MJieKOnHTaiOmHX H ynaCTByiOmHH BO B3aHMOACHCTBHH 
MOKAy JIHM(j)OLJHTaMH. 

AHTMreH. Mojieicyjia, cnocoÔHaa cneuHíjjHHHO CBa3bmaTbca c aH- 
TnreHOBbiM peuenTopoM (TaKHM, kuk aHTHTejio). 

AHTMMHcy/íHTop. nocjieAOBaTejibHOCTb, no3BOJiaioiAaH SHxaHcepy 
npeoAOJieTb 3(j)(J)eKT HHcyjiaTopa. 

Ahtmkoaoh. TpnnjieT, 3aHHMaioiii,HH onpeAejieHHoe h nocroaH- 
Hoe nojioxceHHe b cTpyicrype MOJieKyjibi tPHK; KOMnjieMeHTapHO 
B3aHMOACHCTByeT C KOAOHOM (HJIH KOAOHaMH) mPHK. 
AHTMKOAOHOBan neT/iii. CTpyKTypa Tnna «CTe6ejib-neTJia» b cocTa¬ 
Be TpaHcnopTHOH PHK, Hecyni,aa aHTHKOAOH. 

AHTMnapa/uie/ibHbie uenM abomhom cnnpajin. U,enn RUK, opra- 
HH30BaHHbie B npOTHBOnOJIOXCHOH OpneHTaUHH, TaK HTO 5'-KOHeu 
oahoh uenn B3aHMOACHCTByeT c 3'-kohuom Apyron uenn. 
AHTMCMbic/iOBan 4enb flHK. Uenb/JHK, KOMnjieMeHTapHaa cmhcjio- 
boh uenn, BbicrynaioiAaa b KanecTBe MaTpnqbi pjm CHHTe3a mPHK 
AHTMCMblC/IOBOM reH. ľeH, KOAHpyiOIAHH aHTHCMblCJIOByiO PHK, KO- 
Topaa KOMiuieMeHTapHa MPHK-MnnieHH h ÔJiOKnpyeT ee (JjyHKu.Hio. 
AHTMTe/IO. EeJIOK, npOAyUHpyeMblH B-JIHM(j)OUHTaMH H CBH3bIBaiO- 
m,HH KOHKpeTHblH aHTHľeH. AHTHTeJia CHHTe3HpyiOTCa B MeMÔpaH- 
CBH3aHHOH h ceKpeTHpyeMOH (JjopMax. AHTHTeJia npoAyu,HpyiOTca b 
xoAe HMMyHHoro OTBeTa pjw HeHTpajiH3au,HH h yAajieHHa naToreHOB. 
AHTMTepMMHaTopHbie 6e/iKH. EejiKH, no3BOJiaioiAHe PHK-nojiHMe- 
pa3e HmopHpoBaTb HeKOTopbie TepMHHaTopbi. 

AHTMTepMMHaUMH. MexaHH3M KOHTpOJia TpaHCKpHnu.HH, npn KOTO- 
poM TepMHHaijHa npeAOTBpaii;aeTca Ha cneuHajibHOM caňTe, no3BO- 
jrna PHK-nojiHMepa3e CHHTaTb reHbi, pacnojioxceHHbie 3a hhm. 
A-caiÍT. CaňT nocaAKH aMHHoaunji-TPHK Ha pnôocoMy h B3aHMO- 
AeHCTBHa C KOAOHOM mPHK. 

Ack. OpraH rpnôa, coAepxcaiAHH neTbipe hjih BoceMb ranjioHAHbix 
cnop, npeACTaBjíaioiAHx coôoh npoAyKT OAHoro Meno3a. 
Accmmm^humh oamhomhom 4 enM. CnocoÔHOCTb ôejiKa RecA 3a- 
MemaTb OAHOuenoHeHHOH RUK roMOJiorHHHyio ijenb b AynjieKce, 
npHBOAa k BxoxcAeHHio OAHOHenoneHHH RUK b cocTaB AynjieKca. 
AneHyaTop. TepMHHaTop, ynacTByioiAHH b arreHyaijHH. 
ATTeHya 4 Mn. Cnocoô peryjiauHH ôaicrepHajibHbix onepoHOB nyreM 
KOHTpojia TepMHHau,HH TpaHCKpnnuHH no caŕrraM, pacnojioxceH- 
hhm nepeA nepBbiM CTpyKTypHbiM reHOM. 

AyToreHHbiíí KOHTpo/ib. HHrnônpyiomee (HeraTHBHbin ayroreHHbiH 
KOHTpojib) hjih aKTHBnpyioiij.ee (no3HTHBHbiH ayroreHHbiH KOHT- 
pojib) AencTBHe npoAyicra reHa Ha ero coôcTBeHHyio SKcnpeccnio. 
AyTOMMMyHHoe 3a6o/ieBaHMe. naTOJiornnecKoe cocroaHHe, npn 
KOTOpOM HMMyHHblH OTBeT HanpaBJíeH Ha COÔCTBeHHblH aHTHreH. 
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AuempMMecKMM (JjparMeHT xpoMocoMbi. Bo3hhxhihh b pe3yjibTa- 
Te AByu,enoHeHHoro pa3pbrea (j)parMeHT xpoMocoMbi, TepaeMbiH b 
XOA e RGJie HHfl H3-3a OTCyTCTBHa UeHTpOMepbl. 

Ea 30 BblM (JjaKTOp. TpaHCXpHnLJHOHHblH (})aKTOp, HeOÔXOAHMblH 
PHK-no/iHMepa3e II jym (J)opMHpoBaHHa KOMnjieKca HHHU.Haii.HH 
Ha jiioôbix npoMOTopax. OaxTopbi oôo 3 HaHax)T xa k TF n X, rAe 
X — ôyxBä. 

Ee3HyK/ieoMAHan 6aKTepMn. EaxTepna, noTepaBinaa HymieoHA, ho 
coxpaHHBiuaa cxoacyx) c ahxhm ranoM (j)opMy. 

Be/i km MHC miacca I. OAHa H 3 npeoôJiaAaiomHx pa 3 HOBHAHoareH 
MOJieKyji MHC B ôojibiiiHHCTBe aiynaeB ôeaxn MHC miacca I ocy- 
mecTB/iaioT npe3eHTaD,Hio nenTHAOB uhtotokchhcckhm CD 8 + T-jihm- 
(j^UHTaM. nenTHAbi, CBH 3 biBapMbie ôejixaMH MHC miacca I, B03HHxa- 
IOT OT npOTeOJIHTHHCCKOH ACrpaA^lJHH aHTHreHOB B H,HT030Jie. 

Be/i km MHC miacca II. Oah 3 H 3 npeoôjiaAammnx pa 3 HOBHAHOC- 
Ten MOJieKyji MHC. B ôojibiiiHHCTBe cjiynaeB ôejixn MHC miacca II 
ocym,ecTBjiflioT npe 3 eHTaijHio nenTHAOB xe;mepHbiM CD4 + T-jihm- 
(J)oiiHTaM. nenTHAbi, CBa 3 brcaeMbie ôejixaMH MHC miacca II, bo 3 hh- 
xaioT ot npoTeojíHTHHecKOH AerpaAauHH aHTHreHOB b 3HAOCOMax 
H JIH30C0MaX. 

Be/i km noAAepwaHMB CTpyKTypbi xpomocom (SMC). ľpynna ôeji- 
kob, Bxjnonaiomaa Kore3HHbi (yAepxcHBaiomHe cecrpHHCKHe xpo- 
MaTHAbl BMeCTe) H KOHACHCHHbl (ynaCTByiOIAHe B KOHACHCaU,HH 
XPOMOCOM). 

Be/iKOBbiií cn/iaMCMHr. AyTOxaTajíHTHnecxHH npoijecc yAaaeHHa 
HHTeHHa H CMblXaHHfl 3XCTCHHOB CTaHAapTHOH nenTHAHOH CB5I3bIO. 
Ee/ioK bHLH. Bejiox, hmooiahh ochobhmh /J,HK-CBH 3 biBaioiAHH 
pernoH, B3aHMOACHCTByioiij 1 HH co CTpyKTypoH THna «cnHpa^b-neT- 
;w-cnHpaab» (helix-loop-helix). 

Ee/ioK, CBB3biBaK)iAMM OAHOiienoMeMHyio AH K. Ee;iox, CBa 3 brcax)- 
iahh OAHOuenoHeHHyio R HK, npeAOTBpamaa TeM caMbiM oôpa30- 
BaHHe AByu,enoHeHHOH cTpyxTypbi. 

EMBa/ieHT. CTpyxTypa, oô'beAHHammaa Bce neTbipe xpoMaTHAbi 
(no ABe jyw. xa>KAoro H3 roMOJioroB), (jtopMHpyiomaaai b Hanaae 
Meno3a. 

E^OKMpoBaHHan paMKa cmiTbiBaHMn. PaMxa CHHTbreaHHa, npc- 
pBaHHaa CTon-xoAOHOM h HecnocoÔHaa TpaHCJinpoBaTbca b noji- 
Hopa3MepHbin ôejiox. 

E/imuKa. B jiaôopaTopHon npaxraxe Tax Ha 3 biBax)T oôjiacrb npo- 
CBeTJieHHB ôaxTepna^bHoro ra30Ha (ciuiouihoh xyjibTypbi b cjioe 
re/ia); cjieA xcn3HeAcaTejibHOCTH oahoh (})aroBOH nacTHLjbi, npo- 
meAineH mhoxccctbo LjnxaoB jíHTHnecxoro pocra. 

Eo/ie 3 Hb HbH CBjmHa c npncyTCTBHeM b xpoBH ôojibinoro xojih- 
necTBa HeHopMaabHoro TeTpaMepa |3 4 (oTHOCHTejibHO Heôojibino- 
ro xojiHnecTBa HopMaabHoro reMonioÔHHa a 2 (3 2 ). 

Eo/ibiuan 6opo3AKa AH K HMeeT mnpHHy 22 Á. 

Eo/ibiuafl cy6-beAMHMua pMÓocoMbi (50S y ôaxTepnn, 60S y syxa- 
Phot) HMeeT axTHBHbin u,eHTp nenTHAHJi-TpaHC(j)epa3bi, xoTopbin 
CHHTe3npyeT nenTHAHyio CBa3b. 

Ebldpo OCTaHaB/lMBaiOlAMMCB MyTaHT. Pa3HOBHAHOCTb MyTaHTOB 
E. coli , nyBCTBHTejibHbix x TeMnepaType. npn noBbimeHHH TeMne- 
paTypbi ao 42 °C y Taxnx MyraHTOB {dna) HeMeA/ieHHO ocraHaBjíH- 
BaeTca penjinxaijHa R HK. 

BapMa6e/ibHaB oó/iacTb (V-oó/iacTb). CanT CBa 3 breaHHa aHTHreHa b 
MO/ iexy/ie HMMyHor/ioôynHHa hjih T-xjieroHHoro pojerrropa. V- 06 - 


jiacTH oôpa30BaHbi BapnaôejibHbiMH AOMeHaMH nojinnenTHAHbix n,e- 
nen. KoAHpyioTca V-cenvieHTaMH cooTBeTCTByioiii.Hx reHOB, mnpoxo 
BapbnpyiOT y pa3Hbix pen,enTopoB (BoíeACTBHe ôojibinoro MHorooô- 
pa3Ha reHOB, a Tax>xe H3MeHeHHH, bhochmhx npn CHHTe3e). 
BereTaTMBHan <|)a3a. nepnoA HopMa^bHoro pocTa h Ae/ieHHH 6 ax- 
Tepnn. Jljín ôaxTepnn, cnocoÔHon x cnopy^aunn, BereTaTHBHaa 
(j)a3a npoTHBonojioxcHa (j)a3 e cnopyjiauHH, bo BpeMa xoTopon 06 - 
pa3yioTca cnopbi. 

BeAyuian uenb AH K. OAHa H3 AonepHHx uenen, CHHTe3npyeMaa 
HenpepbiBHO b HanpaBjíeHHH 5 ' -*• 3'. 

Be/iMMMHa C. 06u;ee xojiHnecTBO RUK b reHOMe (b pacneTe Ha 
O AH H raiUIOHAHblH Haôop xpOMOCOM). 

Bmpmoh. OôocoôJieHHaa BHpycHaa nacTHua (6e30TH0CHTe^bH0 ee 
cnocoÔHOCTH 3apa>xaTb xneTxn h pa3MHOxcaTbca). 

B m po ma* Heôojibinaa HH(J)exu 1 HOHHaa Hyx^eHHOBaa xnoioTa, xo- 
Topaa He HMeeT ôe^xoBOH oôojiohxh. 

BMpy/ieHTHbie Myiambi 6aKTepMO(J)aroB He cnocoÔHbi x nepexoAy 
b jiH3oreHHoe cocToaHHe. 

Bnpyc c Aect)eKTOM pen/iMKaAMM He MOXceT coBepníHTb HH^exi^H- 
OHHbiH uh mi, nocxojibxy yrpaTHji nacTb HeoôxoAHMbix reHOB. 
BMpycHoe HaAceMeMCTBO TpaHcno30HOB BXjimnaeT b ceôa MOÔH^b- 
Hbie ajieMeHTbi, poACTBeHHbie peTpoBnpycaM. Poactbo onpeAe^a- 
eTca HajiHHHeM nocjieAOBaTejibHOCTen, xoAHpymiAHx oôpaTHyio 
TpaHcxpnnTa3y hjih HHTerpa3y. 

BMpycoMA. Heôojibinaa HH(J)exn 1 HOHHaa Hyx^eHHOBaa xnc^OTa, 
xoTopaa ynaxoBaHa b xancHA BHpyca pacTeHHH BMecTe c coôc- 
TBeHHbiM reHOMOM BHpyca. 

BMpyc-noMoiAHMK. Bnpyc, xoTopbin, npn CMemaHHOH hh^cxi^hh, 
oôecneHHBaeT Ae(j)exTHOMy Bnpycy OTcyTCTByioiii.He (J)yHxn,HH, no- 
Moraa eMy coBepníHTb jihthhccxhh ljhx^. 

BHexpoMocoMHbiíí reHOM b 6aKTepMM. OôocoôJieHHaa MO^exy- 
jia ÄHK, BeAyiAaa aBTOHOMHoe cym,ecTBOBaHHe BHyrpn ôaxTe- 
pna^bHOH x^eTXH. CoAepxcnT Haôop reHOB, HeoôxoAHMbiH hjw 
noAAep^äHHa coôctbchhoh penjinxauHH; HepeAKO HeceT reHbi, 
HeoôxoAHMbie pjm ycneniHoro pocTa ôaxTepnn b onpeAe^eHHbix 
ycjiOBHax cpeAbi. 

BHeiiAepHbie reHbi HaxoAATca 3a npeAe^aMH aApa, b opraHe^jiax, 
Taxnx xax mhtoxohaphh h xAoponjiacTH. 

Bo6/iMHr-rMnoie3a (rMnoie3a «KaMe/ieM»). Oô^acHneT cnocoô- 
HOCTb tPHK y3HaBaTb ôoabnie OAHoro xoAOHa ÔJiaroAapa HecTaH- 
AapTHOMy B3aHMOAeHCTBHK) (He G-C H He A-T) C TpeTbHM OCHOBa- 
HHeM XOAOHa. 

Bo3BpaT (JjepMeHTa. BoccTaHOBJíeHHe (J)epMeHTOM CBoen hcxoa- 
hoh (J)opMbi pjín ynacTHa b hobom axTe xaTaaH3a. 

BpeMB yABoeHMB. nepnoA (oôhhho H3MepaeMbiH MHHyraMH), He- 
oôxoahmhh A^ia BocnpoH3BOACTBa ôaxTepnaabHOH xaeTxn. 
Bpo>KAeHHbiM MMMyHMTeT. BbiCTpbiH HMMyHHbiH OTBeT, onocpe- 
AOBaHHbiH xaeTxaMH c HeBapnaôejibHbiMH peuenTopaMH (xoah- 
pyeMbiMH b xaeTxax 3apoAbimeBoro nyTH), xoTopbie pacno3Hax)T 
naToreH. flencTBHe xaeTox Bpo}KAeHHoro HMMyHHoro OTBeTa Ha- 
npaBjíeHO Ha yHHHToaceHHe naToreHa h HHHu.Haii.HK) aAanTHBHoro 
HMMyHHoro OTBeTa. 

BcTaBOMHaii noc/ieAOBaie/ibHOCTb (IS). HeôojibinoH ôaxTepnaab- 
HbiH TpaHcno30H, HecyiAHH TOJibxo reHbi, xoTopbie HeoôxoAHMbi 
eMy A^ia TpaHcno3Hu,HH. 

BľopMMHan peBepcMB. Caynan cynpeccHH 3(j)(j)exTa nepBOH Myra- 

U.HH BTOpOH MyTauneH. 
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BTOpMMHblM liMMyHHblíí OTBeT. OTBeT HMMyHHOH CHCTCMbl Opľä- 
HH3M2 npH BTOpOH BCTpene C äHTHľeHOM. no CpäBHeHHK) c nep- 
BHHHblM OTBeTOM XapaXTepH3yeTCfl 6o/iee ÔblCTpOH HHAyKU.HeH, 
ÔOJIbUIHM pa3MäXOM H ÔOJiee BblCOKOH a(})(})HHHOCTbK) aHTHTeJl. 
BTopuMHbiií caŇT npMKperuieHMfl. JloKyc ôaxTepna^bHon xpoMOCO- 
Mbi, xyzja 6e3ycneniHO nbrraeTca BcrpoHTb ceôa (j)ar jmMÔAa (Ae/io b 
TOM, HTO JlOKyC COAep>KHT CaHT, HanOMHHaiOIl^HH CaHT att). 

Bbi6op Koniiii. Tnn peKOMÔHHaijHH, xapaxTepHbin jym PHK-co- 
Aepxcamnx BnpycoB, npn KOTopoM PHK-nojiHMepa3a MeroieT MaT- 
pnijy bo BpeMa CHHTe3a. 

Bbipo>KAeHHOCTb no TpeTbeMy ocHOBaHmo. OeoôeHHOCTb reHero- 
necKoro xo^a: Tperan Hyx^eoTHA xoAOHa He Tax cymecTBeH jvw 
ero 3HaneHHa, xax nepBbie ABa. 

BbimenemaiMMe noc/ieAOBaTe/ibHocTM (no OTHomeHHio k jxm- 
HOMy caŕny) pacnojioxceHbi b HanpaBjíeHnn, npoTHBonojioxcHOM 
HanpaBjíeHHio axcnpeccnH. HanpnMep, ôaxTepna^bHbin npoMO- 
Top /iokht Bbime TpaHCxpnnij.HOHHOH eAHHHu.bi, HHHunnpyioiAHH 
koaoh jiexcHT Bbime (npeAinecTByeT) KOAHpyiomen oôjiacm 
Bbiiue/iemaiAMe nocneAOBaie/ibHOCTM-aKTMBaTopbi (UAS).flpo>x- 
>KeBon 3KBHBajieHT OHxaHcepa Bbicmnx ayxapnoT; CBa3bmaeTca 
ôejixaMH GAL4 (aKTHBaTopaMH TpaHCKpnnij.HH). 

rannoTMn. KoHKpeTHoe coneTaHne ajuienen b onpeAejieHHon oôjiac- 
TH HeKOH XpOMOCOMbI — MOXCHO CKa3aTb, «reHOTHn B MHHHaTK)pe». 
nepBOHana^bHO TepMHH ncnojib30Ba^ca pjin. o6o3HaHeHna komôh- 
HauHH ajuienen MHC. B Hacroamee BpeMa oh ncnojib3yeTca ôojiee 
mnpoKO, HanpnMep pjw o6o3HaneHHa KOHKpeTHbix KOMÔHHaij.HH 
OAHOHyKneoTHAHbix 3aMeH (OH3), RFLP wm Apyrnx MapxepoB. 
rameH. Heôojibinaa MOJiexyjia, KOTopaa AencTByeT xax aHTHreH, 
ôynyHH KOH'bK)rnpoBaHHon c ôejixoM. 

ľeH. ynacTOK flHK, 3aAaK)mnn no/innenTHAHyio ijenb; noMHMO 
coôcTBeHHo KOAnpyioiAeH oôjiacTH, coAepxcHT AonojiHHTejibHbie 
nocneAOBaTejibHOCTH: jiHAep (npeAinecTByeT KOAHpyiomen oôjiac- 
th), Tpaŕuiep (3aMbiKaeT KOAnpyiomyio oôJiacTb), a Taioxe HHTpoHbi 
(b npoMexcyTKax mokay 3K30HaMH — pa3o6meHHbiMH cerMeHTaMH 
KOAHpyiomen nocjieAOBaTejibHOCTn). 

reHeTMMecKMií koa. CooTBeTCTBHe MexcAy TpnnjieTaMH HymieoTH- 
AOB B flHK (HJIH PHK) H aMHHOKHCJIOTaMH B ÔeJIKe. 

TeHOM. nojiHbin Haôop nocjieAOBaTejibHOCTen reHeranecKoro Ma- 
Tepna^a opraHH3Ma. KpoMe noejieAOBaTejibHOCTen Bcex xpoMO- 
com BKnioHaeT b ceôa nocjieAOBaTejibHOCTH fl HK opraHejui. 
TeH-pery/iBTop KOAnpyeT npoAyxT (xax npaBHjio, ôe;iox), koht- 
po/inpyiomHH 3KcnpeccHio Apyrnx reHOB (oômhho Ha ypoBHe Tp- 
TaHCKpnnij.HH). 

TeHbi «AOMaiiJHero xo3níícTBa». ľeHbi, (TeoperonecKH) sxcnpec- 
cnpyioiAHeca b KXKflpň xjieTxe, noTOMy hto ohh oôecneHHBaiOT 
xcH3HeHHO BaxcHbie (JiyHKíj.He, HeoôxoAHMbie KneTKe Jiioôoro Tnna. 
TeHbi C (reHbi «cm»). KoAnpyiOT KOHCTaHTHbie ynacTKH nojinnen- 
thahhx ijenen HMMyHorjioôyjiHHa. 

TeHbi pocKoujM. TeHbi, KOAnpyiomne cneunajiH3npoBaHHbie ôeji- 
kh, CHHTe3npyeMbie, xax npaBHjio, b ôojibinnx xojinHecTBax b koh- 
xpeTHbix KneTOHHbix THnax. 

TeHbi TennoBoro rnoKa. Haôop jiOKycoB, aKTHBnpyeMbix b otbct 
H a noBbimeHne TeMnepaTypbi (n Apyrnx CTpeccoBbix (JiaKTopoB). 
ľeHbi Ten^oBoro nioxa ecTb y Bcex opraHH3MOB. Oôhhho k hhm 
OTHOC flTca reHbi manepoHOB, paôoTaioiAnx c AenaTypnpoBaHHbi- 
mh ôe^xaMn. 


reieporeHHaB flAepHan PHK (mPHK) coctoht n3 TpaHCKpnnTOB 
aAepnbix reHOB, CAejiaHHbix PHK-nojinMepa3on II. Xapaicrepn3y- 
eTca mnpoKHM pa3ÔpocoM pa3MepoB n hh3koh cTaôn^bHOCTbio. 
reieporeHHbiií BAepHbiíí PHfl (mPHfl). PnôoHyKjieonpoTenH Ha 
ocHOBe reTeporeHHoň hacPhoh PHK (raPHK) b KOMnjieKce c 6e^- 
KaMH. npe-MPHK He SKcnopTnpyiOTca n3 HApa ao Tex nop, noxa He 
ôyAeT 3aBepmeH nx npoueccnHr; TaKHM oôpa30M, raPHn npneyTC- 
TByeT TOJIbKO B HApe. 

reTepoAyn/ieKCHaii flHK oôpa3yeTCH npn B3anMOAeňcTBnn KOMn- 
jieMeHTapHbix oahhohhmx ueneň, nponcxoA^mnx n3 pa3Hbix po- 
AHTejibCKnx AynjieKcoB, hto HMeeT MecTo bo BpeMa reHeTnnecKoň 
peKOMÔnHaunn. 

reiepoMy/ibTMMep. BejiOK, cocToamnň H3 HenAeHTHHHbix cyÔT- 
eAHHnu (KOAnpyeMbix pa3HbiMn reHaMn). 

ľeTepoxpoMaTMH. CTpyicrypa, eooTBeTCTByioiAaH bmcokokohach- 
cnpoBaHHOMy cocToaHnio onpeAejieHHbix oôjiacTeň reHOMa, ko- 
Topbie He TpaHCKpnônpyioTca n penjinunpyioTca b nocjieAHioio 
onepeAb. ľeTepoxpoMaTnH ôbiBaeT AByx TnnoB: KOHCTnTyrnBHbíň 
n (j)aKyjibTaTHBHbiň. 

rn6pnAH3aunB in situ. Mctoa nccjieAOBaHna MecTono^oxceHna 
HyioienHOBbix khc^ot b xcnBoň mieTKe njín opraHH3Me, ocHOBaH- 
Hbin Ha AOÔaBjíeHHH MeneHoň npoôbi (oAHOuenoHeHHoň flHK hjih 
PHK) k AeHaTypnpoBaHHOň flHK hjih PHK, HaxoA^meňca Ha CBoeM 
npnpoAHOM MecTe, b cocTaBe npenapaTa KneTOK hjih TKaHn. 
rn6pnAH3auMB. B3anMOAeňcTBne KOMnjieMeHTapHbix ueneň PHK 
n flHK c oôpa30BaHneM rnôpnAHoro AynjieKca PHK-flHK. 
rn6pnAHbiií AncreHe3. HeB03M0XCH0CTb CKpemnBaHna Me>KAy on- 
peAejieHHbiMn jinHnaMn D. melanogaster. rnôpnAbi nojiynaiOTca 
CTepnjibHbiMn (xoTa Moryr BbimaAeTb HopMajibHO). 
ľn6pMAOMa. ÍOieTOHHaa jihhhíi, oôpa30BaHHaa ot cjinaHna mieTKn 
MnejiOMbi c jinM(J)OLi 1 nTOM; cnocoÔHa k HenpepbiBHoň n ôecKOHen- 
HOň 3Kcnpeccnn HMMyHorjioôyjinHOB oôonx «poAHTejieň». 
rMnepMyTaAMB. BHeceHne coMaTHHecKnx MyTaunň b nepecTpoeH- 
Hbíň reH HMMyHorjioôyjiHHa. 3th MyTaunn Moryr H3MeHflTb aMn- 
HOKncjiOTHyio nocjieAOBaTe^bHOCTb eooTBeTCTByioiAero amme/ia, 
ocoôeHHO b caňTe CBa3bmaHna aHTnreHa. 

T MnepMyBCTBMTe/ibHbiíí caŇT. KopoTKnň ynacTOK xpoMaTHHa c 
BbicoHaňmeň MyBCTBnTejibHOCTbio k AeňcTBHio flHKa3bi I n Apyrnx 
Hyicnea3; eooTBeTCTByeT oôjiacTH, rAe (b AäHHbíň momcht) OTcyTc- 
TByiOT HyícneocoMbi. 

T nnoTe3a eAMHCTBeHHoň X-xpoMocoMbi. ľnnoTe3a, onncbiBaioiAan 
nHaicraBaunio X-xpoMoeoMbi y caMOK M^eKonnTaioiAnx. 

Tmctoh ueHTpa^bHoň qacTMAbi. OAHa n3 neTbipex pa3HOBHAHOC- 
Teň ôejiKOB-rncTOHOB (H2A, H2B, H3 n H4), bxoa^iahx b cocTaB 
ueHTpa^bHoň HacTHijbi HyKneocoMbi. (K rncTOHaM cepAueBHHbi He 
OTHOCHTCfl rnCTOH Hl.) 

rMCTOH-aAeTMnTpaHC(|)epa3bi (HAT). OepMeHTbi, KOTopbie MOAncJin- 
qnpyioT rncTOHbi nyreM AOÔaBjíeHna au,e™ibHbix rpynn. TaKoň ax- 
TnBHOCTbio oôiiaAaioT HeKOTopbie xoaxTHBaTopbi TpaHcxpnnunn 
rncTOH-AeaueTM/ia3bi (HDAC). OepMeHTbi, KOTopbie yAa^aiOT y 
rncTOHOB auerojibHbie rpynnbi; Moryr ôbiTb accounnpoBaHbi c 
penpeccopaMH TpaHCKpnnunn. 

T MCTOHOBan c K/i a a xa. Mothb, npneyTCTByioiAnň b xaxmoM n3 ne- 
Tbipex rncTOHOB cepAUeBHHbi; coctoht H3 Tpex a-cnnpa^eň, co- 
eAHHeHHbix AByMa neTJiaMn. 

riicTOHbi. KoHcepBaTHBHbie flHK-CBa3biBaioiAne ôejixn, BxoA^mne 
b cocTaB Hyx^eocoMbi — ochobhoh cyô'beAHHnqbi xpoMaTHHa ay- 
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KapnoT. ľHCTOHbi H2A, H2B, H3 h H4 oôpa3yioT oicraMep — cepfl- 
u,eBHHy HyKneocoMbi, Ha KOTopyio HaMOTaHa JX HK. Ihctoh Hl pac- 
nojiaraerca CHapyacn ot u.eHTpajibHOH nacTHijbi HyKJieocoMbi. 
ľ/iaBHbl M KOMÍl/ieKC riiCTOCOBMeCTMMOCTIi (MHC). OÔJiaCTb xpo- 
MOCOMbi, coAepacamaa reHbi, 3aACHCTBOBaHHbie b hmmyhhom 
OTBeTe. 3th reHbi KOAnpyioT ôejiKH jym npe3eHTaijHH aHTHreHa, 
IJHTOKHHbl, ÔeJIKH KOMIUieMCHTa H pBA APyTHX (j)yHKLJHOHaJIbHbIX 
ôejiKOB. OôJiacTb MHC OTjiHnaeTca bmcokhm nojiHMop(j)H3MOM. 
ľeHbi h ôejiKH MHC noApa3AejiaioTca Ha Tpn miacca. 
ľo/ioBHan qacTb. Tax Ha3biBaeTca ^HK-CBaabiBaiomHH aomch pen- 
peccopa lac. 

ToMeoAOMeH. ^HK-CBa3bmaioii;HH mothb, npHcymHH (jjaicropaM 
TpaHCKpHnu.HH cooTBeTCTByioiijero Knacca. nocjieAOBaTejibHOCTb 
JX HK, KOflnpyiomafl stot mothb, H3BecTHa xax roMeoôoKc. 
ľoMo/iorMMHaB peKOMÓMHauMB. Peu,HnpoKHbiH oômch nocneAOBa- 
TejibHOCTHMH ^HK, HanpHMep MOKAy AByMa xpoMOCOMaMH, Hecy- 
m,HMH oahh h Te ace JIOKyCbl. 

rOMOMy/lbTMMep. BeJlOK, COCTaBJíeHHblH H3 HACHTHHHblX CyÔ'bCAH- 
HHLJ,. 

Topimaii TOMKa. ľeHOMHbiH caňT, b kotopom HacTOTa MyTau.HH 
(hjih peKOMÔHHau.HH) oneHb cnjibHO noBbinieHa xax MHHHMyM Ha 
nopaAOK no cpaBHeHHio c ÔJiH3JieacamHMH caHTaMH. 
ľpaAMeHT n/ioTHocTM ncnojib3yeTca jyvi pa3AejieHHa MaKpoMOJie- 
Kyjl Ha OCHOBaHHH pa3J!HHHH B HX njlOTHOCTH. npHTOTaBjíHBaeTca 
H3 TaaceJIblX paCTBOpHMblX COeAHHeHHH, TaKHX KaK CsCl. 
ľpynna KOMn/ieMem-aiiMM. Haôop MyraijHH, KOTopbie He a^iot 
KOMnjieMeHTau,HH b nonapHbix mpanc-coHCľ^umx. MapKHpyiOT 
reHeTHHecKyio eAHHHiiy (ijhctpoh). 

ľpynna cobmccthmoctm nna3MMA. CoBOKynHOCTb pa3Hbix iuia3- 
mha, KOTopbie He Moryr Becrn coBMecTHoe cymecTBOBaHHe b oa- 
hoh ôaKTepnaabHOH mierce. 

ľyMopa/ibHbiíí OTBeT. HMMyHHbin OTBeT, onocpeAOBaHHbin rjiaBHbiM 
oôpa30M aHTHTejiaMH. HMMyHHTeT Tanoro poAa MoaceT ôbiTb nepeAaH 
or oahoto opraHH3Ma ApyroMy hh^kumch CbrcoponcH c aHTHTejiaMH. 

AByrMÓpMAHblŕí aHa/1M3. MeTOA, n03B0Jiai0IAHH BbiaBHTb B3aHMO- 
AencTBHe AByx ôejiKOB 3 a cneT onpeAejieHHa hx cnocoÔHOCTH cob- 
MemaTb b npocTpaHCTBe /],HK-CBa3biBaioiAHH aomch h amiBHpy- 
ioiahh (TpaHCKpnnqHio) aomch. AHajiH3 BbinojiHaioT Ha Apoaoxax, 
Hcno;ib3ya penopTepHbin reH, OTBenaiomHH Ha B3aHMOACHCTBHe 
AByx yKa3aHHbix aomchob. 

flByHanpaB/ieHHafl pen/iMKauMB. PeiuíHKauna, npn KOTopon c 
opHAXCHHa b npoTHBonojioxcHbix HanpaBJíeHHax crapTyioT Aee 
penjlHKaTHBHblX BHJIKH. 

flByxuenoMeMHbiií pa3pbiB b/IHK B03HHKaeT npn BHeceHHH pa3pe30B 
b oôe u,enH AynjieKca b oahom h tom ace caiŕre. reHemnecKaa peKOM- 
ÔHHau.Ha HHHD,HHpyeTca npn h3jihhhh AByxuenonenHbix pa3pbiBOB. 
B KJieTKe, He Hya^aiomenca b peKOMÔHHaljHH, ACHCTByiOT cncreMbi 
penapaijHH, HanpaBjíeHHbie Ha BoccraHOBJíeHHe Taxnx pa3pbiBOB. 
AeaueTMna3a. OepMeHT, KOTopbiH yzjajiaeT y ôejiKOB aijeTHjibHbie 
rpynnbi. 

AeauMjiMpoBaHHaB tPHK He HeceT Ha ceôe hh aMHHOKHCJiOTbi, hh 
nojiHnenTHAHOH ijenonKH; OHa BbinojiHHJia cboio mhcchio h toto- 
Ba noKHHyTb pnôocoMy. 

AerpaAocoMa npeAcraBjíaeT coôoh KOMnjieKC ôaicrepHajibHbix 
(jjepMeHTOB, oôJiaAaioiAHH aKTHBHOCTaMH PHKa3bi h xejiHKa3bi, 
KOTopbie Moryr ôbiTb 3aACHCTBOBaHbi b AerpaAaijHH mPHK. 


Ae30Kcnpn6oHyK/iea3a. OepMeHT, aTaxyioiAHH cba3h b RUK. Mo- 
xceT pa3pe3aTb OAHy i\tnb hjih oôe ijenn AynjieKca. 
Ae30KCnpn6oHyKJienHOBaB KMc/ioTa, AH K. HyxjieHHOBaa khcjio- 
Ta, MOJieicyjibi KOTopon npeACTaBjíaioT coôoh ajihhhhc nojiHMepbi 
(Ae30KCHpHÔo)HyKjieoTHAOB. B AByu,enoHeHHOH JX HK Aee ijenn 
HyKJieoTHAOB yAepxcHBaioTca BMecTe boaopoahhmh CBa3aMH mok- 
Ay KOMnjieMeHTapHbIMH a30THCTbIMH OCHOBaHHflMH. 

Ae/ieuMB. YAajieHne ynacTKa JX HK, conpoBO>KAaeMoe ctmkobkoh 
( jjjiaHKHpyiomHx nocjieAOBaTejibHOCTen ( 3 a HCKjHoneHHeM TepMH- 
HaJIbHblX ACJieUHH Ha KOHUaX XpOMOCOM). 

AeMeTM/ia3a. OepMeHT, KOTopbiH yAajiaeT MeTHJibHbie rpynnbi. 
CyôcTpaTa m h pa3JiHHHbix ACMerojia3 cjiyxcaT JX HK, PHK h ôejiKH. 
AeHaTypauMB 6e/iKa. nepexoA ôejixa H3 KOH(})opMauHH, xapax- 

TepHOH PJlft (j)H3HOJIOrHHeCKHX yCJIOBHH, B KaKyiO-JIHÔO Apyryío 
(HeaKTHBHyiO) KOH(jX)pMaiJHIO. 

AHBepreHAMB. Pa3JiHHHe, BbipaxceHHoe b npoijeHTax, MeyKjjy ABy- 
Ma noxoacHMH HyiuieoTHAHbiMH nocjieAOBaTejibHOCTaMH JX HK hjih 
MQKA y aMHHOKHCJIOTHblMH nOCJieAOBaTeJIbHOCTaMH AByx pOAC- 
TBeHHblX ÔeJIKOB. 

AMueHTpMMecKaa xpoMocoMa. npoAyKT cmrnnm AByx (JjparMeHTOB 
XpOMOCOMbI, KaJKAblH H3 KOTOpblX HMeeT H,eHTpOMepy. npoAyKT 
HecTaÔHJieH h MoaceT ôbiTb pa3JiOMaH, KoiAa Aee u,eHTpoMepbi npn- 
TarHBaiOTca k npoTHBonojioacHbiM nojnocaM bo BpeMa MHT03a. 
A/iMHHbie KOHAeBbie noBTopbi (AKľl). nocjieAOBaTejibHOCTb, npn- 
cyTCTByioiAaa b oahoh h toh ace opHeHTau.HH Ha oôohx xpaax npo- 
BHpyca (HHTerpnpoBaHHOH nocjieAOBaTejibHOCTH peTpoBHpyca). 
AH K, cocToniuan M3 noBTopoB. OAHa H3 (JjpaKUHH reHOMHOH AHK 
B peaKUHH peHaTypauHH reHOMHbix nocjieAOBaTejibHOCTen bcact 
ceôa Kax CKonjieHHe MHoacecTBa HAeHTHHHbix (hjih oneHb noxo- 
xchx) nocjieAOBaTejibHOCTeň, peHaTypnpyioiAHx MOKAy coôoh no 
npHHijHny cjiynaHHoro Bbiôopa ÔJinacaHinero coceAa. 
AHK-/iMra3a. OepMeHT, kotophh oôpa3yeT CBa3b Mea<Ay CMeacHbi- 
mh (3'-OH h 5'-P) KOHu,aMH OAHOuenoneHHoro pa3pe3a (HaApe3a, 
HHKa) b AynjieKce JX HK. 

AHK-no/iMMepa3a. OepMeHT, kotophh CHHTe3npyeT AonepHioK) 
L^enb JX HK (no HHCTpyicu.HH, ncxoAaiAen ot MaTpnnHOH uenn). 
KoHKpeTHbie pa3HOBHAHOCTH 3TOTO (j)epMeHTa ynacTByioT b pen- 
jiHKau,HH, penapauHH, hjih b tom h ApyroM. 

AHK-pennMKa3a. flHK-CHHTe3npyioiAHH (jjepMeHT, hcoôxoahmhh 
AJW coôcTBeHHO penjiHKau,HH. 

AHK-(J)MHrepnpMHTMHr (reHeTimecKiiíí «OTneMaTOK nanbua»). 

MeTOAHKH, KOTopbie n03B0Jiai0T BbiaBHTb pa3JIHHHa MOKAy ocoôa- 
mh b pacnpeAejieHHH ajihh (JjparMeHTOB — npoAyKTOB pacm,enjie- 
HHa 3HA0HyKJiea30H peCTpHKUHH HJIH npoAyKTOB nUP. MHineHbK) 
peaKUHH cjiyacaT MHoacecTBeHHbie KopoTKne noBTopbi b reHOMHOH 
JX HK. ToHHbie pa3Mepbi ynacTKOB, oôpa30BaHHbix t3khmh noBTO- 
paMH, aBjíaioTca HHAHBHAyajibHbiMH xapaicrepHCTHKaMH; HajiHHne 
HAeHTHHHblX naTTepHOB TOBOpHT O reHeTHHeCKOM pOACTBe TeCTH- 
pyeMbix ocoôeŕí (HanpHMep, OTua h cbma). 

AoMeH 6e/iKa. OôocoôjieHHaa HenpepbiBHaa nacrb aMHHOKHCJiOT- 
HOH nOCJieAOBaTeJIbHOCTH, KOTOpyiO MOaCHO OTO>KAeCTBHTb C KOH- 
KpeTHOH (jjyHKUHeíí. 

AoMeH xpoMocoMbi. TepMHH ynoTpeÔJiaeTca b AByx 3HaneHHax. 
Oh oôo3HanaeT jihôo oôocoôjieHHyio CTpyKTypHyio oôJiacTb xpo- 
MOCOMbi, TAe CBepxcnnpajiH3auHa JX HK nponcxoAHT He3aBHCHMO, 
jihôo oômnpHyio oôJiacTb xpoMocoMbi, coAepacaiAyio SKcnpeccn- 
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pyeMbiH reH, c noBbiuieHHon nyBCTBHTeabHOCTbio k flerpa/jaijHH 
(J)epMeHTOM flHKa30H I. 

AoMMHaHTHO-HeraTMBHan MyTai^iin. Tax roBopaT, Kor^a npoflyKT 
MyTäHTHoro reHa npenaTCTByeT paôoTe npoAyicra reHa AHKoro 
Tnna, hto npHBOflHT k noTepe nan peAyKu,HH HopMaabHon (j)yHK- 
U.HH reHa b reTepo3HroTHbix KaeTKax. CaMbin pacnpocTpaHeHHbin 
MexaHH3M paôoTaeT/yia reHOB, KOAnpyiomHx roMOMyjibTHMepHbie 
ôe/iKH, KOTopbie HenojiHOueHHbi, ecjín xoTa 6bi OAHa H3 cyô'btRU- 
hhu, aBaaeTca npoAyKTOM MyTäHTHoro reHa. 

Aono/iHme^bHan mnu/ibKa tPHK HaxoAHTca MQKAy aHTHKOAOHO- 
boh umHjibKOH h uinnabKon Ti|jC. 3t2 mnnabKa tPHK aBjíaeTca 
eaMOH H3MCHHHBOH nO AAHHe, OT 3 JXO 21 OCHOBaHHH. HeKOTopbie 
tPHK BOo6nj,e He hmoot stoh uinnabKH; hx othocat k Kaaccy 1. 
OcTa^bHbie tPHK othocat k Kaaccy 2. 

AoMepHnn ijenb, AoaepHMií flyn/ienc A H K. TepMHHbi oraocaTca k 
HOBOCHHTe3HpOBaHHOH R HK 

AÍI-tmmoiimt, ABa>KAbi íio3MTMBHbiíí thmoijmt. He3peaaa T-KaeTKa, 
SKcnpeccnpyiomaa noBepxHOCTHbie CD4 h CD8. CeaeKijHa RH- 
THMOU.HTOB B THMyCe npHBOAHT K ÍIOaBJíeHHIO 3peabIX T-IOieTOK, 
SKcnpeccHpyioiAHx anôo CD4, jihôo CD8. 

EAMHMMHaii K/ieTKa. CTaTyc ôaKTepnaabHon KaeTKH (E. coli) cpa3y 
nocjie AeaeHna. OHa HMeeT jjjiwHy 1,7 mkm h oahh opha>khh pen- 

JlHKaU,HH. 

3aAep>KaHHo-paHHMe reHbi <J)ara /íBMÓAa eooTBeTCTByioT cpeA- 
hhm reHaM y Apyrnx (})aroB. 3 th reHbi He Moryr ôbiTb TpaHCKpn- 
ônpoBaHbi a o Toro, Kax ôyAeT CHHTe3npoBaH ôeaoK-peryaaTop, 
KOAnpyeMbiH oahhm H3 HenoepeACTBeHHO paHHHx reHOB. 

3aMeHa 4enn. Cnocoô peiuíHKau.HH HeKOTopbix BnpycoB, npn ko- 
TopoM pocT hoboh uenn flHK BbiTecHaeT npeAbmymyio (roMoao- 
rHHHyio) i\tnb H3 AynaeKca. 

3anporpaMMMpoBaHHbiií cabmt OTKpbuoií paMKii cmiTbiBaHim He- 

OÔXOAHM HeKOTOpbIM BHpycaM A^a SKCnpeCCHH OTAe;ibHbIX 6tJl- 
kob. CABHr +1 nan -1 npoHcxoAHT b cneijHaabHOM caňTe Bnpyc- 
Horo reHOMa c onpeAeaeHHon 3aAäHHOH nacTOTon. 

3aipaBKa (mjim npaňMep). KopoTKaa OAHOimnonenHaa flHK hjih 
PHK, B3aHMOAeHCTByioiAaa c KOMnaeMeHTapHOH oahhohhoh ije- 
nbio RUK /lHK-nojiHMepa3a Hcno;ib3yeT 3 '-kohoj 3aTpaBKH, hto- 
6bi HanaTb cboio paôoTy (chhtc3 RHK m MaTpnije uenn, KOMnae- 
MeHTapHOH 3aTpaBKe). 

3axBaT 3K30 hob. Cnocoô HAeHTH(J)HKaij 1 HH caŕíTOB cnaancHHra. 
npoH3Bo;ibHbiH (jjparMeHT reHOMHOH RUK BcraBjíaeTca b cneijH- 
aabHbiH BeKTop. Ecjih (jjparMeHT coAepacnT canT cnaancHHra, bck- 
Top HanHHaeT bccth ceôa npeACKa3aHHbiM oôpa30M (HanpnMep, 
AaeT uBeTHyio peaiojnio). 

3oo-6jiot. Hcno;ib30BaHHe cay3epH-ô;iOTTHHra jy ia npoBepKH 
cnoeoÔHOCTH npoôbi RUK H3 OAHoro bhas opraHH3MOB k rnôpn- 
AH3aU,HH C RHK H3 reHOMOB MHOXCeCTBa APyTHX BHAOB. 

IÍ36biT0MH0CTb. Caynan BbinoaHeHna oahoh (jjyHKLjHH cpa3y He- 
CKOJIbKHMH reHaMH, TaK HTO Ka)KAbIH H3 HHX B OTACJIbHOCTH He 
cyui,ecTBeH. 

IÍ30iiiM30Mepbi. 3HAOHyioiea3bi pecTpnKUHH, y3HaioiAHe OAHy h 
T y >Ke nocjieAOBaTejibHOCTb, HbH 3(j)(j)eKTbi no-pa3HOMy 3aBHcaT ot 
CT aTyea MeTHjinpoBaHHa stoh nocaeAOBaTejibHOCTH. 
HKOcaaApMMecKaB cMMMeTpmi xapaicrepHa jym BnpycoB, KancHAbi 
KOTopbix npeACTaBJíaioT coôoh MHororpaHHHKH. 


liMMyHMTeT y n/ia3MMA* CnoeoÔHOCTb iuia3MHAbi npeAOTBpamaTb 
BHeApeHne b KneTKy Apyron naa3MHAbi Toro xce Tnna (oôhhho 3a 
cneT BMemaTejibCTBa b xoa peiuíHKaij.HH hoboh iuia3MHAbi). 
liMMyHMTeT y TpaHCn 030 H 0 B. CnoeoÔHOCTb HeKOTOpblX TpaHCnO- 
30hob npeAOTBpamaTb BHeApeHne b cboio MOJieKy/iy RHK Apyrnx 
TpaHcno30HOB OAHoro c hhmh Tnna. 

liMMyHMTeT y (JiaroB. CnoeoÔHOCTb npo(j)ara npeAOTBpamaTb 
BHeApeHne b KneTKy Apyroro (j)ara Toro xce Tnna (npenaTCTBOBaTb 
HH(J)eKii 1 HH). ^BJiaeTca pe3y;ibTaTOM HapaôoTKH (jjaroBoro penpec- 
copa c reHOMa npo(j)ara. 

liMMyHHbiíí oTBei. PeaKLjHfl opraHH3Ma Ha aHTnreH, onocpeAOBaH- 
Haa KOMnoHeHTaMH HMMyHHOH cncTeMbi. 

MMMyHor^o6y/iMH. EejiOK, npoAyiinpyeMbiH B-KneTKaMH, KOTopbin 
CBa3biBaeT KOHKpeTHbin aHTnreH. 

MMnpMHTMHr. TepMHH 03HanaeT H3MeHeHne b cocToaHnn reHa, 
nponcxoAamee b nepnoA oôpa30BaH na anueícneTOK nan cnepMaTO- 
30haob, b pe3yabTaTe KOToporo otu,obckhh h MaTepnHCKnn ajmejín 
paHHero SMÔpnoHa oôaaAaiOT pa3HbiMH CBOHCTBaMH. HMnpnHTHHr 
oôycjiOBaeH AH(j)(j)epeHLíHaabHbiM MeTnanpoBaHneM RflK 
MHBapnaHTHbie no3M4nn b tPHK coAepxcaT OAHHaKOBbie Hyioieo- 
thah non™ bo Bcex (>95%) tPHK 

MHBepcMOHHan MOAe/ib. OnncbiBaeT paôoTy (jjepMeHTa^HK-rnpa- 
3bi. OepMeHT CBa3bmaeT nojioacnTejibHbin CBepxBHTOK (HHAyu,npya 
oôpa30BaHne KOMneHcnpyiomero OTpnijaTejibHoro CBepxBHTKa b 
3aKpbiTon KoabqeBon RHK). B pacnopaxceHnn (j)epMeHTa, CBa3aB- 
inero CBepxBHTOK, HaxoAaTca Asa AynjieKca (ABe Ayrn CBepxBHTKa). 
OepMeHT pa3pbmaeT oôe qenn OAHoro AynjieKca, nponycKaeT bto- 
pon AyimeKC nepe3 pa3pbiB, CKaenBaeT pa3pbm. 
MHBepnipoBaHHbie KOHueBbie noBTopbi. Kopomie HAeHTHHHbie 
(nan oneHb noxoacne) noeaeAOBaTeabHOCTH, npneyTCTByiomHe bo 
B3aHMHO-OÔpaTHOH OpHCHTaUHH Ha KpaaX HeKOTOpblX TpaHCnO- 
30H0B. 

M h Ay kto p. Heôoabinaa Moaexyaa, KOTopaa 3anycKaeT TpaHCKpnn- 
u,hio reHOB, CBa3bmaacb c ôeaKOM-peryaaTopoM. 

MHAyK 4 na. Taioxe 03HanaeT CnoeoÔHOCTb ôaKTepnn (nan Apoac- 
aceBon KaeTKn) k cHHTe3y HeKOTopbix (jjepMeHTOB annib npn yc- 
aoBHH Haannna nx cyôcTpaTOB; npnMeHHTeabHO k 3KcnpeccHH 
reHOB TepMHH 03HanaeT BKaioneHne TpaHCKpnnqnH b pe3yabTaTe 
B3anMOAencTBHa HHAyicropa (kotophm oôbinHo cayacnT cyôcTpaT) 
c ÔeaKOM-peryaaTopoM. 

MHAyKAMii n po (J) ara. BxoameHne npo(J)ara b aHTnnecKHH (HH(J)eK- 
Uhohhmh) ijHKa b pe3yatíTaTe yHHHToaceHna an3oreHHoro pen- 
peccopa, KOTopoe npnBOAHT k BbixoAy (J)aroBOH RHK m cocTaBa 
ôaKTepnaabHon xpoMocoMbi. 

liHAyuMpoBaHHbie MyTamiM B03HHKai0T noA AcncTBneM MyrareHa, 
KOTopbin MoaceT AencTBOBaTb Ha RJd K npaMO (MOAH(J)Himpya ee a30- 
THCTbie ocHOBaHna) anôo kocbchho (3anycKaa KaKon-HnôyAb Kae- 
TOHHbin nynb, BeAymHH k H3MeHeHHio noeaeAOBaTeabHOCTH RJHK). 

11 hm 4 Ma 4 MH. HanaabHbie STanbi TpaHCKpnnij.HH BnaoTb ao oôpa- 
30BaHHa nepBOH CBa3H B PHK K HHHU.HaiI.HH OTHOCHTCa CBa3bI- 
BaHne PHK-noanMepa3bi c npoMOTopoM n naaBaeHne KopoTKoro 
ynacTKa RHK m OAHHOHHbie uenn. 

HHMUMMpyWmMM KOAOH. OcOÔblH KOAOH (OÔblMHO AUG), C KOTO- 
poro HannHaeTca chhtc 3 ôeaxa. 

MHcepuMB, m m BdaBKa. ^oôaBaeHne b MoaeKyjiy RHK hoboto 
ynacTKa (nan caM AOÔaBaeHHbin ynacTOK). Ocoôoh pa3HOBHAHOC- 
Tbio BCTaBOK aBaaioTca AynaHKau.HH 


CTIOBAPb TEPMMHOB 865 



liHcy/inTop. nocjieflOBäTejibHOCTb, npenaTCTByiomaa pacnpocTpa- 
HeHHio peryjiflTopHoro s(jxj)eKTa (aicraBHpyioinero hjih HHaicra- 
Bnpyiomero) BAOJib MOJieKyjibi R HK. 

MmacoMa. KoMimeKC, coctohii^hh H3 ôejixa h flHK, Me>KAy HHTerpa- 
30H (j)ara JiHMÔAa (Int) h camoM npnKpenjieHHa (j)ara JWMÔAa (attP). 
IÍHTerpa3a. OepMeHT, oTBeTCTBeHHbin 3a caHT-cneijH(j)HHHyio pe- 
KOMÔHHau.Hio, npH KOTopoň OAHa MOJieKyjia R HK BCTaBJíaeTca b 
A pyryío. 

MmerpauMfl, m/im BHeflpeHMe. BcTpaHBaHHe BnpycHOH hjih xa- 
koh-jihôo ApyroH nocjieAOBaTejibHOCTH RUKb reHOM xo3aHHa (b 
K anecTBe BcraBKH, KOBajieHTHO npHiiíHTOH oôohmh KOHU,aMn k 
(J mHKHpyioiijHM nocjieAOBaTejibHOCTaM xo3aHHa). 
liHTeMH. HacTb aMHHOKHCJioTHOH nocjieAOBaTejibHocra, y^ajia- 
eMaa y nojiHnenraAa-npeAinecTBeHHHKa, npoijeccHpyeMoro no 
Tnny ôejiKOBOFO eiuiaHCHHra. 

MHTepíJjepeHUMB P H K. TexHHKa MaHHnyjinpoBaHHa kjictkoh Ha 
MOJieKyjmpHOM ypoBHe. K/ieTKa nojiynaeT AByuenoHeHHyio PHK, 
HaeHTHHHyio TpaHCKpnnTaM KOHKpeTHoro reHa-MHiueHH; nocjie 
SToro SKcnpeccHH reHa-MnmeHH pe3KO 3 aTyxaeT. 3 (jxj)eKT oôyc- 
jiobjich 3 anycKOM npnijejibHOH AerpaAaijHH mPHK reHa-MHiueHH. 
Mhtpoh. CerMeHT reHa, KOTopbin TpaHCKpHÔnpyeTca, ho Bnoc- 
jieACTBHH HcioiioHaeTca H3 TpaHCKpnnTa bo BpeMa cmiaHCHHra, 
Kor^a 3K30Hbi (cerMeHTbi, (J)jiaHKHpyiomHe hhtpoh) CMbiKaioTca 
Apyr c ApyroM. 

Mhl4M3mh. 3Tan paôoTbi cncTeMbi skcijh3hohhoh penapaijHH He- 
KOMnjieMeHTapHOCTen. Ha stom sTane SHAOHyKjiea 3 a y 3 Haer noB- 
pex^eHHbin ynacTOK RHK h y^ajmeT ero nocpeflCTBOM BHeceHHa 
H3APC30B no OÔe CTOpOHbl OT nOBpe>KAeHHa. 
licKameHMe cipyKTypbi. H3MeHeHne KOHcjjopMau.HH RHK bcjicac- 
TBne HajiHHHA HymieoTHAOB hjih HyKjieoTH^Hbix nap, He BnncbiBa- 
lomnxca b HopMajibHbiH AynjieKc. 

McKyccTBeHHbiií reHenmecKMií ananm Ha Mnnax. ABTOMara3H- 
poBaHHaa MeTOAHKa aHajiraa MyTaHTOB neKapcKnx ApoxoKen, npn 
KOTopoň aHa^H3npyeMbiH MyTaHTHbiH niTaMM CKpeu^HBaioT c yno- 
pHAoneHHbiM MaccHBOM H3 npHMepHO 5000 flejieijHOHHbix MyTaH- 
tob c ije/ibio onpeAejieHHa bo3moxchocth noaBjíeHHa CHHTeraHee- 
Koro jieTajibHoro (jjeHorana 3a cneT B3aHMOAencTBHa MyTau.HH. 
McnpaB/ieHHe olumóok CMHTe3a no/iMMepa. KaxoH-jiHÔo ii3 Mcxa- 
HH3MOB KOppeKLJHH OIIIHÔOK CHHTe3a HyKJieHHOBOH KHCJIOTbl HJIH 
ôejixa, ocHOBaHHbix Ha ncnbiTaHHH cyô'beAHHHii, yace nocjie hx 
BK jnoneHHa b cocTaB pacTymero nojiHMepa. 

McTHHHan peBepcMH. MyTauHH, B 03 Bpamaioma 5 i nocjieAOBaTejib- 
HOCTb RHK K HCXOAHOMy BHAy. 

licTHHHbie TepMMHaľopbi. Moiyr TepMHHHpoBaTbTpaHCKpnnuHio, 
paôoTy ôaKTepnajibHOH PHK-nojiHMepa 3 bi, b OTcyTCTBHe Kaxnx- 
JIHÔO AOnOJIHHTeJIbHblX (jjaKTOpOB. 

KancHA* Hapy>KHaa ôejiKOBaa oôojiOHxa BHpycHOH Hacraijbi. 
Kapxac xpoMocoMbi. OômnpHaa CTpyicrypa, cocToamaa H3 ôcjikob, 
c onepTaHHflMH napbi cecTpHHCKHx xpoMaraA — npenapaT xpo- 

MOCOMbl, H3 KOTOpOľO yflaJIHJIH RHK H rHCTOHbl. 

Kapia pecrpuKAMM. JlHHeňHbiH MaccHB caHTOB-MHineHen pa 3 JiHH- 
HblX 3 H£OHyKJiea 3 peCTpHKU,HH B npOH 3 BOJIbHOH RHK 
Kacnafl. nocjieAOBaTejibHOCTb coóhthh, xa^oe H 3 KOTopbix CTHMy- 
jinpyeTca npeAbiAyiAHM. R^ peryjiaunn TpaHCKpHnu.HH (Kax mojkho 
HaôjnoAaTb Ha npnMepe cnopyjiauHH hjih xo/ja jíHTHnecKoro UHKJia 
y (})aroB) sto 03 HanaeT, hto peryjian,Ha no^ejieHa Ha ct3ahh, Ha Kaxc- 


AOH H3 KOTopbix SKcnpeccHpyeTCH reH, KOAHpyiom.HH peryjwTop, 
HeôxoAHMbin jyw sxcnpeccHH reHOB oieAyiomeH ct3ahh. 
«KacceTHan MOAe/ib» AeTepMMHaAMM rana cnapnBaHHa y Apoxc- 
xcen noflpa 3 yMeBaeT HajiHHne o^Horo aicraBHoro jioxyca (aKTHBHOH 
xacceTbi) h Abyx HeaKTHBHbix jioxycoB (MOJinaiAHx xacceT). 3aMeHa 
aKTHBHOH xacceTbi OAHoro Tnna MOJinau^en xacceTOH flpyroro rana 
npHBOAHT k CMeHe rana cnapnBaHHa ^pooceBon kjictkh. 
KaieHHpoBaHHbie Mo/iexy/ibi. Rbg KOJibqeBbie MOJieKyjibi, coeAH- 
HeHHbie nocpeACTBOM 3auenjieHna Apyr 3a Apyra. 

«KaTniAeecn K0/ib40». Tnn peiuíHKau.HH, npn kotopom penjinxa- 
raBHaa BHjixa ABHJKeTCfl BOKpyr KOJibn,eBOH MaTpHn,bi, coBepmaa 
HeonpeAejieHHO ôojibinoe hhcjio oôopoTOB. no xo/iy xajK^oro 060 - 
poTa HOBOCHHTe 3 npoBaHHa 5 i ijenb RHK CMeu;aeT c MaTpnubi ijenb, 
CHHTe3npoBaHHyio Ha npeAbiAyiu,eM oôopoTe. npo/jyKT penjinxa- 
H.HH, «xboct», npeACTaBjíaeT coôoh jiHHeHHyio cepnio xon hh nocjie- 
AOBaTeJIbHOCTH, KOMIUieMeHTapHOH KOJIbUeBOH MaTpHHHOH ijenn. 
KflHK. OAHOuenoneHHaa RHK , KOMnjieMeHTapHaa PHK, chhtc3h- 
poBaHHaa c Hee nyreM oôpaTHOH TpaHCKpnnuHH in vitro. 
KHHeTHMecKoe McnpaBJíeHMe olumóok. MexaHH3M ncnpaBjíeHHH 
ohihôok b CHHTe3e nojiHMepa. npnHnnn ero AencTBHa b tom, 
hto CKopocTb coBepmeHHa «HeBepHbix» coôbiran MeHbine, neM y 
«BepHbix» coôbiTHH; nosTOMy «HeBepHbie» coômthh ycneBaiOT 06 - 
paraTbca BcnaTb npoxae, neM b nojiHMep 6 y/ieT /loôaBjíeHa HOBaa 
q^ó'beAHHnna. 

KnHeToxop. Heôojibinaa opraHejuia, accouHnpoBaHHaa c noBep- 
xHOCTbio neHTpoMepbi, npnKpenjiaioii^aa xpoMOCOMy k MHKpo- 
TpyôoHKaM BepeTeHa AeJieHHa. KajK/jaa MHTOTHnecKaa xpoMOCOMa 
HMeeT Aea «cecTpHHCKnx» KHHeToxopa, HanpaBjíeHHbix b npora- 
BOnOJIOJKHbie CTOpOHbl. 

Khppomhuhh. Ahthôhothk; HHrHÔnpyeT CHHTe3 ôejixa 3a cneT 
B03ACHCTBHH Ha EF-Tu. 

Kiiaciep reHOB. ľpynna cmokhmx reHOB, HAeHTHHHbix hjih poac- 
TBeHHbix Apyr Apyry. 

KiieBepHbiíí jimct. CpaBHeHHe,ynoTpe 6 jiaeMoe/viH onncaHHa crpyK- 
Typbi tPHK, H 3 o 6 pajKeHHOH b ab yx H 3 MepeHHax, b KOTopon hctko 
bhahh neTbipe AByxuenoneHHbix iuiena c neTjniMH Ha KOHuax. 
K/ieTKa Hfr. Eaicrepna, Hecym,aa njia3MHAy F, BCTpoeHHyio b xpoMO- 
coMy. Ha3BaHne Hfr nponcxoAHT ot high frequency recombination 
(Bbicoxaa nacTOTa peKOMÔHHauHH) h CB5i3aHO c TeM (jjaicroM, hto 
xpoMocoMHbie reHbi nepexoA^T H3 kjictok Hfr b kjictkh F~ c Ha- 
MHoro ôojiee bhcokoh nacTOTOH, neM H3 kjictok F + . 

K/ieTKa naMHTH. J1hm(})olíht, KOTopbiH 6bui CTHMyjinpoBaH b xoac 
nepBHHHoro HMMyHHoro OTBeTa Ha aHTnreH h kotophh ôbicrpo 
aKTHBnpyeTCB npn nocjieAyioiAeM KOHTaicre c TeM xce aHrareHOM. 
Kjictkh naMara a^iot ôojiee ôbiCTpbin otbct Ha aHTnreH, hcm Ha- 

HBHbie KJICTKH. 

KneTOMHo-onocpeAOBaHHbiM OTBeT. OAHa H3 cocTaBjíaioiij.Hx hm- 
MyHHOrO OTBeTa; 3a Hee OTBeTCTBeHHbl T-JIHM(})OnHTbI. HMMyHH- 
TeT TaKoro poAa He moxcct ôbiTb nepeAaH ot OAHoro opraHH3Ma 
ApyroMy npHBHBKOH aHTHTeji. 

K/ioHa/ibHan AeJieKMH. TepMHH 03HanaeT sjiHMHHaunio (nojiHoe 
HCTpeôJieHHe) KjiOHajibHOH nonyjiaijHH jihm(})olíhtob (noTOMKOB 
oahoh kjictkh). KjiOHajibHaa ACJienna moxcct ôbira HHAyu,HpoBaHa 
Ha onpeAejieHHbix cTaAnax AH(j)(j)epeHnHpoBKH jihmíJjouhtob b 
cjiynae CBa3biBaHHa hx penenrapoB co cbohm aHrareHOM. 
K/ioHa/ibHoíí ce/ieKUMM Teopnfl. OcHOBaHa Ha npeAnojioxceHHH, 
hto KajKAbiH jihm(J)oii 1 ht sKcnpeccHpyeT eAHHCTBeHHbiH penenTop 
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CO CneUH(J)HHHOCTbK) K KOHKpeTHOMy aHTHľeHy H TOJIbKO CBÍI3bI- 
BäHHe c 3 thm äHTHreHOM CTHMyjinpyeT jihmcJjoijht k npojincjjepa- 
ijhh yHacraa b ycrpaHeHHH 3Toro amrireHa. TaKHM oôpa30M, 
aHTHreH «BblÔHpaeT» JIHM(j)OIJHTbI, KOTOpbie ÔyAyT aKTHBHpOBaHbl. 
IlpeACTaB^eHHe o KJioHajibHon cejieKijnn — oaho h3 ochobhhx b 
COBpeMeHHOH HtáMyHOJIOľHH. 

Kji 3 Mn-/ioyAep. Bcjikobhh komiuickc H3 nara cyô'beAHHHij, ot- 
BeTCTBeHHbiH 3 a HajioaceHHe Ha flHK p-3aacHMa, (JjHKcnpyiomero 
nojioaceHne pen/íHKaTHBHOH bhjikh. 

KoaKTMBaTopbi. Oaicropbi, ynacTHHKH TpaHCKpnnuHH, KOTOpbie 
He CBa3bIBaiOTflHK, 3aTO Hy)KHbI A^a B3aHMOAeHCTBHa flHK-CBa3bI- 
BaiOIAHX aKTHBaTOpOB C OCHOBHbIM annapaTOM TpaHCKpHniJHH. 
Kore3MHbi. Ecjikh, oôpa3yiomHe KOMmieKC, KOTopbin yAepauiBaeT 
ABe cecrpHHCKHe xpoMaTHAbi b CHHanTOHeMHOM KOMiuieKce Apyr 
c ApyroM. K Kore3HHaM oraocaTca HeKOTopbie ôejiKH SMC. 
KorHaTHbie tPHK y3HaiOTca oahoh h toh ace pa3HOBHAHOCTbio 
TPHK-CHHTeTa3bI; 3apa^CeHbI OAHOH h TOH xce aMHHOKHCJIOTOH. 
KoflHpyiomafl 06 /iacTb. HacTb reHa, KOTopaa cooTBeTCTByeT aMH- 
hokhcjiothoh nocjieAOBaTejibHOCTH no^HnenTHAa. 

KoAHpyioiAaB ueríb flHK no CBoen nocjieAOBaTejibHOcra hach- 
THHHa mPHK, t. e. c npHMeHeHneM reHeraHecKoro KOAa k ee koh- 
KpeTHOH OÔJiaCTH, MOXCeT ÔbITb yM03pHTejIbH0 TpaHOIHpOBaHa B 
no^nnenTHAHyio u,enb cooTBeTCTByioiAero ôejiKa. 

KoAMpyioiAMií KOHeu. Oôpa3yeTca bo BpeMa peKOMÔnuaunn reHOB 
HMMyHor/ioôyjiHHOB h T-mieTOHHbix peuenTopoB. KoAHpyioiAne 
KOHUbi npnxoAHTCfl Ha TepMHHajibHbie ynacTKH pa3pe3aHHbix koah- 
pyioiAHX oôjiacren V h D(J). Ot nooieAyiomero coeAHHeHHa KOAnpy- 
ioiahx kohuob B03HHKaer Tax Ha3biBaeMbin «KOAnpyiomHH CTbiK». 
Koaoh. TpnnjieT HymieoTHAOB, TpaHCJinpyeMbiH KaK KOHKpeTHaa 
aMHHOKHCJIOTa HJIH KaK CHrHaJI TepMHHaUHH. 

KoMHTerpaT. CTpyicrypa, oôpa30BaHHaa ot cmvmm AByx peiuin- 
kohob, b oahom H3 KOTopbix coAepacajica TpaHCn030H, a B Apy- 
roM — hot. KoHHTerpaT coAepacHT abc KonnH TpaHcno30Ha; ohh 
H axoAATca Ha CTbixax MOKAy penjíHKOHaMH h opneHrapoBaHu KaK 
npaMbie noBTopbi. 

Ko/i/uiHeapHoe oTHoiueHMe. OroôpaaceHHe 1:1 nocjieAOBaTejib- 
HOCTH HyKJieOTHAHblX TpnnJieTOB B UOCJ\tJ\OB2TCJlbHOCTb aMHHO- 
KHCJIOT. 

KoMneHcauMB A03bi reHOB. MexaHH3Mbi, HanpaBJíeHHbie Ha kom- 
neHcauHio pa3JiHHHH MOKAy ocoôaMH pa3Horo nojia, cBa3aHHbix c 
pa3HOH A030H X-XpOMOCOM B HX KJieTKaX (nO OAHOH y CaMlJOB H 
no Aee — y caMOK). 

KoMn/ienc TIM HaxoAHTca bo BHyTpeHHen MeMÔpaHe mhtoxoha- 
pnn; oh oTBeHaeT 3 a TpaHcnopT ôejiKOB H3 npocTpaHCTBa MOKAy 
MeMÔpaHaMH BHyrpb opraHejuibi. 

KoMn/ienc TOM HaxoAHTca b HapyacHOH MeMÔpaHe mhtoxohaphh; 
OH OTBeHaeT 3a TpaHCnOpT ÔeJIKOB H3 IJHT030Jia b npocTpaHCTBO 
MOKAy MeMÔpaHaMH. 

KoMn/ienc nmmnaLUiM cnHTe 3 a 6 e/iKa y ôaKTepnn coctoht h 3 Ma¬ 
jori pnÔOCOMHOH CyÔ'beAHHHIJbl, (J)aKTOpOB HHHUHaUHH H HHHIJH- 
npyiomen aMHHoaijHJi-TPHK, KOTopaa B3aHMOAencTByeT c mPHK 
no HHHunnpyioiAeMy KOAOHy AUG. 

KoMn/ieMeHTapHocTb a30TMCTbix ocHOBaHMM onpeAOiaeTca KaK 
CnOCOÔHOCTb K B3aHMOAeHCTBHK) vis-á-vis B COCTaBe ABOHHOH cnn- 
pajín, b peaiojHH enapnBaHHa (A c T b wm c U b PHK; C c G). 
KoMruieMeHTaAMfl in vitro . MeTOA HAeHTH(j)HKaijHH KOMnoHeH- 
tob npouecca. 3KcnepnMeHTa^bHaa encTeMa npeACTaB^aeT coôoh 


peKOHCTpyKH,Hio HapynieHHoro npoijecca Ha ochobc ioieTOHHbix 
SKCTpaKTOB cooTBeTCTByioiAero MyraHTa. Pa3^HMHbie cj)paKi^HH 
ioieTOK AHKoro Tnna TecTnpyioTai Ha cnocoÔHOCTb k BOccTaHOB- 
JieHHK) aKTHBHOCTH 3T0H CHCTCMbl. 

KoMn/ieMeHTauMB Me>KAy MyTamaMM. IlpoaB^eHHe HopMa^bHoro 
(J)eHOTnna y ahh^ohahoh ocoôh, reTepo3nroTHon no Ka)KAOH H3 
Myraunn. 

KoHBepcufl reHa. ĽHeceHne ncnpaB/ieHHH (3aMeHa HecnapeHHbix 
ocHOBaHHH) b OAHy H3 ijeneH reTepoAyn^eKCHon flfíK ajw aocth- 
XCeHHfl nO^HOH KOMnJieMeHTapHOCTH CO BTOpOH IjenbK). 
KoHAeHCMHbi. Be^KH, KOMnoHeHTbi KOMn^eKca, KOTopbin cBa3bma- 
eT XpOMOCOMbI, HTOÔbl BbI3BaTb HX KOHAeHCaUHK) nepeA MeH030M 
HJIH MHT030M. KOHACHCHHbl OTHOOITOI K CCMCHCTBy ÔeJIKOB SMC. 

KoHceHcycHaB noc/ieAOBaTe/ibHocTb. «HAea;iH3HpoBaHHaa» noc- 
jieAOBaTejibHOCTb, rAe Ha KajKAOH no3HUHH ctoht HyKJieoTHA, Ha- 
nôojiee xapaKTepHbin pjm stoh no3HUHH (no pe3y;ibTaTaM cpaB- 
HeHHa MOKAy coôoh ôojibinoro HHCJia peajibHbix roMOJiorHHHbix 
nocjieAOBaTejibHOCTen). 

KoHcepBaTMBHaB TpaHcno3MAMB. IlepeMeiAeHHe KpynHbix s;ie- 
MeHTOB, nepBOHaHajibHO KjiaccH(J)HUHpoBaHHbix KaK TpaHcno- 
30HbI, HO BnOCJieACTBHH npH3HaHHbIX SnHCOMaMH. no CBOeMy 
MexaHH3My TaKaa TpaHcno3HijHa HanoMHHaeT skcuh3hio h HHTer- 
paijHK) ôaKTepno(J)ara. 

KoHcepBaTMBHbie noc/ieAOBaTejibHocTM (HyKJieoTHAHbie hjih aMH- 
HOKHCJIOTHbie) COAep)KaT OAHH H Te )Ke OCHOBaHHa (aMHHOKHCJIO- 
Tbl) B KOHKpeTHblX nOJIOJKCHHaX. Hx MOXCHO HACHTH(J)HUHpOBaTb 
nyTeM cpaBHeHHa MHoacecTBa nocjieAOBaTejibHOCTen, oô'beAHHae- 
MblX no KaKOMy-TO npHHIJHny (OAHHaKOBbie (JjyHKI^HH, OÔlAHOCTb 
nponcxoxcAeHHa h T.n.) 

KoHCTaHTHbíň ynacTOK (C-yHacTOK) MMMyHorjioóyjiMHa hjih T- 
KjieTOHHoro peuenTopa npeACTaBjíaeT coôoh HaHMeHee Bapna- 
ôejibHyio nacTb ôejiKa, npHMepHO OAHHaKOByio a^ scex MOJieicyji 
AaHHoro rana. KoHCTaHTHbie ynacTKH KOAnpyioTca C-cerMeHTaMH 
cooTBeTCTByioiAHX reHOB. Tnn HMMyHorjioôyjiHHa onpeAejiaeTca 
C-ynacTKaMH Taxcejibix uenen, KOTOpbie 3anycKaiOT paôoTy scJ)(J)eK- 
TOpOB TOľO HJIH HHOľO Tnna. 

KoHCTMTyTMBHbiM reTepoxpoMaTMH. HHepTHoe cocToaHHe onpe- 
AejieHHOH nacTH reHOMHOH flHK, cocToamen H3 nocjieAOBaTejib- 
HOCTen, KOTOpbie HHKorAa He SKcnpeccnpyioTca (b ochobhom 
3to — caTejuíHTHaa flHK). 

KoHCTMTyTHBHbiií npouecc nponcxoAHT Bce BpeMa, He MeHaacb ot 
B03AeHCTBHfl KaKHX-JIHÔO CTHMyjIOB HJIH BHeiUHHX yCJIOBHH. 

KoHTeKCT KOAOHa b mPHK. nocjieAOBaTejibHOCTH, oKpyacaioiAHe 
AaHHblH KOAOH B KOHKpeTHOH mPHK TepMHH Hcnojib3yeTca npn 
oôcyxcAeHHH BjinaHna sthx nocjieAOBaTejibHOCTen Ha 3(J)(J)eKTHB- 
HOCTb y3HaBaHHa AäHHoro KOAOHa aMHHoaijHJi-TPHK hjih Ha 3(J)- 
(jjeKTHBHOCTb HCn0JIb30BaHHa AäHHOľO KOAOHa KaK TepMHHaTOpa. 
KoHTpo/iMpyioiAMe 3 /ieMeHTbi KyKypy 3 bi. MoÔHJibHbie 3JieMeHTbi, 
nepBOHaHajibHO HAeHTH(J)HUHpoBaHHbie b Ka^ecTBe reHeraHec- 
KHX eAHHHU. CpeAH HHX pa3JIHHaiOT aBTOHOMHbie (cnOCOÔHbie K 
He3aBHCHMOH TpaHCn03HIJHH) H HeaBTOHOMHbie (cnOCOÔHbie K 
TpaHCn03HIJHH B npHCyTCTBHH aBTOHOMHOľO SJieMCHTa) KOHTpO- 

jinpyioiAHe sjieMeHTbi. 

KoHTpo/ib MMc/ia KpoccoBepoB. OrpaHHHeHHe peKOMÔHHaunn 
MOKAy AByMa MeHOTHHeCKHMH XpOMOCOMaMH AO OAHOľO-AByX co- 
ôbiTHH Ha Ka)KAyio napy roMOJioroB. 
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KoHTp-TpaHCKpunľ. Mojieicyjia PHK, KOTopaa Memaer PHK-npan- 
Mepy HHHUHHpOBaTb TpaHCKpHnUHK), B3aHMOAeHCTBya c hhm no 
npnHunny KOMnjieMeHTapHOCTH. 

KoH-biorauMB. npouecc, npn kotopom ABe ioictkh BCTynaiOT b koh- 
TaKT jym nepeAann reHeraHecKon HH(j)opMaijHH. y ôaKTepnn RHK 
nepeHOCHTca H3 ioieTKH-AOHopa b ioieTKy-peunnneHT; y npocTen- 
mnx 3 tot noTOK ABycTopoHHnn. 

KoopflMHMpoBaHHaB p e ry /ib amb. CncTeMa Kompojra 3Kcnpeccnn, 
o6maa jym rpynnbi reHOB. 

KonMMHocTb. Hhoio Konnn rma3MHAbi, noAAepacnBaeMoe b ôaK- 
Tepna^bHon ioieTKe (no OTHomeHHio k nncjiy Konnn opnA>KHHa 
ôaKTepna^bHOH xpomocomm). 

KopflMuenMH. 3'-Ae30KcnaAeH03HH, HHrnônTop nojinaAeHHjinpo- 
BaHHB PHK. 

Kopenpeccop npeAcraB^HeT coôon Heôojibmyio MOJieKy/iy, KOTopaa, 
CBB3biBaa 6e;iOK-pery/wTop, 3anycKaeT penpeccnio TpaHcpnnijHH. 
KopoHMaTbiŕí ra/1/1. Eo;ie3Hb ijBeTKOBbix pacreHHH; onyxo;ib, HHAy- 
qnpyeMaa npn 3apa>xeHnn ôaKTčpnen Agrobacterium tumefaciens. 
KocynpeccMB. TepMHH oôo3HaHaeT cnocoÔHOCTb TpaHcreHa (Kax 
npaBurco, y pacTeHnn) k HHrnônpoBaHHK) 3Kcnpeccnn cooTBeTc- 
TByiomero SHAoreHHoro reHa. 

KoTpaHCJlflLJMOHHafl TpaHC/lOKaAMB. flpVDKtHm ÔOIK2. CKB03b MeM¬ 
ÔpaHy no Mepe ero cnHTe3a. TepMHH naiije Bcero ynoTpeô;weTCfl b 
cjiynaax, KorAa pnôocoMa CB/mHa c KaHajiOM; Taxaa (J)opMa TpaHC- 
jiOKaunn xapaKTepHa jym 3HAorma3MaTHnecKoro peraKy/iyMa. 
Ko3(f)Cf)M4MeHT OKaTMB (K03(f)Cf)M4MeHT ynaKOBKM). CTenCHb kom- 
naKTH3aunn reHOMHon .ZIHK; paccHHTbiBaeTca xax OTHomeHne jy in- 
hh MO/ieKyjibi R HK k jymm Bo/ioKHa, b kotopom OHa coAepxcnTca. 
KpoccMHroBep. PajnnpoKHbin oômch MaTepnajiOM MOKAy roMO- 
jiornnHbiMH xpoMocoMaMH, KOTopbiH npoHCxoAHT b npoc|)a3e I 
Meňo3a h oôecnenHBaeT reHeranecKyio peKOMÔHHaunio. 

Kypy. HeBpo^ornHecKoe 3aôo;ieBaHHe ne;ioBeKa, Bbi3biBaeMoe 
npnoHaMH. PacnpocTpaHeHa y KaHHnôajiOB; nepeAaeTca npn no- 
eAaHHH HH(J)HUHpoBaHHoro M03ra. 

Kan 0 MerajinpoBaH Jinuib no nojioxceHHio 7 b ryaHHHe. 

Kan 1 MeTHJinpoBaH no AeyM no/ioxceHnaM (7 b ryaHHHe K3na h 
2'-0 c^eAyioiAero HymieoTHAa). 

Kan 2 MeTHJinpoBaH no TeM xce nojioxceHnaM, hto h K3n 1 iuuoc 
eme no nojioxceHnio N6 b aAeHHHe Ha 5'-KOHije mPHK. 

Kan. npeACTaBjíHeT coôon CTpyKTypy Ha 5'-KOHije syKapnoranec- 
koh mPHK. Bhochtca noc^e TpaHCKpnnijHH, nocpeACTBOM ciiihbkh 
KOH ueBoro (J)oc(J)aTa 5'-ITO c KOHijeBbiM ocHOBaHneM mPHK. Ro- 
ôaBJíeHHbiH ryaHHH (HHorAa — Apyroe ocHOBaHne) MerajiHpoBaH, 
Tax hto Bca CTpyicrypa HMeeT (J)opMy 7MeG5'ppp5'Np. 

Jlaiepa/ibHbiM a/ieMem. CTpyKTypa b cocTaBe CHHanTOHeMHoro 
KOMn^eKca, KOTopaa oôpa3yeTca no Mepe KOHAeHcaijHH cecTpnH- 
CKHX xpOMaTHA BAOJIb aKCHaJIbHOľO 3JieMCHTa. 
ilernan uenb MMMyHor/io6y/iMHa. Oahh H3 AByx TnnoB cyô'beAn- 
hhu, TeTpaMepa, kotopmm aB^aeTca aHTHTeno. Kax<Aoe aHTHTeno 
coAep^cHT ABe JierKnx ijenn. N-kohoj JiencoH ijenn oôpa3yeT nacTb 
caím y3HaBaHHA mrmcm. 

JleMUMHOBan mo/ihmb. Mothb, oôecnenHBaioiAHH AHMepH3aunio; 
xapaKTepeH jym npeACTaBHTe^en ije;ioro loiacca (J)aKTopoB TpaHC- 
KpnnuHH. 


JlMflepHan 5'-KOH4eBan HeTpaHC/iMpyeMan 06/iacTb mPHK. He- 

TpaHc^npyeMaa S'-KOHueBaa noe^eAOBaTe^bHOCTb, npeAinecTByio- 
maa HHHUHHpyioiAeMy KOAOHy. 

JlMflepHan noc/ieflOBaTe/ibHocTb 6e/n<a. KopoTKaa N-KOHueBaa 
noe^eAOBaTe^bHOCTb, oôecnenHBaioiAaa HHHLjnaijHK) npoxo)KAe- 
nm no^nnenTHAa b MeMÔpaHy, h^h cKB03b Hee. 

JlMflepHblM nenTMfl. npOAyKT TpaHCJiaUHH KOpOTKOH KOAHpyiO- 
men noejieAOBaTejibHOCTH, Hcno^b3yeMbin jyw peryjnmHH TpaHC- 
KpnnuHH TpHnToc))aHOBoro onepoHa nepe3 KOHTpo^b abhxcchhíi 

pHÔOCOMbl. 

J1m3mc. CMepTb ôaicrepHH, 3aBepmaioiAaa HHcJ)eKUHOHHbiH uhioi 
6aKTepno(J)ara. Bo BpeMa jiH3nca ôaKTepna jionaeTca (noTOMy hto 
(J)ar oôecnenHBaeT (J)epMeHTbi, KOTopbie paa'beAaioT n^a3MaTHnec- 
Kyio MeMÔpaHy hjih loieTOHHyio CTeHKy). norHômaa mienca bhcbo- 
ôo^KAaeT MHOxcecTBO 3pe^bix HH(j)eKUHOHHbix nacTHu (J)ara. Tep¬ 
MHH Taioice Hcno^b3yeTca b OTHOineHHH syKapnoTHMecKHx mieTOK 
(HanpnMep, b OTHOineHHH HH(J)HUHpoBaHHbix imeTOK, aTaxyeMbix 
HMMyHHOH CHCTeMOH, KOTOpbie nOABepraK)TCfl JIH3HCy). 
/lM3oreHMB. CnocoÔHOCTb (J)ara Hace;iflTb ôaKTepnajibHyio imeTKy 
b KanecTBe npo(J)ara — cTaôn^bHoro KOMnoHeHTa ôaKTepnajibHO- 
ro reHOMa. 

JlMnono/iMcaxapMfl (LPS). Mo^exy^a, coAepxcamaa jinnHAHbiH h 
yr^eBOAHbíň KOMnoHeHTbi. npHcyTCTByeT Ha Hapy^cHOH MeMôpaHe 
rpaM-oTpHn,aTe^bHbix ôaKTepnn. PaôoTaeT Kax shaotokchh, hhav- 
unpyioiAHH cenTnnecKHH uiok bo BpeMa hh^ckijhh. 

JlMTMMecKan MHcfjeKAMn ôaKTepnn 6aKTepno(J)aroM 3aKaHHHBaeTca 
rnôe^bio ôaKTepnn c BbiCBOÔO)KAeHneM H3 Hee MHOXcecTBa noTOM- 
kob ôaKTepno(J)ara. 

JlM4eH3MpyioiAMM cfjaKTop. HaxoAHTca b AApe, hcoôxoahm pjw 
pemíHKaunn; nHaKTHBnpyeTca wm pa3pymaeTca noc^e OAHoro 
payHAa peruinKaijHH. Jljm noc^eAyioiAnx payHAOB pen^HKaunn He- 
oôxoahm npnTOK hoboh nopunn ;iHijeH3HpyK)mero cJ)aKTopa. 

JlMiiieHHbiM TATA-6oKca npoMOTop. npoMOTop ôe3 TATA-ôoKca 
Bbirne tohkh Hana^a TpaHCKpnnunn. 

JloKyc H2 b K/iacTepe r^aBHoro KOMmieKca rncTOCOBMecTHMOCTn 
(MHC) Mbirnn. KnacTep reHOB Ha xpoMoeoMe 17, Hbn reHbi ko- 
AnpyiOT ôe;iKH jy\s\ npe3eHTaunn aHTnreHOB, unTOKHHbi n ôejncn 
KOMrmeMeHTa. 

JloKyc HLA b r/iaBHOM KOMmieKce rncTOCOBMecTHMOCTn (MHC) ne- 
^OBeKa. KnacTep reHOB Ha xpoMoeoMe 6. leHbi HLA KOAnpyiOT ôejiKn 
pjw npe3eHTan,nn aHTnreHOB, n,nTOKHHbi n ôejiKn KOMnjieMeHTa. 
JloKyc. no^oxceHne Ha xpoMoeoMe, b kotopom HaxoAnTca reH, 
OTBeTCTBeHHbíň 3a KOHKpeTHbíň npn3HaK. B JiOKyce MOXceT Haxo- 
AHTbca rnoôoú m a juienm AaHHoro reHa. 

Ma/ian 6opo3flKa flHK HMeeT innpnHy 12 Ä. 

Ma/ian cy6i>eAMHM4a piióocoMbi. CBfl3biBaiomafi mPHK cyô'beAn- 
HHua pnôocoMbi c K03(J)(j)nuHeHT0M ceAHMeHTaunn 30S Qym ôaK- 
Tepnň) wm 40S Qym syKapnoT). 

M a/i bi e PHK. Heôo^binne ôaKTepna^bHbie PHK, ynacTByiomne b 
pery^aunn 3Kcnpeccnn reHOB. 

M a/i bi e 4MTon/ia3MaTimecKMe PHK (muPHK). npneyTCTByioiAne b 
UHTon^a3Me (n HHorAa oÔHapyacnBaeMbie b AApe) Majibie PHK. 
Ma/ibie BflepHbie PHK (mbPHK). Oahh H3 HecKO^bKnx bhaob Ma- 
^bix PHK, oÔHapyacHBaeMbix To^bKO b AApe. HeKOTopbie n3 mhPHK 
ynacTByiOT b npoijeccax cn^aňcnHra n paAe Apyrnx peaKijnň npo- 
ueccnHra PHK. 
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MaTepuHCKoe Hac/ieflOBamie. npeoôaaAaHHe y noTOMCTBa re- 
HeTHHecKHx MapKepoB, nojiyneHHbix ot KOHKpeTHoro pojmem 
(MaTepH). 

MaipMMHaB PH K (mPHK). C/iy>KHT nocpeAHHKOM b peajiH3aijHH 
reHeTHHecKOH HH(J)opMauHH. B Hen OTOÔpaaceHa OflHa h 3 uenen 
reHa, KOAnpyiomero ôc/iok. KoAnpyiomaa oôaacTb mPHK TpaHC- 
/inpyeTca b aMHHOKHCJiOTHyio noaieAOBaTe^bHOCTb ôe;iKa b coot- 
BeTCTBHH C TpHľlJieTHblM reHeTHHeCKHM KOAOM. 

Maiypa3a. EejiOK, KOAnpyeMbiH hhtpohom rpynnbi I hjih II, koto- 
pbíň noMoraeT PHK npHHaTb aKTHBHyio KOH(j)opMauHio, Heoôxo- 
AHMyio jijín ayTOKaTajíHTHMecKoro cmiaHCHHra. 

MeAnaTop. Eo/ibiuon ôe/iKOBbiH KOMmieKC, KOTopbíň y ôaKTepnn 
u ApoxoxeH accoijHHpoBaH c PHK-no;iHMepa30H II. CoAepacHT 
(J)aKTopbi, HeoôxoAHMbie jy ia TpaHCKpnnuHH c MHorax (ecan He 
ÔOJIbHIHHCTBa) npOMOTOpOB. 

Me>Ka/i/ie/ibHaB KOMruieMemauMfl. H3MeHeHne b cBOHCTBäx reTepo- 
MyjibTHMepHoro ôejixa b pe3yjibTaTe B3aHMOAeHCTBHa ero cyôreAH- 
hhu, — npoAyicroB AByx MyraHTHbix a/uiejien. TaKOH ôeaoK mokct 
ôbiTb 6o/iee hjih MeHee aKTHBeH no cpaBHeHHio c ôejiKOM, coctohiahm 
H3 cyô'beAHHHu, OAHoro (nepBoro min Broporo) Tnna.flpyron npnnn- 
HOH MOKaJUieJIbHOH KOMnjieMeHTaUHH MOXCeT ÔbITb TpaHCBeKH,HH. 
Me>K 4 MCTpoHHbiŕí ywacroK. PaccTOflHne MOKAy TepMHHnpyiomHM ko- 
AOhom OAHoro reHa n HHHn.HnpyioiAHM koaohom cjieAyiomero reHa. 
MeTM/ia3a úe novo . OepMeHT, KOTopbíň AOÔaBaaeT MeTmibHyio rpyn- 
ny k HeMcrminpoBaHHOH noejieAOBaTejibHOCTH-MHineHH b J \ HK 
MeTii/iTpaHC(t)epa3a. OepMeHT, KOTopbíň AOÔaBJíaeT MeTHJibHyio 
rpynny k cyôcTpaTy (HeôojibiuoH MOJiexyjie, ôejixy hjih HyKJieHHO- 
BOH KHCJlOTe). 

MkirpauMB lienu. flpoijecc, b xoAe KOToporo OAHHOHHaa ijenb 
flHK, nacTHHHO cnapeHHaa c KOMnaeMeHTapHOH ijenbio Apyroro 
AynaeKca, yBejiHHHBaeT perHOH cnapnBaHHa 3a cneT BbiTecHeHHa 
H3 Ayn^exca hcxoahoh uenn. 

MMKpoKOKKOBaB HyK/iea3a. 3HAonymiea3a, KOTopaa pacmenjiaeT 
flHK; b xpoMaTHHe OTAaeT npeAnonTeHHe ynacTKaM Me>KAy Hyx- 
jieocoMaMH. 

MiwpoPHK. OneHb xopoTKHe PHK, KOTopbie, no-BHAHMOMy, pery- 
/mpyioT 3KcnpeccHK) reHOB. 

MMKpocaTe/i/imHaB flHK coctoht h 3 oneHb KopoTKnx (<10 nH) 
nOBTOpOB. 

MMHM-K/ieTKa. Be3'bHAepHaa mieTKa E. coli, He HMeeT xpoMoeoMbi, 
npoAyKT aHOMajibHoro AeaeHHa. 

MiiHMMa^bHbiM (kop) c|)epMeHT. KoMrniexc cyô'beAHHHu PHK-no- 
/iHMepa3bi, HeoôxoAHMbiH jy ia 3JioHrauHH. B KOMrniexc He bxoaht 
Aono^HHTe^bHbie cyô'btjxuuunbi mu (J)aKTopbi, KOTopbie MoryT 
ôbiTb HyxcHbi jyin HHHunaijHH mu TepMHHaijHH. 
MMHM-CaTejlJlMTHafl flHK COCTOHT H3 ~10 KOnHH KOpOTKOH nocae- 
AOBaTejibHOCTn (AAHHa noBTopa H3MepaeToi AecaTKaMH nH). Hhc- 
jio noBTopoB b pa3Hbix reHOMax oT/iHnaeTca. 

MMHyc-uenb flHK. OAHOuenonenHaa HK; KOMnaeMeHTapHa re- 
HOMy peTpoBnpyca, npeACTaB^aioiAeMy coôoh OAHHOHHyio n^ioc- 
uenb PHK ((+)-uenb PHK). 

MHCCeHC-MyTaUHM. npHBOAHT K aJIbTepHaTHBHOMy npOHTeHHK) 
OAHOľO H3 KOAOHOB OTKpbITOH paMKH CHHTbIBaHHÍI; B pe3yJIbTaTe 
nponcxoAHT 3aMeHa oahoh aMHHOKncjiOTbi Ha Apyryío. 
MncceHC-cynpeccop npeACTaB^aeT coôoh reH tPHK c Myraunen, 
nepaononaioiAeH tPHK Ha y3HaBaHne MnceeHC-KOAOHa. TpaHC^H- 


pya MHceeHC-KOAOH npoKHen aMHHOKHCJiOTOH, MyraHTHaa tPHK 
cynpeccHpyeT 3(J)(J)eKT MncceHC-MyTaunn. 

MHO>KecTBeHHbie a/uie/ui. /Via HexoTopbix aoicycoB h3bcctho 
ôoabine AByx ajme^en; xax(AbiH ajiaeab moxcct xapaKTepH30BaTbca 
COÔCTBeHHbIM (J)CHOTHnOM. 

MoAMcfíMKauMB flHK m/im PHK. Jlioôbie H3MeHeHHa, cooôiuaeMbie 
HyxjieoTHAaM nocae hx BiononeHna b no;iHMep. 

MoAM(()M4MpOBaHHbie OCHOBaHMB. Jlioôbie a30THCTbie OCHOBaHHa 

b cocTaBe RHK, 3 a HCKjnoneHHeM CTaHAapTHbix (T, C, A, G b /1.HK; 
U, C, A, G b PHK). MoAH(J)HUHpoBaHHbie ocHOBaHHa noaBaaiOTca b 
pe3yabTaTe nocTCHHTeTHnecKHx peaKunň. 

Mo3anAM3M cfjeHOTMna. CjieACTBHe noaBaeHHa h3mchchhh b reHO- 
Tnne bo BpeMa coMaranecKoro HHAHBHAyajibHoro pa3BHTHa. 
Mo3anHHocTb, oóycjiOBJíeHHaa acf)cf)eKTOM no/io>KeHMB. Hcoaho- 
poAHbíň (J)eHOTHnHnecKHH 3(J)(J)eKT noAaBaeHHa 3KcnpeccHH reHa 
noA BanaHHeM 6 jih30Cth reTepoxpoMaTHHa. 

Mo/ieKy/iBpHbiií narrepH, accoumipoBaHHbiM c naioreHOM 
(PÁMP). MojieKyjiapHaa CTpyKTypa, BocnpHHHMaeMaa HMMyHHOH 
CHCTeMOH xax HHAHKaTop noBepxHOCTH naToreHa. Oahh naTTepH 
MoxceT ôbiTb xapaKTepeH jyin ôojibinoro nncaa naToreHOB. npn 
HMMyHHOM OTBeTe Taxne naTTepHbi MoryT pacno3HaBaTbca peuen- 
TOpaMH Ha nOBepXHOCTH KíieTOK BpOKAeHHOrO HMMyHHTeTa. 
Mo/maiAne Myiaumi. Myraunn, He MeHinomne nocjieAOBaTejibi iocTb 
aMHHOKHCJIOT B ÔeJIKe, nOCKOabKy C03Aai0T CHHOHHMHMHblH KOAOH. 
Mo/iHaiAHŕt caŕtT. H3MeHeHHaa no3Huna b KOAnpyioiAeM pernoHe 
reHa, He 3aTpoHyBinaa noeaeAOBaTeabHOCTb aMHHOKHCJIOT b ôejixe. 
MoHouMCTpoHHaa mPHK KOAHpyeT oahh ôeaox. 

MnH (Mera-napa HyK/ieoTMAOB). Hcnoab3yeTca jyw H3MepeHHa 
AAHHbi R HK, paBHa 10 6 nap HyícneoTHAOB. 

My/ibTMKonMMHbiŕí KOHTpo/ib pen/MKaiuw n/ia3MMflbi no3BoaaeT 
3 toh naa3MHAe ôbiTb npeACTaBJíeHHOH mhokcctbom Konnn Ha 
OAHy ôaKTepna^bHyio loiency. 

MyTareHbi noBbimaiOT nacTOTy MyTaunn, npaMo'nan kocbchho 
HHA yunpya H3MeHeHHa b noeaeAOBaTeabHOCTH HK. 

MyTaHT c 3aMefl/ieHHoŕí ocTaHOBKOM pen/iMKaumi. BapnaHT nyBC- 
TBHTejibHoro k TeMnepaType MyraHTa E. coli no chctcmc pen/in- 
xauHH, cnocoÔHbiH 3aBepniHTb yxce Ha^aTbin payHA perníHKaunn 
npn HenepMHCCHBHOH TeMnepaType, OAHaxo HecnocoÔHbiH Ha- 
naTb HOBbin payHA penaHKaunn. 

MyTaHTbi dna y ôaKTepnn nyBCTBHTeabHbi k TeMnepaType: ohh 
cnocoÔHbi k CHHTe3y JX HK npn 37°C, ho He cnocoÔHbi k CHHTe3y 
HK npn 42°C. 

MyTaTop. Myrauna mu MyraHTHbin reH, noBbimaioiAHH nacTOTy 
Myraunn. IeHbi-MyTaTopbi HepeAxo KOAnpyioT ôeaxn, 3aAencTBO- 
BaHHbie b penapaunn noBpoKAeHHon JXUK 
MyTauufl c oôpeieHMeM cfjyHKumi. npn Taxnx Myraunax nponc- 
xoaht yBean^eHne HopMajibHOH aKTHBHOCTn reHa. HHorAa oto 
conpaaceHO c (J)eHOTHnHnecKHM npoaBaeHneM xaKHx-TO HeHop- 
MaJIbHblX CBOHCTB. BoablUHHCTBO T3KHX MyTaiJHH AOMHHaHTHbl. 
MyTauMB c noTepeií cfjyHKumi. Myrauna, H3-3a KOTopon aKTHB- 
HOCTb reHa ocaaôaeHa mu cBtjxtm m HeT. BoabinHHCTBO Taxnx 
MyTauHH peueccHBHbi. 

MyTauMB c coxpaHemieM ociaTOHHoro ypoBHn 3Kcnpeccnn ocraB- 
aaeT reHy nacTb ero (J)yHKUHH. BbmaeT, mto MyraHTHbin ôejiox nac- 
thhho aKTHBeH (sto xapaKTepHO jym MneceHC-MyTaunn) mu hto 
cjiynaHHbie peAKne npoxoAbi pnôocoMbi nepe3 HOHceHC-MyTaunio 
no3BoaaiOT noaynnTb Heôoabinoe KO/innecTBO HopMajibHoro ôejiKa. 
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HaBOAfluiaa PHK. Heôojibiuaa Mo;ieKy;ia PHK, KOMruieMeHTapHafl 
peAaKTHpyeMoň MOJieKyjie. Hcnojib3yeTca b Ka^ecTBe MaTpHD,bi jym 
H3MeHeHHa nocne/jOBaTejibHO cth (BCTaBOK h HymieoTH- 

AOb) peAaKTHpyeMOH PHK 

HaAceMeŕícTBo reHOB. Haôop roMOJiorHHHbix reHOB, cymecTBeH- 
ho OTJiHHaiomHxcfl no nocneAOBaTe^bHOCTH. 

Hano/iOBMHy MeTM/nipoBaHHbift caŇT. CnMMeTpnHHaa nocneAO- 
BaTe^bHOCTb (najiHH/jpoM), MeTHJinpoBaHHaa Jiniiib no oahoh H3 
uenen flHK 

HapyMHbiŕí AOMeH. HacTb ôe/iKa, 3aKpermeHHoro b rnia3MaTnnec- 
Koň MeMôpaHe, BbixoAamaa b HapyxcHyio cpe^y KaeTKH. nocne hh- 
TepHajiH3aunn TaKoro 6e;iKa ero HapyxcHbin aomch OKa3biBaeTca 
oôpameHHbiM b npocBeT opraHe;uibi (TonojiornnecKHH 3KBHBa- 
jieHT Hapy^cHon cpeAbi kjictkh). 

HacueHTHbiií 6 e/i o k eme He nojmocTbio CHHTe3npoBaH; nojinnen- 
Tn^Haa uenb Bce eme CBímrn c phôocomoh nepe3 tPHK 
HeaBTOHOMHbiŕí KOHTpo/mpyioiAiiM a/ieMeHT. TpaHcn030H KyKy- 
py3bi; KOAnpyeT He(J)yHKi;HOHajibHyio TpaHcno3a3y; MoxceT nepe- 
Mein,aTbca no reHOMy /iniub b npncyTCTBnn mpanc-jxzňc TByiomero 
aBTOHOMHoro a^eMeHTa H3 Toro xce ceMencTBa. 

Hea/me/ibHbie reHbi. Konnn o/jHoro reHa, HaxoAamneca b pa3Hbix 
Mecrax reHOMa, — b OT^nnne ot aAnejien, KOTopbie aBjíaioTca Konna- 
mh OAHoro n Toro xce reHa, nojiyneHbi ot pa3Hbix poAHTejien n 3aHH- 
MaiOT oahh n Te xce no/ioxceHna Ha roMOJiorHHHbix xpoMOcoMax. 
HeBMpycHoe HaAceMeiícTBO TpaHcno30HOB B03HiiK.no HC3aBncn- 
mo ot peTpoBnpycoB. 

HeraTMBHaB KOMruieMernaAHfl. C^ynan MOKaaaejibHOH KOMruie- 
MeHTaunn, Koryja b MyjibTHMepHOM ôe/iKe MyraHTHaa cy6 r bcj\mm- 
ua cynpeccnpyeT aKTHBHOCTb cyô'bejymmiyi AHKoro Tnna. 
HeraTMBHaa pery/i/uiu/i. Tnn peryjiaijHH sKcnpeccnn reHOB, koto- 
pbie aKTHBHbi no yMOJinaHHio. BbnononeHne TaKoro reHa TpeôyeT 
ocoôoro BMemaTe^bCTBa. 

HemcTOHOBbiŕí 6e/iot<. JIioôoh crpyKrypHbiH 6e;iOK xpoMOCOMbi, 
3 a naononeHneM thctohob. 

HeroMO/iorMMHoe coeAMHemie kohljob. npeAcraBJíaeT coôoh jih- 
rnpoBaHne Tynbix kohijob flHK XapaKTepHO jyin mhohix nyTen 
penapaunn n jyin HeKOTopbix cjiynaeB peKOMÔHHaijHH (Hanpn- 
Mep, b reHax HMMyHornoôyjiHHOB). 

HeAOKpyMeHHaa flHK (AHK c oTpmjaTe/ibHoä CBepxcnnpa/ui3a- 
Aiieft). flHK, HMeiomaa MeHbinc nap HymieoTHAOB Ha bhtok, hcm 
oôbiHHbie 10 nH. 3to 03HanaeT, hto ABe uenn flHK MeHbinee hhoio 
pa3 3auermeHbi Apyr 3a Apyra, b nptpynt npnBOAfl k pacxoxmeHHio 
uenen flHK (AeHaTypaunn). 

He3aBMCMMbie MHAyKTopbi. AHaaorn ayTeHTHHHbix HHAyKTopoB 
TpaHCKpnnunn, He aB^noiAneca cyôcrpaTaMH jym HHAyimpoBaH- 
HblX (J)epMeHTOB. 

HeMHAyuMpyeMbiŕí Myiam. MyTaHT, jym KOToporo noBpe>KAeHHbiH 
reH (rhh reHbi) He moxcct ôbiTb OKcnpeccnpoBaH (hh npn Kaxnx 
yc^OBnax). 

HeMTpa/ibHaa MyiauMB He AaeT 3BO^K)unoHHbix npenMynj,ecTB n, 
Kax npaBH^o, He HMeeT (J)eHOTnnHHecKoro 3(J)(J)eKTa. 

HeŕÍTpa/ibHbie 3 aMeHbi b 6e/iKe. 3aMeHbi OTAeabHbix aMHHOKnc- 
aoT, He BjiHaioiAHe Ha aKTHBHOCTb ôe^xa. 

HeKOMn/ieMeHTapHOCTb. CanTflHK, rAe npoTHBO^OKamne a30Tnc- 
Tbie ocHOBaHHa AByx uenen AynmeKca He oôpa3yiOT cTaHAapTHyio 
napy G-C h^h A-T. Hajinnne HeKOMnjieMeHTapHOCTH MoaceT ôbiTb 
Bbi3BaHO BiononeHneM HeBepHoro HyKJieoTHAa npn perníHKaunn 
^hôo MyTaunen OAHoro H3 ocHOBaHnn. 


HenocpeACTBeHHo-paHHMe reHbi cfjara /í/iMÓAa. 3KBHBajiCHT pan- 
hhx reHOB Apyrnx 6aKTepno(J)aroB. npn 3apa)KeHnn sth reHbi He- 
mcaachho TpaHCKpnônpyioTca PHK-no^HMepa3on xo3anHa. 
HenpoAyKTMBHafl nepecTpoMKa. HacTHbin c^ynan peKOMÔHHaunn 
V-, (D)-, J-reHHbix cerMeHTOB, He npnBOAaninH k o6pa30BaHHio 
npaBHJibHon OTKpbiTon paMKH CHHTbiBaHHa. HenpoAyKTHBHaa 
nepecTpoHKa — pe3y^bTaT AOÔaB^eHna h^h Bbmmmm anniHero 
HyKJieoTHAa, npepbmaioiAero paMKy (xoth HeKOTopbie HenpoAyK- 
THBHbie nepecTpoHKH AaiOT paMKy HopMa^bHOH A^inHbi, KOAnpyio- 
iAyio He(J)yHKUHOHajibHbin 6e/iOK). 

Henp/iMoe MeMeHMe kohaob. Mctoa nccaeAOBaHna opraHH3aunn 
flHK b KOHKpeTHbin caHT bhochtch pa3pe3, nocae nero npoBOAHTca 
HAeHTH(J)HKauHa Bcex (J)parMeHTOB, coAep^aiAnx nocaeAOBaTejib- 
HOCTb, HaxoAaiAyioca Ha oahom H3 KpaeB pa3pe3a. no3BoaaeT onpe- 
AejinTb paccToaHne ot pa3pe3a ao caeAyiomHx pa3pbiBOB b flHK 
Hepen/iMKaTMBHa/i TpaHcno3MAMfl. nepeMeiAeHne TpaHcno30Ha, 
KOTopbin noKHAaeT canT-AOHop (oôbiHHO ocTaB^aa b hcm AByu,e- 
nonenHbin pa3pbiB), htoôm 3aH«Tb hobhh canT. 

HepeAMnpoKHaa peKOMÓMHaAMB. CaynaeTca npn HeBepHO ycTa- 
HOBJíeHHOM cooTBeTCTBHH h KpoccHHroBepe MOKAy roMoaornn- 
HbiMH nocaeAOBaTe/ibHOCTaMH flHK B pe3yabTaTe oôpa3yiOTca 
OAHa peKOMÔHHaHTHaa Moaexyaa c Ae/ieunen n OAHa peKOMÔn- 
HaHTHaa Moaexyaa c AynJíHKaunen. 

HeTOMHaa 3 kcam 3 mb. Caynan, KorAa TpaHcno30H Bbipe3aeT caMoro 
ceôa H3 flHK, ocTas/um b Hen nacTb CBoen nocaeAOBaTeabHOCTn. 
HeTpaHCKpn 6 npyeMbiM cneiícep. YnacTOK MOKAy eAHHHiyaMH 
TpaHCKpnnunn b TarmeMHOM KaacTepe reHOB. 

HiDKe/ie/KaiAee MecTono/io>KeHMe o 6 i>eKTa b AH K no OTHomeHHio 
k ApyroMy oô^eicry b toh xce MoaeKyae. TepMHH 3aAaeT HanpaBae- 
Hne 3KcnpeccHH: HanpnMep KOAnpyioiAaa oóaacTb aBaaeTca hh- 
xcejiOKamen no OTHOineHHio k HHnunnpyioiAeMy KOAOHy n T.n. 
HMK-TpaHc/iauMB. PeaKUHa, KaTajiH3npyeMaa flHK-noanMepa3on I 
E. coli. OepMeHT cnocoôeH ncnoab30BaTb OAHOuenonenHbin pa3pbiB 
b flHK b KanecTBe cTapTOBOň tohkm AerpaAaunn oahoh h3 n,eneň 
AyrmeKca n ee 3aMeui,eHHa hobhm CHHTe3npyeMbiM MaTepnaaoM. 
npnMeHaeTca, b nacTHOCTn, pjw BHeceHna mctkm b flHK in vitro. 
HoHceHc-MyTauMB. H3MeHeHne nocaeAOBaTeabHOCTn flHK, b pe- 
3yabTaTe KOToporo oahh H3 3HannMbix koaohob OTKpbiTon paMKH 
CHHTbiBaHHfi npeBpaiAaeTca b TepMHHnpyioiAHH koaoh (UAG, UGA 
h/ih UAA). 

HoHceHC-cynpeccop. TeH tPHK, coAepxcaiA hh MyTaiynio, npnBOAa- 
lAyio k TOMy, hto tPHK MoaceT HHTepnpeTnpoBaTb TepMHHnpyio- 
IAHH KOAOH KaK aMHHOKHCJIOTy. 

Hona/iMHOBbie n/ia3MMAbi. Pa3HOBHAHOCTb naa3MHAbi Ti, >KHBy- 
men b Agrobacterium tumefaciens . CoAepxcnT reHbi jym CHHTe3a 
OAHoro H3 onHHOB, HonajiHHa. Bo36yacAaeT y pacTeHHH onyxoan, 
AH(J)(J)epeHUHpoBaHHbie HanoAOône paHHHx SMÔpnoHaabHbix 
CTpyKTyp (pa3HOBHAHOCTb KopoHnaToro raa;ia). 

HyK/ieMHOBbie KMC/ioTbi. MoaeKyabi, hochtc/ih reHeranecKOH 
HH(J)opMauHH. npeACTaBaaiOT coôoh nocaeAOBaTeabHOCTH a30- 
thcthx ocHOBaHHH Ha Moaexyaax pnôo3bi, coeAHHeHHbix (J)oc- 

(J)0AH3(J)HpHbIMH CBa3aMH. flHK — 3T0 AC30KCHpHÔ0HyKJieHH0Baa 
KHCJiOTa, PHK — pHÔOHyícneHHOBaa KHCJioTa. 

HyK/ieoMA. B npoKapHOTHnecKOH imeTKe — cTpyicrypa, coAepxca- 
maa reHOM. Coctoht h3 flHK b KOMmieKce c ôeaKaMH; aHajior 3yKa- 
pnoTH^ecKOH xpoMOCOMbi. HyioieoHA He OTAe/ieH ot uHTomia3Mbi 
MeMÔpaHHOH OÔOJIOHKOH. 

HyK/ieocoMa. OcHOBHaa CTpyKTypHaa eAnHHiya xpoMaTHHa; co¬ 
ctoht H3 -200 nH flHK h omMepa thctohob. 

Hy/ib-MyTauMB noaHOCTbio 3 JiHMHHHpyeT (J)yHKUHio reHa. 
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OÓMeH uenflMM. ľlpouecc, b xo fle KOToporo OAHa H3 uenen JX HK- 
AyruieKca yxoAHT h oôpa3yeT AynjieKC c KOMruieMeHTapHOH ijenbio 
Apyroň MOJieKynbi JX HK, BbiTecHaa npn stom ncxoAHyio ijenb. 
OópaTHaB MyTauMfl. MyraijHH, oôpamaiomafl scJ)(J)eKT hcxoahoh 
MyTauHH, HHaKTHBHpoBaBineH reH (h TaKHM oôpa30M B03Bpama- 
lomaa ahkhh (J)eHOTHn). 

OópaTHaa TpaHKpMrrra3a. OepMeHT, KOTopbiH Hcno;ib3yeT oaho- 
uenoHe^Hyio PHK b KanecTBe MaTpmjbi aj ifl CHHTe3a AByxijenoHeH- 
hoh JX HK. 

OópaTHaa TpaHCKpnn 4 MB. Chhtc3 JX HK Ha MaTpHue PHK. Bbino;i- 
HÄCTCÄ (J)epMeHTOM OÔpaTHOH TpaHCKpHrm30H. 

OflHOKonMÍÍHaB pen/iMKauMB. CHCTeMa Kompojia peroíHKaijHH, 
oôecneHHBaioiAaa HajiHHHe eAHHCTBeHHOH KonHH peruíHKOHa Ha 
ôaKTepHajibHyio mieTKy. npncyma ôaKTepnajibHOH xpoMocoMe h 
H eKOTOpbIM ruia3MHAaM. 

OflHOHanpaB/ieHHafl penjiMKaAMfl.^BHXceHHe penjíHKaTHBHOH buä - 
KH TOJIbKO b oahom HanpaBJíeHHH (ot opHA>KHHa peruíHKaijHH). 
OflHOHyKJieOTMflHblií nOJlMMOp(()M3M. MOKHHAHBHAyaJIbHbie pa3^H- 
HHH nOCJieAOBaTeJIbHOCTH (nO^HMOp(J)H3M), COCTOaiAHe B H3MeHeHHH 

eAHHCTBeHHoro HyioieoTHAa. CocTaBwnoT ôojibuiyio nacTb reHemHec- 

KHX BapnaUHH MOKAy OTAeJIbHbIMH HHAHBHAaMH BHyrpH BHAa. 

«0ko pen/iMKaumo). y^acTOK pemiHijHpoBaHHOH JX HK BHyrpH 
6o;iee npoTaxceHHoro HeperoiHijHpoBaHHoro ynacTKa. 
OKTonMHOBbie n/ia3MMAbi Agrobacterium tumefaciens coAepxcaT 
reHbi, oôecneHHBaioiAHe chhtc3 oiihhob oKTonHHOBoro rana. Bbi- 
3biBaiOT oôpa30BaHHe HeAH(J)(J)epeHUHpoBaHHbix onyxo/ien (pa3- 
HOBHAHOCTb KOpOHHaTOrO ľaJUia UBeTKOBblX paCTeHHH). 
Ona/i-KOflOH. TpHiuieT UGA, oahh H3 Tpex koaohob, TepMHHHpy- 
k)iu,hx CHHTe3 ôejiKa. y Heôo/ibiuoro HHCJia hh3iiihx opraHH3MOB 
STOT KOAOH COOTBeTCTByeT aMHHOKHCJIOTe. 

OnepaTop. CanT 4HK, c KOTopbiM CBfi3biBaeTca ôejiOK-penpeccop, hto- 
6bi MernaTb mmuyizww TpaHCKpnnuHH c 6/iH3^0Kamero npoMOTopa. 
OnepoH. ĽAHHHua sKcnpeccHH h peryjiaijHH ôaKTepnajibHbix re- 
HOB; nOMHMO CTpyKTypHblX ľCHOB, BIOIIOHaeT B CeÔfl KOHTpOJIbHbie 
sjieMeHTw, y3HaBaeMbie npoAyKTaMH reHOB peryjiflTopoB. 

OnMH. npoH3BOAHaa aprHHHHa; CHHTe3HpyeTca b mieTKax pacTe- 
HHH, 3apa)KeHHbIX KOpOHHaTbIM ľaJUIOM. 

OnocpeflOBaHHoe HOHceHC-MyTaiuieä pa3pymeHMe mPHK. nyrb 
AerpaAauHH mPHK b cjiynae, ecnn cTon-KOAOH BCTpeHaeTca ao Ha- 
najia noaieAHero SK30Ha. 

Onpefle/ieHMe umpoHa. npoijecc y3HaBaHHfl napbi caHTOB cruiaň- 
CHHra b xoAe B3aHMOAencTBHH npn ynacran mnbKO 5'-canTa h 
TOHKH BeTBTieHHa/ä'-CaHTa. 

Onpefle/ieHMe 3K30Ha. npoijecc ono3HaHHfl napbi caHTOB ciuian- 
CHHra npH nOMOIIJH B3aHMOACHCTBHH C ynaCTHeM 5'"KOHIjeBbIX 
oô/iacTen Aeyx coccahhx hhtpohob. 

OpMfl>KMH. noaieAOBaTe^bHOCTb flHK, Ha KOTOpOH HHHUHHpyeTCa 
pemíHKaijHfl. 

0pTO/1Om. Ee/IKH H3 pa3HbIX OpraHH3MOB, MOKAy KOTOpbIMH yCTa- 
HOBJíeHO COOTBeTCTBHe Ha OCHOBaHHH rOMOJIOrHH aMHHOKHCHOT- 
Hbix noc^eAOBaTe^bHOCTeň. 

Oc/iaójiflioinafl MyTauMA b npoMOTope noHHXcaeT 3(J)(J)eKTHBH0CTb 
TpaHCKpnnuHH. 

Ochobhom annapaT TpaHCKpumimi. KoMrmeKC TpaHCKpnnuHOH- 
hhx (J)aKTopoB, coônpaioiAHHai Ha npoMOTope ao nocaAKH Ha 
Hero PHK-no^HMepa3bi. 


Ochobhom ypoBeHb. ypoBeHb OTBeTa chctcmm b OTcyrcTBHe Ka- 
KHX-^HÔO CTHMyJIOB. (OCHOBHOH ypOBCHb TpaHCKpnnUHH HeKOTO- 
poro reHa — sto ypoBeHb, oÔHapyxcHBaeMbin b OTcyrcTBHe KaKOH- 
JIHÔO CneUH(J)HHHOH aKTHBaUHH). 

OCTaHOBKa pMÓOCOMbl. HHľHÔHpOBaHHe ABHXCeHHH pHÔOCOMbl, 
AOCTHrmeH KOAOHa, pjw KOToporo OTcyrcTByeT cooTBCTCTByioiAaa 
3apíDKeHHaa aMHHoaijmi-TPHK 

Odkht flHK. Oôpa30BaHHe AByxuenoHeHHOH cTpyicrypbi H3 KOMn- 
^eMeHTapHbix oahhohhwx uenen JX HK 

OTKpbITaB paMKa CMMTbIBaHMH. noaieAOBaTe^bHOCTb HyKJieOTH- 
AOB, pa3ÔHTaa Ha TpHruieTbi ajw TpaHCJiauHH b nocneAOBaTejib- 
HOCTb aMHHOKHCJIOT. HaHHHaeTCíI HHHUHHpyiOIAHM KOAOHOM, 3a- 
KaHHHBaeTCa TepMHHHpyiOIAHM KOAOHOM. 

OTKpbITbIM KOMÍI/ieKC. CTaAHÍI HHHUHaUHH TpaHCKpHnUHH, KOľAa 
PHK-no^HMepa3a 3acTaB^aeT uenn JX HK pa3Ae;iHTbCfl h oôpa30- 
BaTb «TpaHCKpHnijHOHHbiH ny3bipeK». 

OTCTaioiMaB uenb. JX OHepHaa uenb JX HK, KOTopaa, coniacHO Ha- 
npaBJíeHHio ABHXceHHa peruíHKaTHBHOH bh^kh, AOJDKHa pacra b 
H eecTecTBeHHOM HanpaBJíeHHH 5'-+5'. OTCTaioii^aa uenb chhtc3h- 
pyeTCfl b (J)opMe Heôo^binnx (J)parMeHTOB ( 5 '- > 3 ')» BnooieACTBHH 
COeAHHaeMblX KOBaJieHTHbIMH CUIHBKaMH. 

Oxpa-KOflOH. TpHn^eT UAA, oahh H3 Tpex koaohob, TepMHHHpy- 
ioiahx cHHTe3 6e;iKa. 

Olbmóomho cnapeHHbie ocHOBaHun. HeKOMmieMeHTapHoe B3an- 
MOAencTBHe AByx OCHOBaHHH (HanpnMep, cnapnBaHHe aAeHHHa c 

UHT03HH0M RHH THMHH3 C iyaHHHOM). 

llapaflOKC Be/IMMMHbl C 3aiOHOHaeTOI B OTCyTCTBHH B3aHMOCBÍI3H 

MOKAy coAepxcaHHeM JX HK h ee KOAnpyioiAHM noTeHuna^OM. 
llapaHeMMMHoe coeflMHeHMe. y^acTOK AByn,enoHeHHOH MO^eKy- 
aw JX HK, Ha kotopom ABe KOMn^eMeHTapHbie ijenn He oôpa3yiOT 
ABOhhoh cnnpa^H, a npocTo pacno^araiOTca 6 ok o 6ok. 
rienTMAM/i-TpaHCcf)epa3a. OepMeHT, KOTopbiH CHHTe3npyeT nen- 
THAHyio CBa3b npn AOÔaBJíeHHH aMHHOKHCJiOTbi b pacTymyio no^H- 
nenTHAHyio ijenoHKy. 3 tot (J)epMeHT — He hto HHoe, KaK ôo^biiiaa 
cyô'henimmxa pnôocoMbi. Coôctbchho KaTajíHTHHecKaa aKTHB- 
HOCTb npHHaAJiOKHT pPHK. 

nenTMflM/i-TPHK. Mo^eKy^a tPHK, KOTopaa HeceT Ha ceôe pacTy- 
iahh no^HnenTHA, nepeHeceHHbin Ha Hee npn npeAbiAymeM chh- 
Te3e nenTHAHOH cba3h, bo BpeMa CHHTe3a ôe^Ka. 
ľlepBMMHblM MMMyHHbIM OTBeT. OTBeT OpraHH3Ma npH nepBOH 
BCTpeHe c aHTnreHOM. no cpaBHeHHio c btophhhmm HMMyriHbiM 
OTBeTOM, xapaKTepH3yeTca MeHbineH npoAOJDKHTejibHOCTbio h ot- 
HOCHTeJIbHO HH3K0H a(J)(J)HHHOCTbK) aHTHTCJI. 

ľlepBMMHblM TpaHCKpMflT. HcXOAHblH HCMOAH(J)HUHpOBaHHbIH 

npoAyKT TpaHCKpnnuHH; PHK, eooTBeTCTByioiAaa TpaHCKpnnuH- 

OHHOH eAHHHUe. 

ľlepeK^iOMeHMe K/iacca MMMyHor/ioóy/iMHa. H3MeHeHne b opra- 
HH3auHH reHa Ig , npn kotopom H3MeHaeTca C-ynacTOK tídkcjioh 
uenn, a V-ynacTOK ocTaeTOi npoKHHM. 

ľlepeKOAMpoBKa. npncBoeHHe OTAejibHbiM KOAOHaM h^h cepnaM 
koaohob ajibTepHaTHBHbix 3HaHeHHH BonpeKH reHeTH^ecKOMy 

KOAy. nepeKOAnpoBKa MoxceT ôbiTb oôyc^OB^eHa HecTaHAapTHbiM 

B3aHM0AencTBHeM aMHHoaun^-TPHK c mPHK noA B^naHneM co 

CTOpOHbl pHÔOCOMbl. 

ľlepeKpyHeHHaB flHK HMeeT hhc^o HyícneoTHAHbix nap Ha bhtok, 
ôojibiuee oôbiHHbix AecaTH. 3to 03HaHaeT, hto b TaKOH JX HK ijenn 
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cKpyneHbi ôo/iee Tyro Apyr OTHOCHTejibHO Apyra, co3AaBaa Hanpa- 
xceHne BHyrpH MOJieicyjibi. 

ľlepexofl oflMHOMHoŕí lienu. PeaKijna, KaTajiH3npyeMaa Tonon30- 
Mepa30H I, b xofle kotopoh cerMeHT oahoh h 3 uenen HUK npoxo- 
AHT CKB03b pa3pbIB BO BTOpOH IjenH. 

nepnn/ia3Ma (m/im nepnnjia3MaTnqecKoe npocipaHCTBo). ľlpo- 
cTpaHCTBO MOK/iy HapyxcHoň h BHyTpeHHen MeMôpaHaMH mieron- 

HOH OÔOJIOHKH rpaMOTpHIjaTeJIbHblX ÔaKTepHH. 
riepMcenTajibHoe kojí b 40 . Onoacbraaiomaa mieTKy oôJiacTb ioie- 
TOHHOH OÔOJIOHKH, TAC HapyXCHaa H BHyTpeHHflfl MeMÔpaHbl Bbl- 
rjwflflT cjiHBiiiHMHOL 3aAaeT nojioxceHne cenTbi. 
nepoKCMHbi. Be^KOBbie KOMnoHeHTbi nepoKCHCOMbi. 
nepoKČMCoMa. UHToruia3MaTHHecKaíi opraHejuia, OKpy^ceHHaa oa¬ 
hoh MeMôpaHoň. CoAepxcHT OKncanTejibHbie (J)epMeHTbi. 
ľleT/iB. OAHOuenoHeHHbiH ynacTOK, kotophm 3aMbiKaeTca mnmib- 
xa b PHK (hjih b 0 AH 0 n,en 0 HenH 0 H RHK ); cooTBeTCTByeT ynacTKy 
MOKAy HHBepTnpoBaHHbiMH noBTopaMH b AByiienoHeMHon RHK 
ÍIh/IM (H/ 1 M BOpCMHKM). BbipOCTbl Ha-nOBepXHOCTH ÔaKTepHH, no3- 
BOJiHioiAHe en npnKpemuiTbca k APyrnM ôaKTepnaM. IIoxoxch Ha 
KOpOTKHe, TOHKHe, THÔKHe naJIOHKH. B HaCTHOCTH, BOpCHHKH HC- 
no/ib3yiOTca npn KOHbioraijHH jjjm nepeHoca flHK MOKAy ôaKTepn- 
a^íbHblMH KJieTKaMH. 

ľlM/iMH. Ee;iKOBaa cyô'beAHHHija, no/iHMep kotopoh oôpa3yeT Bop- 
CHHKH y ÔaKTepHH. 

nupMMMAMHOBbiií flMMep oôpa3yeTca b pe3ynbTaTe oôpa30BaHna npa- 
MOH KOBaJieHTHOH CBA3H MOKAy COCCAHHMH nHpHMHAHHaMH J \HK 
nnpHMHAHHOBbie AHMepbi oôpa3yiOTca npn y;ibTpa(J)Ho;ieTOBOM 06 - 
^yneHHH, ohh ô/ioKnpyioT peruíHKaunio h TpaHCKpnnijHK) H HK 
n/ia3MMfla F. 3nncoMa, KOTopaa moxcct cymecTBOBaTb OTAejibHO 
ot ôaKTepna^bHOH xpoMocoMbi jihôo ôbiTb HHTerpnpoBaHHOH b 
Hee; jnoôaa H3 sthx (J)opM noAAepxcnBaeT KOH^ioraunio. 
ľl/ia 3 MMfla Ti. 3nncoMa ôaKTepnn Agrobacterium tumefaciens ; He- 
ceT reHbi, oôecnennBaiomHe HHAyKu,Hio KopoHnaToro ra^ia b hh- 
(J)HUHpOBaHHbIX paCTeHHflX. 

n/ia3MMfla. KojibijeBaa BHexpoMocoMHaa fftlK Abtohomho cy- 
mecTByeT b uHTorma3Me ôaKTepnn; KOHTpo/inpyeT coôcTBeHHyio 
pemíHKaunio. 

ri/ia3MMAbi Ri oôHapy^ceHbi b Agrobacterium tumefaciens. Ohh noxo- 
ym m ruia3MHAbi Ti h Toxce Hecyr reHbi, KOTopbie Bbi3biBaiOT y pacTe- 
hhh pa3BHTne 3aôo;ieBaHHfl, HanoMHHaioiAero KopoHnaTbin ra/ui. 
ľl/ieKTOHeMMMHoe coeAMHeHue. ynacTOK AByu,enonenHOH MOJieKyjibi 
.QHK, Ha kotopom ee ijenn oôpa3yioT ABOHHyio cnnpa^b (b otjihhhc 
ot napaHeMHHHoro coeAHHeHna, rAe ABOHHaa cnnpajib oTcyrcTByeT). 
ľl/iewo tPHK. OAHa H3 neTbipex (b OTAejibHbix c;iyHaax — mrra) 
CTpyKTyp Tnna «CTeôe;ib-neT;ia», (J)opMHpyioiAHx BTopnnHyio 
CTpyKTypy tPHK 

ľl/ieMM caŕtTa npncoeAHHeHMB (Jjara /ibmóas* nocaeAOBaTeJibHoe- 
th, (J)jiaHKnpyioLAHe ueHTpajibHbin pernoH (pernoH npoxo^KAeHHíi 
peKOMÔHHaunn). 

ľl/ioTHoe CBB3biBaHne PHK-no/iMMepa3bi c AH K. Oôpa30BaHne 
OTKpbiToro KOMn^eKca (b kotopom uenn RHK pa3Ae^eHbi). 
ri/iioc-AenoHeHHbiH BMpyc pacnpocTpaHHeT cboh reHOM b (J)op- 
Me OAHOuenoHeHHOH HyioienHOBon khc^otm, KOTopaa íiB^íieTOi 
CMblCJIOBOH, TO eCTb HenOCpeACTBCHHO KOAHpyeT ÔeJIKH. 
ľl/Hoc-uenb AH K. OAHa H3 uenen JftlK peTpoBnpyca, HAeHTHHHaii 
reHOMHOH PHK peTpoBnpyca (Apyraa uenb AymeKca, MHHyc-uenb, 
KOMnjieMeHTapHa reHOMHOH PHK peTpoBnpyca). 


nOABep>KeHHblH OllJMÓKaM CMHTe3 AH K. CHHTe3, AByuenOHeHHblH 
npoAyKT KOToporo coAepxcnT mhokcctbo HeKOMmieMeHTapHOC- 
Ten H3-3a BIOIK)HeHH5I MHOXCeCTBa HeBepHblX HyKJieOTHAOB B AO- 
HepHKDio uenb. 

ľloAAep>KMBaK)iAaB MeTM/ia3a AOÔaB^íieT MemjibHyio rpynny k 
canTy-MHiueHH, KOTopbin y^ce HanojiOBHHy MeTHjinpoBaH. 
llo3AHMe reHbi 6aKTepnocf)ara TpaHCKpnônpyioTca noc^e Hana^a 
pemíHKaunn (J)aroBOH JftlK. Ohh KOAnpyiOT KOMnoHeHTbi HH(J)eK- 
UHOHHblX HaCTHU. 

ľlo3AHBB MHcfjeKAMB. HacTb ^HTHHecKoro uHioia ôaKTepno(})ara, ot 
H a^ajia pen^HKaunn a o JiH3nca loieTKH. B xoAe no3AHen HH(J)eK- 
Uhh, napa^ne^bHO pen^HKaunn (J)aroBOH JftlK, hact HapaôoTKa 
CTpyKTypHblX KOMnOHeHTOB HH(J)eKUHOHHbIX HaCTHU. 
no3M4MOHMpoBaHne HyK/ieocoM. ynopaAOHeHHoe nojioaceHHe HyK- 
^eocoM OTHOCHTejibHO onpeAejieHHbix noe^eAOBaTejibHOCTen flHK 
rio3M4MOHHaB MHtfjopMauMB. /J,H(J)(J)epeHUHajibHoe pacnpeAejie- 
Hne MaKpoMOJieKyn b anueioieTKe h paHHeM sMôpnoHe. JIoKa^n- 
32ixm MaKpoMOJieKyn b ani^eioieTKe caMa no ceôe HB^aeTca oahoh 
H 3 (J)OpM Hae^eAyeMOH HH(J)OpMaUHH. 
íl 0/1 m(A)~ mPHK. OpaKi^na mPHK, He HMeiomen no^n(A). 
no/in(A) + mPHK. OpaKijna mPHK, hmooiach no^n(A). 
n 0/1 M (A). nOJIHMep aACHHJIOBOH KHCJIOTbl AAHHOH ~200 OCHOBa- 
hhh, AOÔaB^aeMbin k 3'-K0Hijy syKapnoranecKon mPHK noc^e ee 
CHHTe3a. 

rio/iM (A) -no/iMMepa3a (PAP). OepMeHT, KOTopbin AOÔaBJíaeT no^n(A) 
k 3'-K0Huy syKapnoTHnecKOH mPHK He ncno/ib3yeT MaTpnuy. 
ľlo/Ul(A)-CBB3blBaK)lAMM 6e/10K. Be^OK, KOTOpblH CBa3bIBaeT 
no^n(A) Ha 3'-K0Hue syKapnoranecKon mPHK. 
nO/1HMOp4)l13M (reHeTMMeCKMM n0/lMM0p(()M3M).0AH0BpeMeHH0e 
npncyTCTBHe b nony^aunn aji^ejien c pa3JiHHHflMH b HyioieoTHA- 
hoh nocjieAOBaTejibHOCTH. CHanajia yMHTbiBa^ncb To^bKo a^^e- 
jih, AaioiAne pa3Hbie (J)eHOTHnbľ, b HacToaiAee BpeMfl b KanecTBe 
no^HMop(J)H3MOB yHHTbiBaiOTOi jiioôbie H3MeHeHHa b noc^eAOBa- 
TejibHOCTH reHa, Aaxce MHHHMajibHbie HenTpa^bHbie. B npaKTnnec- 
khx H3MeHeHne HyKJieoTHAHon nocjieAOBaTejibHOCTH reHa 

CHHTaeTOI nOJIHMOp(})H3MOM, eC^H 3T0 H3MCHeHHe BCTpeHaeTOI B 
nony^mnn c nacTOTOH >1%. 

rio/H1MOpcf)M3Mbl A/ 1 HH (JjparMeHTOB peCTpMKAMM. HaC^eACTBCII- 
Hbie pa3^HHHa b narrepHe canTOB pecTpnKunn (Moryr ôbiTb cbíi- 
3aHbi c OAHOHyKJieoTHAHbiMH 3aMeHaMH b HeKOTopbix caŕíTax). 
Hcno^b3yiOTca rjvi OTo^AecTBJíeHna reHOMHbix noc^eAOBaTe^b- 
HOCTen c reHeTHnecKHMH MapKepaMH. 

ľlo/uipMÓocoMa. mPHK, TpaHCJinpyeMaa OAHOBpeMeHHO HecKO^b- 
KHMH pHÔOCOMaMH. 

no/imeHHbie xpoMocoMbi oôpa3yiOTOi b pe3y^bTaTe cepnn pernin- 
Kaunn Haôopa xpomocom ôe3 pa3Ae^eHna pen^HK. 
ľlo/lMAMCTpOHHaB mPHK COAepXCHT KOAHpyiOIAHe OÔ^aCTH AByX 
hjih 6o;iee reHOB. 

ľlo/iHocTbK) MeTM/uipoBaHHbiM caŇT. CnMMeTpHHHafl noc^eAOBa- 
Te^bHOCTb (najiHHApoM), MeTHJiHpoBaHHaa no oôenM uenaM HUK 
ľlo/iocbi Ha no/iMTeHHbix xpoMocoMax. PernoHbi c bhcokoh n^oT- 
HOCTbio, coAepxcaiAne npenMynj,ecTBeHHO flHK, Hecynj,yio aKTHB- 
Hbie reHbi. 

ľlo/iyKOHcepBaTMBHafl no3nmiB b HyKJieoTHAHon noc^eAOBaTe^b- 
hocth 3aHaTa BcerAa oahhm h TeM xce TnnoM ocHOBaHna (nypn- 
'hom wm nnpnMHAHHOM); BbiBOA Ae/iaeTca Ha ocHOBaHnn cpaBHe- 
Hna MHoacecTBa roMO/iorHHHbix noeaeAOBaTeabHOCTen. 
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ľlo/iyKOHcepBaTMBHafl pen/wKaiuifl. BbinojiHaeTca c pa3AejieHneM 
Ljenen ncxoAHoro (poAHTe;ibCKoro) AymieKca, Kax<Aaa H3 KOTopbix 
cTaHOBHTca MaTpmjen jyin CHHTe3a KOMruieMeHTapHOH ijenn. 
ľlo/iyMeTM/uipoBaHHaB flHK. MeTHJinpoBaHa no oahoh H3 uenen 
noc^eflOBaTejibHOCTn-MHiiieHH (npn stom BTopaa ijenb Toxce co- 

AepXCHT IJHT03HH). 

ľlo/iyHenpepbiBHaB pen/iMKaiuifl. Cnocoô pemíHKaijHH, npn ko- 
TopoM OAHa AonepHaa ijenb CHHTe3HpyeTca xax HenpepbiBHaa 
npaMaa, a Apyraa — b bhac kopotkhx (J)parMeHTOB. 
riOJlflpHOCTb. CBOHCTBO HeKOTOpblX MyTaiJHH BJIHÍITb Ha SKCnpeC- 
chk) HHXce^excaiAHx reHOB b npeAeaax TpaHCKpnnijHOHHOH tj\w- 
HHUbi (Ha ypoBHe TpaHCKpnnijHH hjih TpaHcaaijHH). 
noaieflOBaTejibHocTb -10. KoHcencycHaa iiooieAOBaTe/ibi iocTb, pac- 
no/ioxceHHaa Ha paccroaHHH okojio 10 nH Bbime tohkh Hanaaa TpaHC- 
KpnnuHH ôaKrepHajibHoro reHa. R aHHaa noaieAOBaTejibHOCTb BOBJíe- 
neHa b npouecc Ae HaTypaijHH RftK npn TpaHCKpnnijHH. 

noc/ieflOBaTe/ibHocTb -35. KoHceHcycHaa noaieAOBaTejibHOCTb, 
pacno/ioaceHHaa Ha paccToaHHH oko/io 35 nH Bbiine tohkh Hanajia 
TpaHCKpnnunn ôaKTepnajibHoro reHa. BoBJíeneHa b npoijecc nep- 
BHHHoro y3HaBaHna npoMOTopa PHK-no;iHMepa30H. 
noc/ieflOBaTejibHocTb UJaŕÍHa-fla/ibrapHo. noJiHnypHHOBaa noc- 
^eAOBaTe^bHOCTb AGGAGG, npeAiuecTByiomaa HHnn.nnpyioiAeMy 
KOAOHy AUG b ôaKTepnajibHon mPHK. KoMmieMeHTapHa 3'-KOHije- 
boh noaieAOBaTe^bHOCTH 16S pPHK. 

nocTMeŕíoTMMecKaB cerperaiiufl. Pa3Ae/ieHHe AByx ijenen peKOM- 
ÔHHaHTHoro AymeKca, He no/iHOCTbio coBnaAaioiAHx no Hyx- 
jieoTHAHon nocneAOBaTejibHOCTH (Kax oieACTBne oôpa30BaHHa 
reTepoAymieKca npn roMOJiorHHHon peKOMÔHHaijHH) b xoAe noc- 
/ieAyiomen pemíHKaijHH. 

rioCTpen/UlKaAMOHHblM KOMn/ieKC COCTOHT H3 ÔeJIKOB ORC, CBa3bI- 
BaioiAHx RHK opnAxcHHa; oÔHapyxceH y ApoaoKen S. cerevisiae. 
nocnpaHC/iflUMOHHafl TpaHc/ioKauMA. R BHXceHne 6e;iKa nepe3 
MeMôpaHy noc/ie 3aBepmeHHa ero CHHTe3a n BbicBo6o>KAeHHa H3 
pnôocoMbi. 

ľlpaBM/io n-1. IlpaBH^o yTBep^KAaeT, hto b mieTKax caMOK M;ie- 
KOnHTaiOIAHX aKTHBHa TOJIbKO OAHa X-XpOMOCOMa; BCe OCTa^bHbie 
HHaKTHBnpyiOTca. 

llpaBM/io GT-AG. 03HanaeT HajiHHHe hmchho sthx AHHyícneoTH- 
AOB Ha nepBbix AByx n nocaeAHHx AByx no3HijHax hhtpohob b 
AAepHbix reHax. 

ľlpaŕÍMa3a. Pa3HOBHAHOCTb PHK-no;iHMepa3bi, CHHTe3Hpyiomaa 
KopoTKne c{)parMeHTbi PHK, npeAHa3HaneHHbie jyin Hcno;ib30Ba- 
nm b KanecTBe 3aTpaBOK npn pemíHKaijHH RHK 
ľlpaŕÍMocoMa. Be^KOBbin KOMrniexc, HHHijHnpyiomHH pemíHKa- 
UHio b opHAxcHHax mňa <J)X. Taxxce Hcno;ib3yeTca jyin pa3ô;iOKH- 
poBaHHa 3acTpaBmnx pemíHKaTHBHbix bujiok. 
ľlpe-óe/ioK. Tax Ha3biBaiOT ôe/iOK, npeAHa3HaneHHbin jy ia hm- 
nopTa b opraHejuiy un n jyin cexpeunn bo bhouhiok) cpeAy 6ax- 
Tepnn — ao Tex nop, noxa y Hero He ôyAeT yAajieHa CHma^bHaa 
noaieAOBaTe^bHOCTb. 

npeApen^MKauMOHHbiM KOMiuieKC. KoMmieKC, coctoíiiahh H3 RHK 
h ôejiKOB; HaxoAnra b oppwKMHe S. cerevisiae ; hcoôxoahm jym pen- 
jíHKaunn. B ero comB bxoaht KOMnjieKc ORC, Cdc6, ôejiKH MCM. 
ľlpeflCTaBjíeHHocTb mPHK. CpeAHee hhoio MO^exy^ mPHK Ha 
loieTKy. 

ľlpeflCTaB/ieHHbie mPHK. HecKOJibKO bhaob TpaHCKpnnTOB, npeA- 
CTaBJíeHHblX B KíieTKe B OrpOMHOM KOJIHHeCTBe. 


ripeAbiHMAMaTopHbiM KOMn/ieKC. B syKapnomnecKon TpaHCKpnn- 
unn: côopKa (})aKTopoB TpaHCKpnnunn Ha npoMOTope ao npnxoAa 
PHK-no^HMepa3bi. 

npe>KAeBpeMeHHafl TepMMHauii/i. ľlpeKpaiAeHne CHHTe3a ôejiKa 
hjih PHK paHbiiie ecTecTBeHHoro 3aBepmeHna; b pe3y^bTaTe no^y- 
naeTca yKopoHeHHbin aôopTHBHbin npoAyicr. npoKAeBpeMeHHaa 
TepMHHauna cnHTe3a ôejiKa MOXceT ôbiTb CBa3aHa c noaBJíeHneM 
TepMHHHpyiOIAHX KOAOHOB B OTKpbITOH paMKe CMHTbIBaHH5I (b pe- 
3y^bTaTe MyTan,nn). npoKAeBpeMeHHyio TepMHHaumo cnHTe3a PHK 
CBa3biBaiOT c pa3JiHHHbiMH B03AencTBHaMH Ha PHK-nojMMepa3y. 
ripe-MPHK. RAepHbin TpaHCKpnnT, noAnexcaiAHH npoueccHHry 
(MOAH(J)HKauHH h cn^aHCHHry); 6yAym,aa mPHK. 
npuoópeTeHHbift MMMyHMTeT. OTBeT opraHH3Ma Ha aHTnreH, onoc- 
peAOBaHHbin cneun(J)HHHOH aKTHBaunen ^hm(J)ouhtob 3a cneT 
nx B3aHMOAencTBHfl c aHTnreHOM. HMMyHHbin otbct pa3BHBaeTca 
nepe3 HecKOJibKO Anen nooie Toro, Kax ^HM(J)ounTbi c aHTnreH- 
cneun(J)HHHbiM peuenTopoM OKa3biBaiOTai npocTHMy^npoBaHbi k 
npo;iH(|)epauHH n npeBpaiAeHHio b 3(J)(J)eKTopHbie mieim R aHHbin 
npouecc OTBenaeT 3a (J)opMnpoBaHne HMMyHOJiornHecKoň naMam. 
ripiioH. MH(j)eKUHOHHbiH areHT ôejiKOBon npnpoAbi. BeAeT ceôa Kax 
HacaeAyeMbin npn3HaK, HecMorpa Ha to hto HHKax He CBB3aH c Hyx- 
jienHOBbiMH KHCJiOTaMH. npHMepaMH npnoHOB cnyxcaT PrP^ (areHT, 
Bbi3biBaioiAHH CKpsnn OBen, n ôbinnn ryónaTbiň 3 Hn,e(J)aanT) n Psi (or- 
BeTCTBeHHbin 3a ocoooe HacjieAyeMoe cocToaHne ApoxoxeBbix kjicyok). 
npoBMpyc. ^ByxuenonenHaa ^HK-Konna PHK-reHOMa peTpoBnpy- 
ca, BCTpoeHHaa b syKapnoTHHecKnn reHOM ((J)aKTHHecKH oôaacTb 
syKapnoTHnecKoro reHOMa). 

npoflyKTMBHaa nepecTpoiÍKa. ycneniHoe 3aBepmeHne peKOMÔn- 
Haunn V-, (D)-, J-reHHbix cerMeHTOB c nonaAaHneM Bcex cerMeH- 
TOB B OAHy OTKpbITyK) paMKy CHHTbIBaHHa. 

llpo3paMHaa 6/nuiiKa. CoAepxcnT TO^bKO ocTaTKH ôaKTepnajibHbix 
KjieTOK, noABeprmnxca an3ncy. 

ripoMOKyTKM Me>KAy no/iocaMM. B^eAHO OKpameHHbie ynacTKn 
nonepe^HO ncnepHeHHbix no/íHTeHHbix xpomocom, nepeMexcae- 
Mbie HHTeHCHBHO OKpaineHHbiMH noaocaMH. 
ripoMOTop. YnacTOK RHK, c KOTopbiM cBa3biBaeTca PHK-noanMe- 
pa3a jyin HHnuHaunn TpaHCKpnnunn. 

ripOTeOM. noaHblH HaÔOp ÔeAKOB — BCeX B03M0)KHbIX npoAyKTOB 
3KcnpeccHH reHOB ije;ioro reHOMa. Pa3Mep npoTeoMa ôoabiiie, 
neM KoannecTBO reHOB, noTOMy hto HeKOTopbie reHbi KOAnpyiOT 
MHoacecTBa ôeaKOB. HHorAa TepMHH «npoTeoM» ncnoab3yeTca b 
HecKOJibKo hhom CMbicae n 03HanaeT Haôop ôeaKOB, 3Kcnpeccn- 
pyeMblX OAHOH KJieTKOH B KOHKpeTHblH MOMCHT BpeMCHH. 
ľlpocfjar. TeHOM 6aKrepno(})ara, BCTpoeHHbin b reHOM ôaicrepnn; npeA- 
CTaBJíaeT coóon /iHHenHyio oôaacTb ôaKrepnajibHoň xpoMOCOMbi. 
ľlpoueccMBHocTb. CnoeoÔHOCTb (J)epMeHTa coBepmaTb AA^HHyio 
cepnio KaTajíHTHHecKHX uhioiob Ha oahoh MaTpnqe (bmccto Toro, 
hto6m AHceounnpoBaTb nocae Kaa^Aoro unioia). 
ľlpoueccMHr PHK. H3MeHeHna, nponcxoAHiAne c PHK nocae 
TpaHCKpnnunn (MOAH(J)HKauna 5 '- h 3'-kohuob, MeTnanpoBaHHe 
BHyrpeHHHX canTOB, cn^ancnHr). 

ripouecaipoBaHHbiM nceBfloreH. HeaKTHBHaa Konna reHa, He 
coAepxcamaa hhtpohob (b otjihhhc ot cBoero npooôpa3a — ax- 
THBHoro reHa c npepbiBHCTon CTpyKrypon). noaBaeHne Taxnx 
nceBAoreHOB oô'bacHaeTca oôpaTHon TpaHCKpnnuneH mPHK h 
nocaeAyiomeH BCTaBKon ^HK-Konnn b reHOM. 
rip/iMbie MyTaumi. HHaKTHBnpyiOT reH AHKoro rana. 
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llpflMbie noBTopbi. MAeHTHHHbie (hjih oneHb noxoacne) nooieAO- 
BäTeJIbHOCTH, KOTOpbie npHCyTCTByiOT B flByX hjih ôojiee Konnax, b 
OflHOH H TOH xce OpneHTaiJHH BHyTpH OAHOH MOJieKyJIbl RHK 
llceBfloreHbi. HeaKTHBHbie, ho craônjibHbie KOMnoHeHTbi reHOMa. 
IlceBAoreH — sto ômbiuhh aKTHBHbin reH, b kotopom OAHax^bi 
npoH30imia Myrauna, ôjiOKnpoBaBiiiaa ero TpaHCKpnnijHio (hjih 
TpaHCJiaijnio, hjih to h Apyroe). 

llypOMMUMH. AHTHÔHOTHK, KOTOpblH npeaCACBpeMCHHO TepMHHH- 
pyeT cHHTe3 ôejixa. EjiaroAapa cxo/jCTBy c tPHK, MOJieKyjia nypo- 
MHUHHa ycneniHO ec HMHTnpyeT, npnHHMaa Ha ceôa pacTymyio 
nojiHnenTHAHyio ijenb. 

ílytj). B3AyTne nojiocbi nojíHTeHHon xpoMOcoMbi, CBímHHoe c 
CHHTC30M PHK B KaKOM-TO JiOKyce 3T0H nOJIOCbl. 

Pa3flejieHMe KOMHTerpaia. IlpoHCXOAHT b pe3y;ibTaTe roMOJiornn- 
hoh peKOMÔHHauHH MOKAy KonHHMH TpaHcno30Ha b KOHHTerpaTe. 
IlpoAyKTaMH peaKi^HH aBJíaicrrca penjíHKOHbi AOHopa h MHineHH, cbo- 
ôoAHbie Apyr ot Apyra, npnneM KaacAbin HeceT Konnio TpaHcno30Ha. 
Pa3pbiB m BoccoeflMHeHMe. BapnaHT peKOMÔHHaijHH, npn ko- 
TopoM ABe MOJieKyjibi JX HK oÔMeHHBaioTca ynacTKaMH (hact c 
(J) opMHpoBaHHeM npoTíDKeHHoro reTepoAynjieKCHoro pernoHa b 
panoHe canTa peKOMÔHHaijHH). 

Pa3pbiBHo-rn6pnflHbiM 4 mK/ i. BapnaHT noBeAeHna xpomocom, npn 
kotopom pa3opBaHHaa xpoMaTHAa coeAHHaeTca c cecrpnHCKOH 
xpoMaTHAOH, oôpa3ya rnôpnA. ľlpn pacxoacAeHnn ijempoMep b 
xoAe MHT03a, xpoiviocoMa CHOBa pBerca (npnneM Heoôa3aTejibHO no 
Mecry coeAHHeHna xpomocom), TeM caMbiM B030ÔH0Bjiaa ijhkji. 
PaŇ3MHr (W, m n c/i o CBepxBMTKOB). Hhcjio caMonepeceneHHH OCH 
AynjieKca b npocrpaHCTBe. 

PaMKa CMMTbiBaHMB. Oahh h 3 Tpex B03M0)KHbix BapnaHTOB npo- 
4TeHHfl HyKJieOTHAHOH nOCJieAOBaTCJIbHOCTH. B KaXCAOH paMKe 
CHHTbiBaHHa nocjieAOBaTejibHOCTb npeAcraBjíeHa xax HenpepbiB- 
Haa cepna TpnnjieTOB. Jlioôaa nocneAOBaTejibHOCTb 3aKJnonaeT b 
ceôe TpH B03M0)KHbIX paMKH CHHTbIBaHHa. Bblôop paMKH CHHTblBa- 
HHa onpeAejiaeTca BbiôopoM tohkh Hanajia OTcneTa: ecjín nepBaa 
paMKa HaHHHaeTca c no3HijHH 1, to BTopaa paMKa HaHHHaerca c 
no3HUHH 2, TpeTba — c no3HijHH 3 (no3HijHa 4 npeACTaBJíaeT co¬ 
ôoh Hanajio BToporo TpnnjieTa nepBon paMKH, h t.a.)» 

PaHHMe reHbi TpaHCKpnônpyioTca ao perníHKaunn (jjaroBon JX HK. 
Ohh KOAnpyiOT peryjiaTopbi h Apyrne ôejixn, HeoôxoAHMbie j\jw 
nocJieAyioiAHx craAHH HHíjjeKijHH. 

PaHHaa MH(t)eK 4 iia. Hacrb jíHTHHecKoro UHK/ia 6aicrepHO(})ara ot nona- 
AaHHa b KJieTKy ao Hanajia perniHKan,HH (J)aroBOH JX HK 3a sto BpeMa cj)ar 
CHHTe3Hpycr (jjepMeHTbi, HeoôxoAHMbie a m perníHKaijHH ero JX HK 
PacceaHHbie noBTopbi. IlepBOHaHajibHO ômjih onpeAejieHbi K2K 
KopoTKne nocjieAOBaTejibHOCTH, b h3o6hjihh pa3ôpocaHHbie no 
reHOMy. B HacToalAee BpeMa ycTaHOBJíeHO, hto sth nocjieAOBa- 
TeJIbHOCTH COCTOaT H3 MOÔHJIbHblX 3JieMCHTOB. 
p-óe/ioK, piióocoMa/ibHbiM 6e/ioK. KaKOH-jinôo H3 ôcjikob, BxoAa- 
IAHX B COCTaB pHÔOCOMbl. 

PeBepTaHT. MyTamnaa mieTKa (opraHH3M), BepHyBinaaca k Hop- 
MajibHOMy (J)eHOTnny. 

PemoH HeBocnpmiMmiBocTM (06/iacTb MMMyHHocrii). CerMCHT 
reHOMa ôaKTepnocpara, no3BOJiaiomHH npo(J)ary HHrHÔnpoBaTb 
HH(J)eKUHK) cBoen ôaicrepHH eme oahhm cJjaroM Toro ace rana 
PernoH coAcpacnT reH, KOAnpyioiAHH 6e;iOK-penpeccop, a Taxace 
canTbi, c KOTopbiMH CBa3bmaeTca 3tot penpeccop. 


PemoH nepeHoca. YnacTOK Ha F-n;ia3MHAe, HeoôxoAHMbin jym 
ôaKTepnaabHOH KOHbioraijHH. 

PeflaKTMpoBaHMe PHK. H3MeHeHne KOAHpyioiAen nocaeAOBaTejib- 
hocth Ha ypoBHe PHK nocjie TpaHCKpnnuHH. 

PeflKMe mPHK. CoBOKynHOCTb ôojibinoro nncjia pa3HOBHAHOCTen 
mPHK, KaacAaa H3 KOTopbix npeACTaBJíeHa Bcero HecKOJibKHMH ko- 
nnaMH Ha KaeTKy. Hmchho sth MOJieKyjibi 3aAaiOT BbicoKyio cTe- 
neHb ejioacHOCTH nyjia noejieAOBaTejibHOCTen mPHK. 

Pe3o/ibBa3a. OepMeHT, kotopmh ynacTByeT b canT-cneijH(J)HHHOH 
peKOMÔHHauHH MOKAy AByMa KonnaMH TpaHcn030Ha, npomeAiiie- 
ro AynJíHKaunio. 

PeKOMÓMHaHT «c 3an/iaTKOM». TnnHHHbiH pe3y;ibTaT OAHoro H3 
BapnaHTOB pa3Ae;ieHHa cTpyicrypbi XojuiHAea — 3a cneT BHeceHna 
pa3pe30B b nepemeAinne uenn. OAHa H3 uenen AynaeKca coAepacnT 
«3an;iaTKy» — cerMeHT, npniueAuiHH H3 roMOJiornHHOH xpoMoeo- 
Mbi. Bo BceM ocTaabHOM MOJieKyjia Ta ace, hto ao peKOMÔHHaunn. 
PeKOMÓMHaHTHoe coeflMHeHMe. MecTo BCTpenn AByx peKOMÔHHH- 
pyioiAHX AynjieKcoB (c Kpaio ot reTepoAynjieKCHoro ynacTKa). 
PeKOMÓMHauMOHHaa penapauim. Cnocoô 3ano;iHeHHa ôpemn b 
oahoh H3 uenen AynjieKca c noMOiAbio npnBJíeneHna roMOJiornn- 
hoh oahhohhoh uenn H3 Apyroro AynjieKca. 

PeKOMÓMHauMOHHbie y3e/iKM. naoTHbie oô'beKTbi, HaôaiOAaeMbie 
b CHHanTOHeMHOM KOMnjieKce; Moryr npeACTaBJíaTb coôoh ôo/iko- 
Bbie KOMnjieKCbi, ynacTByioiAne b KpoccHHroBepe. 

Pe/iaKca3a. OepMeHT, KOTopbin pa3pe3aeT OAHy H3 uenen JX HK h 
CBa3biBaeT o6pa30BaBniHnca 5'-KOHeu. 

Pe/iM3MHr-(t)aKTop (RF) hcoôxoahm jy ia TepMHHaunn CHHTe3a 
ôejixa. Oh Bbi3biBaeT OTAejieHne 3aKOHneHHOH nojinnenTHAHon 
uenoHKH h pnôocoMbi ot mPHK. Pa3HOBHAHOCTH RF o6o3Hana- 
K)Tca n,H(JjpaMH. 3yKapnoTHMecKne RF Ha3biBaiOTca eRF h Taxace 
o6o3HanaiOTca un^paMH. 

PeMOfle/mpoBaHMe xpoMamHa. TepMHH o6o3HanaeT SHepreTH- 
necKH 3aBHCHMoe CMeiAeHne hjih peopraHH3aunio HyKJieocoM b 
CBa3H c aKTHBaunen reHOB k TpaHCKpnnijHH. 

PeHaiypauMB. Accounauna AeHaTypnpoBaHHbix KOMmieMeHTapHbix 
OAHHOHHbix uenen JX HK, CHOBa oôpa3yioiAHx ABOHHyio cnnpajib. 
PenapauMB HeKOMn/ieMeHTapHocTeň. HcnpaBJíeHne oiiihôok pen- 
JIHKaUHH B TOJIbKO HTO CHHTe3HpOBaHHbIX ynaCTKaX AOHepHHX 
AynjieKcoB. HcnpaBJíeHna BHoeaTca npenMyiAecTBeHHO b Aonep- 
Hioio uenb (cncTeMa pa3JinnaeT Aonepraoio h MaTpnnHyio uenn: 
HHorAa no CTaTycy MeTHjinpoBaHna). 

PenapauMB. BoccTaHOBJíeHne HHTaKTHon CTpyicrypbi JX HK nocjie 
noBpoKACHna. MoaceT BbinojiHaTbca Kax penapaTHBHbin chhtc3 
(noBpeacAeHHbin ynacTOK uenn Bbipe3aeTca h 3aMeHaeTca hobhm 
MaTepnajiOM, CHHTe3npyeMbiM Ha MecTe). B penapaunn Moryr Tax- 
ace ncnojib30BaTbca MexaHH3Mbi peKOMÔHHaunn (AByu.enonenHbiH 
ynacTOK, coAepacaiAnn noBpeacAeHne, 3aMeiAaeTca HHTaKTHbiM ro- 
MOJIOrHHHblM ynaCTKOM C APyrOH XpOMOCOMbl). 

Pen/iMKaTMBHaB BM/iKa. TonKa pa3AejieHna uenen MaTpnnHoro 
(poAHTejibCKoro) AynjieKca, rAe haot penjíHKauna. B penjíHKaTHB- 
hoh BHJixe HaxoAHTca KOMnjieKC ôejiKOB penjíHKaunn, b tom nncjie 
.QHK-nojiHMepaaa. 

Pen/iMKaTMBHaB TpaHcno3H4HB. nepeMemeHne TpaHcno30Ha co- 
rjiacHO penjíHKaTHBHOMy MexaHH3My, KorAa oh CHanajia penjinun- 
pyeTca, a 3aTeM OAHa H3 Konnn nepeHOCHTca b hobhh canT. 
Pen/iMKauMB AByuenoweHHOM flHK npeACTaBJíaeT coôoh chhtc3 
AByx hobhx uenen, KOMnjieMeHTapHbix uenaM ncxoAHoro (poah- 
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Te/ibCKoro) flyrmeKca. B pe3y/ibTaTe poAHTeabCKHH AyruieKc npe- 
Bpamaerca b napy HAeHTHHHbix AonepHnx AynneKCOB, Kaa<AbiH H3 
KOTOpblX COAepXCHT OAHy pOAHTe/IbCKyiO H OAHy HOBOCHHTe3HpO- 
BaHHyio AOHepHioio ijenb. PenanKauna Ha3biBaeTca noayKOHcepBa- 
thbhoh, nocKo^bKy nojiOBHHa (oAHa H3 uenen) KaacAoro AonepHe- 
ro AynJiexca npeAcraBJíaeT coôoh crapbin MaTepnaa. 

Penziu ko h. EAHHHua reHOMa, b KOTopon peruiHijHpyeTca flHK. Ka®- 
Abiň peruíHKOH coAepxcHT opha>khh hhuu,h2u,hh pemíHKaijHH. 
Pen/iMcoMa. y ôaicrepHH: crpyicrypa, coAepacamaa mhoxccctbo ôea- 
kob, KOTopaa npoxoAHT côopxy b peruíHKaTHBHOH bhjikc, htoôh Bec- 
th CHHTe3 flHK. CoAepxaiT flHK-no/iHMepa3y h Apyrne (J)epMeHTbi. 
Penpecoifl. y ôaicrepHH penpeccneH Ha3biBaeTca noAaBJíeHHe chh- 
Te3a HeKOTopbix (J)epMeHTOB hx coôcTBeHHbiMH npoAyKraMH. B 60 - 
;iee mnpoKOM cMbicae TepMHH «penpeccHa» 03HanaeT HHrHônpo- 
BaHHe TpaHCKpnnUHH (H^H TpaHCJiaiJHH) nOCpeACTBOM CBa3bIBaHHa 
ôejiKa-penpeccopa c KOHKpeTHbiM canTOM b fl HK (h;ih mPHK). 
Penpeccop. EenoK, KOTopbiH HHrHÔnpyeT 3Kcnpeccnio reHa. Hexo- 
Topbie penpeccopbi npenaTCTByioT TpaHCKpnnuHH (nocpeACTBOM 
CBB3biBaHHa c canTOM-onepaTopoM b flHK), Apyrne penpeccopbi 
npenaTCTByioT TpaHOiau,HH (cBa3bmaa PHK). 

PeipoBMpyc. PHK-Bnpyc, cnocoÔHbin nepeBOAHTb cboio reHOM- 
Hyio nocneAOBaTe^bHOCTb b (J)opMy flHK npn noMOiAH oôpaTHon 
TpaHCKpnnuHH. 

PeTpono30H. TpaHcno30H, KOTopbiH nepeMemaerca b (J)opMe PHK. 
3aeMeHT, BCTpoeHHbiH b flHK, noAnexcHT TpaHCKpnnijHH b PHK, a 
3aTeM — oôpaTHon TpaHCKpnnijHH b JX HK, KOTopaa BcrpaHBaeTca 
b HOBbiH canT reHOMa. B oTjiHHHe ot peTpoBnpyca peTpono30H He 
cnocoôeH k hh^cki^hh. 

PeuenTop Tiina Toll (TLR). PeijenTop b nna3MaTHnecKOH MeMÔpa- 
HecJ)arouHTOB h Apyrnx mieTOK, KOTopbie ynacTByioT b nepeAane 
cnmaaa npn bpokachhom HMMyHHOM oTBeTe. TLR noxoacn Ha pe- 
uenTopbi k IL-1. 

Pm 6 o 3 mm. PHK, oôaaAaiomaa KaTajíHTHHecKOH aKTHBHOCTbio. 
Pn6oHyK/iea3bi. OepMeHTbi, KOTopbie pacmennaiOT PHK. CpeAH 
hhx ecTb cneijH(j)HHHbie k oaho- hjih AByu,enoneHHOH PHK, shao- 
h 3K30Hyioiea3bi. 

Pn6oHyK^eonpoTenH. KoMrmeKC PHK c ôeriKaMH. 

Pn6ocoMa. KpynHoe oôpa30BaHHe, cocroamee H3 PHK h ôcjikob, 
KOTopoe ocymecTBJíaeT chhtc3 ôe/iKa Ha MaTpnije mPHK. BaKTe- 
pnajibHbie pHÔocoMbi hmoot K03(J)(J)HUHeHT ceAHMeHTauHH 70S, 
syKapHOTHHecKne pnôocoMbi — 80S. PnôocoMa coctoht h3 AByx 
cyô'beAHHH u. 

PuóocoMa/ibHafl PHK (pnôocoMHafl PHK, pPHK). IaaBHbiH kom- 
noHeHT pHÔocoMbi. Oôe cyô'beAHHHijbi pnôocoMbi coAepacaT 
KpynHbie pPHK, yKOMnneKTOBaHHbie mhokcctbom ôcjikob. 
PHK-/mra3a. OepMeHT, KOTopbiH ynacTByeT b cmiaHCHHre tPHK; 
OÔpa3yeT (J)0C(J)0AH3(J)HpHyK) CBa3b Me)KAy AByMfl 3K30HaMH. 
PHK-nepeK/uowaTe/ib. KaTajíHTHnecKaa PHK, aKTHBHOCTb KOTopon 
3aBHCHT OT B3aHMOAeHCTBHa C HeÔOJIbHIHM JIHľaHAOM. 
PHK-no/iMMepa3bi. OepMeHTbi, CHHTe 3 Hpyioiu,He PHK Ha MaTpnije 
flHK (cJ)opMa^bHoe Ha 3 BaHne — flHK- 3 aBHCHMbie PHK-no/iHMepa 3 bi). 
PoAMTe/ibCKafl, m/im MaTpMMHa/i, uenb flHK (poAHTejibCKHH, hjih 
MaTpHHHbiH, AynneKC flHK). «Crapbie» ijenn RHK (b ot^hhhc ot 
HOBOCHHTe3HpoBaHHbix). TepMHHbi Hcno^b3yiOTai npn onncaHHH 
nojryKOHcepBaTHBHOH penjíHKauHH JX HK 

PoTauiioHHoe no3MUMOHMpoBaHne. no^oxceHHe rncTOHOBoro ok- 
TaMepa oTHOCHTe/ibHO bhtkob abohhoh cnnpa^H JX HK. Ot pOTa- 


UHOHHOľO n03HUH0HHp0BaHHB 3aBHCHT, K3KOH CTOpOHOH CMOT- 
Pht ABOHHaa cnnpa^b c noBepxHOCTH HymieocoMbi. 
Po-3aBMCMMbie TepMMHaTOpbl. nOCJieAOBaTeJIbHOCTH, KOTopbie 
TepMHHnpyioT TpaHCKpHnuHio ôaKTepnajibHOH PHK-no^HMepa- 
30H b npHcyTCTBHH po-(J)aKTopa. 

Po- 4 >aKTop (p). Be^OK, KOTopbiH noMoraeT PHK-no^HMepa3e 
E. coli TepMHHHpOBaTb TpaHCKpHnUHK) B HCKOTOpblX TepMHHaTO- 
pax (TaKHe TepMHHaTOpbl Ha3bIBaiOTai pO-3aBHCHMbIMH). 

Caŕí/ieHcep. KopoTKaa noc^eAOBaTe^bHocTb JX HK, cnocoÔHaa HHa- 
KTHBnpoBaTb 3KcnpeccHio pacnojioxceHHoro noô^H30CTH reHa. 
Caií/ieHciiHr PHK. CnocoÔHOCTb AByxuenoHeHHOH PHK k chctc- 
MaTHHecKOMy noAaBJíeHHio 3KcnpeccHH cooTBeTCTByiomero reHa 
B paCTHTeJIbHOH loieTKe. 

CaŇ/ieHCMHr (yMo/iKaHiie). JIoKajibHaa penpeccHa paôoTbi reHa, 
OÔblHHO CB/mHHafl C H3MeHeHHeM CTpyKTypbl XpOMaTHHa. 

CaŕtT P. CanT pnôocoMbi, b kotopom HaxoAHTca nenTHAH^-TPHK 
(Mo^eicy^a tPHK, Hecynj,aa pacTymyio no^HnenTHAHyio uenoHKy). 
B canTe P nenTHAHji-TPHK npoAO^xcaeT B3aHMOAencTBOBaTb c ko- 
AOhom mPHK, y3HaHHbiM eio b canTe A. 

CaŇT BeTB/ieHM/1. KopoTKaa nocaeAOBaTeabHOCTb, pacnoao>KeH- 
Haa HenocpeACTBeHHO nepeA OKOH^aHneM HHTpoHa, no KOTopon 
b xoAe cnaaHCHHra hact oôpa30BaHHe CTpyicrypbi rana aacco 3a 
cneT coeAHHeHHa 5'-KOHua HHTpoHa h 2'-ocTaTKa aAeH03HHa. 

CaŕtT npMKpen/ieHM/i k MaTpMKcy (MAR). ynacTOK reHOMHOH JX HK, 
KOTopbiH npHKpenaaeTca k aAepHOMy MaTpHKcy. Taioxe H3BecTeH 
Kax «ynacTOK npHKpenaeHHa k Kapxacy» (SAR). 

CaŕtT CB/i3biBaHii/i pnôocoMbi. noc;ieAOBaTe;ibHOCTb b ôaKTepn- 
ajibHOH mPHK, KOTopaa coAepacHT HHHi^HHpyioiAHH koaoh, koto- 
pbiH CBa3biBaeTca 30S cyô'beAHHHuen pnôocoMbi Ha CTaAHH hhh- 
unauHH ôejiKOBoro CHHTe3a. 

CaŕtT cn/iaŇCMHra. noeaeAOBaTeabHOCTb b panoHe 3K30h-hhtpoh- 
Horo CTbiKa. 

CaŇT-cneuMcfjMMHaa peKOMÓMHauMa. PeKOMÔHHauna MeacAy on- 
peAeaeHHbiMH nocaeAOBaTeabHOCTaMH (HanpHMep, npn HHTerpa- 
ijhh hjih Bbipe3aHHH (J)ara wiu pacxo^KAeHHH KOHHTerpaTOB npn 
TpaHCn03HUHH). 

CaŇTbt 3 aMeH b reHe. CanTbi Myraunn b KOAnpyioiAeH oôaacTH, 
MeHaioiAHx npoMTeHHe OTAe/ibHbix koaohob (mto eooTBeTCTByeT 
aMHHOKHCJIOTHblM 33MeHaM B Ôe^Ke). 

CaMocôopKa. npHHaTHe ôe/iKOM (wm ôeaKOBbiM KOMnaeKCOM) 
CBoen OKOHHaTeabHOH (J)yHKUHOHaabHOH cTpyicrypbi 6e3 noMO- 
mn AonoaHHTeabHbix (J)aKTopoB (t3khx, Kax manepoHbi). TepMHH 
Taxace npHMeHHM k cnoHTaHHOMy oôpa30BaHHio ôHoaorHHecKH- 
3HanHMOH CTpyKTypbl H3 Moaeicya. 

CaTe/i/iMTHaa flHK coctoht H3 MHoacecTBa TaHAeMHbix noBTopoB 
KopoTKOH nooieAOBaTeabHOCTH. 

CBepxcnnpa/ui3a4Ma. 3aKpyneHHOCTb KOBaaeHTHO 3aMKHyTH ABy- 
uenoHe^HOH JX HK TaKHM oôpa30M, hto OHa nepeceKaeT b npo- 
CTpaHCTBe COÔCTBCHHyiO OCb. 

CBOÓoflHbíŇ (Heonpefle/ieHHbíŇ) caŇT CBa3biBaHna. Jlioôaa upoi 13 - 
BoabHaa noaieAOBaTeabHOCTb JX HK, cBa3biBaeMaa ochobhhm (J)ep- 
MeHTOM PHK-noAHMepa3bi, KorAa oh He 3aHaT TpaHCKpnnuHeH. 
Cabhtm paMKM. Myraunn b KOAHpyioiAen oôaacTH, npeACTaBaa- 
K)iAHe coôoh HeôoAbniHe AeaeuHH hjih BcraBKH, no pa3Mepy He 
KpaTHbie 3 nH. Ohh H3MeHaioT oTKpbiTyio paMKy CHHTbiBaHna, co- 
raacHO KOTopon TpnnaeTbi TpaHcanpyioTca b ôeaoK. 
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CeKTOp. OcrpOBOK H3 lUieTOK C HeOÔblHHbIM (J)eHOTHnOM, 0Ôpa30- 
BäHHblH nOTOMCTBOM OflHOH H3MCHCHHOH KJieTKH, B OKpyXCCHHH 
OÔblHHblX mieTOK TOH )Ke TKäHH. 

CeMeiícTBo reHOB. Haôop reHOB, Aaiomnx noxoxcHe hjih hachthh- 
Hbie npoAyKTbi (ôejiKH hjih PHK), b npeAejiax o/jHoro reHOMa. Ce- 
MencTBa o6pa3yiOTai 3a c^eT /jyruíHKauHH npeAKOBbix reHOB c noc- 
jieAyiomHM HaKoruieHneM otjihhhh b nocjieAOBaTejibHocnix koiihh. 
Mame Bcero reHbi OAHoro ceMencTBa noxoxcn, ho He HAeHTHHHbi. 
CeMeMCTBo noc/ieflOBaTe/ibHocreŕí Alu. Haôop pa3po3HeHHbix tomo- 
jiorHHHbix noaieAOBaTejibHocTeH b reHOMe nejiOBeKa, ajihhoh okojio 
300 nH. HeKOTopbie HjieHbi ceMeňcTBa HecyT no KOHn,aM canT y3HaBa- 
hhh /yia 3HAOHyKjiea3bi Alu (mto h /jajio Ha3BaHne ceMencTBy). 

Cerua. CTpyKTypa, oôpa3yiomaflai nocepeAHHe AeJiameHca ôaicre- 
pnn, b Mecre, r^e AO^epHHe kjictkh ôyAyT OTAejieHbi Apyr ot Apyra. 
TepMHH «cenTa» Taioxe Hcnojib3yeTca pjw oôo3HaneHHa mieron- 
hoh creHKH, oôpa3yiomeHai MOKAy AonepHHMH pacnrrejibHbiMH 
KJieTKaMH B KOHUe MHT03a. 

Cenia/ibHoe ko/i b40. KoMmiexc H3 HecKOJibKHX ôcjikob, KOAHpye- 
mhx reHaMH fts, KOTopbin oôpa3yeTca no cepeAHHe aahhm kjictkh 
E. coli. nepBOHanajibHoe Ha3brcajiocb Z-KOJibuoM, no Ha3BaHnio 
ôejixa FtsZ, KOTopbíň nepBbiM BKjnonaeToi b ero cocTaB. Bo BpeMfl 
imeTOHHoro AeJieHHa cenTajibHoe KOJibijo AaeT Ha^ajio cenTe. 
CnrMa-cf)aKTop (o). Cyô'beAHHHua ôaKTepnajibHon PHK-nojiHMe- 
pa3bi, HeoôxoAHMaa pnn uHnunaunn; HMeeT orpoMHoe Bjmmm 
m Bbiôop npoMOTopa. 

CnrHa/i-y3Haioi4aB Mac™L*a (SRP). PnôoHyKJieonpoTenHOBbin 
KOMnjieKc, y3HaiomHň CHmajibHyio nocjieAOBaTejibHOCTb b caMOM 
Hanajie npoijecca TpaHCJiaijHH n oôecnenHBaiomHH nocaAKy pn- 
ôocoMbi Ha KaHaji MeMÔpaHbi 3ľIP. CnrHaji-y3HaioiAHe nacTHijbi 
pa3JiHHHbix opraHH3MOB Moryr HMerb pa3Hyio CTpyKTypy, ho b ije- 
jiom coAepxcaT roMOJiornHHbie ôcjikh n PHK. 

CMrHa/ibHaB nermiAa3a. OepMeHT Ha MeMôpaHe 3nP, cneijH(j)HH- 
ho OTHjeruiflioiAHH cnmajibHyío noaieAOBaTejibHOCTb (cnmajibHbíň 
nenTHA) ot ôcjikob HenocpeACTBeHHO b npoijecce nx TpaHOiOKaunn 
nepe3 MeMÔpaHy 3nP. AHajiornnHbie no aKTHBHOCTH (J)epMeHTbi ecrb 
y syôaKrepnn, apxeôaKrepnn n b opraHejuiax syKapnoT, ncnojib3y- 
ioiahx MeneHne ôcjikob OTmeruiaeMbiMH nocjieAOBaTejibHOcniMH pjm 
ijejien nx copTnpoBKH n TpaHcnopTa. CnmajibHaa nenTHAa3a — oahh 
H 3 KOMnoHeHTOB ôonee KpynHoro ôejiKOBoro KOMruieKca. 
Cm-HajibHaa noc/ieflOBaTe/ibHocTb. KopoTKHH ynacTOK nocneAO- 
BaTejibHOCTH nojinnenTHAa, oôecnenHBaiomHH KOTpaHCJiaijHOH- 
Hyio TpaHCJiOKaijnio Hecymero cnrHajibHyio nocjieAOBaTejibHOCTb 
ôejixa BHyrpb 3nP. 

CMrHa/ibHbiíí KOHe 4 - Oôpa3yeTca npn peKOMÔHHaijHH b reHax 
HMMyHorjioôyjiHHOB h T-mieTOHHbix peuenTopoB. CnrHajibHbie 
KOHUbi — sto xpaa (J)parMeHTa, coAepxcamero cnmajibHbie nocjie- 
AOBaTejibHOCTn peKOMÔHHaunn. Ot nocneAyiomero coeAHHeHna 
cnmajibHbix kohuob B03HHKaeT cnrHajibHoe coeAHHeHne. 
CMHanaic. Accounauna AByx nap cecTpnHCKnx xpoMaTHA (npeA- 
CTaB^aioiAHx coôon roMO^ornHHbie xpoMocoMbi), nponcxoAHiAaa 
b Hanajíc Meno3a. Oôpa3yioiAyiooi b pe3y^bTaTe crpyicrypy Ha3bi- 
BaiOT ÔHBaJieHTOM. 

CMHanTOHeMHbiŕí KOMii/ieKC. Mopc()o^orHHecKaa CTpyKTypa Haxo- 
AHIAHXCa B COCTOÍIHHH CHHanca XpOMOCOM. 

CMHOHMMMMHbie KOflOHbl. Koaohm, KOAupyioiAue OAHy H Ty xce 
aMHHOKHOIOTy. CHHOHHMHHHbie TPHK HecyT OAHy H Ty xce aMHHO- 
KHCJIOTy H B3aHMOAeHCTByiOT C OAHHM H TeM xce KOAOHOM. 


CnHTe 3 MpyeMaB PHK. PnôoHyioieoTHAHaa uenonKa, HaxoAaiAaaca 
b coctoíihhh CHHTe3a; ee 3'-KOHeu CBa3aH c flHK, rAe haot o^OHra- 
uyw PHK-no^HMepa3on. 

CMHTeHMB. CXOACTBO XpOMOCOMHblX peľHOHOB pa 3 ^HHHbIX BHAOB, 
npn KOTopoM roMOJiornHHbie reHbi pacnojioxceHbi b OAHHaKOBoň 
opneHTaunn. 

CMHTeTMHecKaB /íeia/ibHocTb. CoôbiTne, npn kotopom ABe Myra- 
u,hh, xa)KAaa H3 KOTopbix caMa no ceôe He ^eTa^bHa, b KOMÔHHa- 
u,hh AaiOT ^eTajibHbin (J)eHOTnn. 

ClICTeMa >KM3HeHHOÍÍ 3aB11CliMOCTli. MexaHH3M nOAAep>KaHHH 
n^a3MHAbi b ôaKTepna^bHon nony^aunn. yônBaioiAHH ôaKTepnio 
b cjiynae noTepn n^a3MHAbi. 

CucreMbi Kompo/iB. CncTeMbi (J)epMeHTOB, npoBepaioiAHe Hyx- 
^eHHOBbie KHCJIOTbl Ha HaJIHHHe OUIHÔOK. TepMHH HCn0^b3yi0T B 
HecKOJibKHx 3HaHeHHflx. B HeKOTopbix c^ynaax hm oôo3HanaiOT 
CHCTeMy AerpaAauHH mPHK, Hecyiuen HOHceHC-MyTaunn. Taioxe 
TepMHH Hcno^b3yiOT aj oôo3HaneHHa chctcm, pearnpyioiAHX 
Ha noBpoKAeHHfl CTpyKTypbi abohhoh cnnpajiH. Oôiahm flBJíaeTCfl 
Hcno;ib30BaHHe AaHHoro oôo3HaneHHa chctcm, y3HaioiAHx Henpa- 
BH^bHbie nocjieAOBaTejibHOCTH h^h cTpyicrypbi h 3anycKaioiAHe 
MexaHH3M HcnpaB^eHHa ouihôok. 

CKB 03 Hoe npoMTemie npn TpaHCKpnnunH h^h TpaHCJiaunn nponc- 
xoaht b oiynae, KorAa, cooTBeTCTBeHHO, PHK-no^HMepa3a hjih pn- 
ôocoMa HrHopnpyeT CHma^ TepMHHaunH. Bo3MoxcHbie npHHHHbi: 
Myrauna b MaTpnqe, HencnpaBHOCTb BcnoMoraTe^bHoro (J)aKTopa. 
CKpblTblŕí CaTe/l/lMT. Pa3HOBHAHOCTb CaTCJUIHTHOH HK, He HAeH- 
TH(J)HUHpyeMaa xax oôocoô^eHHbin uuk b rpaAHeHTe njiOTHOCTH, 
t. e. BXOAHmaa b cocTaB RHK «rjiaBHOH no^ocbi». 

CKparni (nowecyxa OBe4). Bo^e3Hb, Bbi3biBaeMaa HH(J)eKU,HOHHbiM 
areHTOM ôcjikoboh npnpoAbi (npnoHOM). 

C/iyMaŕÍHbiM Apeŕícf). OAyKTyauna (6e3 AäBJíeHHa oTôopa) nacTOT 
AByx aji^e^en b nonyjiflijHH. 

CoBMecTHaB 3B0/H04MB. TepMHH ynoTpeôJifleTCfl b CHTyaunn, Kor- 
Aa Asa reHa noAJiexcaT sbo^iouhh xax oaho ue^oe. 

Cor/iacoBaHHaB 3 bo/iio 4 hb. TepMHH ynoTpeôJiaeTCfl aji« onncaHHH 
CnOCOÔHOCTH AByx pOACTBeHHblX reHOB K 3BOJIIOI4HH KaK ÔyATO B 
cocTaBe OAHoro AOKyca. 

CoeflMHeHHafl Mo/ieny/ia. napa AynjieKCOB Jl HK, oôpa3yioiAHx 
eAHHyio CTpyKTypy 3a cneT peunnpoKHoro oÔMeHa reHeTHnecKHM 
MaTepna^oM. 

CoeAMHeHHbiŕí peKOMÓMHaHT. Jl HK, oôpa3yioiAaaai b pe3y^bTaTe 
pa3BOAKH cTpyicrypbi Xo^HAea nyreM pa3pe3aHHa He ynacTBO- 
BaBinHx b oÔMeHe uenen. B pe3y^bTaTe oôe uenn RHK pp tohkh 

peKOMÔHHaiJHH npnin^H H3 OAHOH H3 rOMOJIOľHHHblX XpOMOCOM, 
a nooie tohkh peKOMÔHHauHH — H3 Apyron. 

CoMamMecKafl MyTa4MB. Myrauna, B03HHKaioiAaa b coMaranecKOH 
mieTKe h 3aTparHBaioiAaa ^nnib noTOMKOB a 2 hhoh kjictkh. He ne- 
peAaeTca no Hac/ieACTBy. 

CoMaTMMecKaB peKOMÓMHaAMB. npouecc coeAHHeHHa V-reHa h C- 
reHa b reHOMe ^HM(J)0UHTa pjw co3pmm HMMyHorjioôyjiHHa h^h 
T-ioieTOHHoro peuenTopa. 

CopnipoBKa 6 e/iKOB. PacnpeAe^eHHe ôe^KOB no HanpaBJíeHHHM 
TpaHcnopTa b KOHKpeTHbie opraHe^bi h^h mokat hhmh. 
CnapMBaHMe ocHOBaHMH. Cneun(J)HHHoe (KOMnjieMeHTapHoe) 
B3aHMOAeHCTBHe aAOHHHa C THMHHOM HJIH ľyaHHHa C UHT03HH0M 
b abohhoh cnnpa^H RHK (b abohhoh cnnpa^H PHK thmhh 3aMe- 
meH Ha ypauHJi). 
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CnapMBamie xpomocom. PaccraHOBKa xpomocom napaMH (KaxcAaa 
co cbohm roMoaoroM) b Hanajie Meno3a. 

Cneäcep. noaieAOBaTeAbHOCTb BHyrpn Knacrepa reHOB, pa3 Rtm- 
lomaa noBTopaioiAHeca Konnn TpaHCKpnnLjHOHHOH eAHHHijbi. 

Cn m pa/i b Ha3biBaeTca npaB03aKpyneHH0H, tam bhtkh ornôaiOT 
ocb cnHpajiH no nacoBon crpeAKe. 

Cn m p a/i b y3HaBaHM*. O ah a H3 AByx a-cnHpajieň MOTHBa «cnn- 
pajib-noBopoT-cnnpajib», KOTopbíň ycraHaBAHBaeT KOHTaKTbi c 
flHK, cneuncf)HqHbie k onpeAeneHHbiM coneTaHHAM ocHOBaHHH b 
HymieoTHAHoň nocAeAOBaTeAbHOcm 

«Cnnpa/ib-neT/i/i-cnMpa/ib» (HLH). Mothb, oôecnenHBaiomHH ah- 
Mepn3auHio; xapanrepeH pjm miacca (jjaicropoB TpaHCKpnnu.HH, H3- 
BecTHbix Kax ôcjikh HLH. B ôeAKax bHLH paAOM c sthm mothbom Ha- 
xoahtca noaoxcMTcnbHO 3apa>KeHHbiH .QHK-CBaabiBaiomHH mothb. 
«CnMpa/ib-noBopoT-cnMpa/ib». Mothb, oôpa30BaHHbiH AByMa a- 
cnnpajiaMH, KOTopbie oôpa3yiOT caňT CBa3biBaHHa flHK. OAHa H3 
cnnpajieH norpyacaerca b ôoAbiuyio 6opo3AKy JX HK, BTopaa cnn- 
pajib aoacHTca nonepeK. 

Cn/iaííaiHr P H K. 3Tan npoijeccHHra TpaHCKpnnTOB; moacho npeA- 
craBHTb Kax Bbipe3aHne hhtpohob h coeAHHeHne 3K30hob b He- 
npepbiBHyio mPHK. 

Cn/iaíícocoMa. KoMn/ieKC, (jjopMHpyeMbin pnôoHyKAeonpoTeHHa- 
mh (b cocraB KOTopbix BxoAaT MaPHK) h HapaAy b ApyrHMH ôeAKO- 
bmmh cj/aKTopaMH ynacTByiomHH b cnaancHHre. 

CnoHTaHHbie MyTaijiiii. Myraunn, B03HHKaioiAHe b OTcyTCTBHe xa- 
khx-ahôo cneunajibHbix bhcuihhx bo3achctbhh, noBbimaioiAHX 
nacTOTy B03HHKH0BeHHa MyTau,HH. HBjíaeTca pe3y/ibTaTOM oiiihôox 
penaHKauHH (hah hhhx npoijeccoB, oôecnennBaiomHX BOcnpoH3- 
BOACTBO flHK). 

Cnopy/ 1 /mna. OopMnpoBaHHe cnop ôaxTepnaMH ( 3 a cneT Mopcjx)- 
AornnecxoH nepecrpoHXH) hah ApoaoxaMH (b pe3ynbTaTe Meno3a). 
CpeflHMe reHbi (reHbi cpeAHeä BO/iHbi axcripeccmi). ľeHbi ôaxTe- 
pnocjjara, peryanpyeMbie ôeAxaMH — npoAyKTaMH paHHHx reHOB. 
HexoTopbie H3 ôcjixob, KOAnpyeMbix cpeAHHMH reHaMH, xaTaAH3H- 
pyiOT penaHKauHio cj/aroBOH JX HK; Apyrne cpeAHHe reHbi peryan- 
pyiOT SKcnpeccHK) ôoAee no3AHHx reHOB. 

Cre6e/ib. 3acmcht crpyKTypbi THna creôeAb-neTAa (mnHAbxa) b 
PHK vum flHK. 

CrepoMAHbie peuemopbi. TpaHCxpHmjHOHHbie (jjaxropbi, axTHBH- 
pyeMbie b pe3ynbTaTe CBa3biBaHna co crepoHAHbiM ropMOHOM. 
CTon-KOAOH. Oahh H3 Tpex TpnnaeTOB (UAG, UAA vum UGA), Bbi- 
3biBaioiAHx TepMHHauHio CHHTe3a ôeAxa. HcTopnnecxH ohh HocaT 
Ha3BaHHe ôeccMbícneHHbix (hohcchc) koaohob. Koaoh UAA npn- 
HaTO Ha3biBaTb oxpa, a UAG — aMôep (no Ha3BaHHaM HOHceHC-My- 
TauHH, npn nccjieAOBaHHH KOTopbix 3TH koaohh ôbum BnepBbie 
HAeHTH(})HUHpOBaHbl). 

CrpyKTypa TMna /íacco. npoMOKyronHbiH npoAyKT cnaancHHra 
PHK, y KOToporo ecrb «neTAa» (3aMKHyTaa CBa3bio 2'-5') h «xboct». 
CipyKTypa Xo/i/iMAea. npoMOKyronHbiH npoAyxT roMOJioranHOH 
peKOMÔHHauHH, b KOTopoM ABa AynAexca JX HK coeAHHeHbi Me>KAy 
coôoh reHeTHnecKHM MaTepnajiOM — AByMa H3 neTbipex uenen, no 
oahoh H3 xaa<Aoro jjynAexca. CoeAHHeHHaa MOAexyna pa3AejiaeTca 
bhccchhcm OAHOuenonenHbix pa3pe30B (hhkob), KOTopbie Boccra- 
HaBjiHBaK)T cymecTBOBaHHe AByx pa3AeabHbix AynaexcoB. 
CipyKTypHbiíí reH. JIioôoh reH, xoAnpyiomHH PHK hah ôeAOx, He 
ynacTByioiAHe b pery/iaTopHbix npoueccax. 


CyÓBMpycHbiM naToreH. MHcjjexijHOHHbiH areHT, MeHbuiHH no pa3- 
Mepy, HtM Bnpycbi (HanpnMep, BnpyconA). 

CynpeccMB. reHeTHnecxHH TepMHH, o3HanaiomHH Hcne3HOBeHne 
ACHCTBna MyTaijHH 3a cncr HeKOToporo reHeronecKoro coôbiTna, 
OTannHoro ot B03BpaTa k hcxoahoh nocaeAOBaTeabHOcra JX HK. 
Cynpeccop co CABuroM paMKii. BcraBKa hah Ae/ieuna HyicieoTHAa, 
BoccraHaBjíHBaioiAaa ncxoAHyio paMKy cnHTbmaHHa b reHe, yľpaTHB- 
UieM aKTHBHOCTb B pe3yAbTaTe nepBHMHOH BCTaBKH HJIH ACJieUHH. 
Cynpeccop. noBTopHaa MyTauna, KOMneHcnpyiomaa hjih npeAO- 
TBpaiAaioiAaa scj/cj/eKT hcxoahoh MyTaijHH. 

Cuen/ieHMe. TeHAeHuna AByx reHOB HacjieAOBaTbca cobmcctho, b 
bhac ycTOHHHBoro coneraHHa ajmejien. ^BJiacrca pe3yabTaTOM Mec- 
TOHaxo)KACHHa 3 thx reHOB Ha oahoh xpoMOcoMe; H3MepaeTca nacro- 
TOH peKOMÔHHaUHH MOKJStf AOKyCaMH, H3MepeHHOH B nfX)u,eHTax. 

Ta/iacceMMa. Boae3Hb xpoBH, nponcxoAaiAaa ot OTcyTCTBna a- 
HAH P-ľAOÔHHa. 

T-flHK. CerMeHT Ti-nAa3MHAbi Agrobacterium tumefaciens, AOcraB- 
jiaeMbíň b aApo pacTHTeAbHOH kactkh b xoac HHtj/eKUHOHHoro 
npouecca. HeceT reHbi, TpaHCtj/opMHpyioiAHe KAeTKy pacreHHa. 
Te/ioMepa. KoHqeBaa oÔAacTb xpoMOCOMbi. nocAeAOBaTeAbHOCTb 
JX HK TeAOMepbi npeACTaBAaeT coôoh npocroH noBTop c Bbicryna- 
ioiahm OAHOijenonenHbiM ynacTKOM. 

Te/iOMepa 3 a. PnôoHyKAeonpoTeHHOBbiH (J/epMeHT, CHHTe 3 npy- 
ioiahh noBTopaioiAneca nocAeAOBaTeAbHOCTH no kohľ$m xpo- 
mocomh nyreM AOÔaBAeHna HymieoTHAOB k 3 ’-KOHuy JX HK b 
COOTBeTCTBHH C nOCACAOBaTeAbHOCTbK) PHK-KOMnOHCHTa pnôo- 
HyiuieonpoTeHHa. 

Te/iOMepHbiM caň/ieHCMHr. Penpeccna aKTHBHOCTH reHOB bôah3h 
TeAOMepbi. 

TepaTOMa. CTpyKTypa, b KOTopon mhoaccctbo pa3Hbix TnnoB k nt- 
tok (kactkh KOXCH, 3yôoB, koctch h Ap.) HaHHHaiOT ôecnopaAon- 
Hbíň pocT b CAynae TpaHcnAaHTaunn SMÔpnoHa Ha paHHeň CTäAHH 
pa3BHTHa B OAHy H3 TKaHeň B3pOCAOrO ACHBOTHOrO. 

TepMMHa 3 a. OepMeHT, pa3pe3aeT MyAbTHMepbi BnpycHoro reHOMa 
h 3a cneT ncnoAb30BaHHa SHepran rnApoAH3a ATO oôecnenHBaeT 
nepeHoc JX HK b nycTOH BnpycHbiH xancHA HanHHaa c pa3pe3aH- 
Horo KOHua. 

TepMMHa/ibHbiM óe/ioK. BeAOK, oôecnenHBaioiAHH penAHKaunio ah- 
HeňHoro reHOMa cj/ara 3a cneT 3aTpaBAeHHa CHHTe3a JX HK Ha caMOM 
KOHue MOAeKyAbi. KoBaAeHTHO npnKpenAeHHbiH k 5’-KOHqy reHOM- 
hoh JX HK ôeAOK B3aHMOACHCTByeT c flHK-noAHMepaaoH h coAepxcHT 
ocraTOK u,HT03HHa, BbiciynaioiAHH b xanecTBe 3aTpaBKH. 
TepMMHaTop (t). nocAeAOBaTeAbHOCTbflHK, Bbi3biBaioiAaa TepMH- 
HauHio TpaHCKpnnuHH. 

TepMMHauM/i. PeaKuna OKOHnaHna CHHTe3a MaxpoMOAeKyAbi (pen- 
AHKauHH, TpaHCKpnnuHH hah TpaHCAauHH) 3a cneT npexpaiAeHHa 
AOÔaBAeHna MOHOMepHbix cyô'btwmiu, h, xax npaBHAO, Bbi3biBaio- 
maa pa3ôopxy CHHTe3Hpyiomero annapaTa. 

TepMMHyc. YnacTOK flHK, Ha kotopom 3aKaHHHBaeTca penAHKauna. 
Tecr Ha KOMn/ieMeHTaAHio. no3BOJiaeT onpeAeAHTb, b oahom ah reHe 
HaxoAATca ABe Myraunn. Tecr BbinoAHacrca nyreM cxpeiAHBaHHa 
mokay HOCHTejiaMH AByx pa3AHHHbix peueccHBHbix MyrauHH c oah- 
HaKOBblM CjjeHOTHnOM. noaBAeHHe nOTOMKOB C AHKHM cjjeHOTHnOM 
rOBOpHT O npHHaAAOKHOCTH 3THX MyTaUHH AByM pa3HbIM TCHaM. 
TeTpaAa. Hcrbipe ranAOHAHbix cnopbi — npoAyKT Meno3a y ApoJKacen 
(nepBOHanaAbHO 3 tot TepMHH oôo3HanaA crpyicrypy, xapaicrepHyio 
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pjw Hanajia Meno3a — ÔHBajieHT, coAepxcamun Bce neTbipe xpoMara- 
Abi, oôpa30BaHHbix AynAHKauneH napbi roMOJiornqHbix xpomocom.) 
ľ-KJieTKM. JlHM(j)OUHTbI, npOHCXOA^IAHe H3 THMyca. Hx nOApa3- 
AejunoT Ha HecKOJibKO cjjyHKUHOHajibHbix thiiob. T-kjictkh HecyT 
TCR (T-KneToqHbíň peuenTop) h BOBjíeneHbi b KJieTonHO-onocpe- 
AOBaHHblH HMMyHHblH OTBCT. 

T-K/ieTOHHbiíí peuemop (TCR). PeuenTop aHTHreHa Ha T-jihmcJx)- 
UHTe. Oh KJioHajibHO aKcnpeccnpyeToi h CBfl3biBaeTca c KOMnjieK- 
com ôcjikob MHC KJiacca I hjih II h cjjparMeHTOM aHTHreHa. 
ľo/iepaHTHocTb. OTcyTCTBne HMMyHHoro OTBeTa Ha aHTHreH 
BCJieACTBHe KJIOHaJIbHOH Ae^eUHH. 

TonoM30Mepa3a Tuná I. OepMeHT, h3mch5ik)lhhh Tonojiornio flHK 
nyreM BHeceHna (h nocneAyiomero ciiiHBaHHfl) OAHOuenoneqHbix 
pa3pbiBOB. 

TonoM30Mepa3a Tuná II. OepMeHT, H3MeH5nomHH Tonojiornio flHK 
nyreM BHeceHna (h nocneAyiomero ciiMBaHna) AByuenoneHHbix 
pa3pbiBOB. 

TonoM30Mepa3a. OepMeHT, KOTopbin H3MeHaeT nncjio nepecene- 
hhh MOKAy AByMa uemiMH b 3aKpbiTOH MOJieKyjie flHK. fleňcTByeT 
Tax: bhocht b flHK pa3pbiB, nponycKaeT flHK nepe3 pa3pbiB, «cKJie- 
HBaeT» KOHUbl. 

Tono/iorMHecKMe M 30 Mepbi. MojieKyjibi flHK, KOTopbie HAeHTHHHbi 
no BceM npn3HaxaM, KpoMe nncjia 3auenjieHHH. 

ToneHHafl Myraiuifl. PÍ3MeHeHne nocjieAOBaTejibHOcra HK, 3aTpa- 
rnBaioiAee Bcero 1 nH. 

ToHKa Hana/ia TpaHCKpnrmmi. no3nuna b /IHK, cooTBeTCTByiomaa 
nepBOMy HyKJieoTHAy PHK. 

TOHHafl 3 KCUM 3 MA. BbIXOA nOJIHOH nOCJICAOBaTeJIbHOCTH TpaHCnO- 
30Ha H3 reHOMHon flHK (BMecTe c oahoh h 3 AByx Kon hh nocjieAO- 
BaTe^bHOCTH-MHineHH). 3TO COÔbITHe MOXCeT BOCCTaHOBHTb (jjyHK- 
Uhio reHa (npoMOTopa, peryjiaTopHon oôjiacra n T.n.), b kotopom 
H axoAH^acb BCTaBKa. 

tiih (ľbioma nap HytcneoTiiAOB, «KM/io6a3a»). EAHHnua H3Mepe- 
HH5I AAHHbl HK HJIH PHK. 

TpaH 3 M 4 MB. Myrauna, npn KOTopon nnpnMHAHH 3aMeHaeTca nn- 
Phmhahh hjih nypHH Ha nypHH. 

TpaHCBepcMfl. Myrauna, npn KOTopon nypHH 3aMeHaeTca Ha nn- 
PHMHAHH (HJIH HaOÔOpOT). 

TpaHcreH. BBeAeHHbin b KJieTKy hjih uejibin opraHH3M qyxcepoA- 
HblH reH. 

ľpo//c-AeMCTByioiMMM npoAyKT (npoAyKT, ACHCTByiomHH b mpanc- 
MaHepe) MoaceT paôoTaTb c jiioôoh Konnen flHK-MHineHH (3HannT, 
3 tot npoAyKT npeACTaBjíaeT coôoh cboôoaho AHtjjcjjyHAHpyioiAHH 
ôejiOK hjih PHK). 

TpaHCAyAMpyioiAMM Biipyc. Bnpyc, 3axBaTbiBaioiAHH h nepeHoca- 
iahh nacTb reHOMa KJieTKH-xo3aHHa bmccto ynacTKa coôcTBeHHoro 
reHOMa. Hanôojiee H3BecmbiH npnMep — peTpoBnpycbi ayKapnoT 
h flHK-cjjarH E. coli. 

7pa//c-KOHc|)MrypaAMfl AByx carÍTOB 03HanaeT hx MecroHaxoJKAe- 
HHe Ha AByx pa3Hbix MOJiexyjiax flHK (HanpnMep, xpoMOCOMax). 
TpaHCKpMnT. PHK, npoAyKT KonnpoBaHHa oahoh h3 uenen flHK. 
TpaHCKpnnT reHa MOxceT Hy>KAaTbai b npoueccnHre jym npeBpa- 
meHHa b 3pejiyio mPHK. 

TpaHCKpMnTOM. nojiHbíň Haôop PHK, HaxoAamnxca b AäHHbin 
MOMeHT B KJieTKe, TK3HH HJIH OpraHH3Me. Pa3HOOÔpa3He TpaHC- 


KpnnTOMa onpeAejiaeTca b ochobhom MOJieKyjiaMH mPHK, OAHaKO 
Taioxe BKjnonaeT h HeKOAnpyioiAHe PHK. 

TpaHCKpMnAMOHHan eAMHmja. nocjieAOBaTejibHOCTb flHK mok- 
Ay caňTaMH HHHunauHH h TepMHHaunn TpaHCKpnnuHH. MoxceT 
BKjnonaTb ôojiee OAHoro reHa. 

TpaHCKpwiAMfl. Chhtc 3 PHK Ha MaTpnue HK. 

TpaHc/ioKauMfl. Sjicmcht HMnopTa hjih axcnopra ôcjikob hjih PHK 
nepe3 aAepHyio nopy. 

TpaHc/ioKauMA 6e/iKOB. nepeMemeHHe ôcjikob nepe3 MeMÔpaHy 
(MeMÔpaHy opraHejm synapnoT hjih njia3MaTHHecKyio MeMÔpaHy 
ôaicrepHH). MeMÔpaHa, nepe3 KOTopyio hact TpaHCJioKauna ôcjikob, 
oôJiaAaeT cneunajibHO npeAHa3HaneHHbiM jyvi 3Toro KaHajiOM. 
TpaHc/ioKauMB pn6ocoMbi. nepeMemeHHe phôocomh Ha oahh ko- 
AOh no MaTpnue mPHK nocjie AOÔaBJíeHHa onepeAHOH aMHHOKHc- 
jiotm k CHHTe3npyeMOMy nojinnenTHAy. 

TpaHc/ioKOH. TpaHCMeMÔpaHHbiH ôejiOK, o6pa3yiomHH KaHaji, ne- 
pe3 KOTopbiH nojinnenTHA npoxoAHT cKB03b MeMÔpaHy. 
TpaHc/iBUMOHHoe no3ML4iioHiipoBaHiie. nocjieAOBaTejibHoe pacno- 
jioxceHne rHCTOHOBbix oKTäMepoB Ha coceAHHx ynacTKax abohhoh 
cnnpajiH Tax, hto ohh 3aAaiOT pacnojioxceHHe onpeAejieHHbix nocjie- 
AOBaTejibHOCTen Jl HK b MOKHyKJieocoMHbix (jiHHKepHbix) pernoHax. 
TpaHc/iBUMB. Chhtc3 ôejixa no MaTpnue mPHK. 
TpaHCMeMÓpaHHbiM 6e/ioK. Bejiox, npoHH3biBaioiAHH MeMÔpaHy 
HacKB03b. ľHApocjjoÔHbiH pemoH (oôbinHO npeACTaBjunomHH CO¬ 
ÔOH nocjieAOBaTejibHOCTb H3 20-25 rnApocjjoÔHbix hjih He3apa- 
XCeHHblX aMHHOKHCJIOT) HJIH peľHOHbl ÔeJIKa HaXOAHTCB B TOJime 
MeMôpaHbi. ľHApocjjHjibHbie oôjiacTH sKcnoHnpoBaHbi no oôenM 
CTOpOHaM MeMÔpaHbl. 

TpaHCMeMÓpaHHbiM pernoH (TpaHCMeMÔpaHHbiíí aomch). YnacroK 
ôejixa, npoHH3biBaioiAHH MeMÔpaHy. Kax npaBHjio, rnApocjxjôeH, h co- 
ctoht H3 npnMepHO 20 aMHHOKHCJIOT, (JjopMHpyioiAHX a-cnnpajib. 
TpaHcno3a3a. 3H3HMaTHnecKaa aKTHBHOCTb, ynacTByiornaa bo 
BcraBKe TpaHcno30Ha b HOBoe Mecro b reHOMe. 

TpaHcno3MUMB. nepeMemeHHe TpaHcno30Ha Ha HOBoe Mecro b 
reHOMe. 

TpaHcno30H. nocjieAOBaTejibHOCTb flHK, cnocoÔHaa BcraBJíaTb 
ceôa (hjih cbok) Konnio) b HOBoe Mecro b reHOMe npn OTcyrcTBHH 
KaKoro-jinôo cxoACTBa TpaHcno30Ha c nocjieAOBaTejibHocrbio ue- 
jieBoro jiOKyca. 

TpaHcnopTHan PHK (tPHK). nocpeAHHK npn CHHTe3e ôcjikob, 
HHTepnperapyiomHH reHemqecKHH koa. tPHK MOxceT Hecrn 
KOBajieHTHO npncoeAHHeHHyio aMHHOKHCJiOTy h HMeer b cbocm 
cocraBe aHTHKOAOH, KOMnjieMeHTapHbin KOAnpyiomeMy A^HHyio 
aMHHOKHCJiOTy TpnnjieTy Ha mPHK 

TpaHcOeKUMB. npnoôpeTeHHe HOBbix reHeTHMecKHx MapKepoB ayKa- 
pnoTHqecKHMH KJieTKaMH 3a cncr norjiomeHna hmh bhouhch flHK 
TpaHcc|)opMaAMB 6aKTep mm. npnoôpeTeHHe HOBoro reHeTnqecKO- 
ro MaTepnajia 3a cneT norjiomeHna BHemHen HK. 

TpaHcOopMauMfl 3yKapiiOTimecKiix K/ieTOK. nepexoA kjictok k 
HeorpaHHneHHOMy pocTy b KyjibType, cxoxchh hjih HAeHTHnHbin 
onyxojieBOMy cocto5ihhio. 

TpaHcOopMMpywmníí 3JieMem. flHK, 3axBaTbiBaeMaa ôaKTepnen, 
SKcnpeccna KOTopon MeHaeT CBOHCTBa kjictkh. 
TpaHC3Tepnc|)MKauMfl. PeaKuna CKOopAHHnpoBaHHoro pa3pbiBa h 
BOCCOeAHHeHHfl KOBaJieHTHblX CB5I3eH T3KHM 0Ôpa30M, 4T0 AOnOJI- 
HHTejibHon SHeprHH ajw npoxojKAeHHa peaKunn He Tpeôycrca. 
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TPHK f Met . CneijHajibHafl (HHHunaTopHafl) TpaHcnopTHaa PHK b 
mieTKax ôaicrepHH, ynacTByioii^aa b AOcraBKe nepBOH aMHHOKHCAO- 
Tbl ((J)OpMHJl-MeTHOHHHa) Ha pHÔOCOMy H B3aHMOAeHCTByiOmafl CO 
crapT-KOAOHOM (xaK npaBHAO, AUG, ho HHorAa GUG hah CUG). 
tPHK/ 1 * 1 . CneuHajibHaa (HHHn,HaTopHaa) TpaHcnopTHaa PHK b kact- 
Kax oyKapHOT, ynacTByiomafl b AOcraBKe nepBOH aMHHOKHCAOTbi (Me- 
THOHHHa) Ha pHÔOCOMy H B3aHMOAeHCTByK>maa CO CTapT-KOAOHOM. 
TPHKÍ! et . TpaHcnopTHaa PHK, npncoeAHHfliomafl mcthohhh no 
BHyrpeHHHM KOAOHaM AUG. 

TpOHCTBeHHblH KOMÍlJieKC. KOMnACKC, (J)OpMHpyK)IAHHCa npn 
HHHunaijHH TpaHCKpnnuHH n coctoaiahh H3 PHK-noAHMepa3bi, 
flHK h AHHymieoTHAa, npeACTaBAfliomero coôoh nepBbie ABa HyK- 
AeoTHAa CHHTe3npyeMoro TpaHCKpnnTa. 

Tpaŕuiep. HeTpaHCAnpyeMaa 3'-KOHijeBafl oôjiacrb mPHK, cneAyio- 
maa 3a TepMHHnpyiomHM koaohom. 

TflíKejiaB 4enb MMMyHorjioóyjiMHa. Oahh h3 AByx TnnoB cyô'beAH- 
hhlj TcrpaMepa, kotophm HBAfleTCH aHTHTeAO. KaxcAoe aHTHTeAO 
coacp>kht ABe TíDKeAbix uenn. N-KOHeu, TíDKeAon n,enH oôpa3ycr 
nacTb carŕra y3HaBaHna aHTHTeAa, C-kohoj onpeAeAaeT ero H30- 
THn (npHHaAAOKHOCTb aHTHTCJia K OAHOMy H3 nOAKAaCCOB). 
Tfl)Ke/ibie uenn m sierKiie uenn Ayn/ieKca flHK. TepMHH 03HanaeT 
pa3AHHHe MOAeKynapHOH Maccbi KOMnAeMeHTapHbix ijenen flHK, 

CBfl3aHH0e C aCHMMCrpHHHblM COCTaBOM a30THCTbIX OCHOBaHHH, 

Tax hto OAHa ijenb ôoraTa ocHOBaHHHMH T h G, Apyraa ôoraTa 
OCHOBaHHAMH C H A. TaK ÔbIBaeT y HeKOTOpblX CaTCAAHTHblX H MH- 
ToxoHApnajibHbix flHK. 

Y3eji b flHK. 3anyTaHHbin ynacroK, KOTopbíň He mojkct ôbiTb pa3- 
perneH b npaMyio MOJieKyjiy 6e3 BHeceHna pa3pe30B h nepecrpoeK 
b flHK. 

YHMKaiibHaB flHK HMecr KHHeTHKy peaccounaunn, OTAHHHyio ot 
flHK, cocToamen H3 noBTopoB. 

YcM/iMBaioinafl MyiauiiB b npoMOTope noBbimaeT HHTeHCHBHOCTb 
TpaHCKpnnuHH. 

YqacTKM M3 Bapna6e/ibHoro HMC/ia TaHfleMHbix noBTopoB (ynacTKM 
VNTR) b reHOMe coAepxcaT oneHb KopoTKne noBTopínomneoi noc- 
jieAOBaTenbHOCTH, BKAionaa MHKpocaTejuíHTbi h MHHncaTejuíHTbi. 
YnacTOK Kompo/iB jioKyca (LCR). YnacTOK, HeoôxoAHMbíň pjm 
SKcnpeccHH HecKOAbKnx reHOB OAHoro AOMeHa xpoMOCOMbi. 
YnacTOK, 6oraTbiíi jieŇijiiHaMii. Mothb bo BHeKneTOHHOM aomchc 
HeKOTopbix noBepxHOCTHbix peuenTopoB b KneTKax pacreHHH h 
XCHBOTHblX. 

OaKTOp CÓOpKlI. BeJIOK, HeOÔXOAHMblH (J)OpMHpOBaHHH MaK- 
poMOJieKy/mpHOH CTpyicrypbi, ho He bxoahiahh b cocraB a^hhoh 
crpyKTypbi. 

OaKTOp TpaHCKpiinUIIII (TpaHCKpiiri4l10HHblM (JjaKTOp). OaKTOp, 
KOTopbíň HeoôxoAHM PHK-noAHMepa3e, htoôm HanaTb TpaHC- 
KpnnuHio c KOHKpeTHoro npoMOTopa; caM c^aicrop He HBAaeTca 
nacTbio cj^epMeHTa. 

OaKTopbi 111111411341111 (IF y npoKapiioT, elF y ayKapuoT). BeAKH, 
accounnpoBaHHbie c MaAOH cyô'beAHHHueň pnôocoMbi Ha craAHH 
HHHunauHH CHHTe3a ôeAKa. 

Oa kto p bi 3AOHra4MM (EF y n po Kap 11 ot, eEF y ay Kap hot). BeAKH, 
KOTopbie UHKAnnecKH accounnpyioT c pnôocoMaMH npn AOÔaB- 
jieHHH KaxcAon nocneAyioiAeH aMHHOKHCAOTbi k pacTymeMy noAH- 
nenTHAy. 


OaKyiibTaTMBHbiíi reTepoxpoManiH. HHepTHbin xpoMaTHH, coAep- 
xcaiAHH noaieAOBaTeAbHOCTH, cnocoÔHbie cymecTBOBaTb b aKTHBHOH 
(J)opMe — HanpnMep, OAHa H3 X-xpomocom y caMOK MneKonnTaioiAHx. 
OnKca4MB qepe 3 KpoccMHroBep. Bo3MO)KHoe nooieACTBne He- 
paBHoro KpoccHHroBepa: MyTauna, B03HHKiiiaa b oahom H3 reHOB 
TaHAeMHoro KAacrepa, pacnpocrpaHaeTca Ha Becb Knacrep (ahôo 
3AHMHHHpyeTCa). 

OnKca 4 Hfl. npouecc 3aMeii;eHHa CTaporo a nntm hobhm aAAe^eM 
(b KanecTBe ajuiejia, npeoÔAaAaioiAero b nonyAauHn). 

0 OHOBblM ypOBeHb MyTa 4 MM. CKOpOCTb HaKOnAeHHB H3MeHeHHH B 
nocneAOBaTejibHOCTH reHOMa AaHHoro opraHH3Ma. flB/iaeTCfl OTpa- 
xceHneM ôa^aHca MOKAy B03HHKH0BeHneM cnoHTaHHbix MyTaunn 
h hx HcnpaBjíeHneM penapaunoHHbiMH cncTeMaMH. CneuH(j)HqHa 
Aaa KaxcAoro BHAa OpraHH3MOB. 

Oocc|)opeiie. nyTb nepeAann cj)oc(j)aTHOH rpynnbi MOKAy cnmaAb- 
HblMH ÔeJIKaMH. 

OoTopeaKTMBa 4 MB. nyTb pacmenAeHHB UHKAOÔyTaH-nnpHMHAH- 
hobmx AHMepoB, o6pa30BaBuiHxca noA bjihhhhcm yAbTpa4)HOAcra, 
npn ynacTHH c{)epMeHTa, aKTHBnpyeMoro ôeAbiM cbctom. 
OparMeHTbi 0 k333kii. KopoTKne OTpe3KH flHK (no 1000-2000 
HyKJieoTHAOB Karobin) — npoMexcyTOHHbiH npoAyKT noAyHenpe- 
pbiBHOH penAHKaunn OTcraioiAeH qenn. B AajibHenmeM coeAHHa- 
iotca KOBaAeHTHbiMH CBA3AMH b HenpepbiBHyio uenb. 
OyTlipilHTlIHr. MeTOA HAeHTH(j)HKaUHH CaHTOB CBA3bIBaHHa ÔeA- 
KOB B flHK, OCHOBaHHblH Ha 3aiAHIAeHHOCTH MOKHyKJieOTHAHblX 
CBa3eň ot aTaxn Hyioiea3. 

Xe/iMKa 3 a. OepMeHT, KOTopbíň pa3AeAaeT uenn AynJieKca HVKnen- 
hoboh khcaoth, Hcnojib3yfl SHepmio ATO. 

Xna 3 Ma. YnacTOK bhahmoid oÔMeHa reHcmqecKHM MaTepnaAOM y 
AByx rOMOJIOrHHHblX xpOMOCOM BO BpeMA MeH03a. 

XiiMimecKaB KoppeK4iin ciime 3 a no/iiiMepa. Mexammi ncnpaB- 
Ae nm ouihôok CHHTe3a, ocHOBaHHbin Ha HeMeAAeHHOM 3anycxe 
oôpaTHOH peaKUHH b CAynae AOÔaBAeHHA k pacrymen uenn He- 
npaBHAbHoro MOHOMepa. 

XoAOcJjepMeHT PHK-noAMMepa 3 bi. OopMa PHK-noAHMepa3bi, kom- 
neTeHTHaa k HHHunauHH TpaHCKpnnunH; coctoht H3 neTbipex 
cyô'beAHHHU ocHOBHoro cj)epMeHTa (a 2 pp0 h (j^aicropa o. 

XOMIIHT IIHTpOHOB. CnOCOÔHOCTb HeKOTOpblX HHTpOHOB K BHCApe- 
HHK) B flHK-MHUieHb. PeaKU,HA CneUHCpHHHa K yHHKaAbHOH nOCAe- 
AOBaTeAbHOCTH-MHUieHH. 

XpOMaTMflbl. KonHH OAHOH XpOMOCOMbI, npOAyKT penAHKaUHH, 
npeAHa3HaneHHbie iyin pacnpeAeAeHHA no AonepHHM KAeTKaM b 
nocAeAyioiAeM acachhh. 

XpoManiH. TepMHH onncbiBaeT coctoahhc aacphoh flHK h acco- 
UHHpOBaHHblX C Hen ÔeAKOB BO BpeMA HHTepcj)a3bI (MOKAy MHTO" 
3aMH) ayKapHOTHnecKoro KAeTonHoro uHKAa. 

XpoMOMepbi. Hhtchchbho OKpameHHbie rpaHyAbi, KOTopbie bha- 
hh Ha npenapaTax xpomocom b onpeAeAeHHbix coctoahhax, oco- 
ôeHHO Ha paHHHx CTaAnax Meno3a, KorAa xpoMOCOMa moxcct Bbi- 
TAHAeTb KaK ÔyATO COCTOAIAeH H3 CepHH TaKHX XpOMOMepOB. 
XpoMOMOcoMbi Tuná /íaMnoBbix meTOK. 4pe3BbinaHHO pacnaxo- 
BaHHbie MeHOTHneCKHe ÔHBaAeHTbl, KOTopbie MOXCHO BCTpeTHTb B 
OOLJHTaX HeKOTOpblX aMtj^HÔHH. 

XpoMOCOMa co MHO)KecTBOM BiiiioK (y ôaKTepnn) coAepxcHT ôoAee oa- 
Horo Haôopa penAHKaTHBHbix bhaok b cba3h c tcm, hto BTopaa hhhuh- 
auHH npoH3oniAa ao 3aBepmeHHH nepBoro payHAa penAHKaunn. 
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XpoMocoMa. flHCKpeTHaji eAHHHija reHOMa, coAepxcamaa MHoacecr- 
bo reHOB. Ka^aa xpoMOCOMa coctoht h3 oneHb jy ihhhoh AByxye- 
nonenHOH MOAeKyAbi flHK, c KOTopoň accoijHHpoBaHa npHMepHO 
paBHaa Macca ôcjikob XpoMOCOMy moacho HaÔAiOAaTb KaK Mopcjx)- 
AornnecKoe ueAoe AHiiib bo BpeMA KAeTonHoro Rtnmm. 
XpoMoueHTp. IlpeACTaBjíaeT coôoh arperaT reTepoxpoMaTHHa H3 
pa3HbIX XpOMOCOM. 

IJemp opraHM3aunM MMKpoTpyôoneK. OÔAacrb b ijHT030Ae, b ko- 
Topoň ôepyT HanaAO MHKpoTpyôonKH. B KAeTKax achbothmx rAaB- 
hmm opraHH3yiOLHHM yeHTpoM MHKpoTpyôoqeK HB^acrca ijempo- 
coMa. 

UeHTp c6opKii Biipyca TaóaHHoŕí M03aiiKii (BTM) npeACTaBAaeT 
coôoh mnnAbKy PHK, r^e HHHijHHpyeTca côopxa nacrnubi (yna- 
KOBKa PHK cyô'beflHHHijaMH ôeAK a oôoaohkh). 

Uempa/ibHafl florMa MO/ieKy/iflpHoíí ÔMOAorMM. nocryAHpyeT Ma- 
TepHajibHyio npnpoAy coxpaHeHHA, npnyMHOxceHHa, nepeAann h 
pea;iH3auHH reHeTHnecKOH HHcjjopMaijHH. rioc;ieAOBaTe;ibHOCTb 
MOHOMCpOB B MOACKyJie HyKJieHHOBOH KHCAOTbl nO/yiOKHT BOC- 
npOH3BeACHHK) 3a CHGT penAHKaiJHH, TpaHCKpHnyHH HAH OÔpaT- 
hoh TpaHCKpHnyHH. O^HaKO TpaHCAjnjna stoh noc;ieflOBaTejib- 
hocth b aMHHOKHCJiOTHyio nocAeAOBaTeAbHocrb nojiHnenTHAa (bo 
B peMa CHHTe3a ôcakob) HBjíaeTca OAHOHanpaBAeHHOH, noTOMy hto 
H yioieoTHAHbie nooieAOBaTejibHocra HeAb3A BbiacHHTb, hcxoaa h 3 
no/iHnenTHAHbix nocAeAOBaTeAbHOCTen. 

UeHTpa^bHaa noc/ieAOBaie/ibHocib. CerMeHT HK, npHcyTCTBy- 
ioujhh Kax b reHOMe cj)ara AAMÔAa, TaK h b reHOMe ôaicrepHH — b 
carŕrax B3aHMOACHCTBHA AByx tchomob. ľlo 3TOMy cerMeHTy npo- 
xoaht peKOMÔHHabyia, npHBOAHmaa k HHTerpayHH c{)ara b ôaicre- 
pHajibHyio xpoMOCOMy. 

UeHTpa/ibHbiM 3/ieMem. CTpyicrypa, HaxoAHmaacfl nocepeAHHe 
CHHanTOHCMHoro KOMnaeKca, BAOAb KOToporo nponcxoAHT co- 
nocraBaeHHe AaTepaAbHbix sacmchtob roMOAorHHHbix xpomocom. 
Oôpa30BaH ôeAKaMH Zip. 

UeHTpoMepa. CniHyTbiH ynacroK xpoMOCOMbi, rp,t HaxoAHTca 
MeCTO npHCOeAHHeHHfl xpoMOCOMbi K MHTOTHHeCKOMy HAH MeH- 
OTHqecKOMy BepeTeHy (b stom Mecre xpoMOCOMa oôpa3yeT cne- 
UHajibHyio crpyicrypy, KOTopaa Ha3biBaerca KHHeToxop). U,eHTpo- 
Mepa coAepxcHT yHHKaAbHbie nocAeAOBaTeAbHOCTH flHK h ôcakh, 
OTcyTCTByioiAHe b ocrajibHOH nacra xpoMOCOMbi. 

LfMHKOBbiM na/iey. flHK-CBaabiBaioiAHH mothb, npncymHH cj^aKTO- 
paM TpaHCKpHnyHH cooTBeTCTByioiAero Knacca. 
quc- KOHcJjurypaunfl 03HanaeT, hto ABa caňTa npnHaAAexcaT oahoh 
MOJ ieKyne flHK. 

4(/c-AeMCTByioiMMM caňT bahact Ha aKTHBHOCTb nocAeAOBaTe^b- 
HOCTeň flHK (hah PHK) b npeAeAax oahoh MO/ieKyjibi. OôbinHO 
sto yKa3biBaer Ha to, hto caňT He KOAnpyeT ôenoK. 
4(/c-AOMMHaHTHbiíi caŇT, mi m MyTaAMB, onpeAe^acr CBOHCTBa 
jiHiiib toh MOJieKyjibi flHK, b KOTopoň caM HaxoAHTca. i^uc-ji omh- 
HaHTHOCTb yKa3biBacr Ha OTcyTCTBHe cboôoaho AH(jxJ)yHAHpyK)- 
iyero ôejiKa, KOAnpyeMoro b ashhom caňTe. (Pcakoc HCKniOHeHne 
npeAcraB^aiOT coôoh ^wc-AOMHHaHTHbie ôcakh c 3 kcioik)3hbhoh 
cneuH(j)HqHOCTbK) k flHK hah PHK, Ha MaTpnye KOTopoň ohh 
Ô blAH CHHTC3HpOBaHbI.) 

Umctpoh. reHeTHHecKaa eAHHnya, onpeAeAaeMaa no TecTaM Ha 
KOMnjieMeHTaijHK); aKBHBajieHTHa reHy. 

UmonAa3MaTMHecKMM AOMeH. Hacrb TpaHCMeMÔpaHHoro ôeAKa, 
norpyxceHHaa b unT030/ib. 


Umon/ia3MaTMHecKoe Hac/ieAOBaHiie. OôycnoBAeHO reHaMH, Ha- 
xoahb^hmhch b mhtoxohaphhx h XAoponjiacrax. 

UMTOTIin. COCTOHHHC UHTOnAa3MbI, B/IHHIOmee Ha aKTHBHOCTb 
P-3AeMeHTa y D. melanogaster. CymHOCTb u,HTOTHna 3aKJiK)MaeTca 
B HaJIHHHH HAH OTCyTCTBHH penpeCCOpa TpaHCn03HlJHH, KOTOpblH 
AoeraeTCA mixy ot MaTepn. 

UmoTOKCMHecKafl T-KJieTKa (T-KMjuiep). T-ahmcJ)Ouht (KaK npa- 
BHAO, CD8+), KOTOpblH MOACCT ÔbITb CTHMyAHpOBaH K yHH4T0)Ke- 
hhk) kactok, coAepxcaiAHX BHyTpHKAeTonHbie naToreHbi (Hanpn- 
Mep, Bnpycbi). 

HacTMAbi-MOHCTpbi 6aKTepnoct)ara oôpa3yioTCA H3-3a Ae(j)eKTa 
côopKH KancHAa: oh noAyHaeTCH ropa3AO jxjiw HHee, noví HyACHO. 
Hmcjio bmtkob abohhom cmipa/Hi. 3HaneHne, cooTBeTCTByiomee 
qncAy nap HyKneoTHAOB Ha HeKOTopoM ynacTKe flHK, uojxtntHHO- 
My Ha nncAO nap Ha oahh oôopoT cnnpaAH. 

Hmcao 3aijeruieHMä. Hhcao nepeceneHHH MOKAy AByMA yemiMH 
flHK b 3aKpbiTOM AynAeKce. 

LUanepoHbi. KAacc ôcakob, CBA3biBaioiAHx He cobccm 3peAbie (hah 
H e npomeAiUHe côopKy) ôcakh rjisí Toro, nToôbi noMonb hx C03pe- 
BaHHio hah HTOÔbi noMeuiaTb HOKeAaTeAbHOH arperayHH He3pe- 

AblX ÔeAKOB. 

BBOillOAliOHHbie Hacbl OnpeACAAK)TCA KaK CKOpOCTb, C KOTOpOH 
MyTauHH HaKanAHBaioTCA b OTAeAbHO b3atom reHe. 

BroMCTMHHafl flHK. TeHOMHbie nocAeAOBaTeAbHOCTH, He bhochiahc 
BKA äAa b reHOTnn; hx eAHHCTBeHHaa (J)yHKu,HA — noAAepACHBaTb 
ceôa BHyTpn reHOMa. 

3k3oh. CerMeHT npepbiBHcroro reHa, npeAcraBAeHHbiH b 3peAOH 

mPHK. 

3K30HyK/iea3bi. OepMeHTbi, KOTopbie OTiyenAAioT no OAHOMy HyK- 
AeoTHAy ot KOHu,a noAHHyKAeoTHAHOH yenonKH. 3HAOHyKAea3a 
MOACeT OÔAaAaTb CneiJH(j)HHHOCTbK) K 5'- HAH 3'-KOHyy flHK HAH 
PHK. 

BKCTeMH. CerMeHT aMHHOKHCAOTHOH nocAeAOBaTeAbHOCTH, KOTO¬ 
pblH coxpaHAeTca b 3peAOM ôeAKe, npomeAineM ôeAKOBbin cnnan- 
CHHľ. 

3KCAM3MOHHan penapauMA. Cnocoô BOCCTaHOBAeHHA noBpoK- 
AeHHOH Jl HK, KOMneTeHijHfl cneunaAbHOH chctcmh co cbohm 
H aôopoM aKTHBHOCTen. npHHynn achctbha cboahtca k npaMOMy 
yHHqTOxceHHio yiAepÔHoro cerMeHTa (yenn, coAepxcaiAeH noBpox- 
AeHHe) h ero noBTopHbiM chhtc30m 3Toro cerMeHTa Ha MaTpnye 
HHTaKTHOH yenH. 

3kcaií3mb (cj)ara, amicoMbi mam APyroíí nocAeAOBaieAbHOCTM). 

BblCBOÔOACAeHHe H3 XpOMOCOMbI X03AHHa B KaneCTBe aBTOHOMHOH 

MOAeKyAbi Jl HK. 

3KCUM3MA (3Tan 3KCAM3MOHHOM penapaUMM) npeACTaBAAeT COÔOH 

yHHHTOAceHHe cerMeHTa noBpe)KACHHOH yenn RUK noA achctbh- 

eM 5 / -3 / -3K30HyKAea3bi. 

3AeMeHT oTBeia Ha rAioKOKopTiiKOMAbi (GRE). UocntjiOBxrtJib- 
HOCTb b npoMOTope hah SHxaHcepe. Ee y3HaeT peyenTop taioko- 

KOpTHKOHAOB, aKTHBHpOBaHHblH 3a C4CT B3aHMOACHCTBHA CO CBO¬ 
HM crepoHAHbiM AHraHAOM. 

3/ieMeHT OTBeTa Ha cbiBopoTKy (SRE). nocAeAOBaTeAbHOCTb b 
npoMOTope hah SHxaHcepe, CBA3biBaeMaa (J^aKTopaMH TpaHCKpnn- 
UHH, HHAyn,HpOBaHHbIMH nOA B03ACHCTBHCM CbIBOpOTKH. CBA3bIBa- 
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HHe SRE 6eJlKOM-2KTHBäTOpOM npHBOAHT K TpaHCKpHniJHH reHOB, 
CTHMy^HpyiOIl^HX pOCT KJICTOK. 

3/ieMem- oTBeTa Ha TeruioBoä luok (HSE). rioc;ieAOBaTe;ibHOCTb 
b npoMOTope vuiw SHxaHcepe, KOTopaa Hcnojib3yeTCfl /yia aKTHBa- 
ljhh reHa peryjurropoM, HHAyijHpoBaHHbiM TemiOBbiM ihokom. 
3/ieMeHT OTBeTa. nocneAOBaTeabHOCTb b syKapnoranecKOM npo- 
MOTope mm SHxaHcepe, y3HaBaeMaa KOHKpeTHbiM (j^aicropoM 
TpaHCKpHnUHH. 

3/ioHrauna. CraAHa peaxijHH MaKpoMOJieKyjiapHoro CHHTe3a 
(penaHKauHH, TpaHCKpnnijHH hah TpaHawLjHH), Ha KOTopon HyK- 
aeoTHAHaa hjih nojiHnenTHAHaa ijenonKa y/yiHHaerca 3a cner ao- 
ôaBjíeHHa hobmx cyô'beAHHHu. 

3HflOHyKBea3bi pecrpuiouiM. OepovieHTbi, KOTopbie y3HaiOT b flHK 
KOHKpeTHbie CaHTbl-MHIlieHH (KOpOTKHe nOC;ieflOBaTe;ibHOCTH) H 
pa3pe3aioT AynAeKc b sthx carrrax (MHor^a — 3a hx npeAeaaMH, b 
3aBHCHMOCTH ot THna cj)epMeHTa). 

3HAOHyK/iea3bi. OepMeHTbi, KOTopbie pacnjermaiOT MOKHyKJieo- 
TH/lHbie CBA3H Ha paCCTOflHHH OT KOHIJOB nOJIHMepa. 3HAOHyiOie- 
a3a moxcct oôjiaAaTb cneuH(j)H4H0CTbK) k PHK, oaho- hah AByxue- 
nonenHoň flHK. 

3HAOTOKCHH. ToKCHH, npHCyTCTByiOIl^HH Ha nOBepXHOCTH rpaM- 
OTpHqaTeabHbix ôaicrepHH (b otahhhc ot 3 K 30 tokchhob, cexpe- 
THpyeMblX BO BHOIIHKAO cpe^y). npHMepOM 3 HAOTOKCHHa OiyXCHT 
LPS. 

3HxaHcep. ^c-AeňCTByiomafl nocAeAOBaTeAbHOCTb, noBbimaiomafl 

HHTeHCHBHOCTb HCn0Ab30BaHHfl SyKapHOTHHeCKOrO npOMOTOpa. 
3HxaHcep MOxceT paôoTaTb b aioôoh opneHTaijHH, b jiioôom Mec- 
TonojioxceHHH (Bbirne- ha h HHXceAOKameM) no OTHomeHHio k npo- 
MOTopy. 

3HxaHcocoMa. KoMnaexc cj)aKTopoB TpaHCKpnnijHH, npoxoAHiijHH 
KOonepaTHBHyio côopxy Ha SHxaHcepe. 

3nnreHeTMHecKne M 3 MeHeHna 3aTparnBaiOT (j^eHoran 6e3 H3MeHe- 
hhh b reHOTnne. Ohh npeAcraBAAiOT coôoh H3MeHeHHA b cbohc- 


TBax K/ieTKH; sth H3MeHeHHa HacAeAyiOTCfl, xota He OTOÔpaxcaioT 
HHKaKHX H3MCHCHHH reHCTHHeCKOH HH(j)OpMaUHH. 

3nncoMa. Hna3MHAa, cnocoÔHaa k HHTerpaijHH b ôaKTepnaAbHyio 
flHK 

3nnTon (aHTMreHHaa ACTepMMHaHTa). YnacTOK aHTHreHa, y3HaBa- 
eMbin aHTnreHOBbiMH peuenTopaMH Ha AHM(jx)ijHTax. 

3 nnTon. HacTb aHTHreHa, pacno3HaBaeMaa peuenTopoM Ha noBep- 
xhocth ahmcJx)ljhtob, flpyroe Ha3BaHHe — aHTnreHHaa AeTepMH- 
HaHTa. 

3 yxpoMaTMH. OioxcHeHmaa p,u^y3mn crpyKTypa b HHTepc{)a3- 
hom aApe; b cocTaBe syxpoMaTHHa HaxoAHTca ôÓAbiuafl nacTb 
reHOMHOH JX HK. 3yxpoMaTHH MeHee KOMnaKTeH, neM reTepox- 
pOMaTHH; OH COAepXCHT ÔOAblIIHHCTBO aKTHBHblX HA H nOTCH- 
UHaAbHo aKTHBHbix reHOB, npeACTaB/ieHHbix b reHOMe oahoh 
Konnen. 

flApo npoMOTopa. MHHHMaabHaa nocAeAOBaTeAbHOCTb, Ha ko- 
TOpOH PHK-nOAHMepa3a MOXCeT HHHIJHHpOBaTb TpaHCKpHnUHK) 
(OÔblHHO C ropa3AO MCHblIieH 3(j)(j)eKTHBHOCTbK), 4eM npOMOTOp, 
coAepxcaiAHH Aono/iHHTe/ibHbie SAeMeHTbi). fl/ia PHK-noAHMepa3bi 
II «Apo npoMOTopa npeACTaBAaeT coôoh MHHHMyM, HeoôxoAHMbin 
Aah côopKH ocHOBHoro annapaTa TpaHCKpnnijHH, h BKAionaeT b 
ceôa ABa SAeivieHTa (InR h TATA-ôokc). XapaicrepHaa npoTaaceH- 
HOCTb HApa npoMOTopa cocTaBAaeT 40 nH. 

RAPbiuiKo. Ocoôaa oÔAacTb syKapnoranecKoro «Apa, rAe npoAy- 

IJHpyiOTCfl pHÔOCOMbl. 

RAPbiuiKOBoe AOMHHHpoBaHMe. IIpeoÔAaAaHHe TpaHCKpnnijHH 
reHOB pPHK, yHacAeAOBaHHbix ot KOHKpeTHoro poAHTejia, xapax- 
TepHoe jxjw HeKOTopbix TnnoB CKpemHBaHHa. 

RAPbiuiKOBbiíí opraHM 3 aTop. OÔAacTb xpoMOCOMbi, coAepxcaiAaa 
reHbi, KOAnpyioiAHe pPHK 

RKopb (qacro ynoMHHaeMbin KaK «TpaHCMeMÔpaHHbiH HKopb»). 
YnacTOK TpaHCMeMÔpaHHoro ôe^Ka, HaxoAflmHHCfl b MeMÔpaHe. 
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ľlpeAMeTHbm yKa3aTejib 


A 

ABToauiancHHr 695,719 
AKpHflHHbl 39 
AKTHBaTOpbl 637,651 
AKuenTopHbiH KOHeu 138 

Ajuie;iH 35 

MHO)KecTBeHHbie 35 
Ajuie^bHoe HCKnioqeHHe 594 
AMÔep-KOAOH 181 
AHTH-HHCy^BTOpbl 800 

AHTHreH 583 

AHTHreHHaa AeTepMHHaHTa 586 
AHTHreHbi 610 

TpaHcn^aHTauHOHHbie 610 
Ahthkoaoh 138 
AHTHTe^a 583,590 
pa3HOOôpa3He 590 
AHTHTepMHHaUHa 298, 302 
ATTeHyaTopbi 345 
ATTeHyaijHfl 345 

AyTOHMMyHHoe 3a6ojieBaHne 584 

B 

Ee/iKH 53,234,239,246,247, 303,450, 
595,609,610,629 
MHC Knacca I 610 
MHCKnaccall 610 
r 337 
RAG 595 
SSB 450 

aHTHTepMHHHpyronjHH 303 
HHTerpa^bHbie MeMôpaHHbie 246 
HeroMO^orHHHbie 53 
copTHpoBKH, wäw aApecHaa AOcraBKa 

239 

KOMn^eKcCD3 609 
TATA-CBfl3biBaioii;HH 629 
TpaHCMeMÔpaHHbie 247 
(jxxriAHHr (cBopaqHBaHHe) 234 
Ee/iOK 322,408 

penpeccopHbíň 322 
TepMHHajibHbíň 408 

BHBajieHT 37 
EHBajieHTbi 473 


Eojie3HbKypy 853 
BPU anoHHAyKTop 332 

B 

BapHaôe^bHbíň ynacTOK (V-ynacTOK) 586 
BapbHpyiomHe no nnoiy TaHACMHbie 
noBTopbi 131 
BejiHHHHaC 69 
napa^OKC 70 
BnpnoH 27 
BnpoHAbi 27,731 
Bnpyc 569 

TpaHCAyiinpyioiAHH 569 
BnpycoHAbi 731 

BHyTpnuncTpoHHbie pernoHbi 144 
BoAHHKan^OAa 118 
BpeMa yABoeHna 425 
Bbiôop Konnn 472, 566 
Bbipo^AeHHOCTb TpeTbero ocHOBaHPw 201 

r 

ľanjiOTnn 68 
TanTeH 586 
reMomoÔHH 118 
Kenya 119 
TnnaHbLeporc 118 
rana aHTn-Lepore 119 
reMonioÔHHonaTHfl 118 

TeH 11,313 

npepbiBHCTbin 46 
peryjiaTopHbin 313 
CTpyKTypHbiH 313 
IeHHbie KnacTepbi 106 
TeHOM 10,64,363,748 
ôaKTepna^bHbin 748 
BHexpoMOCOMHbie 363 
IeHbi 10,290, 294, 303, 314, 351, 365, 
366, 367, 371,430,487,642 
min 430 

aHTHCMbiaiOBbie 351 
BHeímepHbie 76 

/yiHHa 51 

AOManmero xo3ancTBa, wnw 
KOHCTHTyTHBHbie 100 


AynjíHKau.Hfi 108 
3aAepxcaHHopaHHHe 303, 366, 

371 

HHaKTHBauna SKcnpeccnH 351 
KOHBepcna 487 
HeMe/yieHHopaHHne 303, 365 
nepeKpbiBaioiAHeca 53 

no3AHne 294, 367 
paHHHC 294, 365 
peryjiauna 3Kcnpeccnn 314 
ceMencTBO 59, 106 
cpeAHne 294, 366 
cynepceMencTBa 59 
Ten^oBoro iiioxa 290 
HHCJIO 84 
3Kcnpeccna 642 
reTepoMy^bTHMep 33 
reTepoxpoMaTHH 126,752,816,840 
KOHCTHTyTHBHblH 840 
(j)aKyjibTaTHBHbin 840 

rnôpnA 602 

rn6pHAH3auna 21,126,758 
in situ 126,758 
rnnepMyTauna 602 
rnnoTe3a 203,840 

HeoAH03HanHoro cnapnBaHna 
(rnnoTe3a Kanejien) 203 
oôoAHHoqHonX 840 
ľnpa3a 493 

rncTOHaueTH^TpaHC(j)epa3b] 819 

rncroHOBaa ooiaAKa 783 
ľHCTOHbi 772,774 
cepAueBHHbi 774 

ľ^aBHblH KOMnJieKC rHCTOCOBMeCTHMOCTH 
610 

/ioxyc 610 

DiaBHblH KOMnJieKC rHCTOCOBMeCTHMOCTH 

(MHC) 584 

IjIHK03HJia3bI 518 
Tojiobhoh ynacTOK 321 
ToMeoAOMeHbi 668 
ľoMOMyjibTHMep 33 
«ropHnne TonKH» 26 
Tpynna coBMecTHMOcra 436 



A 

flerpa/jocoMa 149 
,Ae30KCHpH6oHyKriea3bi 18 
flesoKCHpHÔOHyioieHHOBaa KHCJiOTa 
CTHK) 12 

Renaxm 24, 540, 584 

KnoHajibHaa 584 
fleHaTypauHH 21 
flHBepreHUHa 111 
J]yiCTtHt3 555 

raôpH^HbiH 555 

flHK 37,71,125,126,127, 288,449,475 
T 416 

rcrepoAynjieKCHaa 475 
THÔpHflHafi 37,475 
KOJibueBbie 77 
MaTepwHCKaa 16 
MHToxoH/i,pHajibHaa 78 
npocTaa noc^eAOBaTe^bHOCTb 125 
caTe^HTHaa MJieKonHTaioiAHx 127 
caTe^HTHaa H^eHHCTOHorax 126 
CBepxcnHpa^H3aijHfl 288 
CHHTe3 449 

cmiaHC-peKOMÔHHaHTHbie 
MO/ieKyjibi 475 
aroHCTH^Haa 71 
,QHK-jiHra3a 458 
flHK-nojiHMepa3a 18,445,452 
xojio(j)epMeHT 452 
flHK-peruíHKasbi 445 
,QHK-TonoH30Mepa3bi 490 
JlOMtH 247 
Alu 241 
S 241 

TpaHCMČMÔpaHHblH 247 
.HomchA 398 
fllI-THMOUHTbl 609 
Jl pOXOKH 570 

Ty-a^eMeHTbi 570 

3 

3aTpaBKa 451 
3 oo6jiot 71 

M 

H30Mepa3bi 

Tono^orHqecKHe 489 
PÍ30Mepbi 489 

H30uiH30Mepbi 642 

PiKOcaaApHqecKaa CHMMeTpna 745 
HMMyHHTeT 363, 364,612,613 

aAanTHBHbíň, wm npHOÔpeTeHHbíň 

613 

BpOXCACHHblH 6l2,6l3 


PiMMyHorjioôyjiHHbi 583,598 
nepeicniOHeHHe KnaccoB 598 
PiMnpHHTHHr 847 
PiHAyKTopbi 317,318 

HeMeTa6ojiH3HpyeMbie 318 

HHAyKu.Ha 316,363 
HHHLjHaijHfl 162,165, 271, 279 
aôopTHBHaa 279 
KOMn/ieKc 165 
cj^aKTopbi 165 
PiHcepuHH 24 
HHcyjiaTopbi 796 
HHTacoMa 499 
PÍHTerpa3a 563 
HHTerpauHa 363,494 
PiHTeHHbi 738 
PiHTpOHbl 46 
HmpoH 690,728 
rpynnbi II 728 
pacno3HaBaHHe 690 

HHcj3eKu,Ha 365 
no3AHaa 365 

paHHfla 365 


K 

KancHA 745 

KancyAbHbíň noAHcaxapHA 11 
KaTflmeeca KOJibu.o 409 
KHHeroxop 760 
lOieTKH 424,428,585 

B-KneTKH 583,606,607 

naMaTH 606 
peuenTop (BCR) 607 
T-KnencH 583,584 
peuenTopbi 584 
UHTOTOKCHHeCKHe 583 
6e3 , bHAepHbie 428 

eAHHHHHbie 424 

naMaTH 585 
cjx)pMa 428 
I0i3Mn-AoyAep 453 
KoaKTHBaTopbi 652 
Kore3HHbi 842 
Koaoh 38 
KoHHTerpaT 543 
Ko/ibijo 429 

cemunbHoe 429 
KoMruieKC 279,402,628 

nocTperuíHKaraBHbiH 402 
npeAperuíHKaTHBHbiH 402 
npeHHHUHaTopHbíň 628 
TpOHHOH 279 
KoMruieMeHT 583 
CHCTeMbi 583 


KoMrnieMeHTauHOHHaa rpynna 34 
KoMn^eMeHTauHOHHbíň TecT 33 
KoMn^eMeHTaqHa 321,444 
Mexcajuie^bHaa 321 
HeraTHBHaa 321 
invitro 444 
KoHAeHCHHbi 842 

KoHCTaHTHbíň ynacroK (C-ynacroK) 586 
KoHTpojib 318 

ajuiocTepHHecKHH 318 
Kompojib HaA JiOKycoM 804 
KoHTpTpaHCKpHnT 438 

Komjbi 593 

KOAHpyioiAHe 593 

CHraa^bHbie 593 
KoHijiorauna 412 
KopAHuenHH 707 
Kopenpeccopbi 317 
KopoHHaTbiň rajui 415 
KoppeiojHfl 214,215 
KHHCTHHeCKtlH 215 
xHMHqecKaa 216 
Kocynpeccna 358 
Ko3(j)(j)HUHeHT ynaKOBKH 745 
KpoccHHroBep 116 
HepaBHbíň 106,116 
Ksn 146 

ji 

JleňijHHOBbie mojihhh 661,673 
JlHnono/iHcaxapHAbi 613 
JlHAep 41 

JlH3oreHHa 363 
JlHCTK/ieBepa 138 
JlHTHHecKHH KacxaA 367 
JlHUeH3HpyiOIAHH cj)aKTop 400 
JloKycbi 499 

aKTHBHbie 499 
MOjmanjMe 499 

M 

MaTpHHHaa (HH(jx)pMaijHOHHafl) PHK 41 
MaTypa3a 730 
MeAHaTop 657 
Merana3a 518,845 

noAAepxcHBaioiAaa 845 

Me™nTpaHC(j)epa3bi 845 
MnrpaijHfl BeTBH 475 
MhkpoPHK 355 

MHKpocaTejuiHT 131 
Mhhh-kactkh 428 

ôaicrepHa^bHbie 428 
MHCceHC-MyTaijHa 181 
MoAe^b cnapHBaHna 500 
Kaccenm 500 
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Mothb 660 

«cimp 2 Jib-ncľm-cimp 2 Jib» 660 
«cnHpanb-noBopoT-cnHpanb» 660 
«ijHHKOBbiH naneu» 660 
mPHK 42,144 

BbicoKonpeAcraBjíeHHbie 100 
MOHOUHCTpOHHbie 144 

HH3KonpeAcraB;ieHHafl, 

vum KOMruieKCHaa 100 
nojiHijHCTpoHHbie 144 
npeAiuecTBeHHHK 42 
MyTareHbi 22 
MyraHT, 98 
dna 444 

CHHTeTHHeCKH JieTa^bHblH 98 
MyTaijHH 22, 24, 285, 320, 372,602 
BnpyjieHTHbie 372 
HH^yu,HpoBaHHbie 22 

MO/mmne 35 

HeňTpa^bHbie 111 
oôpaTHbie 24 
oaiaôjunomne 285 
npflMbie 24 
oiaôbie 34 
coMaTnqecKHe 602 
cnoHTaHHbie 22 
c noTepen cj^yHKí^HH 34 
c npnoôpeTeHHeM cj^yHKUHH 35 
ToneHHbie 23 
TpaHC-aKTHBHbie 320 
ycnnHBaiomHe 285 

H 

HaoieAOBaHne 102,832,849 
MaTepnHCKoe 76 
HeMeH/jejieBCKoe 102 

anHreHeTHMecKoe 832,849 
Heajuie^bHbie KonHH 109 
HenpaMoe KOHijeBoe MeneHne 789 
HHK-TpaHOflLJHfl 447 
HoHceHC-MyTaunn 152,181 
Hyioiea3a 774 

MHKpOKOKKOBaa 774 
HymienHOBbie khcjiotm 10 
HymieocoMa 772,783,789 
no3HUHOHnpoBaHHe 789 
ymia^Ka b BOJiOKHax xpoMaTHHa 783 
Hyjib-MyTaijHfi 34 

o 

Oô^acTb nepeHoca 412 
OôpaTHaa TpaHCKpnnuHa 19 
Oko peruíHKaijHH 391 
OHKoreHe3 569 


Orm 181 
OnepaTop 314 
Opn/pcHH 390,393 

MeTHJinpoBaHHe 393 
OpTOJiorn 89 
OTBeT 583,585,606 

ryMopa^bHbíň 583 
HMMyHHblH 583 
BTOpHHHblH 585,606 
KncroHHO-onocpeAOBaHHbiH 583 
nepBHHHbin 585,606 
ODKHľ 21 

OTnenaTOK na^bija reHeraHecKHH 68 
Oxpa 181 

n 

lla^HHApoM 325 

llapaHeMHHecKoe coeAHHeHne 484 
llapbi HyKJieoTH^OB 48 
llenTHA 349 

jiHAepHbin 349 

llenTHfla3bi 241 
CHma^bHbie 241 
nepeKOAupoBaHHe 222 
llepeHoc 471 
nepnn^a3Ma 258 
llepoKCHHbi 257 
Herňu 138 
riunHH 413 
ľ0ia3MHAaTi 415 
ľ0ia3MHAbI 363,416,434,436 
arponHHOBbie 416 
HeCOBMeCTHMOCTb 436 
Hona^HHOBbie 416 
OAHOKonnHHbie 434 
OKTonnHOBbie 416 
ľ0ia3MHAbiRi 416 

ľOieKTOHeMHqecKoe nepernieTeHne 484 
rOienn 138 

D-ruieqn 138 
TipC-ruieHH 138 
aHTHKOAOHOBbie 138 
lloBTopbi 536,575 

HHBeprapoBaHHbie KOHueBbie 536 
npaMbie 536 
pacceaHHbie 575 
no3HUHOHHpoBaHHe 791,792 
poTaunoHHoe 792 
TpaHCiauHOHHoe 791 
riojiH(A)-nojiHMepa3a 147 
llojiH(A)-no^HMepa3a (PAP) 707 
riO/IHMOp(j)H3M 36,65 

OAHOHyKĺieOTHAHblH (OH11) 65 


nojiHpnôocoMa 141 
ľlo^apHOCTb 301 

nopa^OK 3auenjieHna 489 
llocjieAOBaTejibHOCTH 70, 248 
noBTopaiomHeai 70 
yHHKa^bHbie 70 

lloc^eAOBaTe^bHOCTb 234,269,284,298, 
495,535,640 

BCTaBOHHbie 535 

Bbimejie>KamHe aKTHBaTopHbie (UAS) 
640 

KOHceHcycHaa 284 
KopoBaa 495 
jiHAepHaa 234 

TepMHHaTopHaa (t) 269 
TepMHHHpyiomafi 298 
LllaHHa- 1 ZI 1 a^brapHO 169 
aKopHbie 248 

nocTMeňoTHqecKaH cerperauna 487 
npaňMa3a 452 
ripaňMOCOMa 464 
npe-MPHK 679 
npe-ôe^OK 234 

ľlpHKpenneHHe k BAcpHOMy MaTpnKcy 805 
ynacTOK 805 

npHHunn «KaT5mj,erocfi mnbu.a* 410 

npHHunn CMemeHna uenn 407 

npnoHbi 28,833,851 

ľlpoBHpyc 563 

ľlpOMOTOp 269 

llpoTeoM 64 

npocj)ar 363 

ľlpoueccHBHOCTb cj^epMeHTa 447 
ľlceBAoreH 110,115, 576 

npoueccnpoBaHHbiH 116, 576 

p 

Pa3pbiB AByxLjenoneHHbiH 476 
PaMKa cqnTbiBaHna 39 

OTKpbiTaa 40 

CABnr 39 

cynpeccop côoa 39 
Pacxo)KAeHHe 543 
PeaKUHH 483 

noniomeHHa, hjih accHMHjiaijHH, 
oahhohhoh uenn 483 

PeBepcHfi 24 

BTOpHHHaH 25 
HCTHHHaa 24 

PernoH HeBocnpnHMHHBOCTH 373 
Peryjiaijiia 316,338 
ayToreHHaa 338 
HeraTHBHaa 316 

Pe30JibBa3a 539, 543 
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PCKOMÔHHäHTbl 476 
3an^aTOHHbie 476 
PeKOMÔHHauHOHHbie y3ejiKH 478 
PeKOMÔHHaUHH 36,106,431,471,494, 
495,498,587 
roMOJioraHHafl 471 
HepeuHnpoKHaa 106 

caHT-cneuH(j)HqHa5i 431,494,495 
caHT-cneuH(j)HqHaH 
(cneuHa;iH3HpoBaHHa5i) 471 
coMaTHqecKaa 587 
(fara^iMÔAa 498 
Pe/iaKca3a 411 

Pe/iH3HHr-c]3aKTopbi (RF) 182 
PeMOACJiHpoBaHHe 812 
xpoMaTHHa 812 
PeHaTypauHM 21 

PenapauHfl 445,514,515,516,519 

KOHTpOJlb HanpaBjíeHHM 519 
CHCTeMbI 514 
3KCUH3HOHHaa E. coli 515 
3KCUH3HOHHaa B KJieTKax 
MJieKonHTaioiAHx 516 
Pen^HKa3a 447 

caMOKoppeKuna 447 
PemíHKaTHBHaa BunKa 18, 391 
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reiepoxpoMaTMHa 796 

(£113 1/lHcy^flTopbi MoryT orpaHMHMBaTb AOMeH 797 
ÉÉI MHcyjurrop TpaHcno30Ha gypsy m ero óe/iKOBbiíí 
annapaT 798 

fasÉSŠ MHcy^BTopbi óbiBatOT pa3HbiMM no cn/ie 799 
ľMÉ CaíÍTbi, rnnepHyBCTBMTe/ibHbie k flHKa3e, pearupytoT 
Ha M3MeHeHMfl b CTpyKType xpoMaTMHa 800 
ŕfeUfcl ynacTKM xpoMaTMHa, coAepwamne aKTMBHbie reHbi, 
oónaflatOT noBbiweHHon HyBCTBHTe/ibHOCTbio k 
H yK/iea3aM 802 

ľ4iJTÍ»l LCR MO>KeT KOHTpojiMpoBaľb flOMeH 804 
mwM KaK ydpoeH peryjiflTopHbiíí AOMeH? 805 
IríMé Pe3ioMe 805 


30 


30.3 


KOHTpO/lb CTpyKTypbl 

xpoMaTMHa 809 

BBefleHMe 810 

XpOM3TMH MO>KeT HaXOflMTbCB B a/ibTepHaTHBHbix 
COCTOflHHflX 810 

PeMOflenMpoBaHMe xpoMaTMHa — sto aKTMBHbiíí 
npouecc 811 

HyKneocoMHan opraHH3aunfl npoMOTopa MO>KeT 
6biTb HecTaHflapTHOM 814 
MOflM(J)MKaUMfl TMCTOHOB KaK KJlIOHeBOH (J)aKTOp 
M3MeHeHMfl CTpyKTypbl XpOM3TMH3 816 
AueTM/iMpoBaHMe tmctohob npoMCxoflMT b flByx 
cnynaflx 818 
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31.4 
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31.5 


31.7 


31.9 
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ľMCTOHaUeTM^a3bl aCCOUMMpOBaHbl C aKTHB3TOpaMH 
TpaHCKpMnuMM 819 
ľMCTOHAeaueTM^a3bi accouHnpoBaHbi c 
penpeccopaMM TpaHCKpnnAHH 821 
MeTM^MpoBaHMe tmctohob m MemnnpoBaHHeflHK 
B33HMOCBfl3aHbl 822 
ľlepexoAbi Me>KAy coctobhmbmm xpoMaTMHa 
npoMexoA^T Hepe3 MOAH(J)HKauHK) ero 
KOMnoHeHTOB 823 

AKTMBauMfl npoMOTopa npeACTaBjíneT coóoíí 
ynop^AOHeHHyK) cepmo coóbiTMÍí 823 
Ooc(J)opM^MpoBaHMe tmctohob B/iMfleT Ha CTpyKTypy 
XpOM3TMH3 824 

y 6e/lKOB, MOAM(J)MAMpyK)lAMX XpOM3TMH, eCTb OÓLAMe 
aMMHOKMC/lOTHbie MOTMBbl 825 
Pe3iOMe 826 

HacjieAOBaHMe anwreHeTMHecKMx 

3(J)(J)6KT0B 831 

BBeAeHne 832 

ľeTepoxpoMaTHH pacnpocTpaHnera ot Mecra 
3apo>KAeHnfl 833 

CyiuecTBOBaHne reTepoxpoMaTHHa oóycnoB/ieHo 
B3anMOAeňcTBMflMn tmctohob c ApyruMH 
óenxaMM 835 

Penpeccopbi n aKTHBaTopbi: óe/iKH-aHTaroHHCTbi 
Polycomb n Trithorax 837 
X-xpoMOCOMbi npeTepneBaioT nnoóa/ibHbie 
M3MeHeHMíi 839 

KOHAeHCaAMB XpOMOCOMbl — (jDyHKAMfl 
KOHAeHCMHOB 842 

ľloAAepwHBaiomafl MeTnna3a oóecnennBaeT 
BOcnpon3BOACTBO CTaTyca MemnnpoBaHHfl 
flHK 844 

MeTn^npoBaHne flHK oóycnoB/iHBaeT 
MMnpnHTMHr 846 

MMnpnHTMHr reHOB c npoTMBono/io>KHOíí no/iOBon 
CneuntjDMHHOCTbK) MO)KeT KOHTpO/inpOBaTbCB H3 
OAHoro ueHTpa Ha xpoMocoMe 848 
3nnreHeTMHecKne 3cjDcj3eKTbi MoryT 
HacneAOBaTbca 849 
HeoóbiHHoe HacneAOBaHne npnoHOBy 
Apo>K>Keň 851 

ľlpnoHbi KaK npnHMHa 3a6o/ieBaHHň 
M^eKonnTaioiAnx 853 
Pe3K)Me 855 


C/iOBapb TepMMHOB 859 
npeflMeTHbiíí yKa3aieAb 885 
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